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[ Abstract] Objective: To explore the underlying mechanism of Bushen Huatan prescription in
alleviating postmenopausal osteoporosis (PMOP) by maintaining the balance of osteogenesis and adipogenic

differentiation in ovariectomized rats with osteoporosis. Method: Seventy-five 6-month-old non-pregnant
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female SD rats were randomly divided into sham-operation group, model group, atorvastatin group, liviol
group, and Bushen Huatan prescription group. Bilateral ovaries were removed in the four groups except the
sham-operation group, while only the same mass of adipose tissue around the ovaries was removed in the sham-
operation group. On the 5" week after surgery, drugs were consecutively administrated for 8 weeks. Rats in the
Bushen Huatan prescription group received 9.4 mg-kg' of the prescription, rats in the atorvastatin group
received 0.92 mg-kg' of atorvastatin, rats in the Liviol group received 0.23 mg-kg' of liviol, and rats in the
model group and the sham-operation group received saline once a day. Micro-computed tomography (Micro CT)
was used to detect bone mineral density (BMD) of rat tibia in each group. Hematoxylin-eosin (HE) staining was
used to detect the relative area of rat bone marrow adipose tissue (BMAT) in each group. Real-time fluorescence
quantitative polymerase chain reaction (Real-time PCR) and Western blot were used to detect the relative
expression levels of Runt-related transcription factor 2 (Runx2) , peroxisome proliferator-activated receptor
(PPARYy) , leptin (LPN), and leptin receptor (OBR) in bone tissues. Result; As compared with the sham
operation group, the BMD of rats in the model group decreased (P<0.05), while the relative area of BMAT
increased (P<0.05). In addition, the expression levels of LPN, OBR, and Runx2 decreased in the model group
(P<0.05), while the level of PPARY increased (P<0.05). As compared with the model group, the BMD of rats
in the atorvastatin group, the Livial group, and the Bushen Huatan prescription group increased (P<0.05), and
the relative area of BMAT decreased (P<0.05). The expression levels of LPN, OBR, and Runx2 in these groups
increased (P<0.05) , while the expression level of PPARy decreased (P<0.05). Conclusion: Bushen Huatan
prescription plays the anti-osteoporosis role in the rat model of PMOP through up-regulating LPN and OBR in
bone tissues and maintaining the balance of osteogenesis and adipogenic differentiation, thereby reducing
postmenopausal bone loss and playing a role in the prevention and treatment of PMOP.
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Fig. 1

EUEANEARRRBERFHREZTLIFM (HE,x100)
Effect of Bushen Huatan prescription on femur histopathology of rats in each group (HE,x100)
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Fig. 2 Effect of Bushen Huatan prescription on Micro CT imaging of proximal tibia of rats in each group
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F2 HBUEFTEEAKXRBMD.BMAT KR (f+s5,2=10)
Table 2 Effect of Bushen Huatan prescription on BMD and

BMAT of rats in each group (x+s,n=10)

20 51 Fl /g kg BMD/g:cm BMAT
BT ARH 0.53+0.08 0.09+0.02
IR 2] 0.43£0.04"  0.22+0.02"
BT L AR A VT 41 9.2x10* 0.4740.06”  0.16+0.04>
i ot 7 21 2.3x10"* 0.49£0.04%  0.15+0.04>
A E AR 9.4 0.48£0.04”  0.16+0.06>

W ST AR %V P<0.05, 5 8L 20 T B P P<0.05 (36 3
F41)

#x3 WEHLEF W EAKXREE AL Runx2, PPARy . LPN,OBR
mRNA FRAKFHRM (F+s,n=10)

Table 3
Runx2, PPARy, LPN, OBR mRNA in bone tissue of rats in each

Effect of Bushen Huatan prescription on expression of

group (x+s,n=10)

7l
25 . Runx2 PPARYy LPN OBR
/g kg
FARAH 1.10£0.12  1.04+0.15 1.01£0.09 1.13+0.11
AL 20 0.46+0.08" 3.120.25" 0.43+0.06" 0.53+0.12"
BT A A
mﬂﬁﬁd 9.2x10* 0.68+0.06 2.41+0.23% 0.62+0.12> 0.73+0.10%
Fl4eZ4 2.3x10" 0.82+0.08% 2.06+0.20%0.71+0.11> 0.85+0.11%

B 9.4 0.80+0.06> 2.09+0.13% 0.64+0.08% 0.77+0.09>’

3.5 X454 K B 4140 Runx2 ,PPARy .LPN ,OBR
HHERRKFRERE 5T ARA LK, BLRH K
L 20217 LPN ,OBR ,Runx2 & [ % 1k /K F- #4 B
T (P<0.05) , PPARy % [ 3R A K F B g I (P<
0.05) ; S RIRYZH LU A, b B AL PR A (BT HE AR A YT 4
) 2 % 40 K B 41 21 b LPN  OBR \Runx2 & [ 3%
K48 & 19 (P<0.05) , PPARYy & [ ik K F 4
W4T 98 (P<0.05) , Ho Ay 45 4 ]l 3% 25 R E 4 it 2%
B, Wk E3ME 4,
4 itig

AHIF 5T F T LPN G R34 19 S0 8 o 45 78 1, F
FERN B AR T X 2% B T B A AR R KRR R T
HIRE I o ASHIF 58 2 302 B XU B S J5 , R BRI
JE g e 1SS = = o N S L S N [ o W o
BMAT & 5 1 5, 5 AT AN R BF g0 45 e — 8, 2%
TR AN B AR T AT DL R 2 PR g A K R A
BMD 5 i &Ik BMAT & &, [ i n] LUAE oF B 43
b K T8 B BEAR B AE 434k, AR T PLE 5 b
{2 LPN . OBR £ EH K.

PMOP HJ& B2 g i " iy, E 2R W T
RS AR R T RE R L E R R B e S B

x4 IBUEFNEHKNRETHL Runx2 PPARY . LPN.OBRE
ARIEKFHEZM (i+s,n=10)

Table 4 Effect of Bushen Huatan prescription on expression of
Runx2, PPARy.LPN, OBR protein in bone tissue of rats in each

group (x+s,n=10)

g1 Fiilh==s Runx2 PPARYy LPN OBR

- /g kg /B-actin /B-actin /B-actin /B-actin
BFAR4 0.942£0.13 0.18£0.04 1.20£0.14 0.41=0.05
IR 24 0.34+0.03" 0.60+0.05" 0.60+0.04" 0.14+0.01"

B T A A1l
W;EWL 9.2x10™* 0.56+0.05* 0.38+0.06% 0.700.08> 0.30+0.05’
P42 2.3x10% 0.70£0.12%0.32+0.03% 0.91:£0.10 0.33+0.02%

AR 9.4 0.62:£0.07% 0.330.02% 0.83+0.02% 0.31+0.03”

Runx2 57 kDa

PPARY 58 kDa

-actin 42 kDa

A B C D E
B3 |AKXRBAL Runx2,PPARy EAFRILAE K
Fig. 3 Electrophoresis of Runx2 and PPARYy protein expression

in bone tissue of rats in each group

LPN 19 kDa

OBR 96 kDa

pB-actin 42 kDa
A B C D E
B4 SHARRBALLPN.OBREHRIEMEIK
Fig. 4 Electrophoresis of LPN and OBR protein expression in

bone tissue of rats in each group
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e L REE A MER AR e R SR N R
JL, 7635 0 S PF T AT ) BLCE B B BLIR
97 [ 43 AE5Y . Hodh  BMSCs B9 UG 5 18 71 A
A M B, K R E S
5> BMSCs i ] T i i 4H i R 23 B 4% 52 i B
YA T B, I Z AR AR . R A E P, B
B IR R AR ks BMSCs 434k - i 1) 18 i T 1)
T %%, 5 2 2 A6 o8 N5 5 40 e, 80 BMAT 3 in B Al &
20 L A T R I IR A T B A E B
YRR BF5E & 90, BE 5 BMD T %, B /N2 B A8 Tk
24 Al B YR A [R]IE, BMAT B 85 K AR B s B g 14
. 58 .

T BMAT Az i A8 B S5 07 vl 3 0 1 1 A
BMAT 58 3 Z 90\ N 2 S 8UR B AL Y B Z R R
Z—7 ik, BMSCs B/ R o 467 i 5o B R s
M2 Rl 5 B OCE EAEH BT LUA 2=
PMOP [ & JE A7 16 WG A~ 3 B2 110 0 A5, — 2 115 40 B
T Y S B A Sl W T Y R
i, g -RR R A,

BMSCs 431k Bk B 41 ff 55 A8 1 48 i A 6 1 =
T i 2 R 5 PR 5E SE R 9 ) B, o, Runx2
BMSCs i 43 Ak i F o fie 1 22 HL 75 19 5% sk 1
Z — i PPARy WU 78 BMSCs Ji il 40 b ikt % 56
SR AR YT, o 2R 2 5 52 i BMSCs 1 A
BB Ng bR . ZHANG S8 i F oy ok, pi
F Al oL 410 i PPARy 3% 15 Fl1 3 98 Runx2 3% 35 417
AN BMSCs HUfIf 734 , I 42 # X BMSCs Jil i 7346 , A
M & FEPUE TREAA I VE L o 53 80 A Tl vk B 1) 7 2
R AR IR S0 B SR 00 B T B MY K B BMSCs
Runx2 M) & ik . f ilill PPARy (19 2535, DT A2 17F K B
BMSCs & B 43 fk , 30 il 2L B g o» 46 . wr o,
Runx2 il PPARy £ 15 5 BMSCs [f1] A JIE 2% % 1 1% &
oAt B oA BLVE BT 29, )5 8 PPARy 7T R
P Runx2 ) 23k , ifiif PPARYy ik = 7] 317 ] BMAT (1)
A, HAE E Runx2 (1) 3 35 1 4 o i o e . ARSI
55 R B, AN AR 5 n] I 35 R R S K IR BMD L[
Ik BMAT & & , [A] i) | 90 25 35 K BUE 20 2 Runx2 1Y
Fik T PPARy (19 3k, 48 m b B A0 7 HAT s
WES N S N il R (WSS )
004810 BN 23 Ak AR BMAT, Wi 4 4357 25 3 K
(1 B A, 55 AR 55 M — 3

LPN J2& —Ffr py JIE JoF 256 PR 4 i, 3222 #h 11 6 8 i
LAY, R 167 A 2 1R 55 e 4 R 1 B 1 26
WFE, LPN@ 52 404 F A A4 JE OBR
g4 RS B 2 B A LA 55 Sl g, R IZ
A Y2 DA . OBR T {ZAEAE T 1B 40 il i
20 A R AN A R R B T 40 B, 48 % LPN X 4l
ZVEA PR, W58 & B, LPN 3 3 vl Je] 42
P RSN B R AR R O XS 5,
A6 RRX RT LA B R R T AR AN ) & 4 A R
J AR R VR T T B LPN O AL 2L
AN JEAE AT HEE L bR A R AR 2 B A
HIE R BIPE o A, LPN X5 (4 41 J B3 e 45
% 2 BMSCs 5L B9, H 5 BMSCs ) OBR 4%
A, A LA BMSCs B g 431k , 1 oF B 2
FR T R AR AT 4k R IR - fr . LPN &
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P8 % BMSCs B H /Mg o b i W 2 P
BARTELL %5 /3 3 i 98 28tk g /s BRU2E A7 g 2 P
BRI 3 LPN & B, 22 LPN G 7 B9 /D BB g6 b
Runx2 ) #1538 Jil . PPARy i 35 F [% , [A] B BMAT
A= B D | BCE R BRGNS i A A
BYG ARDEIR IR R B, AN AR T T DL 3 R
ZH 2V LPN OBR 1Y 33k , U6 AN 5 AL 28 O 7T fig i 2ok
JA 5 5 2L 21 LPN  OBR 4 2 34 11 2 35 25 3B TR i
Py KB B BE F L 0 D i i &R AT B R
PMOP.

o B S N = R 73, A i =8 IR U I E o =
LPN Je H3Z (R iy 3R 3k, ool 20 2 i ot i b K BRL Y B
it LR FER BMAT & &, DA 2l 35 25 3 0T i A8
KR BB KA, BiiG PMOP.

[(FIZRHR] AXRAEETHEF R,

(&% k]

[ 1] CONFERENCE C D. Diagnosis, prophylaxis and
treatment of osteoporosis[J]. Am J Med, 1993,94(6) :
646-650.

(2] HEYE¥, =R, AR, E . UL BT 297 48
M (2017) [J). o [ 45 B2 AR 2% 5, 2019, 25(3)
281-309.

(3] Pk oI B BT A AE i AT 0 27 181 A A fedt B 7
LIWAT S AR A [T]. B BT A R E R R R
Z475,2019,12(4):317-318.

(4] EEEWE, W00, I8, 45 . R IEE 5 48k & T A
SE AT AU AR LT, b B B AL 22 75, 2018,
24(2):253-258.

(5] AHLWEET, sk, BN BsE A4 AE [ A A1 25 iR
7RIS BR[O ], Hh Il e PR 25 31 2R 5, 2020, 36
(5):588-592.

[6] Smedk, & E, N B . 4258 AR E (52)
& 251297 45 B (2019 4F W) [T]. B2 1E 1, 2020, 32
(2):1-13.

[ 7] TENCEROVA M,FERENCAKOVA M,KASSEM M.
Bone marrow adipose tissue: Role in bone remodeling
and energy metabolism [J]. Best Pract Res Clin
Endocrinol Metab,2021,35(4):101545.

[ 8] LIJ,CHEN X, LU L, et al. The relationship between
bone marrow adipose tissue and bone metabolism in
postmenopausal osteoporosis [J]. Cytokine Growth
Factor Rev,2020,52:88-98.

(90 JHWs, BRME, 1w Al . DB A0 8 1 52 ) - 6 ) 52 5 T
A0 B AR S AR SE SR WESE LT ). I 22 [ B [ 24,2015,
26(10):2325-2327.

(100 JH W6, i A , ROV . 05 A998 1 5 W) - ) 72 o T

[11]

[13]

[14]

[15]

[19]

[24]

20 AR AR SE SR B ST ]. Hp T v R Rl I o 2
#,2015,21(3):275-277.

TR A JH T SC, TR, AL RN BRI BT A AR A
217 5 T R SRR BT 5l B B 25 3 OR L
OB BAE AL [T ], R R 252055, 2021,36(6)
3277-3282.

ZETEH L WU RS0, A L RNE AR T s ) 2 el T
i #y K B Leptin & B,-AR £ 3A (S AF 5 (1], Kt
H £ 25,2020,37(1) :87-92.

SRR L 1AL BT, AE L RN AR T 2 B B O R
TE W45 Wi K HAE AL A2 [T ). R IE 4, 2018,
30(10):12-18.

TR A JH ) SC, R, A RN B AR T X 2 Bew s
FARSE RS I B Th17/Treg 7 # AL i 52 m [J]. o [
BT 2 447, 2021,27(5) : 33-40.

B . b LR J7 X 25 el BT AR K B OPG/
RANKL/RANK i@ J# 5 Wi (4 AT 52 (D ). a3 1L
BE25 R4 ,2017.

Mrar. e 25 ety 2 (ML b AR T
Az R A, 2006:31-33

BEEKMAN K M, VELDHUIS-VLUG A G, VAN
DER VEEN A, et al. The effect of PPARy inhibition on
bone marrow adipose tissue and bone in C3H/HeJ mice
[J]. Am J Physiol Endocrinol Metab, 2019, 316(1) :
E96-E105.

WEHRLI F W, HOPKINS J A, HWANG S N, et al.
Cross-sectional study of osteopenia with quantitative
MR imaging and bone densitometry [J]. Radiology,
2000,217(2):527-538.

ROY B, CURTIS M E, FEARS L S, et al. Molecular
mechanisms
muscle atrophy[ J]. Front Plant Sci,2016,7:439.

LIU J, ZHU L P, YANG X L, et al. HMG-CoA

of obesity-induced osteoporosis and

reductase inhibitors (statins) and bone mineral
density: A Meta-analysis [J]. Bone, 2013, 54 (1) :
151-156.
BRIGEME SO0 . AR AR B I 0 55 R K 5 s
A 189 AH G M 23 B [0 1. v )8 B i A 2% 75, 2016,
doi: 10. 3969/j. issn. 1006-7108.2016. 06. 011.
VAR AR R . R U GIOUE FE TE 48 AR 19 92 38 A 5T
(T]. WEE e, 1996,16(2):2.
TRAAE  BER T , JH 9h . T BMP/Runx2/Osx {5 5 i
B R 5 T2 2 T R o 0 2 I R OB A A A R R
M fEFIALHILT]. s 25 57 ,2020,31(19):2333-2338.
WReg 4, 25 . B IR 30 40 28 5 KRR T g A
PI3K/Akt/mTOR 15 5 i #% #y 52 mm [T]. o B 25 b7 ,
2021,32(6):697-701.
R BT, X S, VLAL . % 22 T B A R Y W/
.59 .



5528 4 20 ] HEXBAFZRS Vol. 28, No. 20
20224510 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2022

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

B-catenin {5 = il 4 - 191 25 B G5 K B A9 B AIF
FELT]. I R S5 e~ 2% 3, 2018, 17(1) : 25-28.
BT, JREE A R E BT R E LT ]. Wi
£ 25 S5 4 , 2002, doi: 10. 13862/j. cnki. cn43-1446/
r. 2002. 04. 040.

FARE, L AT RE A L P B 2GR YT LR Y
W ¢ ke [1]. p AR b I 2 2% 1), 2018, 36 (1)
106-109.

2P BT XIFRAE 55 . BN 28 P 2 W I 1 o 2
Jig AL vy A 2 R R LD, Y094 BE 24, 2020, 55(11) :
1736-1740.

oIS QLR I N AN 11 BUEON = B S Sl R
ARG R TR AR R A 2 SRR 25 00 B R R
BB A I R LT ]L v b R B R R A
2021,29(3):7-11.

B 0 TR M. Micro-CT 76 8 (R AFF 52 45t 45 4
i b 00 i 5 S 0 AN BT L. v A8 B i A R T R
PEIR AR ,2018,11(2) :6.

ARHELL 36 e, SR AR K, A5 . R Jo B AL 2 W AR R A T
FEHE R K SCHR Bt L], vh B 418U AR B, 2018,
22(12):6.

b S S VA AL Y 1578 - = i/t v DY B =V o
HARM AL 2013 46.

HERRMANN M. Marrow fat-secreted factors as
biomarkers for osteoporosis[J]. Curr Osteoporos Rep,
2019,17(6):429-437.

5K ES A, T AR L R . MAPK {5 538 % 76 B 4 ) 70 o
T 240 ) R 0 B A T R T LT ]. A B A
B ER R 2435, 2021, 14(1) : 75-81.

JAMES A W. Review of signaling pathways governing
MSC osteogenic and adipogenic differentiation [J].
Scientifica,2013,doi: 10. 1155/2013/684736.
BUKOWSKA J, FRAZIER T, SMITH S, et al. Bone
marrow adipocyte developmental origin and biology
[J]. Curr Osteoporos Rep,2018,16(3):312-319.

EAA L BRI, Jn ARl . T UL B AR U7 20 2T B A
PEE T A T RREE R T]L ARl i ek, 2021,
37(11):968-972.

PRI, £ . WURH 5B BUgifa iy & [I]. [ A
B 235 ,2017,23(8) : 1086-1089,1099.

LI J, CHEN X, LU L, et al. The relationship between
bone marrow adipose tissue and bone metabolism in
postmenopausal osteoporosis [J]. Cytokine Growth
Factor Rev,2020,52:88-98.

JAl 2% ROAE A R AT . R T BB R T BT T 4
AR AL R R [T T E AT RATR, 2017, 21
(17):2759-2765.

.60.

[41]

[42]

[49]

[50]

[52]

ZHANG L, SU P, XU C, et al. Melatonin inhibits
adipogenesis and enhances osteogenesis of human
mesenchymal stem cells by suppressing PPARy
expression and enhancing Runx2 expression [J]. J
Pineal Res,2010,49(4) :364-372.

R % LR, E AR T Wotg-
catenin {5 5 i % T T K B MSCs Ui i B X i) 431k
SR FELI]. B R A R, 2019,35(24) 1 2985-
2990.

MURUGANANDAN S, ROMAN A A, SINAL C J.
Adipocyte differentiation of bone marrow-derived
mesenchymal stem cells: Cross talk with the
osteoblastogenic program[]] Cell Mol Life Sci, 2009,
66(2):236-253.

MARGETIC S, GAZZOLA C, PEGG G G, et al.
Leptin: A peripheral
interactions[ J]. Int J Obes,2002,26(11):1407-1433.

TRINH T, BROXMEYER H E. Role for leptin and

review of its actions and

leptin receptors in stem cells during health and diseases
[J]. Stem Cell Rev Rep,2021,17(2):511-522.
UPADHYAY J, FARR O M, MANTZOROS C S. The
role of leptin in regulating bone metabolism [J].
Metabolism,2015,64(1):105-113.

COEN G. Leptin and bone metabolism[J]. J Nephrol,
2004,17(2):187-189.

T2, #7 ¥, 5K S H L 55 . 38 4 Micro-CT P-4 8 %
32 A e Z Y 2 A PR S BRI R  Y E AR R A
(T]. [ B 24 5, 2021,27(4) :492-497.
HAMRICK M W, FERRARI S L. Leptin and the
sympathetic connection of fat to bone[J]. Osteoporosis
Int,2008,19(7):905-912.

THOMAS T, GORI F, KHOSLA S, et al. Leptin acts
stromal cells to enhance

on human marrow

differentiation to  osteoblasts and to inhibit
differentiation to adipocytes[J]. Endocrinology, 1999,
140(4):1630-1638.

THOMAS T, BURGUERA B. Is leptin the link
between fat and bone mass? [J]. J Bone Miner Res,
2002,17(9):1563-1569.

BARTELL S M, RAYALAM S, AMBATI S, et al.
(Icv)

formation, bone mineral density, muscle mass, serum

Central leptin  injection increases bone
IGF-1,and the expression of osteogenic genes in leptin-
deficient ob/ob mice[J]. J Bone Miner Res, 2011, 26
(8):1710-1720.

[RERE FAM]



