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Study of the effect of the Buzhengxugu pill on bone mass in ovariectomized rats and the

mechanism in ovariectomy-related fractures
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Abstract: Objective To explore the effect of Buzhengxugu pill on bone mass and related fractures in ovariectomized ( OVX)
rats. Methods Female rats were ovariectomized to establish PMOP model. BMD of femur was detected with DEXA after 6 weeks
of drug administration. Trabecular bone density of the femur was measured by HE staining. PINP and beta-CTX were detected using
ELISA assay. Protein expressions of 4EBP -1 and p70S6K in the femur were detected with Western blotting. The effect of
Buzhengxugu pill on fracture healing time and callus density of OVX rats was observed. Results Buzhengxugu pill increased BMD
of the femur, decreased trabecular fracture, decreased the content of serum beta-CTX in OVX rats, and inhibited the expression of
p70S6K and 4EBP1 in mTORI signaling pathway. Buzhengxugu pill promoted callus density at the fracture site and reduced fracture
healing time of OVX rats. Conclusion Buzhengxugu pill inhibits bone resorption and promotes fracture healing in OVX rats by
inhibiting the expression of p70S6K and 4EBP1 protein in mTOR1 signaling pathway.
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PMOP A 5% Pr 3R A3 2 48 4K 3 o
1 #8lF7EE

L1 #h8
L1.1 SLlshi.sD KEHITRAEEYEARE
RS FL AR AL, 4t 100 2, @ e e v KR, K E
180420 g, ¥F AT F : SCXK (31 ) 2015-0001, if FH [E
HRFMBER Y LA R ST,
11,2 FESUe 25 5150 A 5240 BT I 52 4 25
PR T Ry R 8 b, #h IEZ2 /L Tk
P20 ARG A H 513 (H))25 g B
15 g JB A SR 40 g B R 30 g ZEIKT 30 g AT
20 g 221 15 o /% Y M .G VLA & 1S
g5 BB R ORI TR 250 A s ml A S
160919 ; #5-& -L Jo i 3% 1 R 4 v 25000 A BR 2 ) A
7=, 4t5 1 220053999 ; A A K (43 %) 1 FifE MKL
AR A R A B AE 7, L5 . K1089; BT 4 Jgk B2 44
F=F g MKL A AL B BRZA B L iS5 : AB01267,
EDTA Bi%5% (AR1071, F1[F) ,PINP ELISA i
A& (ml002251, p [F ), B-CTX  ELISA i 5 &
(m1038002, 1 [H ), P70S6K — 4 ( bs-0295G-HRP,
%) ,4EBP-1 —47 (bs-0885G-HRP , £ [H ) , ¥ Hi %
—Fi (bs-0 195 A-HRP, % [H ), DAB & & i 7|
(KIT9710,H ) ,
1.1.3  SEUeflds . 8 % B2 (Straros DR, 3 [H ) , )6
2 0 {4 4% ( Nikon MODEL YS100, H 74 ), fi§ 47 1%
(Infinite F50, 91 [F) , i 7K H1 ( LEICA 300, 72 H ) , fd
146 (DHG-9 070 A, (&) , By #4648 (101-0-BS,
FE)
1.2 SEmJrik
1L2.1 zh¥ysi sl & Kooy K RUARE 5 SR L
0. 7% /K &AM (5 mL/kg) B IR BRI, 0K I A 2y
Jo BT BRI AR B ERA 3 cmX3em, fil
R, RGO, bl A i B oK BRI T 2
HLRP A, KY 2 em K Y) O hrm 220, F 35 554
2 em T 1 em ZRARYK BT IT 5 B LA, 2 AR IR
WOKZ 0.5 cm, s T E M, HARIFRINE, 4%
GEREHTEMA RINE AL X EER L.
e HE BRES, KRG 3 BT LMmkaE (70
mg/kg) B H—RNELI B EY, KR53 HEH
B HORL 48 BR X R DR 8 (B 1a) , L) 6
JA G IS T SRR 24, SR O RE X 265 %% B A
KE W& BMD (B 1b), S5 R W% 1, i 9] & 2
o
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a, area of ovariectomy in rats, b, bone mineral density
scan in rats ( normal group, model group, and sham operation

group)

R 1 HPRIVE 6 JF /5 BMD &

Table 1 BMD was measured 6 weeks after removal of the ovary

A5 i BMD/(g/cm?)
WEE 10 0.243+0.012%
LA 2 80 0. 190£0. 022
BFEARA 10 0.24220.009°

L GEAA R, 2 P <0.05,

B R EBFEHLAY R I F 4l AR BFEARL .+
HA (B oK) BRE EEEERKRE RNER
ZH (R BEIDHI AL (BT B BN 10 41, =4l 10 H,
R A EE SRR R, &P k=21
172, H 2R, HWHEERT 8 mg/(kg. 2 d) B E
o BHE.EE LERKRETAKERNNE RN
0.315 g.0.038 g, IEH 4 MR HBFAHLTFE
RIMKES ., BRRERRLANE.

1.2.2 B {00 5 R BB B BMD : K B A5
DiJa  Het R4 2 6 J8, T I8 1 BRI 5 DU KRR B
BMD, Wi5245 40 7E FiZ4 )5 BMD 2251,

1.2.3 HE 604 KRB EHHIE AT R¥EIE
P HUR RURCE L4, BlE oK B W . Bl
VR 4 kSRR F E AT HE B8, BEILA 38 /D
=% R SE BB R R

1.2.4 ELISA & 35 & W < 848 & i 3% + B-
CTX . PINP & & /Y 52 M - 3h L K BUBE & 20 Bk il 9F- 61
FHIME . 78 96 LR L Bhr A fL bR AL, K
URAEFRHE AL A KR WE vk B4 0.0.5 1.2 .4 .8 f%
W PR R 50 wLo & B B-G 17 R A5 AL & AL,
PIIE R G AT A () BB LR
CHEMRMA FINEEY H T s Afl, 4 12 1L
DARIER] R M, A B W 40 pL & 10 pL, B
25 HALAN A BEAR IR 100 wL, 38 o A o ih 2231
BE MY CTX PINP & &,
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1.2.5 S gl 2 K B & 4 4L 4EBP-1,
p70S6K & Rk HA WS MU EAT B R .
VS PE L A Ay g P AR U RE T AR
2HERPUR R —PUEE , L0 3 1T i E
LA 4 Frid AW bR IC . B ER B AE AR
ARREG, WKRHE R B,
1.2.6 Western-blot W& K REFHEATEL X
150 mg KRR B H SRR, A Y i 2448 i)
REE N, BCA B EEAWE, #& RO,
BEIE o 20 wg £ AR S FEAT B UK, PR K 45 TR S R
A2 90 VRS PVDF . 37 CHH 1 h,—
L4 CHE LK. HRLE Y B (HRP) R0 19
Wil P E . ECL RIGEBOGMMB, JiMA B
0 o Tmage J 343000 % 7 240K FEAEL
1.2.7 SR 41K BB I o & I [R) BB i e 2« K
MAGEROPE 6 5, AT AT, A E, RRE
I PR I T KRR X B R B T B S
WA, WEEE A& HAE 25 )5 B 00 X% A I T Y
2o
L3 Gtk

FRAS 808 LA S B bR i 22 (ks ) Fen SEU KU HE
YR B S H SPSS19. 0 R4 HEAT B IR R T 24317
P<0.05 MERA G E Lo

2 #R

2.1 E&mEAD &R RS BMD
BEBERE: SEFHML, G FinEg R
20 (18 pE R0 ) B 2% B ] B R AR, P<0. 05; 55 HY
A, P H TR P EH, P<0.05; h 254
T TR RN R
F2 BAEHATNERREEE
Table 2 BMD after drug administration

2H 51 gy BMD/( g/cm?)
CH A 10 0.24420.010
R 10 0.197+0.0124
25 2R v ) 10 0.223+0.005"*
P2 2E ) 10 0.2400. 0074 *
AR N (il 10 0.2210. 0204
B B Al 10 0.231+0.0074%
] £ 1l TR 0 4 10 0.226+0.013%

HE S A LR, AP <0.05; SEEREIH L ILHE, 2 P<0.05; 5
B4 R MR M 4L L3, * P>0. 05, ™ P<0. 05,

e B 5 U 0 AR L U AL T B

20 (G B AR 5 5% B B B, P<0. 05 5 Al
AR, P2 B E F, P<0.05,; h 254

E¥EA
0.244 0.221 =
0.25 = 0 -
0.20 - ELEGE R ]
s

0.15 o 2 A
0.10 &

' ® iﬂ%‘iﬂﬂiffﬂ
0.05 =

O -

BMD(g/cm?)
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Fig.2 BMD after drug administration

R B T RN 5 R R A A
W, WA B R IE2Z ARSI EE L, P>0.05,
2.2 FMESEE AT R B EBE A LR AT R
15 b B9 5 T

HHBY R g, S A B/ NREE M
A, BALUEE B Mimics BUR 407 HI4E &
BRAA I /Y HE e y) 5 (B 3) , 8400 FFE
MLEE B — LB, 7E Mimics B 5 4 01 R G
PEATE /N T R (R 3) 6

B 3 ] W, I BN R A B
%, BRI EMERAE/ DR A, BA S
HEE W, A E/NRBR R A AR Y
A7, J6 B S W Y 5 B R A A AR ) W /b A el
CRER AL, B /N R T

HE 3 E4F 0, 5IEF4H T, A4 FHin
HHRACGAEREME A FREHE BREMR, P<
0.05; 5EMAMLL, h A g/ NRmANE 154,
P<0. 05 ; 5 BT £ J¥ B 40 20 A B, b 25 40 B/ 2 1 R
B S 38 ,P<0.05,

2.3 ELISA JEHG M b IE S2 45 ot 2 3ok BUA0 A i
& 7 B-CTX (PINP & & (5% i

IRIEFE T OD fHIH A AR a2 (B 5)

PINP il £ 45 5 & 7, 158 A 241 %5 0F 75 41 B 2 1%
fiX,P<0.05, K425 SHAH LR 2R LRIt
H(P>0.05), 4B dr 25 20 %F PINP /K7 6 B i
R

B-CTX MELRE /R, EFHERFAAER
TGt E L (P>0.05), 5IE W 4 i, a4
CTX WE . FHHHGHAA LB, B-CTX K
SN[ B A (P<0. 05) , UG A TP 4H 25 ¥ 1 B
AR B REAR B-CTX K, SHEMA L, P4l
B-CTX /K - & & FE AKX, A IESL B AL m R B A 5,
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B3 &4HE/NE HE Y (10x10)
A TEFH . BEAH CPADHEA. D FoHEA E W CBRMNH . FREMNERH,
Fig.3 HE staining of trabecular bone in each group (10x10 times)

A, normal group, B, model group, C, medium-dose Chinese medicine group, D, Gushukang group,

E, Alendronate group, F, rapamycin group.

¥=1.9714x-0.063

F3 HARSAT/DRERL 6 6 peipyven
Table 3 Ratio of trabecular bone area after drug administration 4 4 :2'23309;2'})94 ! 4 ,: -
4151 e BRI 2 24
N $‘),,»$ %"@

WHA 10 0.318+0.012% 04 x ; ; 04 :
A 10 0.233+0. 0124 2 05 1.0 15 5 2 4
o 2t 4 R A 10 0.308+0. 0324 * B

] 10 0.262+0. 0364* B 5 B-CTX.PINP fr il 28

T W 5 A 4 10 0. 208<0. 0294 B-CTX 4 M2k (¥ =2.6769X~0. 1941) PINP kit i 2%
HIHERN 10 0.233:0. 0124 (Y=1.9714X-0.063)

ST . A P<0.05.® P>0.05; 5T WIS P < Fig.5 The standard curve of B-CTX and PINP

0.01,® P>0.05; 5254 He#x, * P>0.05," P<0.05,

SRR TR BRE (R 4.8 6) .

0.40
0.35 0. 0.308 £4 KEAAIWEF B-CTX PINP 8 (ng/ml,ixs)
0.30 ‘ = EHH . .
Table 4 The content of beta -CTX and PINP in peripheral
0.25 aff 4
0.20 w24 3 blood of rats (ng/mL,x*s)
0.15 . wi G A
N Q In{ _CT
0.10 | PR 5 B-CIX PINP
0.05 - ~HMBEEA Ewd 3.21x0.21 10.96x0. 22
0 BB T2y 3.58+0. 184 8.44x0, 684
g
’ ’ o 25 48 v B 2.5120. 174% 8.45+0. 19A *
4 pE R/ DAL B R4 3.0420. 330 % 8.89:0.61 A *
Fig. 4 Ratio of trabecular bone area after e £ gk PR 40 2 3.56x0.20® 10.74+0.29°®
THIHERH 3.06+0.37% 8.78+0.48%

drug administration

2.4 WB #&ll 4EBP-1,p70S6K & (15
EHANERMHENSTEN 1L, AXRASIE
WH AT OB THRAS T, 5 IEW A H B, R
41 p70S6K (4EBP1 4 JK B AH R 1K . % Tt i (P<
0.05), 2 5 HA Gt 3 8 X, ut B AL X M6 4

IR R A B-CTX K27 A G it E Lo w4k
TEELE L R0 B 41 R B iR CTX K, #h 1E 22
B AUE A B-CTX 7K 7 %2 W /N F AR 5 4
5B EA R, AN ESE AL R B A B-CTX
KT L AR IE 22 B U R B B-CTX K
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6 KRAMEMAEH B-CTX PINP /K
VE LT A LA, 4 P<0.05, M P>0. 05 L BRI A Lt
B, 2P <0.05,° P>0.05; 572 4 LB, * P>

0.05,% P<0.05,
Fig.6 The conceniration of PINP and beta -
CTX in peripheral blood of rats

p70SO6K 4EBP1 #Yy R 3X 1 3 Th iy, 54 A 4H A L
AP IE 22 B U b A B A K A FE R (P <0.05),
BEUIAPIE SR ALRE 8 BRIk p70S6K (4EBPL %K1k,
HH SR ERA LR, M ESF PR EAH
p70S6K AEBP 1 A8 X} K B {6 T+ w5 , 15 W] #h 1E 5 & L
Hr il 5 X p70S6K 4EBP1 M il /155 T R & &
(K 7.35)

P70 $5kd 2

4e-bp1 20kd

actin 40 kd s

B 7 4EBP1,p70S6K & [ 3k
ATENH B EMA CThATREA D EWHERL.
Fig.7 4 EBPI, p70S6K expression from left to
right, A, normal group, B, model group, C,

medium-dose group, D, rapamycin group.

5 4EBP1.p70S6K FE 133k (HIXFIKEE(E ) L
Table 5  Comparison of protein expressions of 4EBP1 and

p70S6K (relative gray value)

B 4EBP1 p70S6K
ERA 0. 147£0. 012 0. 145£0.017
o 4 0.418+0, 0724 0.408+0. 0554
ANESEFAL(H) 0.308+0. 03324 % 0.366+0.0184%

EMERMA 0.266+0. 029" 0.242+0. 020"

U 5 H AL ILE, A P <005 SHUAA LE, 4P <0.05; 575
W LB, ¥ P>0. 05,7 P<0. 05,

2.5 b IESE R LN 5 3k RUB R B AL P T B
)

KEIRERINE 6 5, 1T B rE s (& 8 [
9) o MINEM G, ST SR 6 A, WA
2 AR 24 )5 B X A I TR 22 00

A B C D

B8 ABIRMEREME,CHES DR,D AEE (L)
Fig.8 A, B, rat model operation, C, femur DR, D

internal fixation (taken out)

A B

9 REAEBIEMEES DROF LIS A K
PRBR I , B PR BR P15 )

Fig.9 Bone-healing DR of rat femur fractures ( A
internal fixation not being removed, B internal fixation

being removed)

5 IEH A E A 2 o R R, P<
0.01; SEAIAHMLL, P H B M EW R LA, P<
0.05; 5 gy Xy MEZH A Lb , 7 25 4 0 2 2 22 = A
BAGH#EX,P>0.05,(3K6).

R 6 RN IESEE UXTE AL R BLE A B AR R
Table 6 Effect of Buzhengxug pill on osteophyte density in

osteoporotic rats

ZH 4 W BMD/(g/cm?)
A 9 0.218+0.012
Rk 8 0. 190£0. 0204
AESFALCT) 9 0.215+0.008"*
BE-bHEA 9 0.211+0. 010

W SIERALLE, 4P <0.05; SHEI4H 4, » P<0.05; 5847
B, ¥ P>0.05, % P<0.05,

SIEW A I SR BT A e B R K
P<0.05; SR AH L, P 25 418 I & i JE] B W
i, P<0.05,; S X MAM L, P4 T &
AREZERABRAREIT AR, P>0.05,(K7),
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RT A ESE IS TR KRS E &GN E K
5 il
Table 7  Effect of Buzhengxugu pill on the healing time of

femoral fracture in osteoporotic rats

200 B AR/ (d)
EHH 9 54£2.5
o TR 2l 8 64+2, 14
FMEEEFAL(F) 9 601,42
HEE-LEA 9 59+2.5%

W SERMALE, A P<0.05; SHEAHA HE, ° P<0.05; 58/
LR 4E e, * P>0. 05,7 P<0. 05,

3 g

B Y BAE R AT B S R 22 IR 1 30 3 i 4
AR CHNE Y BERESWED T
HIE WU RE IR, RSB M EEK
200N W 2R S R Y B T A
W K R AR M A AR AR A . R A R 4
WL A3 R IR T B MR I T U 2 AT 9
BT BT A AR w0 W R A A R
TOE AN, RS R A R A A E 1 A R AIG, B
(R IRE Py

WF5T & A6 mTOR1 {7 530 B 7Y X 5B B i
B A A — Y A e A R
RRPREREEMMA S, 5 AW LK T
WAL A4 B B B R S % UTAH ¢, ROS-AKT-
mTORT {55 Hl7F 15 5 it 2 15 9 3 400 oA o= A g
#i-'%7, Alvarez-Garcia %[lf 25 4 JH 70 g 22 WEEYE
KB, M8 B T 2 Rapamycin [2 mg/ (kg/day) [P,
KA E N R M mTOR # B 68 B 08 /b 4=
K g mpmmsia., 5FE B, mTORL & # 75
T3 R A M R BB AR B R
Te AR 21 40 26 s 2 W

7R S o 52 5 HIE 5K #h IE 22 B ALK PMOP A —
FERBTIAEA . HEEM ALK F I E + p-CTX K
SEOA T AN A M, AR, H X PINP JCEH g 52,
B %P IE 22 F A BB BUC B B2 . PMOP 1 &
A A TR mTOR1 {5 258 1% H p70S6K 4EBP1 fiy %
e/ 15 A (RO N SR TR 1 B2 = o AT D 1
mTOR1 {5 2@ % p70S6K (4EBP1 #3535, 4k i
P RS AS RS

25 TR ASBHF 58 X b 1E 228 HLIE §F PMOP
B T B AN P B T AT B 5T, 45 SR R BH R IE 22 F ALK
PMOP Jei B A B 378 — & B VA E A, OF B
S ot 5 W B WA ¢ mTOR1 {5 5 38 % p70S6K |

4EBP1 fy AR M H 5 W Mok LAY, MM IE 2 F
AL Tl R B 76 PMOP $12 44838 11 BE 8 JEaif
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