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Effects of Bushen Zhuanggu compound on bone structure and metabolism in ovariectomized rats
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Abstract: Objective To investigate the anti-osteoporotic effects of Bushen Zhuanggu compound on bone structure and bone
metabolism in ovariectomized ( OVX) rats. Methods Osteoporotic rats model was established by bilaterally ovariectomy in
Sprague-Dawley female rats. Bushen Zhuanggu compound aqueous extract (0.7 and 1.4 g/kg) were orally given to OVX rats for 12
weeks. Biochemical method was used to determine serum levels of calcium ( S-Ca) and phosphorus ( S-P), urinary levels of
calcium (U-Ca/Cr) and phosphorus ( U-P/Cr) as well as serum levels of high-density lipoprotein cholesterol ( HDL-C), low-
density lipoprotein (LDL) , total cholesterol ( TC) and triglyceride ( TG). ELISA was used to examine collagen I amino terminal
peptide (PINP) , collagen I carboxyl terminal peptide (CTX-I), osteocalcin ( OCN) and urine deoxypyridine (DPD). The activity
of serum alkaline phosphatase ( ALP) was determined by radioimmunoassay. Western-blotting method was used to measure the
expression of cathepsin K in the rat tibia. Bone mineral density, microstructure and biomechanics were determined by dual-energy X-
ray (DEXA), VivaCT and bone biomechanical properties. Results Bushen Zhuanggu compound increased the serum levels of
calcium, phosphorus, HDL-C and PINP, decreased the urinary levels of calcium and phosphorus and DPD, and reduced serum
levels of TC, TG, LDL, ALP, OCN and CTX-I. At the same time, Bushen Zhuanggu Compound could increase the femur bone
density, improve bone microstructure, increase bone strength and reduced the expression of tibia cathepsin K in OVX rats.
Conclusion Bushen Zhuanggu Compound could exert anti-osteoporosis effect by increasing bone mineral density and strength and
improving bone microstructure through regulation of bone metabolism and mineral content in OVX rats, and this effect might be
related to inhibition of the cathepsin K expression in rat tibia.
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(low-density lipoprotein,, LDL) i %857 & . &L [H [& B2
(total cholesterol, TC) M E X F &. H W = BE
(triglyceride , TG) Ml & 4 51) & # W9 A 7§ 50 & L W)
TARBFSE T, Elisa 12050 G0 60 546 M T AU 1 i 2k o
A Bk ( procollagen 1 N-terminal propeptide, PINP ) .1
e JE #R A ui K ( collagen 1 carboxyl terminal
peptide, CTX-1) . FR Jii % Mk BE Wk ( deoxypyridine,
DPD) fil‘H 45 % (osteocalcin, OCN) ¥ IlJ H Cusabio
BIO-Technology Co., Ltd.), Cathepsin K $i {4 ( H-
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H(SG) . BRFARHEKRR(SHAM)9 R H FhE
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1.3.6 Western blot jll] i£ Cathepsin K By #ik, &8
Ma 25U R B 8206 07 ¥k 64T, R TR AT R EBUR
HHEB, K 80pg B AW ANE 12% K SDS-PAGE
LYK B VK, 0 B G R ER & PVDF I, ARG KI5
Cathepsin K(1 : 500) 1 B-actin(1 : 1000)4 °C L%
Hid . REWKESHN N R EERLWE 1 hH
ECL Bk W & &, Azure ¢300 fk2% % J6 R &
e MR, I A Image Pro Plus 6. 0 EIR 3 #r  f Bt 47
g IR EE T
1.4 Siit=orik

SRR SR B SPSS 23. 0 B4R 4h B, 45 B OF
BIE AR fE2E (xes) TR W IES M, B EF
B B R 3R 7 22 43 A1 (one-way ANNOVA) 5 2407 2%
ARFFF, R Dunnett’ s T3 K5, A 2 1IE &4 46
R AR S 80K 0 IR EL 3Rt K98 . P<
0.05 RRERAGITER X

2 HE

2.1 RMNEOHE 5O 2 BB B R R I VR B PR P 8 A
B 2 B

RS R B A AP M S, v
DR WV R AR Ak T LA TR S B A B A 3
T L o AINEF B T 0T A BRI 35 R PR VR A 8 Ak T 45
W1, MR 1A%, 58 F R4 (SHAM) K BUAH
H AT (OVX) K BRI VE H1 45 (S-Ca) F18% (S-P)
K-35 B 2 A, PRI P B9 45 (U-Ca/Cr) (B (U-P/
Cr)/KF¥WEMS, ZERASKITFE L (P<0.05
8 0.01) , H5HBAIZ (OVX) K AR Eb, B2 JBE 2 4R
A B T K AR B R & 2 (SD) i i H R (8-
Ca) FIHE (S-P) /K P35 B, IR 945 (U-Ca/
Cr) F#§ (U-P/Cr) /K- W BEAL, ZRA G2
B L (P<0.05 8 0.01); #p BB J7 7K 48 W i 5] &
2 (SG) I o 45 (S-Ca) B (S-P) K -1 W2 T}
&, R (U-P/Cr) 85 /KT B 3 B AR (P <0.05 5%
0.01),JREH 45 (U-CasCr) HRERA ~ERERE
X, HZERANERE G248 o XUl NS B Jr
AT i 2 B B A B A A I, AT G m B 2 4R
TR &

F1 FME B TR OB FA T AR P S B S R AR (2 £ s)
Table 1 Effect of Bushen Zhuanggu Compound on calcium and phosphorus levels in the

serum and urine in ovariectomized rats ( % +s)

w3 S-Ca/ S-p/ U-Ca/Cr U-P/Cr
A (mmol/L) (mmol/L) / (mmol/mmol) / ( mmol/mmol)
SHAM 2. 0400£0. 0600 2. 4300£0. 3200 " 0. 0270+0. 0058~ 1.0084=0. 3037 "
ovx 1.7500+0. 0300%* 1. 7400+0. 1400** 0. 1233+0. 1009** 2.4581+1.6745*
ALN 1. 8900:£0. 0400 * * ** 2.0700£0. 1900 * * * 0. 0320£0. 0258 * 1. 0540+£0. 2256 *
SG 1. 8700=0. 0600 * *** 2.4200+0. 4700 " 0. 0668=0. 0582% 1.1366+0. 3681 *
SD 1. 8900+0. 0800 * * ** 2.4000+0. 1200 ™ 0.0284+0.0114 " 1. 1308+0. 3533 "

W GBI KRR, © P<0.05, 7 P<0.01; 518 F AR K B LLEL, * P<0. 05, P<0. 01,

2.2 #EOHEE D7 xR K R TCL TG,
HDL.LDL & & /95

ARt 5/ 1 oA m e . &4l k
UM ARACH PG AR PR A5 SR LR 2, sk 2 7]
ML, 5RFAR(SHAM) A I, BRI (OVX) K R ML H
1 TC.TG.LDL & & M 2 J1 %, HDL & &2 W] i %
i, ZRAZI AR L (P<0.05 8 0.01) . 45 F K
TR B AN B R T K SRR R 12 R,
52 U9 B ALK B e, R R P TC L TG LDL
R ZEMK DL S EWHEANR, Z7RA%ITF
B (P<0.01) ;7 7 4 K B ML sy TCL TG,

LDL 4 & W & % {ik (P<0.05 8% 0.01), HDL & &
Fo
2.3 FNECHE 5 A B K R E ALP (PINP
CTX-T1,OCN FIJR DPD Ay & i 5 i

I3 H i ALP \PINP Al OCN 52 Bt JE i, 1f 75
CTX-T FIFR WK DPD 2 f Bl W I 0 A Ak 6 . &%
HRBMERAREE LK 1, HE L5, 5EF
Al (Sham ) K BRAH E, BEALZH (OVX) KR ML
ALP .CTX-I1.OCN . JE % " DPD & W B & ( P<
0.053% 0.01), M3 PINP & BHE FM(P<
0.05), SHEIA (OVX) REAM I, X REKRE
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BTG BERR S0 AN EIE BT KRR B A R R SR M (P<0.05 B 0.01), PINP & & W % Jh
75 , 3% o ALP (CTX-I,OCN MR ) DPD  #(P<0.05 5 0.01),

F 2 AEALEOTX R ISR R IMVE T TC. TG HDL LDL & & 193 i (mmol/L, x +s)
Table 2 Effect of Bushen Zhuanggu Compound on the levels of TC, HDL, TG, LDL in the serum of ovariectomized rats ( ¥ = s)

2 7 TC TG HDL LDL
SHAM 2.3701+0. 5437 " 1.0643+0. 1365 2.0549+0. 5350 3.5197+0. 9408
0vVX 3.2750+0. 4419% 1. 3300+0. 1005* 0.2950+0. 1788% 5.1510+0. 6140%
ALN 2.2572+0. 6334 " 0.8521+0.2135** 1.4797+0.3563 " 2.9208+1.7215 "
SG 2.3598+0. 3661 " 1. 0430=0. 3292 " 0.3563+0. 46717 3.9159+0.8119 "
SD 2.4646+0.5585 " 0.9620+0. 1318 1.2978+0.3572 " 2.9593+0.9890 "

VB K BB LLEE, T P<0.05, T P<0. 01; B AR K BAR L EL, ¥ P<0. 05,7 P<0. 01,

~ =)
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Bl 1 b EOHAE 7 X 2R 0L K B R PR R SR AR S B

Fig.1 Effect of Bushen Zhuanggu Compound on the levels of serum and urine turnover markers

in ovariectomized rats

SR K RAR HLES , T P<0.05, 7 P<0.01; 5EFARAREMLE,*P<0.05,%P<0.01,

2.4 AEAEEITHEBRRRBEEEMEHAN  (OVX) RRM & E D FHEE, 2574501

Tl ¥ 1 52 0 HY(P<0.01), HHAH(OVX) KA L, FT¢
HRBLA AL ECE B R, Mt df ik BEEREIA AN B I7 R R B4 (SD) #s 57)
HHAME MBI, SHARRIE CT LE4ES B (SG) KA BE &% WE T

WA 3. 5P ARH (SHAM) K AR M, #8244

R3O HNEHE IR Kk R B R S U BRI (v )

Table 3 Effect of Bushen Zhuanggu Compound on the changes of micro-structures in ovariectomized rats ( ¥ £ s)

BMD/ SML/ BV/TV/ BS/BV/ Th.N/ Conn.D/
3 2 Th.Sp/mm ;
(g/em?) () (D (I/mm) (I/mm) (1/mm?)
SHAM 0.28+0.01 " 0.18+0.03 1.81+0.53 " 0.60+0.03* 12.48+0.54  5.49:0.34 " 127.20+10.69
0ovx 0.26+0. 00* 0.37+0. 08" 3.94+0. 60" 0.47+0.01" 8.56+0. 52" 3.36+0. 10* 54, 70+2. 95
ALN 0.30£0.01” **  0.19:0.02" 2.03£0.41" 0.58+0.04 " 10.89x0.52" 4.51:0.22"" 110.20+15.68 "
SG 0.28+0.00 " 0.29+0. 09" 3.15+0. 34* 0.51+0.05 11.53+1.02° 3.97+0. 34" 104.30£29. 80 ™
SD 0.28+0.01" 0.22+0.04° " 2.55:0.61 0.53+0.01" 12.26x1.46° 4.45:0.47" 87.78+17.98 "

I BB K BT LB, T £<0.05, 7 P<0.01; 5P AR K BUAR L E, T P<0. 05,7 P<0. 0L,

BRI (OVX) R A HAMES MR E, 5 N.Conn.D % 3 [k (P <0.05 = 0.01),Tb.Sp SMI
B F AR (SHAM) K EAH L, 2 BV/TV BS/BV . Th.  BEMAN1(P<0.05 8 0.01) , HHEAL (OVX) KR
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FHLE , 500 8RB 2 5 B & B IR fie T 12 MG, 1
BS/BV .Conn.D I ¥ ( P<0. 05 8% 0. 01) ,Th.Sp.,
SMI &) 2 [ A% (P<0. 05 5 0.01) . #ME & T K32
W A (SG) FIIGR A (SD) 1R Y7 By 2K B0 S R I,
H BS/BV . Conn.D g 11 ( P<0.05 5, 0.01), [
i, b B (B J7 IR A (SD) AE B35 14 im BV/TV F
Th.N, &K SMI, Tb.Sp (P<0.05 5 0.01), X i H
FINER IR DO RS TR N W= iR ) S = e
My BA — T AR R T, TR] s JHAR 501 B3R 7 AL
RAXT B
2.5 CAMNEOHE TR 2 BB EOR BUBCE AR iy
A

KEBCE LY I 2 se 85 R WS 40 Bk 47
L, 5 BT ARE (SHAM) AH I, #8240 (OVX) R R %
B IR R BT IR A R R RN ) B B AR (P<O0. 05
5 0.01), HHAEIZH (OVX) K EUAH L, B4 g 2 4
2R BUBE B A de R B A BV AR B e RN g ]
n(P<0.05), E£IEK RS T4 BAEITRIT 12
J G, SEE A (OVX) K BRAH LE, #b Bt B 7 K AT
WA B 20 (SD) 5 1 & 20 (SG) KRR H By & K
AT B 5R P E H  (P<0. 05) , {H X 5 M
AR . X UL A T ARG B 9 L TN AL K

.

SHAM OvVX

BB B 5 B
4 HNEHEIFNEWERRBEETEY N FUTHE
(% +s)

Table 4 Effect of Bushen Zhuanggu Compound on the changes

of femur bone biomechanics in ovariectomized rats ( & £ s)

a0 billhs A B 1 R BE Ty R B
/(g/kg) /GPa /MPa /N
SHAM - 8.51£0.25%  255.90+5.74 140.304.13*
0vX - 6.90£0.52%  219.00£7.97"  124.50%3. 59%
ALN 0.12 8.5520.38*  236.40:4.36* 138.40+2. 20 *
SG 1.30 7.80+0.16  256.809.08 " 138. 704, 44 *
SD 0.70 7.92:0.37 242,50£2. 52" 147, 50+7.29 *

W SRR R 3, T P<0.05, " P<0.01; 5 AR K
RAH L8 ,*P<0.05,* P<0.01,

2.6 KPR E O R 5 OB B R RUBEE R BRI S Y
AL

KREUE HE B2 251 (Y5 x 10) WA 2 Jr
o P2 Al PR (SHAM) R RBEE & /D
RHES R Ao, R (OVX) KEBE &
ANGREE R RN O R, A0 g A, ) BT 2L Tl i 0
Z . PCBERRENA AN IS T KR R R R (SG)
AR AL (SD) REME B /NRI 2 HES B %,
R AR D AT AR B R

o

SG SD

2 REAE HE Bt (H8Ex10)

Fig.2 HE staining of femur in rat (objective lenx10)

2.7 HMEHE TN L OB R A ZH 2L Cathepsin K
FIK A

FHRREHL P Cathepsin K ) 3K 45 R L
B3, BE 3, 5EFARHE(SHAM) KA,
FEALZH (OVX) KRB 4 2L B89 Cathepsin K B9 5%
B TR (P<0.05) s 5HEAIH (OVX) KA,
] € Jt PR R0 b BEOH: B T (R R B R R ) RE
F W A% 25 50 2R R Cathepsin K [ 3% 3k 7K °F (P <
0.05) , H: A i 50 B34 SR AE i Cathepsin K RIA K
07 TR B B (P<0.01) o Xl B AR Bt 7
AT REE L PP Cathepsin K A HETT 2035 1 B

3 it

HERIA A, B RO R T L 2 A I R R
AR I B A o B D B G 0 RS R O, D 2

Cathespin k s SN woviows - o miws:

B-actin —

Cathespin K/B-actin
(relative ration)

3 REEHY Cathepsin K {f) FBEHR
Fig.3 Cathepsin K expression in bone tissue
T 5RO K BM LR, " P<0.05, " P<0.01; 5 TR
K B L8, FP<0. 05,7 £<0. 01,



168 FIEE RGN ZeE 20194 2 A4 25 %4 2 8]  Chin ] Osteoporos, February 2019, Vol 25, No.2

SEEHER BERE S AP EB AR AT
BE S BB BRBRS . TIAE W S B R 5 3, ITm
K DU ok 2k 3, B K D fi R R, A5 B 0B sk, T
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I RN, B R B I B R

AR S T R M IR R B R I B 1Y
EEER, SHBEE AL TR, R EM
BB M R R B HE I R B A, AR ST
TRt BL, 40 B H B 77 i 5B 35 00 1 22 9 51k RRUR
A6 R L 9 v L 9 P A R B ) A L IR A
KB, 25 09 5L R BRI DT A I, 3R B M I 3
PINP (% & & W] @ MM, 1 v P i CTX-T LR W
DPD (5 B BT R 24T 2 B0 5 R R S o
JPVEST 12 8, BE W 0 o R DRI 2 1 A L 10 461
£ 00 EER QB W N AR R LY
B B I TS AT B T X B M B R
O, SCREER R %7 e B AR 00 SR R
F B 1 e R AT R 2 gl R R R R Bk A
B B IR

22 B0 S S BB TR R AR — PR ORS00
R 2, RPN H ALP FPEB B .
FVEF R 7 BB R AR AL VS T ALP (93 M 40 s
PR 4 26, OCN 2 b 08 40 M A i 4% 7
Py 6 0 JE B R R (. BFSY R, 2500 K R
OCN #r B Wl B MK, 5 48 7R B 40 i 04 B %
B 7 B W AR . A ST BT 5T & B, 1% 7 AR AR I 25 00
SR RS OCN f & , TR 35 7% 5.

Cathepsin K % 1 fr) 4 85 175 % B B 40 M0 B % Ak
TR L0 EE R R R A B R =
WF5E R B, VR 2R FE 10 2 B R4V EFE H (icariin) fiE
3 A Cathepsin K (%) 37 74 T #0 fh JBe J6L3%% & 1)
FW D EHRMWAT AR RSB AR
PE RS FHY R B AR R A 55 N8 K&/ RO R 4 4
Cathepsin K (1% 15K Vo 3 & A, 5085
Vi 5> FH S B QL RE I ] Cathepsin K BG4 . A
SZU FFFEALIE W], LA 5 R0 R 28 O 4 0 Ab
BB 77 RE MM 414 Cathepsin K (335, X i
W% 07 Pt 22 B 51976 % 1 Ok RUR B R IR A LR T
B 4E T M Cathepsin K B35,

4 #Aig

AR S8 30 3 W B AN I R O 6 2 B B R BRI 9
IR 4 B ACIHE A B A A E AR 2 R
Wiy, I B A0 BT B D7 RE A8 1 5 25 P SRR R B B
T2 AU B oAl W P RE S T A AR L 1 A R
WA 42 kB B B G o 33 S Rl PR o FH 55 A T
B BB AR AL T SRR . XA A B AR I
FATTHES M) Cathepsin K AYIE A 5 (HIX 7 T
JRBLAR B TR R o F B 15 T i — R0 .

( & % x # ]
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