N . - XYY - Y9 Ol o Z)L:..itc\' ZJ}AL\VQTE ;“nﬂ)ﬁj
93 dlo

190! Aagdy Olguin! 3a0 31 3ide _oowdil 30 (S0Lis (S Joke EX55955981 plod § pisS
ol DAl b A Dgel B

Voo
aods S g
Y
. . . , . W
Aiten 50 ol 58 ol lgelie S0 ST 5 Ceodlo (55,5 (SMIS (slos e 1Anikia L e
oetilye ool sbasho 5ulad 1 oml S b aiugy Ssolyd glyel b adlas ol o i Ol Bl oxe
5 iy 930 i Zle many 5 bl yians 45 WaaiSliige] sla sk 4 il sie SPlyed g ld

Sy sl S dmi 0s Sedil s 8
S s s bl ST WK b ke

Olples S e
Sis 5055 (oSl 205 b5 bl

ol gDl 5T o5 gl e 5Tl (s 5

J3 FBS) (o5 ez prm syime bamme po o) lssed e slasle omnp GB9)
.Ia:.‘z.a 9 U}.o‘)BBJJLu .]a..:;u ‘u}.ol)s) 05;4...4 L LQLJ}L,; Al eols cuas Y )L.al; l;j M;
oy g 5,005 S B ey a5 ool e e 55 ln sk bind S Gulas
b boss 5l o ladsbe Siistisol 5les 5 iS5 ) ol S L3 YOO MW/em?
A (bl Dgel B

ol o yme 10 S alSon la Jolu 2S5 5 i oyle a5 ols las MTT e does :aasdly
55 oot 3T P10 332 5Vl 555 09,5 &y o 5 fosine sobot 05 oo 5 ool
ple 4 o Dsal)8 5 pled hase 09,5 [0 Sjetisel sla ol yo 1y e g il
P<e1) sl olis e ,§

Ol 5 4 055
wl psle saSals (Sap o8 058 bkl
Ol e <0l (S e ol

o . T 5 a *
Sy S o SEResE db)l ki)l

Ol e

Iy Glegeil jre cewiiilie ool o ol oyl ol b dtwg Saol)d i gudS gdelly
Siggal poles

SYE PR il sy S i s ok 5
Rouhi_59@yahoo.com ¢S5 Sl oy

doddio

slotisle LSas [flasb o loseinl 5 olais Cél gy
(soSgeS B b o] ooy 5 (Olas 5 Glgseinl) Couw
i) g Jeke 5 Sl Fe g nled (Jole 2SS
5 ok (Sl caloorbn S i n (iSeny
glosl @iz ollllas b [0]o,5 o0 Ojgo oey9n
2L olgrtal Sla SuSs v b oud b gal )
Sl 5508 Rl e g WS (o0 @S Sle sladoe
obel 3,5 5 axten oxles pué Dgold zleel [VsFlaiss oo
o g 2l bl oml oud s s )l
2 oadliz slasle » Ogol gaal b pwyn Wl
4 e Sgold S a8 ob gl ellall Lo
Syg0,0 anddS Ol [AgAlogs o g n e il
Tyl cul &5 wsls plas Sje S ples p Ogelp b

ol s D lolgu s ,nis oSS g s wiilys oo

21

Pl g Gaamiogs Ul L LS50 ol slaJoke
5SS o Sk e SOl (eSS o ) e BB Al
SO 9 S8l peay slp i Jebe ae Ko Olsrear
sk dewgas il oy g, B e
J.us)| Lm,ab )‘ C;)L:.M.g ‘_g‘ﬁ @\5»9 LgL{bJ..\.a 5 Lg.)L:.:;.
plmil oy <ol g asmale (yguili (lgseinl o aie g pad
Lo [V] Joho 8595 puiitns Wigm Juod 5l Sldllas Conl o0
Sl b ol sbadoke oS5 dhmgay 8L o
SRV VR CS P P Jo IPU S NN ER PN | o INC ST
B s glasl sl ohisr o Glocdl me s sln |,
oilgs se a5 TBMSCS) lgseinl jae ol by Jsbe oy

Sy ewbio Glauails wnly pled Jolu losgs cpais 4

'Regenerative medicine
Bone marrow mesenchymal stem cells


www.SID.ir

Abcam,Cambridge, YCD34 ol 5T 5 conitilye g0l
o Bske 0 oolin] Ssgsilen b Jsko ;5 L (MA
FITC & Jaw aql Lgélg‘sﬁT Lodado Ve Soedy gl
oo dlewgty b Joku gl 3l w0l 4SSl
Sas 5JUT (BD, FACSCalibur) s yegiawgld

Seifgtiml pled gl BMSCS Suijgu o1 5 Sudjgicum! 33led
5,8 1y Gyl S s A Y slaly sla sk 4! 5l
0-mgiM > pleo Wl lame b Joho i, lame
Lawgs o Jokos (s 0l aga8 azan Yhaeds Dlawsd g pundS
s «Siigm0] pled (gl iad 650l S5, 0, ool K,
Yoded Cpambiogan] 0-M@/MI 4 g5kl 50V - - NM g4~
Sl S5, 5y sl ) lawsgd b ol a0l o0liinl atan
KPR

Phyaction 190i, Juo ogold olfiws iwgel,d ol
Sy B> g mals sly 55,e8e VLWl L Germany
)‘ oolatwl b u?@ljs Zio 091..»‘)‘.\.][5 A ol 6)Lwo).a>
6935 S jlesliiul b (g, l yo b plosil (20U jLad b,
Lol oS s pSoilul Ggold zae sl JLas YU s b
)‘ 9 J.A.“ Cewdds Lja)j A.CISJ oolaiwl l.l & )97e dold u")")3°
O i :\.».wl.‘z;c LS‘)" ‘us..o‘)b ulm 6‘).: oMwam Ji...v
£ sS 3o 5 o 3o dilaie (18l (gl o oolitwl "o
OB 5l o 00,5 olaiul e dee /0 S50 Cwlis LT
o9 o by Galesl sl coilin ploj 5 s LAMY
Sal\Y ey o s LAM 856 s casS GLb (00 sles
(050 5o oo mol3dl ol 3 il dx j0) 5l JEOX 5 RV G
e olal b o] ldasl Sl VY casS G,b 5l aslinul cde
SBybgs jo Lo (inleyl como I liebl (gl 05 gl B
Pl leme )0 Gl S (s heal 3o 53 5 Sz 9 5 0900
Gl elcasa (s MW/ECM Deas bl cas gl
aids Daedy diljg; jsbas b Joko oud gy sloplUT soles
A g0 Wb

b slesd 5l o sk (st Oy e sl MTT Gl
a5 i popay aboolanul MTTews 5l Sgol s zlge!
Dyl 09,5 5 (Dol d Gan) JyS 09,5 5 Vilaly slaobe
caaS SalylJobo Vw815 e (Salxafslacal s (USY
@ MTT Joloo V0 s 4y by Johos JLas! 5 g i o0l

® peak Intensity
7 Last Axial Maximum)
8 Ultra sound

22

Ol 9 S weo 3 5o

a5 oS e slerin @l opl cass il 1, D] IS
OB oSl SloSsn i Cwl (Ses Dgol B glosl
oy oyl aimoylis (o by Cladod aisS S o 1) Jolw
St sk ik 3 e U5 Spol 4 witen
RS 5 s eelS Sl wlid Gl b sl
8 JUS (28,55 (5o s (55l e U5 55 5 (a5
cely Ogold (b allie Lo 1) 05000 (G5 Ol & e
Osees o 51 Jsbo 5 955 0n Jsbo 058 S e o158
5 Jlab 1y S (20,35 (5l o 550 o 5535165

Divlewt 55 ole o a5 0iS oo ool
b ol S ola el b b atasy Bsol

IR 95

F-7 g ol &y 1iS 5l e BMSCs cuis g gjlwlos
OS5l g B0 o L g 5508 slalgseinl (slazan
DMEM ces e Jobs SLLl a5 il oy
5 Gibco, USA)ss,s 1o FBS' 4> (Gibco, USA)
s 3 03l 18 o F il B0 F o gles jo Sig ]
20,5 glad b lgseinl slel 5o wps )5 Jaie 050 55 4 Lol
5 S gy Loyt JaaYY (jgm pos 5l o3lial L g
DSaedy VYoo 00 b by ok c8,5 13 casS e 3l
Lolyd o clie 351 50 (ol oy 5 wiad Goudy sl adBs
el Cugb, 5 oy 0 CO2 ol 5 il &> ,0 YV sles
plsl b oz e sladob el TA 5l waad 2,953
glazin sk bome Gl 5l 5 Sadansls y bame (yses
hog @b &S aspe A= A gl al anged Jlgo
s, + /Y0 TrypSin/EDTA Lug b b i » laJoke
b5 dUT plosl sl ¥ 5loly slaske 51 s ools 5Laby o las
Al eolauwl

Lol 5l m bdsle gptesiulegls  5IUT
adgl ool sl L VY oS5 s Trypsin/EDTA
3 ke caple s glp 0ol 4SSl ards Ve Do
@ Jais CD90 L;oLeg‘;.j'l
slaJsle 855 5L (AbDSerotec,Raleigh,NC)FITC

% Dublecco's Minimum Essential Medium
4 Fetal bovine serum
® Flushing


www.SID.ir

peS Ul i 59098 plod 9 T

RT-PCR U1 ;5 saeoliil sleyorly JIgf o) Jgir

Official | Also RNA
Name | known
(gene) as

(gene)

mRNA
accession
number

Primers DNA

GTACCGGCC| 20
ACGCTACTT
TC
R [TATCGCCAT| 23
CTCCATTTT
CTTCC

lbsp | Bsp |NM_0125] F 110 -

87.2

IAGTCTGACA| 23
AAGCCTTCA
TGTCC
AATGTGGTC| 20
CGCTAGCTC
GT

Bglap NM_0134] F 170 -

141

Bgp
Osteocal
cin(Prot

ein) R

AGCCAGGC| 19
AGAAGCAT
GTC
R |ATGGTGTCC| 20
GTTGCTGTC
TT

Dsp |NM_0127| F 138 | 856

90.2

Dspp

Alpl |alkaline[NM_0130| F
phospha| 59.1
tase(Pro

tein) R

ACAACCTG| 20
ACTGACCCT
TCC
CAATCCTGC| 20
CTCCTTCCA
CT

105 -

8]

Gapdh NM_0170| F

08.4

AGTATGACT| 22
CTACCCACG
GCAA
R |CGCCAGTA| 20
GACTCCACG]
ACA
R |CGCCAGTA| 20
GACTCCACG]
ACA

159 159

ot il £ Silee & jpots allio [ 00t S polio g ylal 5uIUT
Ay a5 P /O gty s cime gl g o plosl ANOVA

Lasy
JeSas oUls adgl cetS o b sk roniiccins BMSCS luoguas
s JB T S5 sladsbe lagslS (55, 9 wls ol ) Gsls
O (g dog UKo S90 b Jske o 55T «(g55058 500 Sl aing
Y=Y sl yo sk o9 paseis BB 55 pgaiz slasbe lag)]
S35 ol Job s wad e Al g S95 sladshe 5l )l
(O JS)as solizul by Ul alos

¥

&) lssel sie gl Jslu(Cs 5ol 5 (B Sl (Adatsl s ) IS

Hematopoietic cells

23

18 kol (Ve 8598 (( Kby o3 dolidad

O D d3gSTl Ceelw ) Saedy g al adlsl Sel>
5 o3 J>DMSO Joloa Lwgs sus bS5 slaJlins S
Yl olSoss by ol OF oo Jsb o bapl iz
Aodlg
olyon Lot sl (sl ol lojl banmo j3 Sijenigal joles
lacady 5 yaglol Jsho Ve XY oS15 53 aJsh gl 3 L
2l b GS b ek oSl wiad ool cuaS  Sal>\Y
Lo 5 Sgolp (e o badoke ples Sl gl s S
JormelSL Ve MM il 65T 0 UGMI 1> 5oL
555 o0 )18 pg3lalF N g olad
Cod i 5gy Voo esls o) 05,5 i olulejl glaog S
39, T Sowa ol oF 09,5 (US)aus 5 )13 mgl 3,506
05,5 (Diff)asis 3 ) 3 Sojgmgel pled bawmo ,3b cos s
w35 13 ples b @0 g Dgol b (oyme ;3 ma ook T
G5 Dgelp (2yme 3 &5 lasle (JyuS 09,8 5 (USHDIfT)
Contysssg ple lae
ialej] laog 5 plad jo o Jgle oS anws RT-PCR 54T
el Sgemigal slagyy ol Bl IV 9 VF Y glags, yo
(0C) Ol gl (ALP) 3Bl o JISIT
BSP) es5505ms o2 (DSPP) (52559 g gl i
i bl ez pe 05 Slyea GAPDH (5 5 wiad o)
oS 5l ool b s 090 slasbe JS RNA jglaiepas
o &b silulas (Cinagen, TehramRNX-PLUS
Jouly Ly weSae (5,0 padens 5 eolinal L o1 CDNA
i asle (Fermentas)cDNA j:. cos 5 0ligo(dT)

5 (Fermentas)PCR oS lawgs PCR STy caslsl o
A plol JSew YO 0 (V Jsaz 3ub) sads >lb (sla el
BT aep W J5 slasalzr 9,0 PCR Jsams (oLl 5
o) o Ole Gl 285 Sjge 5y Jlasl g ad aik
S0 UV Band Map 1l s Lawys g 50 o5 b anslis

=

RO 4

°Dimethyl sulfoxide
%1n vitro odontogenic differentiation
Uglyceraldehyde-3-phosphate dehydrogenase


www.SID.ir

Relative 0D

w

Relative 0D

= 03
E 025
s
§ 0.2
2045 —=—us
E ——Control

0.1
ﬁ 0.05

0+ ¥ T T T

1 2 3 4 5 6 T
Days

Sgolp Gl (o yme 40 sadeslscss BMSCS s oy :F UK
(JyS) ©gal® e

slogy ol a5 ol olas mbs :aSas RT-PCR
&S 25,5, (ALP, OC, BSP, DSPP) S.ijssol
bs Lo St oo g a82lS 13 Gl (a3 oo b obe
5 US laog,S a4 cos (US +DIff) wisg Ssjemg0l

09,5 ;0 a5 >0 (P< <[+ 0oy pYL (s s me y9boas DIff
(0 JSs)ais cslie Sl ‘ALPQ;’, sbacalay J s

ALP
1500 X
OCont
1000 mus
@Dif
500 m US +Dif
0 T
21
Days in culture
DSPP
800
600 OCont
400 . AL
4 *% @ Dif
200 E m US +Dif
0+ | T
7

Days in culture

24

Ol 9 S weo 3 5o

sulaz ool Coplo (pund

e 3l QS dmz Sy ooboly sk BMSCS coigid
Sl sl sregalusld ST Absas 5 sl b olgsel
@S b pasie pertilie ol sladsle By (el
L£DA0 5 )L pgo 3Luly ;0 BMSCs g 51 a5 ols lis
IS5 AUOT ) anS (o Gl e ooniilie S0l Sledghe S Lo
Sl D34 5k oo 5l dedobe o 25T Llas o (AY
By IS8 YV ) Bog ate o S5 sledshe

) e
2] Marker s Tatal 2
=1 A we -
M 046 Mz M2
&9 M2 9854 g4
g M1 a" M
2.1 F File: BM Rat CD34-FITC.008
82 i
“ 8 Marker % Total
AT 100.00
2] -] M 9724
= Mz 278
0 1 2 3 4 o |
1 10 10 10 10
FLIH 100 10! 10?2 103 10t

Lwgs &) Glossinl e 5l saslas BMSCS  Cusgis v S

b S oy B CD90 e 53l s (A s yagisls
CD34

seled iy il pgo sloly o BMSCS 1l Juuily
sl e b S L8 ey 3y5e Sidigmsl 5 el
00,5 gare WS le mip 4 gg,0 BMSCS (Si5anil
@ imed Ko S5, Cute Heba Alizarin Red lawg a5
ol oz Sl G 5 Wbl pled Comgsl lo sl

(Y JSe)aias 5, Oil Red Lwgs

Alizarin Red L Ssjeainl s BMSCS 5l Jonily ¥ S
Yo x w8, (C) Jy5 oB) Oil Red b Ssjgmsl 5l (A)

MTT cos mls igol b Gl 3l ax BMSCS (w3 oylg
oS glaola( ) 0I5 6395 i Gl o5 Sl olad
Saladobo b duglio)d wdS )18 Saald Al (5 yxe )
(F ISP 1+ Ol 5YL (6 lo sime joboas calonyas auls

B0ptical density



www.SID.ir

peS Ul i 59098 plod 9 T

Fre dite sladsle 59)n Wlgee & Cwl Sgol
Dolast
Wlg oo Dyl p il a5 wols las Lo ols dalllas o
obe 1, ALP, OC, BSP,DSPP sl aiiwilys assl jles
@ Jate 'l Jole a5 5blans o ISIT o 35T (0 5F S)ass
WS o gaee oL Ll o | SL ) clas olS s
el Lo oS oo 53k Ol aBaniedS o 1) pote
Colled mhaw Jpaar g wboe lBl g ya () nles
S0 09,5 98 A Cuwd (5,0 S gl US+Diff 65,5 )0 o
Sgol B glel S0, a5 (o0 Sleiiay (l 45 90 SYL S
Soon s glyel 2 a5 (LS Sl 09d ol Gase (il
ol &5 Ok 5 e Ol ST p eatie Sl il e
Sad b Sgol b a8 wols las wlidss [V0,) Flacsl atsls
21y og3 e J1 (Jokoiss)d mendS jlade L b
Ol 8y SIS aals Jolo Susglsnd slaan
&5 ol i Gl slailely ek 0950 pendS
ool 3 5l 5l Bis a4 asg b s ol e [YY]ew
53 el 039y b Joho D9l b zge AlS Sl (o) 5o (e
Gl ol gl B a8 ol oas ols ylid (LB il
ol DagVAlasl oo Dls 1) olgsein] 4 s ples (sla s
Ogolp glyal &5 a0 )5 Loyl sln adlhae
9 Fobe Tl Sple mhy g oendilie ol sla sl

.x}a'fdl.\so zle b gass

BEster
¥Dentin

18 kol (Ve 8598 (( Kby o3 dolidad

C ocC
600
a 500
?’ 400 O Cont
= 300 mUs
B 200 @ Dif
@ 100 m US +Dif
0+
Days in culture

D BSP

8 OCont

g mUsS

© @ Dif

& m US +Dif

25

Days in culture

Seigssl sloos ol O » Dyeld glsel ST dUSS
(i p ghmdgllon (s (B blaws o JSIT A 1, MRNA L
295 slp P 0% Sangllwps O 5 pedSsmal €
)Jl)J ).) lef 03; ‘5‘).1 :P<’/’ \**Albas)f ).ol..: J_.\L'é.a)o US+DIff
Cont 05,5 Jlia ,0 US 09,5 sl P< «/-0# Lont 5 US 4,5

& : 3

b Sgold zlsel LT a5 ws ol olul ol adlas ol
Sl gl oy sl Jene jsbar &5 ol Sas
30 e g Slgminl gla KinSs sgn 5o (S olais
5 ..\le‘jo ‘D)“'?ASA )‘)5 oolawl Syge u_i..’)}.fu.m‘ ).aLo.a sl
oS g Sid Jotaw a5 Slais Joko slacadligigel ol
23 slagleys s @y i o DYlases s gl
Joss s c8l p Sgold iglsm il Ane) o Slllae
3 S lapenille [VF18logs oolinal lais puey sl
oais aSlid JolS jobay join Dpal b (Siglem sl il olx]
Sl e SElegn DSt (nl &5 098 0 yea8 (Jg ol

“Nonthermal


www.SID.ir

References

1

10.

Mimeault M, Concise review: recent
advances on the significance of stem
cells in tissue regeneration and cancer
therapies. Stem Cells, 2006. 24(11): p.
2319-45.

lohara K, Ito M, Ishikawa M, Nakasima
A, Akamine A, Dentin regeneration by
dental pulp stem cell therapy with
recombinant human bone
morphogenetic protein 2. J Dent Res,
2004. 83(8): p. 590-5.

Rezwan K, Blaker JJ, Boccaccini AR,
Biodegradable and bioactive porous
polymer/inorganic composite scaffolds
for bone tissue engineering.
Biomaterials, 2006. 27(18): p. 3413-31.
Gronthos, S., Akintoye, Wang, C.Y. and
Shi, S, Bone marrow stromal stem cells
for tissue engineering. Periodontol 2000,
2006. 41: p. 188-195.

Bolander ME. Regulation of fracture
repair by growth factors. Proc Soc Exp
Biol Med, 1992. 200(2): p. 165-70.
Duarte LR. The stimulation of bone
growth by ultrasound. Arch Orthop
Trauma Surg 1983. 101: p. 153-159.
Wang SJ, Bolander ME, Chao EY,
listrup DM, Greenleaf JF, Low intensity
ultrasound treatment increases strength
in a rat femoral fracture model. J Orthop
Res, 1994. 12(1): p. 40-7.

Harvey W, Pond JB, Grahame R, The
stimulation of protein synthesis in
human  fibroblasts by therapeutic
ultrasound. Rheumatol Rehabil, 1975.
14(4): p. 237.

Webster DF, Dyson M, Harvey W, The
role of cavitation in the in vitro
stimulation of protein synthesis in
human  fibroblasts by ultrasound.
Ultrasound Med Bi, 1978. 4(4): p. 343-
51.

Nishikori T, Ochi M, Uchio Y, Maniwa
S, Kataoka H, Kawasaki K, Katsube K,
Kuriwaka M. Effects of low-intensity
pulsed ultrasound on proliferation and
chondroitin sulfate synthesis of cultured
chondrocytes embedded in
Atelocollagen gel. J. Biomed. Mater.
Res, 2002. 59(2): p. 201-206.

26

11.

13.

14.

15.

16.

17.

18.

19.

Ol 9 S weo 3 5o

Parvizi J, Lewallen DG, Greenleaf JF,
Bolander ME, Low-intensity ultrasound
stimulates proteoglycan synthesis in rat
chondrocytes by increasing aggrecan
gene expression. J Orthop Res, 1999.
17(4): p. 488-94.

Johns, L., Nonthermal effects of
therapeutic ultrasound: the frequency
resonance hypothesis. J Athl Train,
2002. 37(3): p. 293-9.

Smith AJ, Induction and regulation of
crown dentinogenesis: embryonic events
as a template for dental tissue repair?
Crit Rev Oral Biol Med, 2001. 12(5): p.
425-37.

Scheven BA, Cooper PR, Lea SC,
Walmsley AD, Smith AJ, Short-term in
vitro effects of low frequency ultrasound
on odontoblast-like cells. Ultrasound
Med Biol, 2007. 33(9): p. 1475-82.

Man J, Cooper PR, Scheven BA, Low-
intensity  low-frequency  ultrasound
promotes proliferation and
differentiation of odontoblast-like cells.
J Endod, 2012. 38(5): p. 608-13.
Scheven BA, Millard JL, Cooper PR,
Lea SC, Walmsley AD, Smith AJ,
VEGF and odontoblast-like cells:
stimulation by  low  frequency
ultrasound. Arch Oral Biol, 2009. 54(2):
p. 185-91.

Harle J, Olsen I, Salih V, Effects of
ultrasound on transforming growth
factor-beta genes in bone cells. Eur Cell
Mater, 2005. 10: p. 70-76.

Ren L,., Song J, Wang Z, Deng F, Li W,
Involvement of p38 MAPK pathway in
low intensity pulsed ultrasound induced
osteogenic differentiation of human
periodontal ligament cells. Ultrasonics,
2013. 53(3): p. 686-90.

Angle SR, Sumner DR, Virdi AS,
Osteogenic differentiation of rat bone
marrow stromal cells by various
intensities of low-intensity pulsed
ultrasound. Ultrasonics, 2011. 51(3): p.
281-8.


www.SID.ir

