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AN R 1007 X 2% B9 SR K B BMP2/Smad {5 518 1 HY 52 1

e g EEA, k', FE, FEF, AvE, ERA, HaEw
(L. ;MNP EHRE wrif;[%%ﬁfr PP EFGAFZERT, M 510006;
2. T MPESH R WEEGAHER, /M 510405)

[(FE] BB DTS G 0 7 % 25 00 R RS B8 K4 M 2(BMP2) /Smad {5 S5l MM, Fik:72 Ho6 A
WEPE SD KL, BENL A AT AR AL(24 F) TR (48 F) XU 59 S I B vk 3 485, RS 3 A A P14 BE ML E IR 12 FUR ) B 2%
FEUUE AL LT . FARAIRI A 36 BB AL 43 g XU G155 B AR 21 (OVX) , #b B {9 1 1 75 41 ( BSIPHX, 45 24 57 &
2.979 g-kg™') BTG RERRANLAE D, B (1) 41 (ALN, 252555 1,02 mg-kg ™) MBF AL, OVX A4 5 FRBUEBEEKHEY . 12
JELJG AR BE A A BR, BURE XS 2 vk R T K R 4 B i B AR 1 2 AT IR = AU R S I SO B R R A W AE R
Ji7 (Real-time PCR) £l BMP2,Smadl, Runt A1 5% 5% [ 2 (Runx2) , B {47 K (OPG) & A (1 & 3k , 28 11 % 9% B3 1 ( Western
blot) #; i) BMP2,p-Smadl ,Runx2,0PG FE H Kk, SR EH 3 MHE, 5SHRFRA LK, OVX 4K F-H % I B, &R
7 K W BE 35 FAIK, BMP2, Smadl, Runx2, OPG 3 K FlI 2K [ R ik K F B EFFEIR (P <0.05) ;45253 N H R, 5 OVX 4l %,
BSJPHX 41, ALN éﬂ%&ﬁﬂ%iiam,ﬁ'ﬁﬁﬁ&ﬂlFfﬂatﬁﬁﬂu fig . % $& % BMP2,Smadl, Runx2, OPG %Llﬂlﬁl':li’%ii?k¥
(P<0.05), 259 : #ME M35 il 7y BE RE 3 i 42 BMP2/Smad 38 #1915 5% 5, AE LA OPG Y 323k, 3 7 RE & 40 ' fg i 3%
1L 75 B IR 46 25 ) 1 I3 B A Eﬂﬁmﬁ%JZw
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Effect of Bushen Jianpi Huoxue Recipe on BMP2/Smad Signaling

Pathway in Ovariectomized Rats
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[ Abstract | Objective: To study the effect of Bushen Jianpi Huoxue recipe ( BSJPHX ) on bone
morphogenetic protein2 ( BMP2) /Smad signaling pathway in ovariectomized rats. Method: Seventy-two female
SD rats aged 6 months were randomly divided into sham group (24) and operation group (48). The rats were
ovariectomized to reproduce the model of osteoporosis. After 3 months, 12 rats were randomly selected to measure
bone mineral density, so as to verify successful modeling in each group. The remaining 36 rats in the operation

group were randomly divided into ovarietomized (OVX) group, BSJPHX (2.979 g-kg ') group and alendronate
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sodium and vitamin D, tablets ( ALN, 1.02 mg-kg ') group. After 12 weeks, bone mineral density in lumbar
vertebrae was measured by dual energy X-ray. Biomechanical test was performed to tibia. Expressions of BMP2,
Smadl, Runt related transcription factor 2 ( Runx2), and osteoprotegerin ( OPG) genes were detected by Real-
time PCR. Expressions of BMP2, p-Smadl, Runx2, OPG protein was detected by Western blot. Result; After 3
months of modeling, compared with sham group, the BMD of rats in OVX group was significantly lower, both the
maximum load and rigidity reduced (P <0.05) ; after 3 months of administration, compared with OVX group, the
bone mineral density of BSJPHX and ALN groups was significantly higher, both the maximum load and rigidity
increased, and expression levels of BMP2, Smadl, Runx2, and OPG genes significantly increased (P <0.05).
Conclusion; BSJPHX can not only regulate BMP2/Smad pathway, but also up-regulate the expression of OPG,

which may be one of the mechanisms of BSJPHX in prevention and treatment of postmenopausal osteoporosis.

[ Key words ]

Bushen Jianpi Huoxue recipe;

ovariectomized rats; bone morphogenetic protein 2

(BMP2) /Smad signaling pathway; postmenopausal osteoporosis (PMOP) ; osteoprotegerin ( OPG)

48 2 J5 i BT B A AE ( postmenopausal
osteoporosis , PMOP) J& & & U 18 7 & 1 B oL i # E ,
ot A% 5 FNE RSP R, 244
HiEREI 2 ~3 1%, 2 38. 89% M4 4 45 J L Vs iy
B R B AR, 60 ~ 90 4k (1 BB R T ik
50% ~70% ', PMOP Jir 53| & (5 8 3 45 ) 18
O™ H 52 M S8 0 AR 0 i o b B MELYE I T B A
HK ((FEAE) ) ARE T ((EFF R ik
B, B AN IR R EAE LR R AL A B
e F FHS Y KRS 10 Bk 25 4, T I
PRAFF ST % BN B {0035 1t 7 7T B 0 % Mt 22 A7 Lo b i
JOT B A LE FR A 1 R R AU B IO B A A A R
5B 3T R S HE R T T R KU ) S 86 B g
BN B Al D oy R 24 3 ATk MGe3 T Al
UMRI106"" 1 20 o bk B B 25 %% B 8 11 2 (BMP2) [
Fiko BE9C S B BMP2 16 B i b 2 A
BMP2/Smad {5538 } J& 2 5 B 4i il 53 16 S 20 i
ST A B T B AT D, A WS R A &
B SRR L4628 I 1 JO B A RE AR A OB R ekt G T
I 75 % B 2 BE R AE W ) 2 M AR R e, O A O g
BMP2/Smad {5538 J 1) Ff1 B2 B8 15 40 B 4 1835 1 7
Xt 4 25 J5 i T B RARE 1 B 36 VR FH AL
1 ##

L1 ¥ 6 A% SPF gtk SD KL 72 2, k&
H(321 £70) g Wy [ )M P BE 25 K2R 5286 3 iy b
L, B FEIES SCXK ((#.)2013-0034 , 7 52 56 1) IF J
HUAS T T M o B 2 K 2 52 56 sh ) 10 3 25 1 2 ik o
(HEEGRF S2016046) , S5 AE ) M v B2 24 K 2 5
5 W) vt B B A BT B ) Sk 88 E AT, VR T IE S
SYXK ( ) 2013-0001, }j ¥ 5% %% & jfa ff A ik
200166758 ,
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L2 25950 A0S RS iy i M R 2
R B e i O Rk B B 24 00 B AL i A 2 2 M
rp R 28 R 2 B R B R B B 2R 5 i AT rh 2 0
WIE G, A A 2 143 g-mL ™ BT B R 4 2 D,
FCID) (Bt MY KRG 2 ARA A, #its
NO010878 ) ; trizol ( 3£ Invitrogen 72 @), it 5
127803 ) ; PrimeScript’" RT Master Mix, TB Green
Premix Ex TaqTM I ( HZ Takara 23 &, it 5 7 5 K
AK5402, AHG0495A ) ; BMP2, # 2 fk-Smadl ( p-
Smadl) Hr ik (b 50 WU IE A 2E W BB A BR 2 AL iS5
435k 4AK201716F ,4A1281720F ) ; Runt A ¢ &% 5%
K 2(Runx2) , B & Z (OPG) Hii & ( 36 [E Abcam
NS4 9 GR3189819-2, GR257622-14) 5 3
MR A ALY (HRP) bric S di e (€ H CST A,
5 27) 5 H I EE -3 - W R I S ( GAPDH) it 4 (X
D T2 e A MR AT BR A W] L 4it*5 0074430102)
1.3 Y& Discovery A BIZUHE X G £k B % B AL/
Y& FH A3 A o3 B R (36 [ Hologic 24 ) 5
MTS-858 miniBionix A A= 7 £ Kkt J1 2% K 55 #L,
CFX96 ™ 5 it 2¢ 5 i R A Wl 4 =X 5 B ( Real-time
PCR) §"144% , Mini-protean tetra /]» %I I B H 5k A/ %%
AN (35 [ Bio-Rad 23 A ) 5 BE MR R 48 ( Fi K
FHEARAF) .

2 FiE

2.1 s GEB a2y 72 2 OSD R BEAL
FRFARE FARH, 7350 24 HF48 H, RHH
A5 L0 B 55U 5 v AT A L TR
I B 5 55 24 45 B SRR IR T 2 4 . RS BB A 57
A THEEZINNEY 8 HHaf/d, ks 1 H, R
Ji 3 AN H PR B PL R B 12 R A7 %% 1 T 5 LA
W UFRERIALY) . FAR AR A 36 LR BBEHL TR
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BERIZH (OVX) , 4B i )9 376 1M 77 2H ( BSJIPHX) |, Bif £
BERR AN AE D, i (11) 41 CALN) , 70 il 47 259+ P
RGN 5 K BT 24 9 50 o 4 55 7 ¥R O 4G 2 4
BSIPHX #H #% 2.979 g- kg ' H 44 25, ALN 4 %
1.02 mg-kg "VEH 4, WFARLM OVX 444 T 5
B AR B H 1R, ES3 A

2.2 CEHRPERIN R TG K G SR RR T IS AR
RIML, 2R FHALRE X S 2 I O B A 6 2

2.3 BEAEWIIEAN GRS RS 58 B o B A )
&, 5 B ) B BN A 0 Bl 2, A B ER KR 20 A 4
2, =20 CORAF# M. KD AT = R % 7R, T MTS |
HEAT IR B = 5

2.4 Real-time PCR &l BMP2,Smadl, Runx2,OPG
mRNA XS Rk WO B o B 2H 4, WA
BE S trizol ¥ $E U A RNA, % FE PrimeScript RT
Master Mix 9¢ B 35 3647 6 %% 5% )2 )W . Real-time PCR
AR 2 2 x SYBR Premix Ex Tag 1 7.5 plL,
LRSI 45 0.5 pL,cDNA 2 pL,dH,0 %K1
15 WL [ i 28 95 C fi4s ¥ 30 5,95 C 5 s,
60 °C 30 s,42 N1E 5 15 i it £ o0 A 45462 95 C
10 5,65 °C 5 s, LL2 *“3 3% mRNA [ 40 X} 72
KR, SKEEE 3 W, SIWFAIILE L,

*1 5#HF7
Table 1 Primer sequences
5144 i 314 51 i

BMP-2 i 5-TGCGGTCTCCTAAAGGTCG-3' 179
T % 5'-ACTCAAACTCGCTGAGGACG-3’

Smadl 3% 5'-TCAATAGAGGAGATGTTCAAGCAGT-3" 133
T 5'-AAACCATCCACCAACACGCT-3’

Runx2 % 5'-TCTCCAGGAGGACAGCAAGG-3’ 98
T 5'-TTGCAGCCTTAAATGACTCGGT-3’

OPG L3 5'-GTGGAATAGATGTCACCCTGTGC-3' 165

T 5'-TTTGCTCTTGCGAGCTGTGT-3'

®3 IEREBEEODSTXYN OVX XRBEEMEMNZNHM (2 £5)

2.5 EH R (Western blot) 4 ] BMP2,
p-Smadl ,Runx2, OPG H ARk WURH i i B
WA EE 5 1 4= 20 B 24 A v (A 2R 1 il
0ot 500 0 W R W 40 0 R0 ) oK b 2L 30 min, 4 C
15 000 remin " B.0> 15 min Bt 5 3B & B ,BCA
Pl e B R T AR S0 pg, AR & S
ARG h, $E4T 10% % SDS-PAGE HiJk , ¥ 2 11
M54 2 PVDF JBE,5% R 4= W55 4] 1 h, TBST P,
4351 A BMP2, p-Smadl , Runx2, OPG (1 : 1 000 f
B) 94 CMELHK, HRP MK —HEIRFE
1 h, TBST %M 3 ¥, R M ECL % 2 5 , Image J K4
A AR A 53 M 4% 2 1Y R A

2.6 GilsEordr R SPSS 20. 0 Geit 4 A A,
THEFRERH « 25 Fox A LR H R R 72
ArER K, DL P <0.05 NERAESITHE X,

3 R

3.1 s ot sk, BURBRE SN R
JE B Y HEE R MBI 6 H R 49N A ST 1Y 52
B sh Yy 66 H

3.2 OVX X KREBHENEW &3 DHEH#
TE RN, ST ARAM, TR S %
FEAK (P <0.05) , 15 BH 4 25 J B o i A A 78 38 57
o W2,

R2 EMENARBEENFIE (x+s,n=12)
Table 2 Effectof ovariectomy on BMD in rats(x +s,n=12)

5 B/ g em T’

BFAR 0.184 9 +0.004 9
ovVX 0.169 1 £0.010 5"
E S EFPEARM LD P<0.05,

3.3 X OVX KB %% B S A=W 71 5 18 00 1 5% ikl
T3 AAE, 5SBTFARALE, OVX HH %
JE WIS R A R 3 ey S B B IR (P < 0.05) 3 5 OVX
4 He %5, BSIPHX ZH 1 ALN 20 15 %5 55 W J3 i R 2
i BB T (P <0.05) , W3k 3,

Table 3 Effectof Bushen Jianpi Huoxue recipe on bone mineral density and biomechanical indexes in OVX rats(x +s)

£A 51 /g kg ™! n B /g om W& /N - mm ! BREAT/N
BFR - 9 0.177 8 £0.007 6 506.38 +59.42 124.59 +19.36
ovX - 11 0.161 9 +0.002 1" 340.08 +3.57" 73.85 £20.08"
BSJPHX 2.979 10 0.169 6 +0.005 1% 485.22 +35.23% 119.46 +13.59%
ALN 1.02x107? 12 0.173 5 £0.007 3% 508.37 +64.88% 116.33 £8.31%

W SEFPARMLED P<0.05;5 OVX 4 H 4> P <0.05(%£ 4,5 ).
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v S s
3.4 Xf OVX KB 44 BMP2, Smadl, Runx2, BMED *- - 44 kDa

IPG mRNA FIE R Em  SHFRALE,
OVX £ BMP2,Smadl,Runx2,0PG mRNA 7K 35 &
(P <0.05) ., 5 OVX 41 t%;, BSJPHX 41 fl ALN
41 BMP2,Smadl , Runx2, OPG mRNA 1% 17k 1y
TFHE (P <0.05), H5{EF AR HLEK,0VX 4 BMP2,
p-Smadl,Runx2,OPG & [4 /K AL (P <0.05)

D

p-Smadl - T 55 kDa
Runx2 [ B 57 «0-

orc I -

GAPDH WS S S S 36 Do
A B C

A BFRY;B. OVX 41;C. BSJPHX 4 ;D. ALN 4

5 OVX 41 M #, BSIPHX 41 f1 ALN 41 BMP2,
p-Smadl ,Runx2,0PG & H/KFEHFE (P <0.05),
WK 1,% 4,5,

Fig. 1

proteins by electrophoresis

x4 FSEEFEMAI OVX X F BMP2,Smadl,,Runx2,OPG mRNA EMf(x +s,n=3)
Table 4 Effectof Bushen Jianpi Huoxue recipe on BMP2,Smadl,Runx2,OPG mRNA in OVX rats(x £s,n=3)

B 1 BMP2/Smad 5 SERBEXERRIERIK

Expression of BMP2/Smad signaling pathway related

21 Flf/g kg ! BMP2 Smadl Runx2 0OPG
B FA - 1.01 £0.18 1.03 0. 16 1.01 0. 12 1.03 £0.25
ovX - 0.32 +0.03" 0.48 +0.04" 0.28 +0.03" 0.51 +0.03"
BSJPHX 2.979 2.78 +0.96% 2.74 +0.95% 1.76 +0.59% 3.02 £0.75%
ALN 1.02x10°? 3.06 =1.24% 2.67 +1.03% 2.03 £0.31% 2.98 +0.67%

xS HEEBFEMG X BMP2/smad FSERBEXEAMNEMNRZEBHZM(xx5,n=3)

Table 5 Effect of Bushen Jianpi Huoxue recipe on relative expression of BMP2/smad signaling pathway related proteins(x +s,n =3)

4 5 FlHt/g - kg™! BMP2/GAPDH p-Smadl/GAPDH Runx2/GAPDH OPG/GAPDH
% F A - 1.33+0.34 1.15£0.43 1.30 £0.13 1.39 £0.21
ovX - 0.63 +0.03" 0.80 +0.03" 0.77 £0.05" 0.91 +0.04"
A0 fg NG I 2.979 1.12 £0.35% 1.40 £0.81% 1.59 £0.39% 1.10 £0.06%
ALN 1.02 %1073 1.09 £0.12% 1.30 0. 42% 1.72 £0.57% 1.71 £0.33%
4 itig PR WRRAE , i 25 8 BMPs/Smad 3 B T SR AA

o R B AA AR Z T T B E T AR
MR TR AN & LR B AR AT AR 4L
A A B B A B PR 2 R SR R A
T R 5 AL o D B el D a7 LA Kb B IS N R
25, B LU 48 KA B 22 T 0 DD BB A £ LA
S | AT BT L TSR B g A B B T A
Tog57 . WA FHS Y L 4, B iR, KR
Arrp AR AN MR K . R
S A P SIIF 5 2 T e 5 e A % 1 7 T ek 2 B K
R B B 5 3 I 9 M SR 2 K SR 5 e 4% DKK-
1/Sost/ Wt {75 i [ 5 0h) B2 40 0 i A% 3500 &
TR 5 s B 5 A 355 1ty T ik 3 25 1 5K LR 5 2k
W 32 PR 4 8 I RO E R e R A

BMP2/Smad 155 3 4 8 I 4% 5B 40 M f) 4> 348
AR T R R T 7 | e A R R R A,
OB R BT . BMP2 ELA AT B I8 AR S 57 A B Y
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BMP2 5 4il jfg %2 1 () 5% & BMPR 1 ,BMPR II 45 & J&
BE AW, T2 0K A SR OE 5, H s T8
T EALE T B2 K5 Smadl, 5,8 45 & fdi Howk iR
ft,p-Smadl ,5,8 1 5 Smad4 #2558 B = KK E
B AKE G A B L R AT I s R R A s
Rk BT & BUAE AR 40 P BMP2/Smad
=50 B0 I8 Runx2, Osterix [ 3% 15 3F 11 52 ) 1%,
AL RS E W EELA K X T8, (TGE-
B, ) /Smads i H 1] BE S 48 28 I 1 B AN G ADBE R R
PR VR RO R R LR T AR
WF5E & 3, 250 LK LAY BMP2, p-Smadl & [ 335
B B IS, U4 B BMP2/Smad 3@ % 1) {5 5 % 5 0 3
5, 53 Runx2 85 111 3R 3K 0800 5% Wi 8 4 Ak i
71T 5 W) 285 B AR ) 0 24 MR o B AR ALY Iy B
fig b8 BMP2 JE RUR1 8 11 19 3R 35, BB L Smadl
FEDIANTE P X p-Smadl & H R 5, U W4
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g ALY 1M 75 7] AN BMP2, Smadl 58 55 455 BMPs/
Smad {5538 # ¢ T il Runx2 £ ik, OPG J2& Wi
Ui B o WA 1Y), SR T kB Z R E AL T (RANK) 3%
4k 45 & RANK B¢ f& ( RANKL) , fH 1 RANKL 5
RANK Z [H] (4 45 &, 400 1 85 15 240 M 0% 534k o ASAIF 58
R, FINE AT OPG 1y ik, #b B g 8L % 1 7
fie#e = OPG mRNA & F1/KF,

i LBk, b B a0 i J7 BE AR Gl A 4

BMP2/Smad i #% /915 5 % 5 L Runx2 JE [N 1) %
TR I B E A R A Ak, SCRESE 1 T E OPG iy &3k
il 4 LA o 3K T R A R LR i B IR 4
28 J5 B 0T B A E A BL ] 22— o
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