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Abstract: Objective To investigate the effects of five kinds of flavonoids (calycosin, formononetin, ononin, isoliquiritigenin, and
medicarpin) from Hedysari Radix on promoting osteogenic differentiation of rat bone marrow stromal cells ({ BMSCs) and rat calvarial
osteoblasts (ROBs). Methods rBMSCs were isolated according to plastic adherence. ROBs were isolated by enzyme digestion
method. The proliferation of -BMSCs and ROBs were detected by MTT assay. ALP activity and calcium content of rBMSCs and ROBs
cells were detected by alkaline phosphatase kit and calcium kit. Mineralized nodule formation was detected by alizarin red staining.
Results The five components could promote proliferation, increase ALP activity, increase calcium content, and increase the area and
number of calcified nodules of  BMSCs and ROBs (P < 0.05). Among them, calycosin had the best effect on promoting the osteogenic
differentiation of rBMSCs, and medicarpin promoted the osteogenic differentiation of ROBs with the best effect, followed by
calycosin. Conclusion Five flavonoids promoted the improvement of osteogenic function, while calycosin has better osteogenic
activity on rBMSCs and ROBs and can be used as an excellent osteoinductive factor.
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D,

1.2 5
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$>98%, b5 M-013-171216, KRG FEAYIARL
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111703-200603, H[E & 525 ket 7k ;s B
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2N SERG S OB, IV RTHIES SCXK
(H> 2013-0002.
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2.1 rBMSCs B9 B 5

SEIRRFELTE, BSR4 150 g1 H
W% SD HEPE K SRUBSIHEALBE,  75% CBRERIEIHEE 10
min, JC B R BCE AR, BT 2 W R S K
DMEM/F12 8:3:3E (& 10%64- 3%, 100 U/mL
T8 2 A 1000 U/mL 8885 ) TN E Bl I Z
Ve, RN ER, R 200 H 404 2 S gh
PR, PRATIIST o P USCEE PR 24 e R 4 4 i 235 5 Ry
1 X107 A /mL, FEFT 25 em? (557 37 C.
5% CO, BiFofi 7%, IRHMK, 2Ef2~3 K
e 1 RIGFREE, AR S (PBS,
pH 7.4) Pk 3. MAIMIES] 80% LA L@ A,
0.25% i IR AL AR AR T 5256
22 MIBEREE (rat calvarial osteoblasts,
ROBs) I EEFF

KR B 4 ) 2 B R R R . 2
7 EE ST, B 10 R A SD KR AL, 75%
LI 10 min 5, JCR A TEUTUE, SR
KEEGA L, FTCH PBS ¥ 2 3, Kl B e
1~2 mm?e #HFEANTRHEEFBA, MA 05
mg/mL & AR 37 CHEEZEGH 2 Ik, &k
10 min, FFZEHAAMB . BN 1 mg/mL 1T 284 5
F 37 CHEHEREZHM 6 X, K 15 min. [{EH
J& 4 YAk iSO E 200 H 40 iRt PR 2
B BT AT B A R N 3 X
1044y/mL, #EMT 25 em? KB FRH . 37 C. 5%
CO TR IR, IRHH, 2 Ja6F 2~3 R H#t
1 XE5FRAL, I H A PBS Pk 3 i . 440 ik 2] 80%
CL b RilA iy, A A AT A AR AR T S8
2.3 AR HI K e

FEBRRIL S P EAREY) (BRI,
WG ToWfETE . S H RS EE R, BE
T DMSO H, Z3 Al IR R 1X 10735, 1X 1074,
1X1073, 0.01. 0.1 mol/L FIPRIFI . ZA254: %A%
ALV AN RS 55 35 v o) 48 B3 FRAR A TR T, (2%
WREEATIN 1X107°, 1X1078, 1X107, 1X 107,
1X 107 mol/L; X HE 4L AN AN 265 W) 1 15 97 W
(DMSO ZARFIFBUNT 0.05%) . JEL# 5 MR AL,
2.4 MTT AN 20 AR E5E

rBMSCs 8¢ ROBs 411 L 1 X 10* 4N /LR T 96
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Ui, 4RfRIiEEfS, Nz, AL 100 puL, }iF% 24.
48 h J5, FHFLEDGIIN 10 uL MTT, 37 CHOGHIE
4 h, FEREFEEL, I 100 uL DMSO, #E# 20 min,
THEFRAL 490 nm AWM EE () E, THEIGHHEE.
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HIH R 90% A b, SEHRECE S SR TREE (B 1X
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mg/L FUAIMIR), FSHFE8d, f 3 RE#HMEZH CF
[FAREEIZ G FE7Rdk, i ALP WGi&E 7%
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2.6 Ca™ByilE
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1855 ALP FEPERI S EEIR BE 1 EaR S R RLa 43 B
BrFRi, ACERREFE 12 d R BRI A AL 4575,
Il IR G A I P RGO oRINE . Jeti )5
FEAHIE 3, HMEH Image-Pro Plus 6.0 #4434, &
THES A5 5 e € B 4 X3 ) T FRR

2.8 GitFESH

K FH SPSS 19.0 BAFG T I #r, SAHEHRY
KA X +s £, BHMTPATES 3K, 4k
K FH LR 2207 ZE 0 hT
3 Z#R
3.1 5 MEEELEIXS rBMSCs BI{ER
3.1 5 MOEERRAAE PN rBMSCs 3 BE 1) 520
ME 1 ATLLERAER 24, 48 h )5, k&%t
rBMSCs B HANMREEEIER, SXTHRAIE, 1X
107°~1X10"7 mol/L )35 it 58 18 2 % 44t M 184 5 A5 A
& F R EE F (P<<0.01),1X1077~1X 107 mol/L
RSV oy Ny oV R U Bl (P A28 & T e e ea i )
HEE (P<0.05. 0.01). SxfMAMLL, FHER
YEF] 24 h %t rBMSCs FIB5E A B35 . 1 X
107 mol/L [TWAEH1EH 24 h {21 rBMSCs 3 %H
e Jifon, MWIEFN (124.70+3.89) %.
3.1.2 5 FhEEERZRAL A YIxE rBMSCs ALP %14 15
M ALP 3 MR & BMSCs [A) B E 40 i 24k 1)
HERE. B258d )5, S MLEMITER G H 4+
) ALP 35 PE R A on IR 4 B35 T (P<<0.05). B
S, TR R TR R R H R AR S ALP
TR E B IR B 1X 1070 mol/L, TSt g &=
FI B AR FE S 1X 1079 mol/L. I HAE Fedd ik B 44
T, B9 rBMSCs ALP JEPERE I R/AMK IS B R

*1 ERRAEN. SWRER. EREE. FHERMZBRERY rBMSCs IBERIFNT (X £5,n=3)

Table 1 Effects of calycosin, formononetin, ononin, isoliquiritigenin, and medicarpin on cell proliferation of rBMSCs (X £s,n=3)

WwEY)  C/l(mol-L™) SR AW C/(mol-L™1) /%
24h 48 h 24h 48 h

EREREEH  1X10° 9647+ 592 99.00+8.44 | TEREAETF X107  124.70+3.89™ 122.10+541""
1X108  100.80% 3.22 104.30+4.87 1X105  118.00+9.02*  113.80+2.38"
1X107  109.50+ 3.77° 118.40+2.89" |RHHE 1X107°  94.854+9.79 97.76 +6.66
1X1076 112,70+ 5.31% 120.20+4.76" 1X10°%  97.59+8.66 91.9246.07
1X105 11130+ 243" 118.20+1.84 1X107  108.60+4.67  115.00+8.26

TR 1X107° 9471+ 7.85  99.44+1.53 1X106  102.80+8.69  117.60+5.63"
1X10%  109.60%+ 932 106.00+2.33" 1X105  96.78+6.35  100.40+3.74
1X107  117.304£12.43" 117.00£2.74™ | LMEEER  1X10°  118.40£7.84™  119.50£5.02"
1X106 12120+ 7.04™ 121.00+3.17" 1X108  121.90+3.32"  125.10+5.43"
1X105  109.70% 2.58 108.30+2.52" 1X107  116.60%+2.07  119.90+3.12*

TR 1X10°  91.19% 858  94.72+3.69 1X106  114.00+4.27°  118.00+9.82*
1X10%  100.00% 3.13 105.80+2.15 1X105  110.40+8.89*  105.70+6.13
1X107  116.80% 7.22* 110.80+4.14™ | X[ 100.004.70  100.00+2.82

L4t *P<<0.05

“P<0.01, TIH

*P<0.05 "P<0.01 vs control group, same as below
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3.1.3 5 ML S5 rBMSCs 1 Ca2t /KT
B S REIR, BEHH Ca K mE TR

A, BEmiERMrHERESARES, HR
ZRWEE (P<0.05. 0.01), BINSGLLHA Cat
AP ERAR UK A2 B 88 5 B > T AL > S50 45
E>TWER >R HER.

*2 ERFAN. THER. TREE. FHEZRMERBREEI rBMSCs 1 ALP EMHIFME (X £s,n=3)

Table 2 Effects of calycosin, formononetin, ononin, isoliquiritigenin, and medicarpin on alkaline phosphatase (ALP) activity in

rBMSCs (X £5,n=3)

ALP/(nmol- ALP/(nmol- ALP/(nmol-
&Y Clmol-L™) WEY  Cl(mol- L) &Y ClmolL™)
min '-mg™) min-mg™) min 'mg™)
FEFER  1X107°  12.05+0.11 [ EHEE  1X107° 12141024 | FEHEER 1X10°  13.56+0.30%
1X108 12234035 1X1078 12234020 1X108  13.33£0.31"
1X107  12.8140.49" 1X107  12.5940.02° 1X107  13.15%0.12"
1X10%  14.06+0.29* 1X10¢  13.8320.18™ 1X1076  12.65+£0.32"
1X105  12.1940.29 1X1075  12.18%0.27 1X10° 8.49+0.21"
TRIE &R 1X10° 12084026 |HH®EZ 1X10° 11.79£0.19 | Xt 11.984+0.20
1X108  12.1740.30 1X1078  12.18%0.12
1X107 1271036 1X107  11.94%0.11
1X107¢  13.7140.22* 1X1076  12.4340.34™
1X105  12.6140.68 1X105  9.56+0.12"
177 BHEE>STHER> RS SHAHMET
TAARR /MR IR A2 B 88 7 B > T A > S5l 45
L] T . > RHER S TR,
oo i 3.2 5 MEEZLEYIXT ROBs RIFZNT
E { . . 320 5 R A YK ROBs 1448 119 5 W
5 14 / / MK I TTUEL, 47524, 48h )5, &LEMXT
“ ROBs ¥ AT 4 EAE, SXIRAltbE:, 1x
' 1079~1X 10" mol/L MR E K 1X107~1X
. 1076 mol/L T ARAEZR M TERNAE T X ROBs 45 A %

AR B WEE W RHEZE %

1t EYiCEY

1 ERFEN. TWHHE. THEHE. REESENEE
£48Z%1 rBMSCs 1 Ca?7KFWEN (X £5,n=3)

Fig. 1 Effects of calycosin, formononetin, ononin, isoliquiritigenin,
and medicarpin on Ca?* levels in rBMSCs (X £s, n=3)

3.1.4 5 FEERSRAE Y% rBMSCs 540 45T T Rk
(RIS e R 40 B A R 2
—. ERHRAREE, FLrg T EMEae (E
20 12 RIASAEE IR E = 175 ALP il
JE 45 AR &35 o 5 Fh B i 2 B 43 4F FH ) tBMSCs
HRAEAEE T T OGN, AR S A 45T B 2 T
TR B T IR (P<<0.01). &Z4EZ54551k
S5 HCE /MK B AR T S R > PR T > S

B FH P HE F (P<<0.01),1X1078~1X 1077 mol/L
BEFEEM 1X106~1X 107 mol/L FHEXRE
FALEAPIEEE (P<0.05), 1X107 mol/L %k
FEEAEF 24 h (23F ROBs BFERE /7 ok, W EN
(122.00+1.01) %.

3.2.2 5 FPEEEASSL A% ROBs ALP 35 14 52
ALP 7E P2 B 4 R AR BRI . 45 4 8 d
&, 5 L& YIERE ROBs ALP e, JHEFHm
TR (P<<0.05. 0.01). BEFEE . T5W1E
. OUWET AR HERNBERELZE 1X10°°
mol/L, T 3t S48 i e M & 1 X107 mol/L.
TERAEIREE T, 358 ALP 3651 A8 71 /MK IR A& 95t
R > B R > T > TR >R
TR, SRILE 4,
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Fig. 2 Effects of calycosin, formononetin, ononin, isoliquiritigenin, and medicarpin on calcified nodules of rBMSCs (X s, n=3)

*3 EHFREE. TWER. TREHE. REEEMXBREES ROBs BERFN (X £s,n=3)

Table 3 Effects of calycosin, formononetin, ononin, isoliquiritigenin, and medicarpin on cell proliferation of ROBs (X X5, n = 3)

WwEY  ClmolL™) SR, W& ClmolL™) ekl
24h 48 h 24h 48 h
FEFEE  1X10° 100502220  99.06+2.82 | THIEE 1X1076 115.70+£2.28"™  119.60£2.26™
1X10°%  109.60+£4.11*" 107.20%1.84" 1X10°° 111.60£427"  114.404+2.41"
1X107  109.50£3.77° 119.40+2.05" |RHEE  1X107° 103.40+3.34  100.30%2.14
1X10°¢  103.00£4.10  119.40+2.05 1X10°8 100.60£0.29  105.00+3.56
1X107° 11140163 117.10£2.62* 1X107 98.10£3.42  102.30%3.17
TR 1X10°  106.40%3.34  104.50+2.82 1X10° 107.70+6.31°  114.60%3.29*
1X10°%  111.404£2.80" 107.10+4.41" 1X10° 112.6042.40™  109.60+1.88*
X107  114.50%£2.12" 111.204£2.56™ |£ilEEER  1X107° 122.00+1.01™  119.60%£3.21™
1X10°¢  116.10+2.69 113.90+2.86™ 1X10°8 120.20+£3.38"  118.5043.14™
1X10°  101.70£545  108.30%2.52" 1X107 119.10£2.80"  108.60+1.41"
AL 1X10°  107.40£4.77  106.10%3.45 1X10° 109.90+£2.37"  107.10+5.60
1X10°%  112.20+2.28" 108.50%1.55" 1X10° 107.00+3.56°  105.40+3.53
1X107  114.80+2.16™ 111.10+2.82" | X1 100.004.72  100.0044.24

3.2.3 5 FhEEEZAL A% ROBs Ca? /K- [ 520
K3 5 RN, B Ca2 KT 18 2 T IR
H (P<0.05), HHMFLEZH Ca? KPR R
ol M 2 > B R > TR > TR >
FHER.

3.24 5 FREEREAE VIR ROBs #5140 4515 T8 B
i AL SRR ALP IR AIK A 2
12dJ5, HRARGERIE 4, SXTRAML, 5
Ttk & B T ROBs 454k 457 % & A i AR
(P<<0.05), AR RGN TLFEFE A W3 0. #4451k
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x4 ELRAN. TWRER. TWREE. FHEZMXBEERIEEI ROBs 1 ALP EMFN (X £5,n=3)

Table 4 Effects of calycosin, formononetin, ononin, isoliquiritigenin, and medicarpin on ALP activity in ROBs (X £s,n=3)

ALP/(nmol- ALP/(nmol- ALP/(nmol-
ey cmorLty ALl CmorLy  ALP/mmO e ClmolL ™) LP/(amo
min''mg™!) min'mg1) min-mg)
EERWE  1X107°  37.694+025 |TMEIEE  1X107°  37.62+£0.33 | FEHEREE  1X10°  42.69+0.11%*
1X10%  37.814+0.65 1X10%  38.32+0.25 1X10°%  42.21+0.66™
1X107  40.28+0.30™ 1X107  29.15+0.32" 1X107  39.39+0.38"
1X10  41.39+0.30™ 1X10  40.07+0.42" 1X106  38.58+0.57"
1X10°  40.57+0.10™ 1X105  40.04+0.20™ 1X105  37.4940.15
TERAEE I1X107° 37774008 |HHEZR 1X10° 376412062 |XI& 37.72+0.35
1X10%  38.09+0.20 1X10%  38.55+0.60
1X107 38324027 1X107  38.93+0.38"
1X10  39.71+0.16™ 1X10  39.68+0.21"
1X10°  38.88+0.13" 1X10°5  37.78+0.51
1.2 ERE R /IMK IR FE it R R > B W > T4
R ** HE>STWIER> P HER; SHMSEE IR
T 1.1 I o N N S o
! 2 . / AR SIS > B S > 1L 1> 1
o
E 1o ] . WIER >R HE R,
5 _ 77 4 e
0.9 B A E A& B RSO T8 R R A 2k Al 2
B CE e E R E B TR, EERYR
0.8 ; 7 ; . ; ; B > | NAV sk Gl ik REY N
B TE TREE N RESE FTHA B REHIRARZ 7 A RERT BMSCs, 158 5

SR

B3 ERFHEI. TWEER. THEE. SHEZMNxHE
SKIEEXT ROBs 1 CaX 7K RIS (X £5,n=3)
Fig.3 Effects of calycosin, formononetin, ononin, isoliquiritigenin,

TEH R

and medicarpin on Ca** levels in ROBs (X *s,n =3)
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Fig. 4 Effects of calycosin, formononetin, ononin, isoliquiritigenin, and medicarpin on calcified nodules of ROBs (X *s, n=3)
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EN 7 R AN:SE LI S 5 By i)
BMSCs Fil ROBs #4458 . 7L L KI5 . 5256 K
MBI SRR TR R R
4 P EWIAE 1X1076 mol/L N AJ #IJ#4 rBMSCs Al
ROBs HJRCH L AL, TEMEEMEELL 1X107
mol/L "Nl n] LA ik 2 Fhgufa e 7 Al
WAke ok, TARETHRTIRIERAE (L3 rBMSCs
H1 ROBs ¥4 . /- AFIH 7 T RE /13, 5 154A
TR, EWEE RS F R, B ]
BRFE C-7 A7 b7 A % WE R A B 1, IX SR B A
i 1R B i R S Rl A = SR e

AHI SO G 88 S R e A A 3R B N K
Hifidt rBMSCs #1 ROBs (1M Al e . T sk
HIL A2 R 5 ER A A A5 R SR, AAE B 1
C-3 HUIEAE, BT EIERE, RS
Ak WS T a i PR BRI ECE A B A
BEREVER BRI R, — RGO T RS TR
R EROR, T PEEREY), SR TR
THRIER 2 — MREEIUREE, XP R & 7 R
R BB R T TH EE PR R A SR . SERG
SHE R rBMSCs Al ROBs [38AE /MbAE J1
559, HEAER ETEN) C ML R A H RS,
At 4 Pl W88 2 BSRALL T F B R s R A e, Bk
HeL SRR AR T R ISR SR
E7IN= WU INIS VA RN so-r ey 7N M VA O b Y R A ) L i
BTEEEIE R A TR E .

Zi BRI, AR AL PO B A RER R A
TREAARIEAN SRR, 20 B 2 R Ry St 55
FEER TR TORER . BER I R T ER,
HLA7H95% rBMSCs 1 ROBs MIRCEETERIRE S, BT
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