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Study on the Effect and Mechanism of Total Flavonoids of Epimedium brevicornu on Postmenopausal
Osteoporosis Model Rats Based on BMP/Runx2/Osx Signaling Pathway

XU Zhonghua', MO Yuqing’, ZHOU Chi’(1. Dept.of Orthopedics, Nanjing Gaochun People’ s Hospital, Nanjing
210000, China; 2. First Clinical Medicine School, Guangzhou University of TCM, Guangzhou 510405, China;
3. Third Dept. of Orthopedics, First Affiliated Hospital of Guangzhou University of TCM, Guangzhou 510405,
China)

ABSTRACT OBIJECTIVE: To study the effect of total flavonoids of Epimedium brevicornu on postmenopausal osteoporosis
(PMOP) model rats based on BMP/Runx2/Osx signaling pathway so as to confirm the mechanism of preventing and treating
osteoporosis (OP). METHODS: By body mass stratification, 50 rats were randomly divided into sham operation group, model
group, E. brevicornu total flavonoids low-dose and high-dose groups [265, 530 mg/(kg-d)], estradiol group [0.09 mg/(kg-d)],
with 10 rats in each group. Except that sham operation group underwent sham operation, PMOP model was established by
ovariectomy and castration in other groups. After modeling, they were given normal diet for 2 months and then given relevant
medicine intragastrically for consecutive 84 d,once a day; rats in sham operation group and model group were given equal volume
of normal saline. After last medication, bone mineral density (BMD) of femur and vertebrae of the right lower limb, the number of
trabecular bone (Tb.N), trabecular bone thickness (Tb.Th) and trabecular separation (Tb.Sp) of femur were determined in each
group. The serum levels of Ca’", OC and PINP in serum were detected by ELISA. HE staining was used to observe pathological
changes of femur. mRNA and protein expressions of BMP, Runx2 and OSX in bone tissue were detected by RT-PCR and Western
blotting. RESULTS: Compared with sham operation group, BMD of femur and vertebrae, serum levels of Ca®*, OC and PINP,
Tb.N and Tb.Th of femur, mRNA and protein expression of BMP, Runx2 and Osx in femur were decreased significantly in model
group, while Tb.Sp of femur was increased significantly (P<<0.01) ; the structure of trabecular bone was disordered and the
fracture was obvious. Compared with model group, above indexes of rats in administration groups were improved significantly (P<<
0.05 or P<<0.01), and the effect of E. brevicornu total flavonoids was dose-dependent (P<0.05) ; the number of trabecular bone

increased, arranged orderly and the structure was more

A LA H | B ERERE R4 W I H (No.8177151024) complete. CONCLUSIONS: E. brevicornu total flavonoids can

* B FATEN . WF5E 070 A5 567 . E-mail: xzhws936@163. improve OP, the mechanism of which may be associated with
com promoting the activity of BMP/Runx2/Osx signaling pathway.
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B R EAME (OP) J& LU B IR T i 4L 23 5 45 1
N, S BCB W TER N 5 K A YT R R AE 4 B PR
5o BEETRE A CAERS AL, OP U KRB AL I, Fofr
JE A 2o, T E 40 2 L B ABE Y OP & 9k % & ik
24.62%", Forh 48 28 J5 B Sl B MM AE (PMOP) (7 HE e K
H AT, PG IR YT OP LAl FH 254 4555 4k 4: K D LA
PR G (AR R E R,

W2 TER R OP L HA MR B Z i £
AU S B VE L A 2%, AR S A B . 2R 2R LA #
B SR G IR E I TIRIT B R E RS
FET ., BUAAFSE O B, AR FE DT OP 1 3 28 20U 3 /2
DL ZET AR TS S, Hoh e 28 A
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I LA AR TR SR ) R A 1 LB ) (R
S S AL AR B

5T Bon , B TES &4 % 11 (BMP) Runt /]
KIS 2 (Runx2) Bl E 20 A S PR 5% 5% 7 (Osx)
4H % i BMP/RunX2/Osx {55 5 i % 5 B & i % Y1 M
SN0 LR A AR A DG 2 BRAL R AT, S
DN =45 0P8 R ] g 2 38 1f BMP/Runx2/Osx i8 1% By iy
OP, ZAHWFFEiM i H v PMOP K BUBERY 8RR 78
il 3o} H 26 212 F1 BMP/Runx2/Osx {5518 B% 1520 , M
T B A 2 278 B B 1R OP HFE ML
1 ##l
1.1 =5

MK 3 B i FR1Y (35 [ Bio-Rad 23 7)) ; ZF-208 U EE IR
AR FZ G0 (i E AR5 7 A BR A F] ) s PIDRed 96 74
A FE N (PCR) Y (ZE [E Thermo Fisher Scientific
25 w]) s RM2245 B pk R 1 R WL (A6 et 31 0 A B2 A 2
FBRAHE]) ; EG1150 F AL AL . SM2000R 7 85 1 2 2L V)
FHL(FEE Leica 23w ) s BX-2 B2 B4 ( H A< Olym-
pus 2~ Fl ) ; Allegra X-15R Y = i 2§ .00 HL ( 3 [#] Beckman
/N7 ) ; Dexa Pro-1 U S RE X HH2R 8 %5 AL (35 E GE 2
] ) 5 IS-Power300 &Y i 3k A (b i 3 B A= M Bl B BR S
] ) 5 SkyScan1272 U F & 43 HE % microCT £ 4t ( kLA
Bruker A ] ) o
1.2 #ZHR5RH

VA R (VLR R B2 A BR 2wl L i
20198954, 4l : >90% ) ; IR E % R (R g T A
25 A R F] L 5220191125, H04& < 2 mg/ A 5 I35 45
B A E T BER 5N S K (PINP ) i f 52 1%
B (ELISA) K 1) & (b 50 B B R A BRA
5 . ZN2797349 . ZN27840113 . ZN27528941) 5 + — %5
JLTR R B - BB N T e (SDS-PAGE ) B ik 77 £ (415
ED2036r) . “F4 L BMP £ 5 B4 (1L 5 : jx-2350) .3
BB Runx2 2 5 PR (L5 2 jx-2056) | 24T B Osx &
TEREPUAR (LS 2 jx-2752) ZEHT R H 0 -3- B 1R 1 i
(GAPDH) £ s IR (L5 1 jx-1379) BAR 1 E AL Y it
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(HRP) #ric £ 9t R A Bk 8 11 G (1gG) =3t (Hit 5
jx-1943) | MMk H R (BCA) 4 & ik & (it 5 .
ED2582r) | 82 98 & it -PCRAR I £ (41 5 . ED37945r)
BI B )M AR A R A BRA R 5 TR AR AT Y
(RBHE YR A BR A W) 5 HAatR 35 ks Fr ik
S H RG], KR ZEIREK .
1.3 ¥

50 H gt L 4F SD KBl , SPF 2%, M), 6 A %, 145
BN 170~210 g, f ) M s 25 K2z S0 i sl i) vh i 4
PE[SZ I8 S A 7= AR UES - SCXK (H)2018-0034]. 4]
FEASEIRE R (22 +2) C MIXHEE R 50% . A5 E
TN R R 2R S S U AR RS D ST
2 FHik
2.1 S EESHRHE

PEH 50 HSD KRR, 1E W AMEME SR 1S, ek i
JEBEHLAY R 5 A AR T ARG I VR 2 A
B L N A, R4 10 K BRI TEARASN, Higy
4 2K RIS SR FH B9 SR Bk 25 34 57 PMOP BRI HL
IRIRAE R : F 10 9% 7K A SEBEHS R FRURR IR IS, 76 L MEEAE
ZRSEIF1 emAb, Wi dE Bz ATV A0 2 1.5 em 247 1)
UREE , e N i A Hp 5 21 X500 B 55 54511 B3 L o 35 5 i F
ALK ECR R T AR BV E R ER O (HARH bR . R
Je B TS T A 2% (10 T Hfi/d) , %4823 do RJG K RUIE
WAFE, 2 AR I UAUE B 4h 25, B R AR 25 1 IR, 8L 4h
2484 d(12 ) . Horp, P55 SV IS | i 390 4 2 KR
(25 245 K543 594 265,530 mg/ (kg - d) [ 51 R BN (14
i P 50 kg TG AR A 1.2 5553000 ], M — sl
KB 25 24557 524 0.09 mg/kg™, i AR FIASE R 2H K
FETE 1 S5 A R K 25 25 R R4 R 1 mL/100 g
2.2 KRB #E5EZE(BMD) MR BRMEHKRN

KRR EE G 24 h, A K B 34 10% K&
ST BRI , B A JBE B BT B T BURE X k%% FE AY
AT BMD. 45 2H KBRS HE  IE B T microCT &
% Fabar s, A SERUS , 38 i Evaluation V6.5.3 #44F
AR AE MG I X B S A A T AT, R /N
H(Tb.N) B /NRJEJE (Tb.Th) B /N4> B (Th.Sp)
EHH
2.3 ARMFEPEEF BHE PINPKERN

KA ELISA VEHEA TR . ARIREG 255 1 h KRR
W 3 Bk 5 mL, & 1 h 5, LL 3 000 t/min 5.0 10
min, 432 _F 2 M o 0 4% B BELISA 355 & v B - 5
P Rl 7 S S 7 B A5 PINP K-,
24 KERBHANKREFNE

K IIANE - (HE) e b i s . i,
PR AL A B A2 M, LA 10 9% H 8 615 , 7
209% EDTA GBS IS , S8 5 54 7A 7K (60 min) 5
TROR TR T AT A B (G B AR B 60 min) | B RLIR I
AL AT F (4 um) . AT HE QL0 )5, 760027 B
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e T AR 5 A Pl A Ak
25 KBRBHLH BMP. Runx2.0sx mRNA FiEfER
gl

K S 9 R e -PCR B ARG . BBOR Bl A il
JBeB vk, BER i i (1 — R T —80 C) . R
Trizol 7 #2 B 5 RNA, B 52 T 4l B Fnik 2 )5, F A
RNA S5 5% 4 i cDNA, 3 LA cDNA W #i# 7547 PCR 4™
W R ZR (420 pL) : SYBR GGk 10 uL, | F
519145 2 uL, cDNARSAR 4 uL, TCAFRI K 2 uLo [N
254 .94 CHHAEYE 5 ming 95 CCAFPE 30 5,60 °CiE & 30
s,72 CHEM 1 min , 3L 40 MG . LA GAPDHAE N NZ,
K 27 RS H AR mRNA 1Y £k K (20
Ct R 9 A7 5 50 BE 35 B8 5 10 IR 28 13 1 40 3 vk
B o 5190 RDCERMA: Y8 A B IR, S )y
G RN 1o

x1 SIMFEIEF=HRA

Tab 1 Primary sequence and product size

LA kiG]l TR, by

BMP i 5 -CCCAGACCACCGGCTGGAGA- 903
T :5'-CGACACCCGCAACCCTCCAC-S!

Runx2 5 - TGAGCGACGTGAGCCCGGTA-S' 883
T 5 -CGTGTGGAAGACAGCGGCGT-3'

Osx Fi#:5'-GCCCACTGGTGCCCAAGACCY' 829
25" -CCCGTGGGTGCGCTGATGTT-S

GAPDH 5 - TTGGCCGTATCGGACGCCTG-S' 876

M :5"-GAGCAATGCCAGCCCCAGCA-Y

26 XKBREBEHLH BMP Runx2 . Osx EARIZFR
i

K ] Western blotting 3 HEATRE I . B4 R AR A7 Y
KA e 212, B REAILE 3 N FEAS, G R IR AR T
B HOR AT RE BT A, B TRk R |, Jin A S i (i H 7
IYBUR ., BURSEEE RS, LL 12 000 t/min £5.0 15 min, B |
THW, A BCA B AR S e 8 vk i . R4
PEJG L B 50 pg 4T SDS-PAGE Hi, 7k (140 V) , SR )5 78
300 mA FHE 1 h 28w M £ (PVDF) I |- ; TBST
GE IR PRI 5 minx3 UK BB A 5% MIBEAE Wk b, =
A T B E 2 hlBEEUE J5 I TBST 22 vp vk
JEE 5 minx3 YK ; 43 31 A BMP . Runx2 Fl Osx —#1 (F5 B
FEFI R 1:1000),4 CHEF R A bt (5 FEEE
1:200), = MFE 1 h 5 LLECLIAF & B 05, B TR
WAR RS F % . R Image J v1.5. 15k 0E4 7208, LA
HndE 41 K BE(E 5 WS 8 1 (GAPDH) 4547 K (.
H HAE R HARER I FRB 7K
2.7 FItFEFIE

K SPSS 22.0 Ge {22 B A X E s i 47 G 150 -
P IESIM A YO e x £ s TR, Z4 TR LR
PRIy 2250 HT , AR PR R LR F LSD- A 58 5 45 ANAF
HIES A, MRS BRI rdl | i . P<
0.05 F/R2ZERE AT FE L,
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3 #HR
3.1 RFEEDEIX PMOPERE X RS #EBMD

ST AR F A B R U HEE BMD 3%
REAR (P<<0.01) 5 SRR LA, 19 742 AL BTG | 5 741
ot 2H FHME R 2H K U HEE BMD 34 18 3 T s (P<
0.05 3% P<<0.01) ; 55 I 3 78 B s 1 (157 5 2 bh %,
P TR T v 1) 2 R 2 K U BMID B T
(P<<0.05) 5 55 0 st oA, 1 P70 e R ) e 7] i 2H K
BUBE HEE BMD 22 R 44 8 L (P>0.05) . %
0K BURHE HEE BMD 2 25 R 3 2.
®2 BHEKBRE HEBMDUELER(xts,n=10)
Tab 2 BMD of femur and vertebrae of rats in each

group(x+s,n=10)

A5 H’iﬁ’BMD,g/cnf i BMD, g/cm’
BFAL 043£0.02 0332001
il 0224001 0.15£0.04
DA 034003 023+0.03°
DA A 045004 02940.02°
| 040002 027£0.01%

TE: ST ARE L, " P<0.01; SHIAIA LA, 'P<0.05,"P<
0.01; 55 ~F42 L BRI £ 41 LA, *P<<0.05

Note: vs. sham operation group, * *P<<0.01; vs. model group, "P<<
0.05,"P<<0.01; vs. E. brevicornu total flavonoids low-dose group, *P<<
0.05

32 EFELREMX PMOPEE KRR BMEHNT
=1

ST e, BRI K BB To.N  Tb.Th g 3
R#AIR (P<<0.01), Tb.Sp B & FH = (P<<0.01) 5 SR RIZ L
B, R AE R TRAR o R AR A R U
Tb.N.Tb.Th it Z F} & (P<<0.05 5 P<<0.01) , Tb.Sp i &
WA (P<<0.05 3 P<<0.01) ; 151 42 S SR 06 70 k201 1.
B, T A RO g R 2 R A R RO Th.N
Tb.Th & 3 T (P<<0.05) , Tb.Sp i # K&K (P<<0.05) ;
S5 R PR, AR R R A R U Th.N
Tb.Th & 2 JI & (P<<0.05) , Tb.Sp 2 S L& 2% & XL
(P>0.05) . 4520 K BB H 1345 4 microCT 14 & WL &
1, Tb.N.Tb.Th.Tb.Sp I E 455 L 3,
33 EFELREMX PMOPERE KRMERSEEF.
F45& PINP K FERIS NG

ST AR b, R 20 K BRI T P G S R A
2 PINP /K5 25 R4 (P<0.01) ; SRR Hhas , 12
2R RAR | v 70 2k 2 R A A R T P
B Z PINP KF-3 2 FHm (P<0.05 8¢ P<<0.01); 5
PRSP R TR A PO, TR P T 1 ) LA
W WA K R G T RS R PINP /K
T (P<<0.05) 5 S — el FL B, 1 270 a0
ZH R BRI 3 h PINP AP 8 25 755 (P<<0.05) , LT H 4T
BT B R KE 2 R G EE L(P>0.05) . #5441
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REUME T ES 1 B E5 R PINP AKFIESS R IR 4.

B R
1 RAXBRREEMEE microCTHHEE (Z4E

ZE (%, x100)
Fig 1 Femur microCT bone microstructure scanning
plot of rats in each group (3D reconstruction
image, x100)

®3 BEAKXRAEETL.N.Tb.Th Th.SpMELR (x £
s,n=10)
Tab 3 Results of femur Tb.N, Tbh.Th and Tb.Sp of

rats in each group(x*s,n=10)

A5 Tb.N,mm Tb.Th, pm Tb.Sp, pm
[RFAL 4304013 39.65+0.69 284+34
f 236£0.14° 31475057 475455
DML 291£0.13° 349240447 46138
ey el 38540124 388340437 3184277
| 3424015 36484038 350421

TE: 5T ARA L, P<0.01; 5B AR, P<0.05,“P<
0.01 5 53 A2 BB IR 521 LU, *P<<0.05; 5 ME i L%, * P<
0.05

Note: vs. sham operation group, “*P<<0.01; vs. model group, "P<<
0.05,%P<<0.01; vs. E. brevicornu total flavonoids low-dose group, *P<
0.05; vs. estradiol group, *P<<0.05
3.4 E¥ERBEW PMOP R X R B AL RIS
B2

ST ARE L, BB KB N R G50 3R
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x4 BHAXBRMBFHSEF TR PINPKENE
ZR(x+s,n=10)
Tab 4 Serum levels of Ca’*, OC and PINP in rats of
each group(x £ s,n=10)

it BT mmol/L FEE, pg/ml PINP, pg/mL
BFA4 225+0.14 150.62£10.62 32634£21.19
euikil 0.76£025° 110.27+1348* 2148412338°
R DRI R 093£028° 123,18+ 18.93° 255744 26.40°
R DR R 1984037 145.34£ 16,29 29242420347
W= 18240317 1364141273 277.61£2537°

T ST AR E, P<0.01; SHUNA 4, "P<0.05,"P<
0.01; 5 228 R AR 20 b5, *P<<0.05 5 S5 — e g, *P<
0.05

Note: vs. sham operation group, **P<<0.01; vs. model group, ‘P<<
0.05,7P<<0.01; vs. E. brevicornu total flavonoids low-dose group, *P<<
0.05; vs. estradiol group, *P<<0.05

il , T 2R, A I N R s T A 2 5 SRR LA, i
AR AR | vy 7 e 2 MM R O R /N H
Z HESVEETT SR S 4, o LU 340 2 s 7
2RI AR R O . A AR RUBCE LS

P S R LI 2.

23723 } %

AfBTARA

EHE
B2 SHARBRBHLAREFWUREME(HERE,
x40)
Fig 2 Histopathological observation micrographs of

femur of rats in each group (HE staining, x40)
35 EFELE PMOP X R & HLRF BMP,
Runx2,0sx mRNA &% fI30
BT ARA L, B H K R E 4204 BMP,
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Runx2,Osx mRNA [ 2% i5 7K1 i 3 AR (P<0.01) ; 5
RRERY L A, o A2 S B ER s 70k 20 FME — i 2H R
FUE2H 41 BMP .Runx2 Osx mRNA 7% ik /K -2 i R4
(P<<0.05 8 P<<0.01) 5 5 % -7 Gl i A1 0 £ 4 LUK
TR R v ) S 2 e B2 R BB 4 BMP
Runx2 , Osx mRNA ik /K44 i 3 T 5 (P<0.05) 3 5
W 2 P, R R R e R B
Runx2,Osx mRNA ik 7K V-3 &g 2 F 55 (P<<0.05) , {H
BMP mRNA £ ik/K P25 7 TG0 12 L (P>0.05), %%
HAR B 412! BMP . Runx2 ,Osx mRNA AR 7K P 8
RIS,
x5 HAKXRBHLBMP, Runx2,Osx mRNA Fik
KEMELER (x£5,n=3)
Tab 5 mRNA expressions of BMP, Runx2 and Osx in
bone tissue of rats in each group(x+s,n=3)

ikl BMP mRNA Runx2 mRNA Osx mRNA
BFAA 065017 0.50£0.02 1.12£023
el 0.23£0.06" 031£0.03" 047£0.15
EEE DRI A 031£0.18° 035£0.01° 056+0.12°
ERER TR 044£0.16" 049+0.027* 09540227+
i 043+020°* 040003 0.84+021°

T S EF AR, P<0.01; SHRIMA 4L, 'P<0.05,"P<
0.01; 5 i AR AR 20 LU A, “P<<0.05; Ml TR bR, * P<
0.05

Note: vs. sham operation group, “*P<<0.01; vs. model group, "P<<
0.05,"P<<0.01; vs. E. brevicornu total flavonoids low-dose group, *P<<
0.05; vs. estradiol group, *P<<0.05

3.6 E¥XEREMX PMOPEE LR SHYEBMP,
Runx2 #1 Osx | B R iERI M

58 F ARG g, 54 K BB 41404 BMP,
Runx2 ,Osx 25 [1 5 K44 B 3 BRI (P<<0.01) 5 LAY
2 AR, VR A A B AL | e 7)o A R R K R
ZH 40 BMP , Runx2 ., Osx £ [ # A /K 8 & T+ 5 (P<
0.05 3% P<<0.01) ; 15 1% - 78 R S E IR ) B 4 b, 2 5
AT R ) R R OME 4 K B 4H 41 b BMP.
Runx2 ,Osx 2 [ A K P44 EFH(P<0.05) ; 5 %
2 PR, R AR R H T = R e 4 S 41 4P BMP  Runx2
Osx 7E A £ kK ¥ 22 5B BG4 L (P>0.05) . %%
ZH K BB 44 H BMP  Runx2 . Osx [ 25 1751k Ha vk [ AL
B 3, B R A e 45 R W2 6.
4 g

[ B8G OP (1 B 3210 28, {E408 OP A R BIL A I
PRI BR AT 2T, e v [ 2 g < 9 <R R AR AL
FR R B Bl R S RS R 1 & OP i EE 2L
R W IR YT 2 LAANE 2k o . TEEEIR YT OP
(97 20 3 AT 28 W T A WS R AR BT
T VAR PR 2 6 BE . 3R 278 R AN B R 2y T R
R B — A OB Y , DAL 32 R i ) i =
P8RRI ) AR IR IR BT OP AT . BARABF
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40 kDa

Runx2 55 kDa

65 kDa

60 kDa

TR BRI

RPN RPN MR
Al AL AR AL

B3 fKHAKXRBHELSBMP Runx2 Osx FEHFRIEH
ik E
Fig 3 Electrophoretograms of protein expression of
BMP, Runx2 and Osx of rats in each group

*6 HAHAKXKRBHALATBMP Runx2 Osx EHRIEK
TNELER(xts,n=10)
Tab 6 Protein expressions of BMP, Runx2 and Osx
of rats in each group(x+s,n=10)

iﬁ?ﬂJ BMP/GAPDH Runx2/GAPDH Osx/GAPDH
BFAH 4741011 3301023 2211061
A 14340.14" 2024026 1354054
DRI A 260£0.13° 2214024 526£057
R DT 37940.167 25940.15% 3374036
et 3682012 258+0.16% 34450307

T S EFARL A, P<0.01; SHAL AL, "P<<0.05,"P<
0.01 ;15 4 S B PR 4 LU A, *P<<0.05

Note: vs. sham operation group, **P<<0.01; vs. model group, ‘P<<
0.05,"P<<0.01; vs. E. brevicornu total flavonoids low-dose group, *P<<
0.05

YA, R AR BV 0] DU F BMSCs 1 2638 DA K
A B IS (EE AR A 5 24 BRALAR o 2R P
BMP/Runx2/Osx {5 5 i 55 A VIFHE, 2 5
VR B A A A4k, BMPs J& T Ak A K R
(TGF-B) B F %, nl i 5 BMSCs [i] 5L 40 il B 40
M5 1k, ek i n B T RE . Forb, BMP B 3 5 400
RS R THT A9 S — R AR SZ AR S PR S5 L 9119 Runx2 S H:
T U Osx JE [N B e sy PR, A R e S i B At 2
SE PR R 8B 240 L A 1) S BT 45 R, Runx 2 38 1) 45
B BB A S AR e 4 (OSE) L s B %
RS ER e (R T 7R 5 D i PR 45 22 Al i 3
B AR SRR W A A SRR A I O A
N RCE ™, T Osx J& TREFE 25 11, & Runx2 A9 T Jif
SRS S D, 38 2 PR 22 4 R e S e A
FILNAEE I AFEIA 2 UE BMSCs BB L™, i1
B SR R B AT BRSO [ B 2 AR Y
B L R AL T ARSI 2 T E TR,
HETT 8 OPY, A5 i i IR SE , BMP/Runx2/Osx {5 5
WS TR B EIE BMSCs 22 [0 B 1k i it
T, PR A7 M BT EE A . 8 BMP-2 (54 St Fn ik,
ARAFTEEE R BIR R S T LT R PMOP £
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