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RANKL mRNA £iKH I ,OPG mRNA £ikJk/D> (P #<0.05), (2)5 OVX 4, OVX+Aln 4 ,OVX+EX 4} OVX+
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Effects of exercise combined with alendronate sodium tablets on RANKL/OPG balance and MAPK signaling

pathways in ovariectomized rats
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[Abstract] Objective To observe the effect of exercise combined with alendronate sodium tablets ( Aln) on receptor
activator of nuclear factor kappa B ligand (RANKL) /osteoprotegerin (OPG) expression and mitogen-activated protein kinase
(MAPK) signaling pathways in ovariectomized (OVX) rats. Methods A total of 90 6-month-old female SD rats were evenly
randomized into sham group, OVX group, Aln treatment (OVX-+ Aln) group, exercise therapy (OVX—+EX) group, and Aln
combined with exercise treatment (OVX+ Aln+EX) group. Eight weeks after ovariectomy. rats in the latter three groups were
treated with intragastric 1 mg/(kg « d) Aln and/or exercise. After 12 weeks of treatment, dual-energy X-ray absorptiometry
was used to examine the bone mineral density (BMD) of the left and right femurs. Enzyme-linked immunosorbent assay
(ELISA) was used to determine the serum levels of RANKL and OPG. Real-time PCR was used to examine RANKL and OPG

mRNA expression in bone tissues. Western blotting analysis was used to examine the phosphorylation of ¢-Jun N-terminal
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kinase (JNK), p38 MAPK (p38), extracellular-regulated kinase (ERK), and c-Fos protein expression in bone tissues.
Results The following results were observed after 12-week treatment. (1) Compared with sham group, the BMD values of the
left and right femurs were significantly decreased in OVX group (P <(0. 05). The serum RANKL level was significantly
increased, serum OPG level was significantly decreased, and the RANKL/OPG ratio was significantly increased (all P<C0. 05).
The RANKL mRNA expression was significantly increased and OPG mRNA expression was significantly decreased in bone
tissues (all P<C0.05). (2) Compared with OVX group, the BMD values of left and right femurs of OVX+ Aln, OVX+EX and
OVX—+ Aln+ EX groups were significantly increased (all P<C0. 05). The serum RANKL level was significantly decreased,
serum OPG level was significantly increased, and the RANKL/OPG ratio decreased (all P<C0. 05). The RANKL mRNA
expression was significantly decreased, and OPG mRNA expression was significantly increased in bone tissues (all P<C0. 05).
(3) The femoral BMD values, serum RANKL and OPG levels, and RANKL and OPG mRNA expression in bone tissues in
OVX—+ Aln+EX group were significantly different from those in OVX+ Aln group and OVX—+ EX group (all P<C0. 05). (4)
Compared with sham group, bone tissue p-JNK and c-Fos expression in OVX group was significantly increased (all P<C0.05).
However, compared with OVX group, bone tissue p-JNK and c-Fos expression in OVX+ Aln, OVX+EX and OVX+ Aln+EX
groups was significantly decreased (all P<Z0. 05), and there were no significant differences among the latter three groups. p-p38
and p-ERK expression was similar in all groups. Conclusion Exercise combined with Aln can improve the BMD values of left

and right femurs in OVX rats, which may be related to the regulation of RANKL/OPG balance and inhibition of JNK

phosphorylation and c-Fos expression.
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regulated kinase, ERK) , B fiZ f£ ) ERK (p-ERK) .
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DH #it {41 B 3¢ & Cell Signaling Technology A
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Jiti T, Sham A OVX 41. RFEK (4.0 mL/H)
HEE LW/ EEREE 6 dJRE 1 dJIEHEE 12 R,
OVX+Aln 4: 1 mg/kg Aln(4. 0 mL/FH#H,1
/A, RS 6 d KB 1 dJEE 12 8, OVX+
EX 2. RZEK (4.0 mL/FOHEE 1 K/ H#EB R X
AT HL A U 25, FF 46 A B3 12 m/min, $F 2L [H]
20 min; B 1 d BB 3 m/min, 35 220 ] 1
P10 min; 5 2 JEE B 4E FF 7E 20 m/min $F 22
IFE] 30 min, £ F B4 6 d K E 1 d, 3r4E 12 A4
W, OVX+Aln+EX 4: 1 mg/kg Aln(4. 0 mL/
O #EHE LW/ GRS RN T B0 2 OVX+EX
4,

1.5 KA A .&KF BMD #&al &4 KET A
J7 12 JHJ5 0. 296 B G Z BV W (0. 01 mL/kg)
Ji A Bt ORI o 17 D OBLBE X 41 4SO 7 K U2 A
& BMD,
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AW 0. 01 mL/kg) & JE T 5 BRI, A0 M7 B 7
i 5 1F rP b0 T R R 0 E IR R L R R E 2 h.
1200X g B0 10 min, B EJ2 1M, — 80°C 47 %
. # ELISA 5] & #2/E U B 22 1 7 RANKL,
OPG i,

1.7 Real-time PCR # @ kX & & 4 22 RANKL,
OPG mRNA £ KR THART 12 FE, 8
0. 2% )% 5 H 2 B %5 W (0. 01 mL/kg) I 78 5 bk
fige, BRECAE FRE 1 em B ALEY, R4S 3K G A TRIzol
BRI RNA, #5147 ) ¥ st & PCR 734, RANKL
=P K B 196 bp). LIF519 5-CGT ACC TGC
GGA CTA TCT TCA-3". P54 5'-GTT GGA
CAC CTG GAC GCT AA-3';OPG (=¥ K & 201
bp): E #5851 # 5'-CAT CGA AAG CAC CCT
GTA-3', FiF5l 4 5'-CAC TCA GCC AAT TCG
GTA T-3'; GAPDH ™ # K B 307 bp) . LiE51 9
5-TGA ACG GGA AGC TCA CTG G-3', FiiFs| 4
5'-TCC ACC ACC CTG TTG CTG TA-3', 51¥H
AT TR RS A R F A S % E,
mRNA Rk F R 272 TE 5,
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T SRR, ARCAE PR 1 em B, B SIR T
A 0.5 mL RIPA 24, S ICEE (1, — 9 A TR
(bicinchoninine acid, BCA) 35 % 25 ¥ B, L AE,
HLPK 200 mA FHE 1 h,—HiC 1 : 1 000) I H LK .
WA =P (1 1000 HE . IRk FE Lt B
¥ 3 5 [l Bio-Rad Quantity One #4508, LA
p-JNK/ B JNK, cFos/GAPDH, p-p38/i p38.
p-ERK/ & ERK KB {H A £R & H R &,

1.9 %tz R SPSS 16. 0 #4417 401t
ST T REORIL ot s TR AL LR K
B, 2 41 6] L B R B R U7 22 43 BT (one-way
ANOVA) 8] 2 & WA Jr 2255 % LSD &, 4
W EARFFH Tamhane’s T2 ., B KT (o) K
0.05,

2.1 BARRE AMHE BMD T4 K45 R G
DR, THEYY 12 )5 .5 sham HAH I, OVX H
KEZ AR BMD B (P<<0. 05) ;5 OVX 41
Fe,OVX+Aln 41, OVX+EX 41 &% OVX+Aln+EX
AR A BE BMD ¥ m (P ¥<<0. 05), H
OVX+ Aln + EX 41 BMD & T OVX + Aln 4 I
OVX+EX 41(P ¥<20.05),

R1 FHET R2ARREXRRRE BMD £
Tab 1 Changes of rat femoral BMD after 12-week treatment

n=18, x%s, (g+cm ?)

Group Left femur Right femur
Sham 0.28540.008 0.28340.008
OVX 0.21440.010" 0.23140.003"
OVX—+ Aln 0.25340. 00704 0.254740. 006404
OVX-+EX 0.24440. 00424 0.24340.00504
OVX-+Aln+EX 0.28740.0074 0.28140. 008~

BMD: Bone mineral density; OVX: Ovariectomized group;
OVX + Aln: Alendronate sodium tablet (Aln) treatment
group; OVX+ EX.: Exercise therapy group; OVX+ Aln—+
EX: Aln combined with exercise treatment group. * P<C0. 05
vs sham group; ~P<C0.05 vs OVX group; 4P <C0. 05 vs
OVX+ Aln+EX group

2.2 & @ K & f & RANKL., OPG 4 % %
& ELISAMEKINGE R (% 2) B, THIAIY 12 8
J& » 5 sham 4 A, OVX 41 K B i RANKL &
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I, OPG & &K, RANKL/OPG L fE 3K (P
¥1<20.05) ;5 OVX A AH L, OVX+ Aln 4 . OVX+
EX 4} OVX+ Aln+EX 44 K R IfL 7 F RANKL
FHEFEK,OPG & B, RANKL/OPG H s /)N

(P ¥1<<0. 05), OVX+ Aln+ EX 4 K K I i
RANKL, OPG & # & RANKL/OPG I fH 5
OVX+Aln#l . OVX+EX 41 25 7 A Gi it 24 X
(P ¥<0.05),

® 2 FHAFT 12 AESEAKXNRME RANKL,OPG & 8
Tab 2 Changes of rat serum RANKL and OPG contents after 12-week treatment

n=18, x=*s

Group o/ (I;/;.\Ifnll}l ) (m/(p; )F’(‘;Lﬂ > RANKL/OPG
Sham 14, 30040. 560 384.500+11. 180 0.04020.010
OVX 84.940+1. 600" 247.440+11. 660" 0.350740. 020"
OVX+Aln 46. 800+ 1. 62004 331. 720+ 14. 23004 0.140+0.01044
OVX+EX 50. 0600, 98044 299.420+£10. 18044 0.170+£0.01004
OVX+Aln+EX 25.800+1. 2004 368. 240+10. 5204 0.07040.0104

RANKL:

Receptor activator of nuclear factor kappa B ligand; OPG: Osteoprotegerin; OVX: Ovariectomized group; OVX-+

Aln: Alendronate sodium tablet (Aln) treatment group; OVX—+EX.: Exercise therapy group; OVX+ Aln+EX: Aln combined

with exercise treatment group.

2.3 BHKXAFHL RANKL,OPG mRNA & ik
Z A Real-time PCR &M 45K (B 1) Bos, T 1A
J7¥ 12 )5 .5 sham #HAH b, OVX 4 K B & 4HH
RANKL mRNA £k, OPG mRNA 3 ik j />
(P ¥<C0.05); 15 OVX 441 o, OVX + Aln 41,

* P<<0. 05 vs sham group; © P<C0.05 vs OVX group; 4 P<C0.05 vs OVX+ Aln+EX group

OVX+EX 4} OVX+ Aln+ EX 4 K i & 44
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Fig 1 Expression of RANKL and OPG mRNA in rat bone tissues after 12-week treatment
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RANKL:

Receptor activator of nuclear factor kappa B ligand; OPG: Osteoprotegerin; OVX: Ovariectomized group; OVX-+

Aln: Alendronate sodium tablet (Aln) treatment group; OVX-+EX: Exercise therapy group; OVX+ Aln+EX: Aln combined

with exercise treatment group. * P<(0. 05 vs sham group;

n=6,r*s
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W& G % (MAPK) 25 @380 Hwm HHKH
WA as R (B 2) B, THGYY 12 )5, 5 sham
AR, OVX AR EH AL p-JNK fl c-Fos # FH %

A P<C0.05 vs OVX group; 4 P<C0.05 vs OVX—+ Aln+ EX group.

KGN (P <20, 05); 5 OVX A AH L, OVX+ Aln
H OVX+EX 4K OVX+Aln+EX 4l K BB 44!

p-INK Hl c-Fos # FI ik 18> (P <20, 05) , MiiX 3
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Fig 2 Expression of p-JNK, c-Fos, p-p38 and p-ERK protein in rat bone tissues after 12-week treatment

OVX: Ovariectomized group; OVX—+ Aln: Alendronate sodium tablet (Aln) treatment group; OVX+ EX. Exercise therapy

group; OVX—+ Aln+EX: Aln combined with exercise treatment group.

n=6.,r+ts
303 #

AW g R F Wz I EES Aln REE IR OVX
KRz A B BMD, HAE 7] 68 5 815 RANKL/

OPG Vi S il INK #8582 b M2 -Fos RibH XK,
1 A TR AL B A L Costeoclast, OC) BT
B WO b5 F0 5 22 AR A 3R 1Y B 48 L Costeoblast,
OB) W 1 B I8 2 85 W AN ik B JRy 3 B 38 e X
OB 1l OC Z [a] i A8 3K 3¢ 2 Ko A B A FT 6% 98 757 42 1
HiE D . RANKL B F «B 2 i LA
T (RANK) #l OPG 2 i 968 YR L P 588 50 1l 5%, 78

* P<C0. 05 vs sham group; ©~P<C0.05 vs OVX group.

PR W R B R S O TR B G B AR R,
RANKL 5 iz OC K H 5 40 g 5% 4% i 9 RANK
55 B HE RU OC TR LRI AE B, RANK %Kik
T OC MBI R 240 i 2 1, #IA R 02 OC 434 i Ak
RS &mn —E XM T, RANK & RANKL
HE OC 3 W5 | A M — B8 32 44, T 35 45 & )5 T U
31 OC 1435 hesh , RANKL F1E W 40 i 48 7% )
# B F (macrophage colony-stimulating factor,
M-CSF) & H 1 & 89 OC = 5 B b 75 19 248 Jf A
T, OPG XFr OC il I F (osteoclast inhibito-
ry factor, OCIF) , EZ i OB 1% % 9 45 Fh 41 g 7= /&
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(10— OB 2R 1 L A A AR R AR R A SR A A R AR
FfEfE . OPG B9 N K 5 RANK 2514 tH14LL,
OPG J& RANKL W “ B "2 14, J& —Fh i 1y OC
R HE T AR R e S
RANKL[ OPG [ & (OPGL) ] 45 & . 35 4+ 1k 3 il
RANKL 5 OC i RANK 45 4, # 1 BH b H A5
SRR OC 704k A A7 Bl G 5 6 1 72 2
FMH LR OC T4 It

RANKL F1 OPG #J i OB A, 2R OB 5
OC [a] B AH 5 B 72—, OPGLRANKL,
RANK 41§ ) RANKL-RANK-OPG % 4t /& 1 # 4
ot 2 4% 0 15 /E . RANKL/OPG H {2 OC
1 A A IO RZ R S b N M A (= SR i = 3 3 A
B IR ZS 1 52 maH 5 BT RANKL 5 OC % i
RANK 454, K RANKL/OPG {8 w77 410 i
OC 1534k U I AL, 3 T 36 3 Bl 36 B 0 A8 19 £
Y

FE A BF 58 L FE AT 43 9 R A real-time PCR,
ELISA J5 ¥4 I 2% 4K BLA 4H 21k RANKL, OPG
) mRNA FHE A REKF, 4288778, 5 sham 4
FALE , TR TE mRNA KF b 2 76 K, OVX 4
KB RANKL & 538 (P<<0. 05), OPG & ft &K
(P<C0.05), 31X F 2 J& fh T K BLOW 5500 B 51 & M
FEEZ,0C R8I IR, B W kg B & % bk i
., Aln FZZh8HE 8BS Aln THUAYY 12 FJS .,
KEMTE OPG B & & 3 fin (P<<0. 05) , RANKL HJ
AR (P<<0. 05) ,RANKL/OPG FH MK (P<<
0.05), #&78 Aln Hliz 2 ¥ 7] G i 52 ) RANKL/
OPG AE > OC #3404k, M OC i B W Wi
REYCE TG AE M, 12318 S Aln 41 76875
RANKL.OPG ik K5 Wi BMD 2 4k ERCRE T
gl Aln sz 304,

PEAh . Viereck %17 HF 5% 45 5 R B L & ZO0UBE W2
AN L OB H OPG B ik, L RANKL/
OPG HfE . MR B2 [ A+ RANKL/OPG W{EH T
BT ARSI X SRR S A R B IR T
ARG

R g R R, Aln, 32 2 35 0] G i
RANKL/OPG Lt 3k 5 mi RANKL-RANK-OPG
RGe, IR H 8 S B Wl AT E,
RANKL 5 OC 1 ) RANK 245 &5, o] 36 — &

B (A5 5 T 38 Ol IR 45 OC Y15 W e/ i A A
FERFE— L BUE T Aln iz g % RANKL-RANK-
OPG £ 48 it i % B 5200

MAPK 41 315 & il # & RANKL-RANK-OPG
Faum PSR S M EEERKE, RANKL 5 OC
F M RANK 254 )5l i — 5 0% MAPK Rk (5
538 B (INK L ERK . p38) « #F 1M 06 e s R —— 1
{64 H 1 (activating protein 1, AP-1), % RANKL
HfE S 1& e F =M T o Fos & AP-1 1 3 B4 i,
W5y #E OC srfbrh R EEAEH .

AR 5T B A3 A R R B 2 40 MAPK ik
(JNK.p38.ERK) & MAPK F il 5% N ¥ ¢ Fos %
B R BN, HHS p38 Al ERK #f R 4k K AR AL B
TG & 2250 . p-p38/ ik p38.p-ERK/ & ERK L {EH IR
JCHA AR X B OVX K RUFE Aln, iz h iz 3h
B4 Aln THUAYT 12 J8 )5, p38 F1 ERK AR BHITE .
1M OVX KBRS 4140 p-JNK/ & JNK HEH K 5
sham ZHAH L) , INK B BERR 1k /K 714 = (P<<0. 05) ,
BB OVX KER INK & F #0800 5 Aln iz g 5lz
BB A Aln B AL p-JNK/& JNK HEH (P <
0.05) , REFEAR INK & F B8R L K7 3 3 AR YT
IE] JNK B85 R b K- e & 22 50, [ #E, OVX
KRB HLB -Fos A1 £ K KF4 sham 413 5
(P<C0.05),Aln iz g B2 Z k5 Aln #4f c-Fos 1Y
FIRFEIR (P<C0. 05),3 MAYT A E] c-Fos BYFRIEK
SFIRAR LI 225, PL SR EW, Aln iz Fh i is
KA Aln W] REE 06 INK 8 BT i A 5%
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