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Abstract: Objective Under the microstrain environment, to investigate the impact and mechanisms of osteoblast differentiation of
the naringin monomer on marrow stem cells (MSCs) in vitro. Methods The cyclical stretch microstrain was loaded on silicone rubber
membrane with cultured rabbit MSCs using EF3200 mechanical tester with the system of BioDynamic biological reaction tank. The
experiment was divided into eight groups, A: the blank control group in conventional cultured environment; B: the group of alone
microstrain loading; C: the group cultured in environment containing naringin and the naringin concentrations, respectively were 2, 20,
and 200 ng/mL; D: under microstrain environment, the joint application with naringin at concentration of 2, 20, and 200 ng/mL. Flow
cytometry was used to test the proliferation index (PI) of MSCs after microstrain loading. The gene expression of the cells in
osteocalcin (OCN), osteoblast specific transcription factor (Runx2) and collagen type I (Col I) were assayed by RT-PCR. Results
Under the microstrain environment combined with naringin, MSCs showed obvious polarity and the long axis of cells parallel to the
direction of mechanical stimulus direction. The combination of naringin and microstrain stimulation can significantly improve the
MSCs proliferation activity. Naringin (200 ng/mL) could improve the gene expression of OCN under the stimulation of 50 000
microstrain. Under 50 000 microstrain stimulation, naringin at different concentration could significantly enhance the Runx2 gene
expression and the effect between the enhancement and the naringin concentration was positive. Under the microstrain stimulation,

naringin at low concentration could promote the Col I gene expression, on the contrary, naringin at high concentration could inhibit the
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Col I gene expression. Conclusion Under the microstrain environment, naringin monomer could enhance the proliferation of MSCs

and promote the osteogenetic differentiation of MSCs.

Key words: naringin; bone mesenchymal stem cells; osteogenic differentiation; cell proliferation; osteocalcin; osteoblast specific

transcription factor; collagen type [
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Fig. 2 Effects of naringin on PI of MSCs (x+s, n=4)

16,
1.4 | #

12} T .
1.0 -

0.8 -
0.6 -
04

0.2+
0

OCN £ ik

MR N 2 20 200 2 20 200
R / (ngmL™)  BHEEAT / (gl ™) +HiNiAR

LR i P<0.05
il 1 200 ngmL ™ 4LLE#: *P<<0.05
Ll 2 20 ngmL T A HE: P<0.05
P < 0.05 vs microstrain environment group
*P < 0.05 vs naringin 200 ng'mL"" group
¥P<0.05 vs naringin 2 and 20 ng'-mL ™" groups

3 HREX MSCs OCN EEFIEMFM (x+s,n=3)
Fig.3 Effects of naringin on OCN gene expression of MSCs
(x+s,n=3)

BTN 4Bl 200 ng/mL 246, Hofl &40
Col T JEAI I FIL 1 2 v TR RAL (P<<0.05). 1
AR+ Rl 2 ng/mL 4RI A8 + Bl AF 20
ng/mL 21 Col I BEPR K IE 35 & TN AR 4 (P<<0.01);
TN AS 4 Hl1 Bz T 200 ng/mL 41 Col 13 R ik 4% T
TN AR (P<0.01); FlN AR+ 4l 72 2 ng/mL 41
FVON AR 4 Ml Bz 1 20 ng/mL 20 Col 1 3 R ik ¥

TN RS + Rl 200 ng/mL 41 (P<<0.05); #li
1 20 ng/mL 21 Col T KEDEI R IEAR T B AL +- Akt Je
20 ng/mL 4 (P<<0.05); 200 ng/mL £ Col I 3£ [Xf¥)
FEIRENBH T = T AN AR + A H 1 200 ng/mL 4 (P<
0.05). SR WKE 5,
4 g
AN 25909097 B BURAARE RS T R G il
40 A
35
30
25
20

15
10

Runx 2 #ik i

M BONAE 2 20 200 _2 20 200

RURZH / (ngmL ™) M / (ngml)+HiiAS

L RALLLE: "P<0.05
SRRl 1 P<0.001
5% ROl g AL ©P<0.05
"P <0.05 vs control group
#p < 0.001 vs microstrain environment group

AN . . . .
P <0.05 vs corresponding microstrain environment group

4 MEFEIF MSCs Runx 2 EFFiXH M
(Xts,n=3)
Fig.4 Effects of naringin on Runx2 gene expression
of MSCs (x+s,n=3)

4.0
35
3.0
2.5
2.0
1.5
1.0
0.5

Col 1 Kiki

MR A 2 20 200 2 20 200

BAEEF /(gL ™) WREEF / (ngmlL )+ v

XA "P<0.05; SN K *P<0.01
L5182 4 il B 200 ngmL ™ 41 *P<<0.05
Lt N AR Y FF AL LB ©P<<0.05
P <0.05 vs control group
#p <0.01 vs microstrain environment group
*P<0.01 vs microstrain environment + naringin 200 ng'mL " group

< . . . . . .
P <0.05 vs corresponding microstrain environment + naringin group

Bl5 #EEY MSCs Col [ ERRIZRIFI (x£s, n=4)
Fig. 5 Effects of naringin on Col I gene expression of MSCs
(xts, n=4)



* 3204 -

¢ %% Chinese Traditional and Herbal Drugs 35 44 % 2522 8 20134 11 A

IRZCRIT, R S v B OB R R e 2,
Moy, W, ANES, AAREEITaS, smEehE
TS, Ml A T R Ry, A
AIEMARE . OG5 RGN ST R4
HEME LR M AR Y RS,
FEAFAEfRHE MSCs [ A AL i EEAER, fig
B PR PR ARG TR ) B A0 i v R 0 i 4 i
a1l

A SERO AR BRI ) AN AR IR, W
SEAEAYON RS Kb R MSCs ] i 4l i 234k
(5200 B AL &5 RN, 0N AR B g SO 4
BB AR =R s (RPN AR RSN, MR
BRSO A, JSRER Ol 20 ng/mL I, 41 HOHE 5 IS
PR, X 57ET V0T B PURAARE I RN, 45 38
i T8 M R 1 D BE AR T 255 T A A

OCN 72 FH 54 30 R B 400 Ll S e 0 Yl 1) — ol
ERIRE A, ARCE AR TR, e
I R e AR S, Gamero 251I%)
BRAE K RIEAT IR T4 AR, KW ) sl kT
LR T o AT 70 R IS O A a1 AT,
%20 MSCs ] OCN F: PR3 15 5 0 i 4H L 38 e i
FES MRV ARMEE TS, M 2. 20 ng/mL
ZH ) OCN FE PR IEZ 244, 11 200 ng/mL 411
OCN & [K ()R B B TAl R 1T 200 ng/mL 215 #ili 2
1 200 ng/mL ] OCN FERFRXEEHT 2. 20
ng/mL 4. BRIFGIA A, Fali ) 2200 s A Fl -+ MSCs
I BB 40 234 T AR AR 4 A A B FE ] OCN
FERMRIE, $RTEE PURAARE IR IR T, )
SRR S R DR B R EL I R E

Runx & — s &AM S KM, Hp
Runx 2 XFZOEESRT al (Cbf al), &FEK
T g L g B S R b S S R USY, R R 4
WA A0 R FR 5 « Runx 2 3 DRI 3% I 40 388 8 A
2SO, T R G R S O R DR A B R
B B RS B, FEORART SR Runx 2
AR R AR R A0 ) S A R R, X MSCs A
HA S (RO R Y . ARTIFFUGS SR I, TN AR 5 Al
FeHF &A% MSCs 1 Runx 2 JE R ik IE 540 . {H
IO AR LRI 26 hb B2 A, T k2% 1 Runx 2
SRR, HASM R IR 2 IEA G,
ST A Runx 2 FEPRIZRIATEW] 5% . Runx 2
5 2R AEAH DG 4 M 5P AH AR, Bl IR]
J 0 5 A ) A B R R R, IR TR

B FAYE I 5 R 1R YR 7 B T T SR o

LR TUBAASE DL A I D R A4 Ry
R, TEVRIT 7R EUISR S A i s, YR
B AR D fig Sk =T, MSCs Ak A R 4
M) R, PR BRI R I/E R, MSCs
BT e Ak, AT B Pt A BT
SERRW], NSRS A RS S MSCs
Col I JEFIZFRIL AMFAE—E BNV KR, FERIEE )
REAB RS 30 5 25 ) T PO STOBAA RE (R I R YR 97 3%
HAREIEM, FINERT AP, izl
ThEEAB A P R FHIA B B R BT URAR ST 3L -

S T o 7 O B2 N R N 1A SR
MSCs [RIH5E FHAR L ) Bt o34k, S el
PTG I [N, B B A B T RE AR

B Ak

[1] kAR ANEVS AR E T @ a g (3] SH 9+
BE257% 5, 2005, 21(2): 70.

2] EKifF, £ X, FFEE, & BAERERITERR

B RBANAE I RTINS []. R B BB RA 2%
2003, 9(2): 1652-1671.
B1 X A6, BRIR, IR AR, AR MRECHON G ) 78

TG0 oA o B E IR e [J]. TLOREE 2, 2011,
37(14): 1632-1636.

[4] ZFRA, WhiER, A1, S5 RHEEE R K
PhB BRERFARE 1 T IR LSS [J]. PiEgy, 2010,
41(11): 1856-1858.

[51 ¥ AL RERZT YRR SRR E TR (],
2, 2005, 36(2): 314-315.

(6] B, FOINEE. BREAMG T RORVEE BURAME (1],
I FEAZ, 2004, 19(5): 297-297.

(71 & &, SAEFE AN P 2GRE AR WOCRCE mh AR K
R RX G HEAREKENE [J]. LighE
4, 2003, 23(5): 502-521.

[8] MRFi%, 51 2, W9oC)L. MR AN okl B
SHIFFETI [J]. h g 5IRK S, 2005, 16(3):
210-211.

(9] AIHENS, ZRMRAR, XSOk, A5 B RERb L B B 4l
T AR SN AR N IALIRE 5T (7], PP BE 2y 2R,
2005, 20(3): 161-163.

[10] Liu H C, Chen R M, Jian W C, et al. Cytotoxic and
antioxidant effects of the water extract of the traditional
Chinese herb gusuibu (Drynaria fortunei) on rat
osteoblasts [J]. J Formos Assoc, 2001, 100(6): 383-388.

(117wl L, RRZ, AR, 4. bR 2L AR s 40
BERE AR R [J]. T E GBS AR, 2011, 27(5):



¢ %% Chinese Traditional and Herbal Drugs

F44% F2H 2013F 118 « 3205 ¢

[12]

[13]

677-381.

Wang X L, Wang N L, Zhang Y, et al. Effects of eleven
flavonaiods from the osteoprotective fraction of drynaria
fortunei on osteoblastic proliferation using an osteoblast-
like cell line [J]. Chen Pharm Bull, 2008, 56(1): 46-51.
Garnero P. Biomarkes for osteoporosis managem
entutility in diagnosis, fracture risk prediction and therapy
monitoring [J]. Mol Diagn Ther, 2008, 12(3): 157-170.
IR, AL, BKDT. E AR B R B R
K- Cbfal/Runx2 [J]. HESIEH, 2006, 18(11): 61-63.
Bae S C, Lee Y H. Phosphorylation, acetylation and

ubiquitination: The molecular basis of Runx2 regulation

[16]

[17]

(18]

[T]. Gene, 2006, 366(3): 58-66.

Xu Y Z, Zmu M M, Wang K. Effects of traditional
Chinese medicine Drynaria fortunei smith on alkaline
phosphatase activity and ultra-structure of human gingival
fibroblast cells [J]. Chin J Pract Stomatol, 2008, 1(3):
157-160.

Pittenger M F, Mackay A M, Beck S C, et al
Multilineagepo tential of adult human mesenchymal stem
cells [J]. Science, 1999, 284(5411): 143-147.

TRIGFY, WREEE, WA AR IR B ) 78 5T
D O R e (1 s S I e e i35 2 I ) W2 /A2 1 ) S
2013, 36(5): 346-350.



