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R Ue o & 4 (R 5 8 1R 0 00 T 40 B -5 4t B A AL AR R AT 25 32 9T 4, ELISA B I & 40 ALP & % .BGP ,COL-
I .BMP2 & [ /3 i £ ; RTReal-TimePCR 461 4 240 ALP .BGP . Osterix #1 Runx-2 mRNA 3EEFL, £R FHRL QAL

WAL BRI T A O 2 AWk T A 3y vl B WA S R (A 5 Ak 85 37 (W T8 B ELISA U 45 R B, 5= leﬂé’éﬁthﬁ b
FRERE 1 REFERE LU B ALH ALP S5 & BGP .COL-1 BMP-2 R /W&, JF A 2R B A HKIHHE L (P<
0.05) ;P25 E R B W B A B PHE# L AL /) 80% LA b, WIBt i EZEWH [ X} ALP i 7:, BCP EH RA YW BT
BEEREN GFEESAAES TS E L (P<0.05) ;%7 COL-1 .BMP2 WHEEFLE , MEER LR ITHE L(P>0.05),
RT-PCR LR REW  SFEAXNBHML  BEERIF I RBFEERFTIHTLE L HBCEHEHEZHETF ALP BGP,
RunX2, 3 3k — 20 98 5 H R e B 14 Osterix Ay 3R, 2 R H A HIH¥E L (P<0.05) ; 5 VX Mg A A Rl E Ly
ALP Osterix [f) mRNA KX B 2T (P>0.05) B F R [ HRFERE D43, 2 F # KA T Osterix mRNA [
KRR TEFERET | JFEEREESIT¥EL(P<0.05), ¥ ALP BGP RunX2 mRNA R K - K R FH 2570 (P>
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Abstract; Objective To study the effect of Icariside | and Icariside ]I on promoting osteogenic differentiation of bone marrow
stromal cells (BMSCs) by activating the BMP-2/Runx2/0SX signaling pathway, and to explore its possible mechanism. Methods
By using the adherence method , BMSCs were cultured and divided into blank control group, positive control group, inhibitor
group, Icariside [ control and Icariside [ + inhibitor group, Icariside II and Icariside II + inhibitor group. Osteoblasts
differentiation was evaluated using Alizarin red staining. The protein expression of ALP, BGP, COL- [ , and BMP-2 was detected
with ELISA method . The expression of ALP, BGP, Osterix, and Runx-2 genes was detected with real-Time RT-PCR. Results
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The Result of Alizarin red staining showed that a large number of mineralized nodules were formed in Icariside I and Icariside II
groups. The ELISA result showed that both Icariside I and Icariside II significantly promoted the activity of ALP and the secretion of
BGP, COL-I, and BMP-2 proteins ( P<0.05). The strength of action in both groups reached more than 80 % of that in the positive
control group. Meanwhile, the effect of Icariside 1 on ALP activity and BGP protein was significantly stronger than that of Icariside
IT (P<0.05). The effect was not significantly different in the protein expression of COL-I and BMP-2 ( P>0.05). RT-PCR result
showed that Icariside I and Icariside II significantly increased ALP, BGP, RunX2, and further regulated the transcription expression
of the downstream gene Osterix, with significant differences compared with the blank control group. The mRNA expression of ALP
and Osterix was not significantly different between Icariside II and positive contrast group ( P>0.05). The expression of Osterix
mRNA in Icariside II group was higher than that in Icariside I group, and there was significant difference ( P<0.05). The mRNA
expression of ALP, BGP, and RunX2 was not significantly different ( #>0.05). Conclusion Both Icariside I and Icariside II
promote osteogenesis by BMSCs. The mechanism of action may be related to the activation of the BMP/Runx2/0sx signal pathway.
The different effects between Icariside I and the Icariside II may be related to the biotransformation of Icariside I into Icariside II.
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R : DMEM/F12 537 2 ( Gibeo, USA ) ; H i B
MR B IR AL DTN MR (ASAP) (M SEKR#A, — H1 &
WA (DMSO) ¥l [ Sigma 23 5] ; MEM-o 4 g 3% 37
W ( GIBCO 12571-063 ) . %8 4 #f R B8 ( alkaline
phosphates, ALP ) il £ i 7 & ( AE91640Ra, fit = .
201512) ;45 K (BGP) & I 1 57 & ( AE90937Ra,
fL5: 201512) 5 1 B g i & A W E W R &
( AE90739Ra, 201512 ); BMP-2 Wl & X 7 &
( AE90181Ra, 201512 ); NOGGIN #® 4 & H
(Peprotech 23], 36 [H ) s B-H M BRER W A 35 R 40 (3¢
[ Sigma-Aldrich) ; 26 b1 A 42 15 ( 2% 21632
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T MBI A FRA T, HE5 . 090405B01, R A
B B Ak BEAT O BRI R S T A M R R AR
S O {4 B4l . DMEM+10 mL/dL Ji
A3 (% 100 U/mL 3 HEF £ ), BIILAE B 52
Q@MHMEF LW 4 . DMEM +10 mL/dL i§ 4 3% (&
100 U/mL % 555 %) +0. 1 mol/L #b FE K Fh +50 g/
ml 4EA4F C+10 mmol/L B-H Il 85 B2 44, B B & i
S @I 4 B 5§ W+ 1wg/ mL Noggin; @
EAEEWH T4 R R W 1 1x107
mol/L; @I+ F 2R T 4 Hml B 3R i +2
EFEWHF T 1x10 mol/L+1ng/mL Noggin ; @ 1% 2 7
UCHE T 40 ERR S FR W+ 2228 P 11x10° mol/L;
OMFF +RFERT DA IR R R FER
H 11 1x10 mol/L+1pg/mL Noggin,
1.3.2  ALP 3EPEME R H ELISA 3 T i & % =
B3855 6.9 12 KA ALP /KF . BAkJ7 kit &
UL AT, 1 8 5 T B4 450 nm 403 & LB FE D

OMVE, = FAEE 2 b e it 2, AR I A 0 1Y 06 35 i
{ELAE A A 77 A8 H3E0 0 B AE i R B DL we/L 38R .
1.3.3 {bss e 4% BMSCs 40 Mg 5 , (A
BB, R T 5. 0% €0,,37 CHyE IR
FAATEF 240 5, #7 LREAAY T B, 1S
14 d LI R 57 U L i 8 R Bk i, S R 4L e 107
e TR S WA AR,

1.3.4 %€ & {33k & BGP 4 i )5 &5 1 (COL-
[) .BMP-2 85 ¥k . SR ELISA 36T 0B M7 2 4%
F8 12 K, Kl BGP COL- 1 \BMP-2 & & , R{k 77
EAR S UL BEAT o BB AE 450 nm 37 KARF
225 L Y BOBCEE (OD M) |, 2 il A v il 22, T 5 4
A B SE BRI DL g/ L 3 (FE U 52547 ) .
1.3.5 Ry ERpRIA & 259 T 9 48 h, $2 40 g
RNA, 52 i) 7€ & PCR A& I A1 5C 56 K ( ALP  BGP
Osterix .Runx?2) #i5 & ., RT-Real Time PCR Jif FH 5|
W s LR 1,

% 1 RT-Real Time PCR i Fi 5| ¥ 51
Table 1 Primer sequences for real time RT-PCR

I I 4R GenBank %5 JIERI(5°37) PN
AL MO0 TOACTATGOAGGOTG 160 by
MIOBHIE G CAATOCCETANACGG. 161 by
R momegis 0% MO0 e rceTon6eA b
o oo SCCTIEAGGTIGTAGecCT 175 by
B-actin NM 031144 F: CGCGAGTACAACCTTCTTGC 70 bp

=

: CGTCATCCATGGCGAACTGG

L4 Gijlshba

SR H] SPSS 16. 0 B Ab BEEHE , 12 FH ST R 3 #l
One-Way ANOVA #4777 25438 , 2 45 0 L) 0 8+
HEZE (2+5) T, P<0.0S N ERBA G FE L.

2 #R

2.1 Xt ALP & B9 520

ELISA A5 I &% 4 76 4% 6.9.12 X ALP fy K
Vo HSEAXMBALRK, EFFERE | LEFER
B M4y ALP K36 5 (P<0.05) &
J B 18] SR, 40 M 24 i W ALP UK #7 B,
5512 3R B I i 7K1, 1K 31 BH 2 5 AL W 41 1 80% LA
o FHRI I HIFIZH , BMSCs ALP i 4 B W P&, 2
FERF | HSEFEERT ALK, ALP 1§ HE
FONRKR MEHRRTESE, HERAESITZE

M (P<0.05), BULFE 2,
2.2 XANMEATLES TR R R

A PSS Y 14 B 4 5 IR 2 M O3 1 B B 4
AEPEAR AR S P AL ST R4 . T LIE 2, B
PEREAL WAL (B) A LS W H e 2 34 U, B
B IGEEERT TH(OMEBLERT T A
(D) W A 55 Wi xR (A) 2, AR
BRR APEFERT | HNFHETLE TES
B A . MFIH(E) M Lss e e
TR AL AL, HARRR /D, 7 ALK P B fiG 2 F
AUCH T+ 2E (F) B 28 U T +40 il 500 2
(G) AL BB L8577 4R B /D T B B R K
T HERF R T A, HEB A, 5 A B
fik. k1 FiR,
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F2 AMNG 6.9.12 Kf BMSCs ALP 35 ¥ Hh# (pe/L,x+s,n=8)
Table 2 Comparison of ALP activity between each group on day 6, 9, and 12 after osteogenic induction ( wg/L,xxs,n=8)

2H A AN ERPN 12X

(OEAY=po el 65.712x1. 306 68. 1241, 641 71.321+1.534
O bW 114.375+7.906* 112.825+2. 086* 122.218+2.130% *
@ il 551 20 62.342+1.135" 63.698+3.918* " 67.198+1. 955"
WP R T 91.472+1.1824%* 99.161+1.380" *24 115.112£1.999* *4
OEREFRE T+ 4 63.972+2. 30420 70.308+1. 58520 77.441+2.094* 40
@R TH 87.632+2. 114*2 91.285+1.496* *2 104, 705+2, 324 4*
[OFES V&0 REEEl 64.632+1. 96720 70.985+1. 885" 20 78.705+2.514% 20

A ES AL R B LB, * P<0. 05 MBI A155 6 KILEKE, * P<0.05; H IHMER (LIRAL A LLEE, * P<0. 05 R R T4l 2
YKﬁtHéﬂiﬁl,ﬁJﬂtﬁ,‘P<0-05;ﬁﬂ%’ I3 A S AR R Z A M B4 DAL DA S @AM L, P P<0. 05,

Bl SHMHAETETHERERDIREE, x40) A

Positive transformation selution group; C: leariin | group; D:

group; G Icariin II + inhibitor group (x40)

2.3 X IR SR T 40 B A 4 Tk AL B2 Hh BGP
COL- I .BMP-2 R R A MM

BGP COL- | \BMP-2 {25 [ & ik & P &5 55 %
B B] A SR TG 0 L 7ESE 12 KRB TRl 5=
EXT A BEERT T REREERT T A4
it BGP COL-T .BMP-2 kA EH WP W I N (P<
0.05); SMHMEX WA L, BEERF 1 LiE¥
HEREITAKEFTFREORZIEZRESIT¥EX

2 IR B

leariin 1l group;

BB (LA ; COR LR T H DR F
EXH TALGEANHR A F R f R RHE [+ GG R R U 1+ 550 4 CBOR A% $o<d40)
Fig.1 Effects on mineralized nodule in BMSCs in each group ( Alizarin red staining, X40). A, Blank control group; B.

E: Inhibitor group; F. leariin | + inhibitor

(P<0.05) B 1% ¥ Bk 2 BH M 5% L W 241 ) 80% LU
s AR A A ZH 40 BGP (COL- 1 \BMP-2 Rikf&
Y E R, NOASDHAME KOAS5@UMLL,
ERAGRITFEX(P<0.05) ;BFEWH 1 5EF
W A A, R WAT 1 X BGP &
BHBRTEEERTL HEZRALITHRX
(P<0.05) ,%} COL-1 .BMP-2 {475 |9 £is i, Hi &
EREGEITHE L, W3,

F=3 BHANE 12 K1Y BMSCs BiH MK E ARKIKT LI (pg/L,xx5,n=8)
Table 3 Comparison of BGP, COL-1, and BMP-2 secretion between each group on dayl2 after osteogenic induction ( pg/L,%+s,n=8)
0 BGCP COL-1 BMP-2
Oz [ xt |H 26.304+0. 245 6.1210. 371 7.225+0. 128
QR A 51.263+0. 661* 12.371+0.316* 11.833£0.233*
@1 551 41 25. 688+0. 6352 5.379+0. 152% 5.0285+0. 129*%
DEEERFIA 44.879+0.919* 24 10.507£0.251*2 9.548+0.193*%
OEBEALEVWN T +AHIFIAU 33.359x1.424* 20 7.578+0.259*~0 7.239+0. 149* 20
©EEERNTAH 40.951+0.919*2 10. 145+0.326* 2 9.364+0.099* %
DEEZRF T+ HIA 32.515+1.233* "0 7.358+0. 176* U 7.223+0. 0915

5o (Or B2 LA, * P<0. 0555 M 56 Ak 28 Hh 3, 2 P<O.
WHOH 5@H QHS5@HEAME,DP<0.05,

05 R W 1 4 5 PRI T4 i, * P<0. 05 M5 48 545 24
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2.4 % BMSCs ‘& [a] 43 fb 1 #2 7 BMP/RunX2/0SX
1Z 58 I AH 2K+ ALP . BGP ., Osterix , Runx2 mRNA
R I5 1 52 )

FERERT | EEEwH 1340 FiF ALP |
BGP,Runx2, 33t — 594 97 B F 5 3L K Osterix (1 5%
EFRK SEAXMNBA LR, BEERT I REBE
FEURAF 4 ALP BGP ,Runx2 & Osterix mRNA 353k
BB ISR (P<0.05) ; 5 MK A b, ¥ E
WH I X4 HF mRNA REERFERIT¥HE L (P<

0.05) , (HI & M, MFEEWH I X ALP,
Osterix i mRNA 33k 5 BAPEXT 40 Jo W g 22 5% 5 4
NE U0 ) 790 20 A SR SR TR R A B B RS, BN DA
H5@OH OHE5O@QAMK, ZFH5 18 L (P<
0.05);EFERT | 5EFERET L Ak, Xt
Osterix [N F mRNA f RIXZ R HHIT¥E L (P<
0.05), /5 & B Wk T A1 & , % H Al 4 A 1 mRNA 1y
RBE-HETLRERZR. FIEA4,

£4 KU ALP BGP Osterix,Runx2 mRNA 5K L5 (#+s,n=5)
Table 4 Gene expression of ALP, BGP, Osterix, and RUNX2 in each group (x+s, n=5)

0 ALP BCP Runx-2 Osterix
Oz [t EE — — —
@R 8.89+0.16* 9,25+0. 18* 7.05+0.20* 4.52+0.14*
3 il 551 28 1.87+0.36*% 3.22+0.34% 2 2.18+0.15%% 1.63£0.33*%%
@EFEEXRTIA 7.25+£0.41%% 7.52£0.98%% 4.53+0.23*4 3.64+0.19% 24
DEEEIR +304f 77 4 .11+0. . 86=0. . 26=0. . 34+0.
ORFERE T+ 74 2.11£0.25* 20 3.86+0.19* 25 2.26+0,17* 45 1.34+0,22* 28
O@ERFEZERFTIAH 7.96+0.31* 6.47+0.73%2 5.12+0.32*2 4.46+0.32*
O EZEWHE T+ 4l 1.7420.37*20 3.95+0.29*20 1.59+0.07*20 1.79+0.21*0

A AR IRA L, * P<0.05; 5L A LA, © P<0. 05 BB W (T T SRR T L, 4 P<0. 05 1l 7 41 5 A0 i 25 49

AHEHASD . QHF5OAM L, 7 P<0.05,

3 iFig

3.1 E B 5T BT 40 MR A

i 18] 58 5 T 48 B R SR A0 A A A
i, — 5 S A T AT LUSCE 434k . BMSCs [a) & 73
A ) B 2 3R I A0 T I A b R R A R 4
AR A T A 9 1 T B W o B ) AR Dy R 40 L 1)
B AR TR R R A SRS,
3.2 BMP/Runx2/Osx {5 538 I 5 W& 51k

H A& & 4 E A (bone morphogenetic proteins,
BMPs) RFALAE K T (TCF-B) BB A R #Y — 51, vl
5B 8] 505 40 1o K 4 I, R 4
B A BT 20 A A Ak, A RE 4R I T BE . 4 BMP-2
ERHAFERAREENHERIME S T2
B AN MR o A 2 2 R E S B 4R, TP
BMP/Smads/Runx2/0sx {558 I 5 & ¥ W% & Yl 45
Ko BMP-2 J@ i 15 Smads {5 5 15 5 H 35 B &
HF % F i BMP-2  Runx?2 . Osterix 25, i & % H %
AR . %455 B (6] i 52 2040 M smads 140 A
S BMPs £330 (40 Noggin) &5 By 5 -1' ,

Runx2 fE 2% BMP-2 (¥ BE B, 5 36 0 35 0B 4
I A S P TR 1 3R 5K, A0 HE A5 2R LT B S i R e
B B 4, 15 Y WM 2 A B Bl W 5 AR L

Osterix & Runx2 i FIF#H N, 57 3 Runx2 195 5
W5 o Osterix J& & 40 i M0 3 53 4 BT 06 55 19 45 7
PEFG s R, R 45 22 0 ER 28 0 R 2R R R R 3k,
OC.HHR . EHxm . BHEM] MKREEDS, X
B ALY o3 AL BN B B BUR HE S, Osterix
5 Runx2 V445 5 40 f A [5) 34 2 AL B B .

A5 250 76 R AT Y 60 0] LA A 5 T I R 45 2R
R BEERT I REFERTIHEARES
8 0] 38 50 T 40 M 1) W & 40 B 3 B g Ak B B E
ELISA LA R B8, B FERE | KEFERE
Il 34 Ge f& #F ALP 40 M 3% 4, {2 # BGP,COL-1 |
BMP-2 )i HRiA =, H & T Ha A T 2
Fiad, 25 12 R8I EGAE. SHEXBEAWL
BOBFERE | MEFERY L HDAE B EE
255 A E M B Ak B MR A A B 80% L I
BEERT | 5EEERT TH K, BEERT
I % ALP 155 \BGP # H RRIA U] 58 T FE IR
H# 1;4f COL-1 BMP-2 (E I RiL R, W& LR E
HER.

RT-PCRZZRBR, BFEERE 1 LEFLER
¥ w] 2 E O R A G §% 5k I 7 ALP (BGP |
Runx2, Jf ik — 25 98 35 HO T iF 5 A Osterix 5% 5% 8
B, 5 ax ALK, AAREEER(P<0.05);
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S R R R ERT TS H FEA
RILBEAAEREMLER(P<0.05) 0 HG LR
BFEIRH X ALP Osterix 1) mRNA 33k 5 FHPE
YA B ER, BEERT | SEEERTI
40 b, % Osterix [ - mRNA %35, “F HA W
FE2 R (P<0.05), J5 # BB 58 TRl ; X ALP,
BGP Runx2 A 7 mRNA fYRik “F TR EM LR,

AT 2 I, o 2 U SR R Y R U
FETMRMTYREERT I LBEEREN,
FE AR SN BE 8 o 0% BMP/Runx2/Osx {5 5 38 # A 56
F P Fesk , $7R VT BB i 2 F BMP-2 R, gk A
P80 T Runx? | Osterix 1) 3¢ 35, 38 {2 o BMSCs
O SE B Ak . BMP {5 5 38 % 09 BH W A (1 pg/mL
Noggin T E ) FEW B AW Hl 1x10° mol/L 3 78
WH 1 MR R T X BMSCs 5E i & & 4k By
VEH . ARSI 5 B am b 2 I 5 A E R
# {23 BMSCs BUE M b G R TR EET
S B 25 R AL — Bk

B2, HAR iF BMSCs 2 [ JH /3 b 9 15 5 5 &
WV RE B A 24 B ac 8 A M, AR R ALSIAR A 1F
HE— B WARIE . Bl SR ST 45 RAEW] R
FEWH 1 R HACH = i 22 28 W 1 A2 R4 24 i i
it AP—1/NFATcl {5 5558 3% 90 1 5 B 40 f A2 i, A
BEERFIEALTRZEAERT I, Bt
xR R R W T M MR S
100 % 2 1R 7 5 40 L e A Ak (FLIHE
BMP/Runx2/Osx f5 5l BEWF R IB LR T T NE
FREUCH XA R B) 72 BT T 400 B nid B 3 P 0 5
Y AF 58 AR SC i TR B K o

Wl 5% 2 B, 7 SE 28 R HE [ 6 ALP 35 |
BCP HEHRAEHMEARERTEEERFT L ®
FEWRE I A Osterix mRNA 3£ 5 T H] Bk T2
FERTT., BRERT 1 BARBBMLILE ALP 1§
PE BGP & [ #i5 , H X FiF Osterix % P ik 1EH
B FRAEERE D . RS R RS W E L5
P b3 7 BRI AR B . HAh, R E
WH TR EERYT T RN =Y, Em iR
WA LR AR R R R L, —
SR X BMP/Runx2/Osx {57 %518 J% T W 2L A 3,

MM AEHE BMSCs & [0] J8 B o3 b o 31X 88 7] BB 2 M 3
I 2 S ) 2 TR P AE B R L A R A — 2P Y
EJ:[:%A?O

{ 2 % x & |
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