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[ABSTRACT] AIM: To investigate the mechanisms for catalpol-induced osteogenic differentiation of SD rat bone
marrow mesenchymal stem cells (BMSCs) in vitro. METHODS : The cells were divided into control group, osteoinduction
group and catalpol group. The activity of alkaline phosphatase ( ALP) was measured at 7 d, 14 d and 21 d after catapol
treatment,, meanwhile ALP positive cell numbers and calcium nodes were counted at 14 d and 21 d after catapol treatment,
respectively. The mRNA expression of Runx2, osteocalcin, Wnt3a, B-catenin, Wnt5a and Wntl1 was detected at 7 d, 14
d and 21 d after catapol treatment by real-time PCR. RESULTS: Catalpol at 2. 0 mg/L increased ALP activity and ALP
positive cell numbers significantly (P < 0.05), meanwhile, it also increased calcium nodes numbers in cultured BMSCs
(P<0.05). Compared with control group, catalpol increased the mRNA expression of Runx2 significantly at 14 d, but not
at the 7 d and 21 d. Catapol also promoted the mRNA expression of osteocalcin significantly from 7 d to 21 d. Compared
with control group, the mRNA expression of Wnt3a and B-catenin in catalpol group was increased at 14 d and 21 d. In ad-

dition, the mRNA expression of WntSa and Wntl1 in catalpol group was higher than that in control group at 14 d, but that
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was decreased at 21 d. CONCLUSION; Catalpol induces differentiation of BMSCs into osteoblast by increasing the mRNA

expression of Runx2, and promotes the differentiation and mature of these osteoblasts by increasing ALP secretion, osteo-

calcin mRNA expression and calcium deposition. The activation of Wnt signaling pathway may be involved in this pro-osteo-

genic differentiation process.
[ KEY WORDS]
Wnt signaling pathway
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fi 5 am i (A LA BMSCs 5 fin 434k i 1 F AL
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1.2 5324 FEREbRE S Tt 22 R A
PEARA R 7], R PFRIBEEE 1 mg, %% T 10
mL DMEM 5¢ 435 57 5 H,0. 22 pum JE £ 30 U8 404,
BEil Bk 100 me/T BRI, 76 LA 1Y 5255 R AR 91
SRR, - 20CLRAFA
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544 ILE (RS AR Y RHCA BRA R 5 JHEEE ( Am-
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A it = BEREARL e o o s
100 mL
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L5 min, 2% B3E, AT mL 3558 3% 5% 0 o B 40 e
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R BRI UM, K592 256 21 KA, FFRIEFRm, i
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Table 1. The sequences of the primers for real-time PCR

GC Tm Product
Name Sequence
(%) (<) length (bp)
Runx2 F.5’ -TTCGTCAGCGTCCTATCAGTTC-3’ 50 61.7 150
R:5’-CTTCCATCAGCGTCAACACC -3° 55 61.7
Osteocalcin F.5’-GGTGCAGACTAGCAGACACCA -3’ 59.1 63.8 173
R:5’-AGGTAGCGCCGGAGTCTATTCA-3’ 54.6 61.94
GAPDH F.5’-GGCACAGTCAAGGCTGAGAATG -3’ 54.5 64.42 143
R:5’-ATGGTGGTGAAGACGCCAGTA -3’ 52.4 62.81
Wnt3a F.5’ -TGTTTTCCACTGGTGCTGTTATG-3’ 43.5 62.18 105
R:5’-AATGAACCCTGCTCCCTCTGT -3° 52.4 62.3
Wnt5a F.5’-CGACGCTTCGCTTGGATTC -3’ 57.9 64.23 172
R:5’-AATGTGGCCAAAGCCATTAGGA- 3’ 45.5 64.79
[3-catenin F.5’-AACGGCTTTCGGTTGAGCTG -3’ 55 64.85 118
R:5’ -TGGCGATATCCAAGGGCTTC -3’ 55 64.47
Wntl1 F.5’ -TCTGCATGAAGAATGAGAAGGTG-3’ 43.5 61.67 129
R:5’-CTCTGTCCGTGTAGGGGTTGTAG-3’ 56.5 62.16
R :forward; R :reverse.
3 gtessm a0
R SPSS 18.0 JUUFMATRARLEAM0E. HHRE gool | T
ORI = FRifE2E (mean + SD) 7K, £ I A9 41 §60 -
FUBCHR LR IR I 22 507 #0725 ey £
Bonferoni % 117 41 ]t 45 #5 7 2 R 5%, Wi 3
Tamhane EIEFTALI LLAL, DL P <0.05 HESALGE  Ey)
R E 10
bt =] 20 Control Osteoinduction Catalpol
=A
Figure 1. The effect of catalpol on ALP positive cell percentage
1 HEEXAE EiERS ALP iF R ALP Z &
of BMSCs. Mean + SD. n =8 “P <0.05 vs control
RS 0EA
STTI I 50 254 BF L 56 B 1 I e .
. _ NN 1 ##E2%f BMSCs f1 ALP 3t fR % 2 5 25 Mg
FOALP BTG G5 R R 5 T R, R B S AU
FEREZH ALP 35 PR35 & T X5 41 (P <0.05) , HAERE R2 FEEEXT ALP EIERIRIN
éﬂ'fﬂiﬂ:ﬁk"%’ﬁ%ﬁﬂgﬂ ( P <O. 05) o % 14 iﬁ{l‘ s ﬁi%’iﬁ Table 2. The effect of catalpol on ALP activity (Mean +SD. n =6)
FASX A LR TG4 2 X, Hitk 2 41 ALP i Time (d)
P TRABIAL (P <0.05), %521 Kot Fempise 1 I 2
B S TATIRLL (P <0.05) {HR{Hi# 26 Contrl 4.110£0.237  7.110£0. 737  6.680 +0.483

PO, ALP G PR JC2E 57, W3R 20 ALP e kR
GEHAR TN, 5 14 RS, FERE 2 b B 5 S 4
ALP Qe @[PSR T X IR (P <0.05) , P4 5
H P22 R, WA 1,

7.470 £0.1327 8.090 £0.671  8.280 £0.541 "
6.130 +0.415*%8.970 £0.369 ** 8.860 +0.251 "

Osteoinduction

Catalpol

*P <0.05 vs control group; *P < 0.05 wvs osteoinduction

group.
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Figure 2. The effect of catalpol on mineralization in BMSCs.

Mean +SD. n=8 " P <0.05 vs control group.

2 1EExt BMSCs # L BE ST B MT

4.57sControl
a(Qsteoinduction
4.0 nCatalpol *

Relative mRNA expression of osteocalcin

Figure 3. The effect of catalpol on the mRNA expression of Runx2 and osteocalcin in BMSCs. Mean +SD. n=6. * P <0. 05 vs control

group; "P <0.05 vs osteoinduction group.
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B, BB 5 R AL AR B2 2 T X R4 (P <0.05) ,
HFEREL WniSa mRNA Rk BT 1A S41(P <
0.05) ;27 21 KRB, BUH 1755 4 RRE B 20 3 5 1 % R
(P <0.05) fHFT 4L 2 0] 22 5 TG 24 8 Lo
A Wntl 1 A Rk 2 A R o 55 7 R
B, £ S50 40 Wotll mRNA AH X ik & LF i35 &
S H 14 REF, a7 SR F X IE4L (P <0.05) ,
FEREL 5 T 0 B AN BB 5 4L (P <0.05) 555 21
KOS, FEREAL 5 B 75 S AR T X IR 4L (P <
0.05), WL 5,

W

AWFTE RN FERRRG B K B IR BMSCs BELE B
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Figure 4. The effect of catalpol on the mRNA expression of B-catenin and Wnit3a in BMSCs. Mean +SD. n=6. * P <0. 05 vs control

group; “P <0.05 vs osteoinduction group.

4 FEEZRT B-catenin 1 Wnt3a mRNA FRiARI20H
<
'85.0q=Control
= aQsteoinduction
E wCatalpol
54.0
=
.S
43.0-

p

g
<

Relative mRNA ex
o

<
o
I

Relative mRNA expression of Wnt11

el
<=

q=Control
aQstepinduction

wCatalpo "

i
<

w
i

g
<

-
<

<
<

Figure 5. The effect of catalpol on the mRNA expression of Wnt5a and Wntll in BMSCs. Mean +SD. n=6. " P <0.05 vs control

group; "P <0. 05 vs osteoinduction group.

B 5 #EEEXT WntSa 1 Wntll mRNA FiERI S0

JoC B A, 17 H AR TS T B ; 78 BMSCs [ J3 8
AL LR R, B Runx? 585, A3 sh4n i
SIS TR AR fd BMSCs % 5 A B A 4 i B 4
A, A Runx2 $A 72 BMSCs [m] i 40 i 28 70
AR S ] 45 DR 7, B i R o o B A e Ly
SPERIRRAE ™. Osteocalein, BB y-FR L4 48 R 2%
1, o — A A e B 40 R R B T A L )
VitK AR A8 4 i R S A 1, FEEEDTRRTE A
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] 7 R, Runx2 mRNA kKL 25 14 K
IR B (R, B IS T 46 1 B, 55 21 Ky 500 I 4 e
Gritop 22 7 s osteocalcin mRNA AT Fh B 7 K
a0 B AL Bl P22 BT EE 21 K. FERE
A Runx2 mRNA RIKETES 7 F1 14 K HKT
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teocalcin mRNA KA E7E 3 I SR T A5 S



- 912 -

Al X LR LIRS IR T i b Runx2 A
osteocalcin Fik , S ¥ BMSCs [ Ji B 4 il 77 1) 734k,
B An M ES IR, Ak BB VR R TR B, 1EHCAE o
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ST RE, 42 5 B-catenin 2R ARG, ¥ H 19 B
B 4N B P B = AT Wnt 2 A 5 4
WA G 1 1 I, R R 40 i S B 4 A ) O
THIR TR, HOAS /N BUCE 6 vh 20 B 8% 7 19 1) 58
i 1 O w3 A S (S S = B
Jy S BE ) 50 519 B 7 Benmnen ™
Jackson 25" N % B LiC1 ] LS TARE [ 5  e ik i -
3B i i 1k, W3 BMSCs & 1) 73 4k, Wnt3a, Wntl |
Wnt10b fR5FRIEALAY B-catenin Y 0] LG AL Wnt/B-
catenin 3 [ ) R B A0 L BT A8, T X — i i Y A
il Al Dickkopf £ 11 1 D) ] sk 20 J - 40 B A 1
$E7R TIEAE Wt {5538 B R B A0 M TR K B R
b B A AR . A, Gaur %7058 & BE
Runx2 J& Wnt/B-catenin/#% 5% [H -F 1 ( transcription
factor 1, TCF1) {55 AY—PHE L, 22 Wt {5578 %
AL SE AT B G A Runa2 JLPR ()33 TG 5% BMSCs 1
B 5L EE S LM, Boland %57 & HL, Wntl1 fE
BMSCs ‘& [a] 43 AL B 23k E 5 1 WniSa X8 19 T2 AR
A BEHERIME Ao Boyan 4510 % B, Wnel ] g WniSa
RN, ATaE I R WntSa 193k, fiE9F MSCs [
T AT 1] 53 AL, 3% SE R S s AT 28 AN E 28
Wnt {5 518 #% 2 5817 BMSCs B [m] 70 4bid 2. ADF
ST A A [7) - B £ BMSCs H1 Wnt3a , B-cate-
nin ,\Wnt5a & Wntl1 mRNA 80, 50T FEEE{E BMSCs
B oA AR o 22 M S 22 M Wnt 55 B AH G
T2 . 45 R R, S a0 LB S

FERERE SR W T 70~ , BMSCs | Wnt3a F1 B-catenin
mRNA FiR AR 14 F1 21 REFH W3 o, (HAR RS
M Wnt3a RIXETEIX 2 DI ST A5 S
4, B-catenin FiETAIEL 14 RINMET BUE 75 T4,
5521 Ry, WEZ IR Jo 22 5%, UEIIAERE K& el 04k
V5P IRAE 5 BMSCs [ J80H 200 J7 0] 73 AL ) A
WG T Wit L5 SOl P, I Ah, AR SR S5 RE
7N FEREZ B BMSCs P Wnt5a mRNA FiA B 7
RIFHE R T4 IR, JR R B 35 B A N S 40 T
PR BB TR T RN 50 R4 T6 2% 5+,
55 14 Rk 3 i, B TFEmEL, B 5 7 46 T B,
25521 RIS S5FEREA AL TR — 7K Fo 5t Wntll 4
XFFAR T L5 T R, & LI Z A T 2% 7 4
14 RIFERE b Watl 1 AIXF Rk B E B, & T
Xof B T 15 S 2 0 d 35 B IR T R BRA s
21 R, FERELH Wil 1 3k G TR, 5 a7 S
HFFF, HIGMRTXIRH . WX Ag v, JeA 1F 3
2 MLF w5 IR AEAE BMSCs H ] 43k i A It
R4y Watl 1 B335 FEREAES 14 RINRIL T 22
$&1m BMSCs Wntl1 £k g M 1ER, Hix —fFH#F2:
BRI FESE 21 KA AR T X IR, 455 40K
SCERFR BTG ) Wil 1 3K 109 B AT RE 24 1
1t BMSCs B [m] 73 i) - S99 s v 9, 70 40 2 A8 4k
Ja R R X 3R, DL ABESE
PN BLE TS FATES T KI, Runx2 BERARX K &
R T B, FRATTHE I 25 B B 5 5 V2 BM-
SCs [m] Jil & 7 18] s AR 75 & I r AT RERL T2 7 K,
WA T Wntl 1 A XS 3K B = 0 . e Ah, 7
55 21 REFSCE 5 A FEREZH A0 Watll ik 58
TR LA A BL 4, AT BE & e T BMSCs 7E{R M H SR
BrARak B8 v, 4 M 22 18 M ) BB 4 MY 5 ) 4y Ak,
Wntl 1 IR BT, 10 CE 5 T AL A B 20 1 40 i
B AT A, Watl 1 ik &7 T R A8, ittt 2
AAFRAT Wntll A0 _E % 3 S 2 7E BMSCs
Bl s

25 LRIk AT FEmEE I E i Runx2 FT os-
teocalcin [ R 35, [F] 3G I ALP (1) 43 WA LA, e 2
BMSCs [ Jit, B 41 Wl 75 1] 73 A4 K8 2B iR 40 i Y i
2, AR PTRE 5 H ] i 80 28 i S5 AR 28 Ml Wne f5F

SIEAR S (AR A f it — 2 .
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