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Abstract

Objective: To determine the effects of moderate intensity treadmill running on bone mass by c¢cGMP-PKG II-
EnaC in ovariectomy(OVX) rats, and provide experimental basis for exploring the mechanism of moderate in-
tensity aerobic training on bone mass.

Method: Three- month-old female SD rats were divided into 10 groups randomly. They were basal control
(BC) group, SHAM4, 8, 12 (pseudooperation 4, 8, and 12 weeks), OVX4,8,12 (Ovariectomy 4, 8, and 12
weeks), OVX+T 4, 8, 12 (Ovariectomy+training 4, 8, and 12 weeks). OVX+T groups respectively received 4,

8, and 12 weeks aerobic training on treadmill (5 days/week, slope 5°). BMD was measured by dual energy X-
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ray absorptiometry (DXA). Serum c¢GMP was determined by ELISA. PKG Il and ENaC-y mRNA of femur
were detected by real-time quantitative PCR (qQRT-RCR). PKG Il and ENaC-y level of femur were detected by
western-blot.

Result: BMD showed growing along with the training time in OVX+T. BMD in OVX+TI12 showed significant
higher than that in OVX12 (P<0.01). BMD in OVX+T8 and OVX+TI12 showed lower than that in SHAMS
and SHAMI2 but not significant. Comparing with OVX8 and OVX12, serum c¢GMP, PKG [ mRNA, and
ENaC-y mRNA were significantly elevated in OVX+T8 and OVX+TI12 respectively (P <0.05), but lower than
that in SHAMS8 and SHAMI12. Compared separately with OVX4 and OVX12, PKG Il expression markedly in-
creasing in OVX+T4 and OVX+TI12 (all P<0.05), but lower than that in SHAM4 and SHAMI2(all P<0.01).
Comparing with OVX4 8 and 12, ENaC-y expression significantly higher in OVX+T4, OVX+TS, and OVX+
T12 (all P<0.01), but lower than that in relevant SHAM groups (P < 0.01—0.05).

Conclusion: The moderate intensity treadmill running intervention increased BMD and increased serum cGMP
level, up-regulated PKG I mRNA and ENaC-y mRNA expression, PKG [l and ENaC-y levels in femur of
OVX rats. These results may provide a new clue that the mechanism of exercise increasing bone mass in
OVX rats may be via cGMP-PKG Il -ENaC pathway activity.
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HKEHLSH SHAM4 . SHAMS . SHAM12 41, %540 10
H 4y e 3% 4 i (8 Ji K 12 JAlJG AbBE , I #E 4 7 HR
AR FRIR s 2200 42 S 2R (OVXHT) : K
TOVX TR, ARG 3 KB HFEL 5> OVX+T4,
OVX+T8 . OVX+TI2 4, #4010 H, 435l £ 52 i 4
Ji 8 JH 12 JHi2 8y JG Ab B, HEIEF T K AR BRI AE
OVX ARG A7 R B it 7% 20 MUk A, 4—5d/w, &€
8 75 240 M SRR B, DA R O ETFARRICR
1.2 Eahffrr %

1B B 17 a7 I E 2 I8 Bedford TGUHE 1A 4
iz 2 87 A A o S HIS ity 5 VI A 19 3l S 3 B A A
. RABL R PT2000 7Y S M 5 (BTN AR VIR 2
A HATIE S, B8 %k R G HE R 12m/min,
FFZEI ]34 2 20min, B 65 ARHE$ 9 0°, F H 30
213 3m/min, ¥4 113z S EA] 10min, 275 2 FiE H 2 R
20m/min, FFEEH] ]y 60min, B 5 BUR A 50, 53 iz
5K KRB 2K, Bz sl 12 7,

AN R TR A8 P (AL T SRR S
FRAA ) o ARSI TG IR 2F b [ PRl 2 # =R 2
(CIOMS) 1 WHOK#5 K i 4y i) A= 4 = = ik 55 1 [
BroAe P2 ME DI ) , 5236 Hh R bk G A3 IR sl R
e/ IME , B HEA TG L LRI BRI sl TR Ak
HEo
1.3 Bt

BB AT 24h, TR EBES . RS 10%7K G
FE (345mg/kg) , R IE 5 I € K BB 2% B (bone
mineral density, BMD) . T K R EHM AR FE , K
KR A ML B BUMLS , B T-80°CHAATE, % FH T cGMP
M o BOR BT MR, LBRLPY U S5 41
PIA FRER K DA B TURAEE H , T-80°CIR- 17,
# FHF PKG Il A2 ENaC e[ K 25
1.4 FEFRIA KTk
1.4.1 BMD il 2 : Ul DXA (Lunar Prodigy, GE
Inc., U.S.A)ill& K il 4= & BMD, H enCORE (/N3)j
V1o M, RRAR 10.50.086) #E4T 20 #r . 4% H 5256
I, DAL B DXA #E1 A6
1.4.2  cGMP l5E : DL ELISA ¥ %2 I35 cGMP, %
H8 357 & (Cayman Chemical Company =, 985
Cat No0.581021, Lot No.0442726) Ui B #:4E . LA
A (BioTek A= 7=, %15 Synergy H1){lll & OD450

(B, FFAR B AR il 2R T35 R R o P A R S MR B
Pl
143 PKG Il }2 ENaC-y mRNA 2k E - R
qRT-PCR il & PKG I } ENaC-y/1) mRNA ik, A
Trizol ¥ (Trizol i 71l &) M & #r Hr 42 B RNA,
PKG Il }2 ENaC-y mRNA ¥ 5 iyt 56 il
b5 R — M AR Y HAR A R SE

PKG I 51¥:

PKG I Left Primer:55GAAGGGAGCACCTTTTTCA
TCTT 3'

PKG II Right Primer:5GGCCGATCTGACATCATCA
CT 3

ENaC-y5 |4

ENaC- y Left Primer:5TGAGTACGGGCTGCAAGT-
CA 3

ENaC-y Right Primer:5GACATTGCTGTCTCGATCTC-
CAT 3'

GAPDH 5% .

Left Primer:5TGCCCCCATGTTTGTGATG 3'

Right Primer:5'GTGGTCATGAGCCCTTCCA 3'

%)t 5E i PCR A SYBR Premix Ex TaqTM II
(M FE 40 TR BR A RD R e, G 11
A5, 95°C 30s; PCR S (9 GAG I ) |, 95°C 3s,
60°C 30s,40 cycles; filtfi# th 2534, 95°C 155, 65°C
60s,95°C 15s. IeJrifs i CH{E, RAH 2 2“3k R 4L
A TR A E e — 2 it b
1.44 PKG I & ENaC-y#E [ % 1k : 5% Ji| Western
Blot J5 #:#47 PKG Il }2 ENaC-y&E & . HEH
PRI, WA e B 12 8 T A B T OB LA T
BB, S ABCGEEE R, BT A S A E O
P11 551 (Sigma- Aldrich) 1 2H 21 %4 % W (Sigma- Al-
drich) , TVK F A1 MEE 15min. 4°C, 13000r/min, &5
O 15min, BUET . PABCA B0 785 1 1 (A5
FEREARABR AR Het R S Boe . AR
1 570nm OD 1A, £ hilbnifE <k, HaH S Re A
i A TR . BUAS A A B 11 100pd, i 5 < loading
buffer, 18 5J 100°CE 1 15min. Western blot #4254
15 2 A 10% 43 25 5 F1 5% He 4i5 i (SDS-PAGE #t
W) o W FE SN A B SDS-PAGE i v, 45 AL hn k¢
140pg. 4R IE 100V, 4 25 8 120V, fH Rk, 7K
%, 300mA fH i 160min 5% i . F 5% BSA (A
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10ml TBST % f# 0.5g BSA) 4], i 1h 5 4°Cid
Ao A3 BN —E TR TBST 145 W I fift (4038 24 vk JiE
PKG I % ENaC-y#IB-actin—#i (Santa curz) 5 &,
4°Cit 7% . TEFEIR | 10—20ml TBST I RIR VRN 3
K >x10mine SIARRY B — & AT TBST g i A
HRP Fric 1 =40 (BB P % B F B B 1eG-
HRP, Santa curz) , & W7 & 1h., 7EFEIR I, 10—
20ml TBST ARG L3 X x10min, {4 K Su-
per ECLJEY LM A B ARBUIRA , 45T
FRE L ATk XSG R B B, & Y R
Jei s BRIK e, BT . Western Blot £445 4347,
AT, JH Gel-Pro Analyzer 4.0 #{F44
SIS A5 I PEAE, % PKG I \ENaC-y iy K BE(E 43531
MR Y B-actin FUIEAE A LR TR AR R A 1 .
L5 GEiltaobr

K SPSS 16.0 #AF A TR Ge it 53 B , 25 4
DI R b 22 2R . SR MIE A, DL R 3
J7 2553 BT 53 R85 2L T 1 S 0 B0 004 720 [ 25 Sk
Ko, B0 e F fe/ B 22 ik (LSD) £ 5
B2 L

2 #ER
2.1 BMD

SHAM 41 K F BMD R B R I H % 36 K Fa e
o, 5 BC 4H He 4%, SHAM 45 2H BMD 2 i 35 3% i1
(P<0.05,P<0.01,P<0.01), OVX4]BMD £{&ik
N8 T A, OVXS I OVXI12 34 g A% F [ 11
SHAM 4 (P] <0.01). OVX+T 2 BMD S 4K K It
A B S R MG I, OVX+T4 47 i 1%
F IR SHAM4 (P < 0.05) ,OVX+TS8 1 12 B KT
[F] ] SHAM 2, (EJC B = (P34 > 0.05) .

5[ OVX 41 H 48, OVX+T4 41 BMD B A,
OVX+TS 2H & & {H 34 0 i & 1 22 5% (P34 > 0.05) ;
OVX+TI2 B E T (P<0.01),

OVX+T 4 & WA 0] L 4, OVX+T8 Je 12 4
BMD ¥ it # 5 T OVX+T4(P ¥ <0.05) ,OVX+T8
51241 BMD Ll #E 25 (P>0.05), W& 1.

2.2 c¢GMP7ZE4k

5[] 1 SHAM 41 [ 4, OVXS8., 12 41 2 OVX+

T4.8.12 2 cGMP IfiL 3§ 7K - 34 1 3 AR (P < 0.05,
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P<0.01; P<0.05, P<0.05, P<0.01) , OVX4 5
SHAM4 TGl %255

5 HW OVX 4 H 4, OVX+TS 12 44 cGMP IfiL
KO E N (P < 0.05),0VX+T4 415 OVX4
HIWEES

& 2H 20 N B, SHAM 26 B HY B Bl 3

cGMP . & JHm , & 4l 22 5 8 2 (P34 <0.05) .
OVX8 54.0VXI12 584 .OVXI12 544 ¥H &
FVEE T (P <0.05) , 52 BLRE B J& £ T
cGMP [ K F LS . OVXHT 4541 cGMP Ik &
SRR TRSH HSAmREER, k2.
2.3 PKG I #lENaC-y mRNA 7254k,
231 PKG I mRNA 7481k . 5 BC 41 b %,
OVX4.8. 124  OVX+T8 1241/ PKG I mRNA %
KK 2 5 i E FRAR (P < 0.05,P<0.05,P<0.01;
P<0.05,P<0.05),SHAM4 .8 4 PKG I mRNA %
KK 0 i 2 M 25 5, I SHAMI2 4 PKG I
mRNA KRR E 5 TBCA(P<0.05),

5 E W OVX 41 L%, OVX+TS8. 12 41 PKG Il
mRNA 35 &3 (P34 <0.05) , 5 [F ) SHAM
HELE,OVX4 .8, 12 4 ) OVX+T4.8.12 4 PKG
I mRNA SRk E AL (P < 0.05,P<0.05,
P<0.01;P<0.05,P<0.05,P<0.05),

5E W OVX 41 L%, OVX+TS8. 12 41 PKG Il
mRNA £ ik B ZF i (P <0.05) , OVX+T4 4
PKGI mRNA i #7514k,

KA N LA, SHAMI2 41 PKG [T mRNA %
kK-8 2 T BC 41 ) SHAM4 5 8, SHAMS 5 12
41 18] PKG I mRNA Rk KV T W 3% 2 7,

*1 XKR£5BMD (vs,g/cm’)
JEEL SHAM OovVX OVX+T
BC 0.146+0.01
4w 0.155+0.00 0.148+0.00 0.146+0.00
8w 0.158+0.01 0.144+0.01 0.155+0.00
12w 0.159+0.00 0.143+0.00 0.156+0.00

£2 KRIMEGMPREZWN  (xxs,pmol/ml)

JEHC SHAM oOVX OVX+T
4w 2.25+0.03 1.9240.02 2.01+0.03
8w 2.31+0.06 1.84+0.05 1.96+0.02
12w 2.42+0.07 1.7240.05 1.93+0.03
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SHAMI2 41 PKG I mRNA 3 & T SHAM4 (P <
0.05), OVX8 54 .0VX12 5 84H .OVXI12 54 4]
WA B 2% 5 (P<0.05,P<0.01,P<0.01), 5%
P Bt B R AR I PKG 1T mRNA R IARKE
B OVXHTS 54, 0VX+TI12 5 4 A4 04 B2
Z 5 (P <0.05),0VX+T4 41 PKG [ mRNA Fik
iR, k3.

2.3.2 ENaC-y mRNA 784k : 5 BC 4 L4, OVX4,
8.1241 .OVX+T4.8.12 41/ ENaC-y mRNA Fik/K
15 B SRR AR (P<0.05, P<0.01,P<0.01; P<
0.05,P<0.01,P<0.01),SHAM8 2 ENaC-y mRNA
FKIRKF R E = TBCA(P<0.01),SHAM4 124
FIRKET B ETEE S

5 A3 SHAM 41 H %5, OVX4 12 41 K OVX+
T4.8.12 #H ENaC-y mRNA ik /K ¥ 14 i 2 FE
(P<0.05,P<0.01;P<0.05,P<0.05,P<0.01),

LR OVX 4l He 4, OVX+T8. 12 41 ENaC-y
mRNA 53k B 1M (P <0.05,P <0.01),0VX+T4
24 ENaC-y mRNA G2 #7251k,

BAHA N He# , SHAMS 2 ENaC-y mRNA 1k
JKF- 52 T SHAM4 (P < 0.01) , Hofd2A 1) G i3 3%
Z5, OVX8 54 . 0VXI12 584 .0VXI12 54 4[]
Py B FH 1 2% 5(P<0.05,P<0.05,P<0.01), 5
PR B 5 458 i ENaC-y mRNA 2635 PR AR 253
OVX+T8 54 OVX+TI2 584 .OVX+T12 544
AaA B FHMEZES(P<0.05,P<0.05,P<0.01),758
2 UL it BRI 5 B0 i ENaC-y mRNA 26 ik A 75
#, kK4,

%3 PKGI mRNA %% (x£s)
JE 5L SHAM ovVX OVX+T
BC 1.00+0.00
4w 1.02+0.07 0.86+0.03 0.93+0.09
8w 1.04+0.03 0.72+0.04 0.84+0.03
12w 1.08+0.02 0.64+0.01 0.76+0.03
%4 ENaC-y mRNA %X (vs)
JEEC SHAM OvVX OVX+T
BC 1.00+0.00
4w 1.04+0.02 0.89+0.02 0.91+0.02
8w 1.11+0.01 0.78+0.03 0.83+0.02
12w 1.06+0.02 0.69+0.01 0.76+0.02

TE :mRNA 63k 25 5 ] 24 2T kg4

2.4 PKG Il fl1ENaC-y#E 7251k,

241 PKGI HEHEEAI:0VX4. 8. 124 .
OVX+T4 .8, 12 41 5 BC 414H%:, PKG Il & 15k K
SRR (P <0.01) ; SHAMA4 . 8. 12 4H 5
BCHW LR EMEER.

5[ SHAM 4 Fo 45, OVX4 .8 12 41 J2 OVX+
T4.8. 1241 PKG Il £ 135K 3 B Z R (P
<0.01),

SR OVX A 4, OVX+T4 .12 40 PKG [ %%
285 W FHHAN (P <0.05),0VX+T8 41 PKG II
FEHL R EAME, OVX+T 4l PKG 1T % M KK i
ETE 2

B0 N HL B, SHAM 4% 20 21 6] JC i 25 Pk 2%
S, OVXI2 5840 .OVXI12 5 4 403454 21tk 2%
5 (P<0.05,P<0.01), 2 BURH B EE0% i PKG
I FE AR IKFFEAR, OVXHTS 54 .0VX+TI12 5
4B B EEZER(P<0.05,P<0.01), JREH
Bifl R0 S5 508 fin PKG 1T 28 A BRI . LA
1,%5,

242 ENaC-yFEME{L:0VX4 8,124 . OVX+T4,
8.12 2 5 BC 41 A% , ENaC-y 2R [ Fih /K F- 1 2 i
AL (P<0.01, P<0.05, P<0.01; P<0.01, P<
0.05,P<0.05) ; SHAM4 .8, 12 41 5 BC4H ¥ L ik

%5 PKGIEARIE=E (x£s)
JiE SHAM ovX OVX+T
BC 1.00+0.00
4w 1.03+0.09 0.5140.03 0.6620.09
8w 1.0140.02 0.48+0.04 0.55+0.03
12w 1.01+0.03 0.39+0.02 0.5040.04

T R R IR 22 S K BE (AT A3 45 25 1 K AL 3] 5 A v B-
actin [ LA R AR ik i

El1 PKGIEAXRE

A A T e SN e S PKGI
4 JH41
————————— B—actin
BC SHAM OVX OVX+T
_________ PKG I
8 JHZH
— D w—— - - = e [(-actin
BC SHAM OVX OVX+T
— ———— —t— e DK G ][]
12 )54

————— — — — G B_actin

BC SHAM OVX OVX+T
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SR SHAM 41 45, OVX4 .8 . 12 40 J2 OVX+
T4.8.12 4 ENaC-y £ 138 iA 7KV 34 i 2 FE AR (P <
0.01, P<0.05, P<0.05; P<0.05, P<0.01, P<
0.05).

SR OVX 4 H#¢ , OVX+T4 .8, 12 41 ENaC-y
AR IRPRICRE B0 % (P14 <0.01).

B LHZH N HL B, SHAM 4% 20 41 [a] JC i 25 Pk 22
5. OVX854.0VX12 58I A BENE S
(P <0.01), I S I bl FLIE A EI0 il ENaC-y & 1
FIRFRAR S, OVX+TS . OVX+TI2 5 4 4 6] 4
BEVE2ZET (P <0.01) , 753 BURE RS J& 2508 Jin
ENaC-y#E 1 3RIBFEIRES . WIEI 2, %6,

#6 ENaC—yEHRIEE (wxs)
Ik SHAM ovXx OVX+T
BC 1.00+0.000
4w 1.02+0.018 0.55+0.016 0.65+0.022
8w 0.980.021 0.44+0.029 0.55+0.014
12w 1.01+0.025 0.36+£0.014 0.51+0.017

T A 22 S TR LA B M2 2%ty 1A T {23531 R o -
actin i FUARAT R HCEE A RO RT X R

El2 ENaC—yEBHRIE

————————— ENaC-y
4 J2H
— — — ——— B actin
BC SHAM OVX OVX+T
- ——— — . —— vy E N2 C-
! 8 JA4L
) W ————  [-aCtin
BC SHAM OVX OVX+T
————————— ENaC-y 1284

— S — e — N ——— B-actin

BC SHAM OVX OVX+T

3 itig
3.1 cGMP/PKG II i@ xt-E At o4

HHE A A T R LI TR AZ )
= A I R R 328 B G A (R ATUAROR AL A
T8 AL Sl PR B A S S R,
30 2o A AR T S B, e A S B HE TE AS S5 4
INBE LB R, cGMP/PKG I 155 18 f& 4B
AR A8 52 1 A FH 2 3T S A 32 31 56 1 I T 44
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Rlo cGMPYEN S A5 M, H 3 24E )y Lo 8 2ok
WO PKG 1 R HEVE R . PKG &) 12 278 T 1A% 40
JHL PR B — o 22/ 55 24 R A 11 . He, PKG T 431
HAERBR , FEA R/ NAH T R X2 2
258 F1EF AR A — S i ok R A 4 2
AR, PKG I FE/EH 25 S cGMP 55,
R B A AR IR, AR, B
2L PN Y cGMP 1] LU 200 B 20 it 1R 4 5 5 4k
PKG 11 763X — 3 P B B b R 4 T S st 1
HREFERAY, PKGEEHHA PR ER
FRPKG I, AN S L KRR S5 S
FHETROVER™ Y, PKG T AT i 38 i A= KAk
B B AU S R e R S e AR K
SR T2 N8 T R S R R %
YIS0, 3l 3 ¢cGMP-PKG (947 S 4E FH B in
BUE R A S A R

AT LERFH , SHAM -4 cGMP ik & L BT
AR (PY <0.05) , #ER R A ARA KR,
cGMP S 5 AR g, o rh BB 2 SR A
¥ Mz sh 8 K 12 A4 (OVX+T8.12 4 )cGMP ¥
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2, FX RPN LAz o) 4 T e . FBHERSE 4 A
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cGMP 43 , 34 i PKG 11 F1 ENaC DA Kz 5%, 8 40 il A%
B A mRNA KI5, UESE T ¢cGMP-PKG I -
ENaC 15 5 i 1% 2 5 iU 4 i B 08 Bl 98 755 =
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