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[ Abstract ] Objective: To study the effects of geraniin on the osteogenic gene expression of murine bone
marrow mesenchymal stem cells (BMSCs) during osteogenic induction. Method: BMSCs were isolated from mice
bones, and cultured with different concentration of geraniin (1 x10™°, 1 x10™*, 1 x10 7 mol-L™"). The blank
group was also set up. After 7, 14 days of osteogenic induction, the activity of alkaline phosphatase (ALP) , and
osteocalcin (OCN) content were detected, and ALP staining was performed. Alizarin red staining was adopted to
detect calcium deposits on 21 d. Real-time PCR and Western blot were applied to detect the changes in expressions
of osteoblast differentiation marker genes OCN, ALP, bone sialoprotein ( BSP), Runx2. Result: At 7, 14 d of
osteogenic induction, geraniin groups showed significant increases in ALP activity, OCN content and ALP staining
intensity, compared with control group (P <0.05). At 21 d of osteogenic induction, geraniin groups showed
significant increases in the number of mineralized nodule, and the mRNA and protein expressions of OCN, ALP,

BSP and Runx2 (P <0.05). Conclusion; Geraniin could induce osteogenic differentiation of BMSCs. Osteoblast
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differentiation marker genes OCN, ALP, BSP and Runx2 participate in this process.
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EARMLE IR AL o BTSSR R T4 A
(bone marrow stromal stem cells, BMSCs) &£ I fg 1
A0, AEAS [R5 DY 2R AR R B AT ) R A0 AR
201 N U7 A L 2 S5 v U 2 2H 2R L O3 A Y
TR o TS TR RO B A1
C &N H PG T B 2H U TR O 5 i AR R - 4
T, S 20 B AT A A R R R R B T
S ARG h 2 BE S 5 5 BMSCs 1 58 K 1) Ji 1 40 i 7
A, 0T 2R AR O I AT
B S I R BR A ) 4 R eh o B R R — Fh 2
ARG . WAL AR LN, BBEERAA
BUR B E PR S 2 A 25 BAE T, 2 TR 9T I
KR G E ROK I EFERRAE . 78 B BRSO
I, A 2 9T e B S R R O 4 T R T Y R R
B BB A E A B A O 3 VE D AR A 52 56 5
S X B O R A ) 49 A R BT B
MR HLER 2 — "7, R, B X EBHA
I P T T A e A 4 4 T R e =2 A
KHRGE . A58 i 7K 51 53 8 35 % /) B BMSCs, 45
I R R 5T BMSCs B 40 1 i ml BB 1%, IR H
SIS E B R A WA 20 (Real-time PCR) #l
G B (Western blot) £ I 2 5 1t i 72 19
(EPSE YN PN DR SR LI o N R VRN
U L A A S 3 AR A

1 #FHE
1.1 Zh% SPF %% C57BL/6J HEE/NEL, 6 ~ 8 Ji

W, AH (2015 £2.21) o, T AL s R BRAEY A
A, S & #8IES SCXK( 51)2009-0004

L2 299 Rk ZER R (L 99.0% , i [E
Bl Be B O R 9 0F 5% BT 42 4t ) . DMEM/F12 #% 5%
B, T AR DG, i AR i v M T /4 R R (36 E Gibeo
N AL, HE S 4 Bk 1324365, 1214233, 1376128,
1241525) 5 g 1 5 B2 1§ ( ALP) , 5 45 % ( OCN) i 5
(M st B A TR A, S R
20140214 ,20140527) ; #t & 21 ( 3L |8 Sigma 2\ ], #it
2130223) ;% Pt OCN, ALP, 5 %E % 1 ( BSP) , Runt
FAOCHE S F 2 (Runx2) , B-HL 3 2 [ (B-actin) £ 3¢
PR (€18 Santa Cruz 28w, #iL5 43 3 K sc-6823,
sc-7145 ,sc-6951 , s¢-5875, sc-7724 ) 5 40 M L /R Wk, 35K

geraniin; bone marrow mesenchymal stem cell; osteogenic differentiation

H 3t S A W B 10 1 E B R TG PiiAc, BCA 2 ik
JEE ) 7 1) e R e RBORE Ak A oA TR & (b
R A YR A R A A, S g
20130462 ,20130835, 20130821, 20130673 ) ; Jz % 5
R FN & ( H 2R Takara 24 &), #t5 DRR047S) |, Trizol %
Real-time PCR &7 & ( 25 [ Promega 2\ 7], #it 5 43
Wik AS1050,AS1867)
1.3 U4 960 AIEE bR AL (35 F Sigma 2 H]),
Chemi Doc™ XRS " Ik 2 & 6 58 i i A% 2 45 ( 9 5
Bio-Rad /A &) ,7300 # Real-time PCR ¥ 34 4{% ( 35 &
ABI A H]) o
2 Ak
2.1 4NfidEFE 2B Hsiao ' 8 A9 97 15, /N L
Wi b 58, 70% £ BE12 1 10 min, JC 18 45 4 T B
RCE JRE L BT A ARG . 1 mL G284
T 20% Ma A MVE, 1% /85 R, 1% A 2 B
DMEM 15 5 i 5 52 o v - 6 5, Wi 2 1 46 4f 2, 70
07 W 5 3, L 25 x 10° 4/em® SRR, 45 3 d
B 1k, R A K = 80% ~90% il 4,0.25%
JBEmE I AL, 4% 1:3 LB AR 77 o R 3 ~ 4 AR
A0 ] T L 5
2.2 WEIFESFSME AL 3 x 107 AN/ FLEEE 3
T 6 FLMR, 75 40 M A K 2= 80% ~ 90% Filt 4 I+t 43 3
IMAA 1x107°,1 x107°,1 x 107" mol - L ™' 3§52
R BUE 5T AL 5 2L (DMEM-mfi e & 10%
FBS,1% X4t , 100 nmol- L~ " #l £ K4, 10 mmol - L ™'
B-HE R H i, 50 wmol - L™ 4% C) , AR E LR
RAFER A, B3 d kR,
2.3 ALP {EMEME 425 7,14 d JE WS FRW,
Triton X-100 Z4 7 40 id , 12 000 remin"' &> 15 min
PR 1R 50 WL 5801 8 1R it IS 490 S I
A AT, B AR AL 405 nm P AR I 5E WO BE A s o
2.4 OCN FRME 4025 3 500 r-min ' &
> 10 min, it B3E 100 L, #% i OCN il #3516 i
B 3K OCN & £ .
2.5 ALP Zefn, 2525 7,14 d JE W E R, O BE
[ % 10 min, PBS w1k 3 ¥, in A ALP ¢ 5 3% 100
pL,37 CHEE 2 h KK A 70 g« L~ fil§ B2 45 A1 20
g L WY AR, 451230 2 min, B AR £h 2% v (PBS) o
Pe3 ,10 g- LT Bk AR B 5 AR
2.6 PHELAGMA KAMME TR 2 4, 2 RT
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[ 5E 30 min, KB FKEE 3 G ER T 0.5% R
ZLY% (0, 30 min, 5B K Pk i WA AL &5 B
JRUAT B TR L A A 25 B

2.7 Real-time PCR 5]  Trizol 42 BV 40 il &L RNA,
Fiz MR B U B A3 I R 2R AT 300 e S B, Real -time
PCRAXY 1. 5IWpH Wk 1, i BigA: TA Y T
FARMR S A RA A G M A A A 39 20 B 815
BN FEA ALY 1 198 2 {8 (C, ) B, LA B-actin
NS IREEN, H L R AHIE RQ =272,

#1 PCRE|I¥RE
Table 1 Specific primers for PCR

LN 44 Bk 51895 51/5'-3"

OCN ki GCCCTGACTGCATTCTGCCTCT
N TCACCACCTTACTGCCCTCCTG

ALP |3 TATGTCTGGAACCGCACTGAAC
N CACTAGCAAGAAGAAGCCTTTGG

BSP i AAACGAAGAAAGCGAAGCAGAA
T GCTGCCGTTGCCGTTTT

Runx2 i ATCCAGCCACCTTCACTTACACC
T GGGACCATTGGGAACTGATAGG

B-actin i GGGTCAGAAGGATTCCTATG

T GGTCTCAAACATGATCTGGG

2.8 Western blot £l fEEAIM B EH, N TEHE
KFER 2 PVDF I, 10% Bt i @4 k3 35 41 2 ho AR
AR — PR BRI A W B AR 10 1Y SR BT R TG,

%£2 ZEEZ3 BMSCs ALP E 145 OCN S BM M (Z+5,n=6)

ez otk Wt e s . T UVP SR 400 e 35
4 IA fH,B-actin E RN Z I/, DL H 1Y 2 [ 5 B-actin
W' B ) LA 2 B ARG 23k K F 6

2.9 HiitsEdriE R SPSS 13,0 #fF 43 b #RAL
i TR BORER ) « £5 FOR, 41 1H] H#R R H Dunneu
R, L P <0.05 2ERAG G L,

3 &R

3.1 BMSCs 85 : fd & BSMCs 70 T 1 32
JEHAE 3 A, R /ANBIRE o 24 h 5 20 0 RE R
U 72 hJEE AR R AR W BE A AL ,3 ~ 4 d R
MERIE B = MIE,6 ~7 d J5 40 i P i
B “WEIRT o 7 ~9 d JEHEVEBCH gk s, 23
— BRI . MMAE S RIS ORI 5, 5
WIE ST FETE A . W40 M4 53 Hr BMSCs & 1
PrlR ek, 5 B A A 3 ~ 4 R/ B BMSCs
i #eik CD44 | [k 26. 2% k3R ik CD45, FH M
R 2.56% B R SL I P L SR A i B A BMSCs T
4 B AT

3.2 Xf BMSCs ALP §E#:F1 OCN &R /h
B.BMSCs &£ HIES 7T d e, 2 BERE N =H
ALP % PE#l OCN & 38 as AW B3 fm (P <
0.05) 15 14 d i, BB R R 2550 40 ALP 3G P
OCN &4 7 d Wl It m (P <0.05) , & W3
R, R 2,

Table 2 Effect of geraniin on ALP activity and OCN content of BMSCs(x +s,n=6)

ALP/U-L7! OCN/g-17!
2 51 # & /mol - L ™!
7d 14 d 7d 14 d
2= - 1.17 £0. 16 1.19 £0. 19 4.68 +0.62 4.70 £0. 68
R 1x107° 1.40 £0.22" 1.59 £0.26" 6.05 £0.79" 7.11 £0. 10"
1x10°8 1.61£0.27"% 1.80 +0.30"% 7.82 +0.98"% 9.05 +1.42"%
1x10°7 1.94 +0.28"% 2.18 +0.34"% 10.01 +1.65"% 12.66 +1.97"%

F S A P<0.05; 5 £ 152 1 x10 ™" mol- L™ "4 Y P <0.05; 5B %E 1 x10* mol- L™ "4 4 P <0.05(% 3 ~5
") .

3.3 X} BMSCs R HIE S K ALP e (i &
R 2 A% R ALP U 555025 (4 I B AN (P <
0.05);iA% 14 dif, 2 Z 4 nEa a7 "=

®3 ZBERX BMSCs T LATHBHIHME (x£5,n=6)

Table 3 Effect of geraniin on mineralized nodules of BMSCs(x +s,

d B BN (P <0.05) , 5 5230 B 4 g 1 2591 Fl 4+ /mol - L~ WA 45 3 Bt /A4
3.4 BMSCs 6 L5 IR M LIV 5 . C GaTE0s
Je 21 d I, 22 8 2 A R L A R EHEE e e
GBI (P < 0.05) , 5 3% 5 B4 b L eto- 5 24 ad ol

%%30
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3.5 XF BMSCs i /- b SC3E H Fh sz &
3 B 2 4 K 41 OCN, ALP,BSP, Runx2 mRNA f17&

RN RS A W 3 (P <0.05) , 2 2 255
wRHIE. WK 4,51,

%4 ZEBEI BMSCs B &4 4L # OCN,ALP,BSP,Runx2 mRNA ¥k HE (5 +5,n=6)

Table 4 Effect of geraniin on OCN,ALP,BSP,Runx2 mRNA expression of BMSCs(x +s,n=6)

20 5 # 4 /mol - L ! OCN/B-actin ALP /B-actin BSP/B-actin Runx2/B-actin
25 14 - 0.58 +0.08 0.77 £0. 12 0. 64 0. 09 0. 60 +0. 07
A S 1x107° 0.72 0. 11" 0.95 +0. 15" 0.91 +0. 15" 0.87 =0. 12"

1x10°8 0.98 +0. 14"% 1.21 £0.20"% 1.25+0.20"% 1.17 0. 14"%
1x1077 1.20 0. 18"% 1.46 £0.24"3) 1.42 £0. 21" 1.37 0. 19"

x5 ZEEEI BMSCs B854 {4 OCN,ALP,BSP,Runx2 & %%

IRMA (% £5,n=6)

Table 5 Effect of geraniin on OCN,ALP,BSP,Runx2 protein expression of BMSCs(x +s,n=6)

27531 F 4 /mol - L~ OCN/-actin ALP/B-actin BSP/B-actin Runx2/B-actin
AE - 0.48 +0.07 0.66 £0. 11 0.57 0. 08 0.51 +0.08
E R 1x10°° 0.62 0.09" 0.80 0. 13" 0.78 0. 13" 0.69 +0. 11"
1x107* 0.84 0. 12" 1.06 £0.15"% 1.12 £0.18"% 0.93 +0. 15"
1x1077 1.13 £0.15"% 1.39 £0.21"% 1.32£0.20"% 1.26 £0.21"%
U VR I 265 9 F T F BMSCs B 40 Ak ik g 19 2
ALp m FZAERRTT L AR M AN A BT Ak 2 R 20 A S
o — PEA WA ATy, 94 2R 20 % 45 ) R A% 1 42 WL 28 0 Ak 45
BT - ——— I RARE . A5 5 R ALP, OCN R 5 L4 4 7%
K —— LA 4 BMSCs (2] 5P 40 M 43 1L 10 36 o 45 1
[l — — —— MR, Z R K KR4 BMSCs £ BB S5 7

1 2 3 4
1. 254l 2. 2 1x10 " mol-L™"4]; 3. £ ZE 1 x10°°
mol-L™'41; 4. ZHEE 1x10" " mol-L™"4]
El1 Western blot # il & #3 5 3 3t BMSCs B & 4> L 2 OCN,
ALP,BSP,Runx2 & H REH &M
Fig. 1 Effect of geraniin on OCN, ALP, BSP, Runx2 protein
expression of BMSCs with Western blot

4 itig

1] 3% 40 M43 b J& BMSCs (1) 2 25 7% Bk, 1 &
BMSCs I T F A& & mli . 40 fal i A3 280 % ) 3%
BMSCs [ b5 40 M 43 Ak Fn (=i ) 30 i) 5 i Ho A 5 i)
G3A PR B L SUT R 2 RN B R AN IR T S A
FEEMAE . WF5E LI, BMSCs 76 B 40 i 43 4k 15 5
FIVE T 6B 0] 51 40 M O 1] 434k, I HL 3R 5K £
Fe S M FRILE 41 OCN,ALP,BSP, Runx2 % | [A] B
R M R A R ) A W3 £, a0 ALP 3 P OCN
B R A S A R A b ALP 2 40
JILRSE I ) — 5 25 B B ds 2R 1, AT S G CE 40 T G
Al L bR R, T M v KRS S R A I Y
WBCRZS . OCN R 2 5 b & B 2 i AR IR
A, R B A0 A B AR, B i I

d J5, /Bl BMSCs 85 F2 W rfr ALP 3% 1 F1 OCN % &
A 180, ALP Y B 0 in T, JF: Wil & 555 3% i ) 2
W, H 1 x 1077 mol - L~" 2% 8 25 22 {f F f o
TENCE A S 3R 21 d i, 50250 B0E W R,
F 1 x107 mol- L™ 4 #5055 2 4l fe otk . LA L &%
W], 2R A W] WAL BMSCs [m) J80H 40 A
w534k .

R T 2 BAE DL 2R £ 4 B mRNA
FER 2 3K AP AN [] 5] o 22 85 B R T s /) B
BMSCs H1 i B AH G N R I8 47 T A2, Runx2,
MR OB G, 02 B 4 Mo A ) R AR &,
LA I AS 15 52 B 4 LR I S A 240 P 1)
B 53 A AR T, B A A B R A I R S vk B S
RO REE 06 AN 45 e =i/ O (A
IR PO E Mo A BE TR . BSP R B
RN AEREE A2 —, FERIL T A 4
M, 2 BE AR M AR Y . AR R R, &
18 B 4% B 2 BMSCs 2 805 15 S 15 5% 21 d B RE
i WY @ 198 BRI EE P ALP, Runx2 Fi1 6 15
LK OCN,BSP mRNA FllE [ A , A JE PR 7KK iz
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th BMSCs {8 srfb Be Jr 3 ik . 9§ R e a4 LR

T EBERSN eHYAEARBENY LS

TR, i — 20 UE 52 22 B B R Ge 4% {2 iF BMSCs [a] B

4 T ) Ak B T AR 45, HLE S R R AR R/ R

BMSCs Ji 5 434k 09 FE FIAIL i 7] 62 55 DA 5% 55 i i 15

J5 2 K P ALP, Runx2, OCN,BSP R K £k F

¥, I ALP, Runx2,0CN,BSP 3 K 335 J& %

#F R 55 BMSCs [n] BUH 40 i 43 b 1Y & 2 o 1

ELSus

25 b Tk A 58 4 SR R O 2 S R R AR S AE AN

MK AL PR K P15 5 BMSCs ] 85 7 1) 404k, &

15 5 22 ] JH 45 BMSCs 19 2 [m] 43 46 SF- i 1 X Bt -

B AARE I & k8, X T 2 R R N T H

EMREAEEZESEL, BEBEERAES

BMSCs 7 ] 5 43 fb 0 B ARG 5 % 558 B v AT

AP
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