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[Purpose] Osteoporosis is a systemic metabolic bone disease characterized by gradual decrease of

bone mass and damage of the bone microstructure. In particular, postmenopausal osteoporosis is the

most common type in women after menopause. This study aims to investigate the effects of combined
exercise training on bone mineral density (BMD) and OPG/RANKL mRNA levels in ovariectomized rats.
[Method] A total of 40 Sprague-Dawley female rats were randomly divided into four groups: (1) CON

(sham-operation, n=10), (2) OVX (ovariectomy, n=10),

(38) OVX-REX (ovariectomy-resistance exercise,

n=10), and (4) OVX-ARE (ovariectomy-combined aerobic and resistance exercise, n=10). Combined

exercise training was performed on a treadmill and ladder adapted to rats in alternate days (4 days/wk,

for 12 wk). [Results] Compared to the OVX group, all exercise treatments increased BMD and bone

breaking force(p<0.05). In the bone turnover markers, serum C-terminal telopeptides of type-1 collagen

(CTX-1) was significantly decreased in the exercise groups compared with OVX group and osteocalcin

(OQ) level was increased in the exercise groups (p<0.05). Additionally, in the exercise groups, expression
of OPG mRNA was significantly increased compared with OVX group (p<0.05), and RANKL mRNA was
slightly decreased but no significant between groups. Furthermore, OVX-ARE group showed more effects

than OVX-REX group. [Conclusions] These results suggest that combined exercise may be a more

effective therapeutic strategy to prevent and delay postmenopausal osteoporosis than resistance-only

training.
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238 FE2 Nara Biotech. (Seoul, Korea)ollA &3
Hk2- Sprague-Dawley (SD) A€ 2053 944 & 40
g g eR sttt AEsES ARSA 1A (42 x
28 cm) S o] &3] A &% 22~24TC, F= 60+5%7}
A=, wEE7] (1241 2F light/ 12412F dark) 7F #He
28 Aol o 2AE = AbsAA 1F3E dH] AL

T a AR AlES Algste dlZ27(CON, n=10),

n=10), YArAAZ-EIS
(OVX-ARE, n=10)2.& y5o] 1253t 2
At} Aol A&7 7F Bt AR (T A 22 5%, A
W 3.5%, AR 1.5%, 3% 9.0%, ZE 0.7%, <

_,d
i
)

lo

HAaEA A& Idris(2012)9] APFATE EGE
2AAEH . Ketamine (Korea 100 mg/ke)¥ 2%
Xylazine (Rumpun 0.15 ml/kg) .2 4l n}# st
AR D A= T4 A2 (10% povidone-iodine scrub
followed by 70% alcohol wipe)E Al&3stsith. AdF
£ 53 S lem 7HFe] AAE A& & 5348

A2 GAE At GAHAE S50 2 APeGt
GaEA $ 7 A7 S B UE AR AT & TS
A2 3 FFE stn A9 wHE g8 A
(cafazo-lin 50 mg/kg) & <& FAI8IA T A& 15
d F 35 WY S AH FF 35 Fdl st AP

Bale% T2 3L Rodrigues et al.(2007)3 de
Almeida et al.(2013)¢] W& st 19 458,
14-16m/min (H AR ZF] 65-70%)9] 7=z A
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o b,

Do
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EXA X-ray bone densitometer, Norland Co.,
USA)E AH&ste S4eitt. sl e+ 1.0x1.0 mm,
29 EE 20 mm/sec, AE2] Aol 1.60cm, Z(LH])
< 3.90cmz AAst =8t 4% (breaking
force) = WE | 3t5c] A5 v FA = £t
Heds  Yuletr, FH=E35%71(Rheo  Meter
CR-500DX, SUN SCIENTIFIC Co. Ltd., Japan)& At
&at] Sk YRS 75 A 4, 1Y
Zol& 5.0 mm, /U5 45, HolE(EI =) 2=
£ 60 mm/min, 254 Ho| $H-& 10 kg, A& o
Bl A2l 0.0 mm, oFgH & A At e] H4 & 10 mm=
AReH, AE B2 453 (F3), Zol9 o] 4%
< 7 A9 B = mmE A 20= sto] 45}

AT,

5) €8 ZCHAL XIE

g AfH e 1278 &5 A F HAI5ES AN
Al7la, Ago25E bmle 9%

OC &7 < one-step solid phaseE ©]-£-3+ competitive
radioimmun-assay®l] 7]Z3%F Osteocalcin MYRIA kit
(Technogenetics Srl, Milan, Ttaly) 22 radioimmunoassay
£ ¢ ¥ gamma-counterg °©|&3to] & A A3
HEE ZAeA 84 CTx-1 %= £ Rat Laps™
(CTX-1) EIA kit (Immunodiagnostic Systems Ltd.,
Gaithersburg, MD, USA)& AR&-38lo] 23313t
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6) RANKL % OPG mRNA &8

(1) Total RNA =&

Total RNA9 F&& UEZoA AHZ3 x4
Trizol 500ulE 713 & syringes o] &35to] A| 25 1
AgAl7) 3 15~30CellA 521t W28k + chloroform
100 pl& "7kste] =74 inverted mix 3§, 4Cel
A 12000g2 1587 9AlEee & 3592 g5
o}, A=A S Al tubedl] %713 E#2] isopropanol &
ghato] Ao 1087 AN & IZOOOgi 1087t
A4EE] 3t RNA pellets 92 & A7)l 75%
ethanol 500plE ¥o] 7500g% H&3t ’“5"1“4 o & At
TdE Xﬂﬂﬂi ol A W) 3ke] RNA pelletS ¢4
3] 2122171 & Diethylpyrocarbonate (DECP) €92
Z RNA pellet2 et 52 RNAE 33 =A<
DU 530(Beckman instrument, CA, USA)E ©]-&-3}<]
260nmel| A 7 sttt

o

P

(2) GUA-SERED AMERS

A A reverse transcription) ¥F3-2 FH|H total
RNA 2 pge DNase 1(10 U/ul) 2 U/tubeZ 37°C
heating blockell 4] 30%3F WH&-ak & 75ColA 10%
F WHAAIZ] 2, olo] 2.5 pl 10 mM dNTPs mix, 1 ul
random sequence hexanucleotides (25 pmole/ 25 w.
1), RNA inhibitor2% 1 ul RNase inhibitor (20
U/ul), 1 ul 100 mM DTT, 4.5 ul 5X<RT buffer
(250 mM Tris-HCL, pH 8.3, 375 mM KCL, 15
mM MgCL2)E 7+ ¥ 1 w9 M-MLV RT
(moloney murine leukemia virus reverse
transcriptase, Promega, U.S.A.)°l 200 U/ulE th

Al 7¥stal DEPC A8® /524 55971 20 W
7} EEE ST o] 20 ple] vk EFAS A AL H

2,000 rpmol|A 523+ YA H7ste] 37 C heating
blockellA 60 &<t ¥H-&-AIA first-strand cDNAE
3 o, 95°C°M 5% &<t WA 8t M-MLV RT
= /\égl_ ;\]7 z ¢cDNAZS zﬂ—ﬂ }oﬂq.

(3) Quantitative real time RT-PCR
RT-PCR& 7500 Real-time PCR system= ©]-&3}

%th. OPG mRNAS| primer+ Forward: 5'-TGTGGA
ATAGATGTCACCCTGTGC-3: Reverse: 5-CACAG
AGGTCAATGTCTTGGATGATC-3"¢1%, RANKL m
RNA primere Forward: 5'-GCTTCTCAGGAGTT
CCAGCTATGAT-3"; Reverse:5-CGTTGCTTAA
CGTCATGTTAGAGATCT-3'& o] &3l o GAP
ADY primere Forward: 5-CAAGCGTCATCCAT
GACAACTTTG3 :Reverse: 5'-GTCCACCACCCT
GTTGCTGTAG-3'E ol &atith. vk 21& pre-
denaturation< 2min at 50C, 10min 94C, z2]l1
40 cycles= 0.15min at 95C, 1min at 45ColA &
gt

7) MEAE
2 A7 A7 Al SPSS 21.0 22133 o] 835t
7t ‘%E% Hitd FEHAE ST SN E

ana1y51s of variance: ANOVA)<
2 freldol vehe 25 AHH 52 Duncan®l W&

AAeATE olw) FAA frol s+ 056= A8

o gt atol = YERA] ¥t =
é%ﬂ%%?%%%ﬂgtdaiﬁﬂﬂvﬂ%ﬂ
o7} YebgtH(p(0.01). OVX-REX$ OVX-ARE 1%
< OVX 253 Hlasted foshAl FrhEden,
OVX-ARE Z%o°] OVX-REX ZFHET & $£35 4
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Fig. 1. CON: control group, OVX: ovariectomized group,
OVX-REX: ovariectomized and resistance exercise group,
OVX-ARE: ovariectomized-combined aerobic and resistance
exercise group. BMD: bone mineral density. All data
presented as the Mean + SD. ***¢ Different letters indicate
a significant difference between groups (p<0.05)
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Fig. 2. CON: control group, OVX: ovariectomized group,
OVX-REX: ovariectomized and resistance exercise group,
OVX-ARE: ovariectomized-combined aerobic and resistance
exercise group. All data are presented as the Mean + SD, *°<¢
Different letters indicate a significant difference between
groups (p<0.05)

2) € = CHAIZH QIXE: Osteocalcin, CTx-1

F09 BRLE A F 89 24 A4 B
= <F1g. 3 2. 8H OC & 2
o1 B oM (0.05), £F o] OVX 1§ Hl8

T+ OVX-ARE ZF°] OVX-REX & Ht} {28
H 2 02 et & &4 34 A E CTx-19]
P see Jd 3 461 Zpol& HYom OVX 1&
oA 7H A debst e, &5 AX1F2 OVX 1§
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Fig. 3. CON: control group, OVX: ovariectomized group,
OVX-REX: ovariectomized-combined aerobic and resistance
exercise group. OC: osteocalcin, CTx-1: c-terminal telopeptide
of collagen type 1. All data presented as the Mean +
SD.**¢ Different letters indicate a significant difference
between groups (p<0.05)

3) RANKL % OPG mRNA &8

% OPG mRNA% RANKL
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Fig. 4. CON: control group, OVX: ovariectomized group,
OVX-REX: ovariectomized-combined aerobic and resistance
exercise group. OPG: osteoprotegerin, RANKL: receptor
activator of NF-kB ligand. All data presented as the Mean
+ SD. ***4 Different letters indicate a significant difference
between groups (p<0.05). ns: not significant.
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