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Effects of low frequency sinusoidal electromagnetic fields at different intensity on osteogenic
differentiation of rat bone marrow mesenchymal stem cells CHENG Guozheng, LI Zhifeng, ZHOU
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Abstract: Objective To investigate the effect of low frequency sinusoidal electromagnetic fields (SEMFs)
at different intensities on the osteogenic differentiation of rat bone marrow mesenchymal stem cells (rMSCs)
in vitro, and to choose the best intensity parameter. Methods Primary rat bone marrow mesenchymal stem
cells were obtained from Wistar rats. They were exposed to sinusoidal electromagnetic fields with SOHz
frequency and 0.2mT, 0.6mT, 1. OmT, 1. 4mT, 1. 8mT, 2. 2mT, 2. 6mT and 3. OmT intensity,
respectively, 30min per day. The osteogenic differentiation was assayed by measuring alkaline phosphatase
activity (ALP) , osteocalcin secretion and mineralized bone nodules. Total cellular RNA was extracted after
6, 9, 12 and 24 hours culturing and Runx2 /Cbfal expression was examined using Real-time PCR. Results
rMSCs were found to spread in a circinate shape after low frequency sinusoidal electromagnetic fields
treatment. 1. 8mT intensity strongly enhanced the osteogenic differentiation of rMSCs, indicated by
significantly increased ALP activity, osteocalcin secretion, the number of mineralized bone nodules, and
Runx2 /Cbfal expression, comparing to the control and other groups. Conclusion Frequency sinusoidal
electromagnetic fields at 50Hz and 0.2 ~ 3. 0mT enhances the osteogenic differentiation of rMSCs. Among
other frequencies, 1.8mT has the strongest effect on the osteogenic differentiation of rMSCs, indicating that
it may be the optimal intensity for the clinical application.
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1.1 #k

SPF 4 Wistar K B Hy TR o B2 27 e 5 49 S 56 o
DAL (B4 I & 4 k% iE 5 SCXK H 2004-0006-
152) ,DMEM /F , % 9% % & Gibco 2w /= > H 1 %
BN HUA IR » b ZE K A, B0 B Sigma 2 7], I 4
L% (Fetal bovine serum, FBS) /22 JN B g 44 T
FRAT BR 28 W) A2 7 Bk 1%F 9% B2 % (alkaline phosphatase,
ALP) K PR 77 5 0 g 50l A ) R ST 7
545 2% ELISA #3877 & (ids, UK) , Real-time PCR
WA G KEE WA 7 (TakaRa) #2144, BT %519
Yl A TREA BR A 7 (Sangon) & .
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SE6 BT IE 9% 28 A8 BB 2 AR A H 25 N X 22
SR B RHIE ST BT 5 B A AR S A 3L W B,
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B #:5'-GCC TAC TTA CCC GTC TGA CTTT-
3/, B4 :5'-GCC CAC TAT TGC CAA CTGC3',
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5'-GGC ACA GTC AAG GCT GAG AATG-3, F i3l
#:5'-ATG GTG GTG AAG ACG CCA GTA3',J" #4
K- 4 143 bp.
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2.1 MSCs B 2% M 52

g% 48 h, MSCs & = £ & 4 4 JE U5 BE 4 K
(A), Br R 58 4 R, 41 M JE B o B 52 47 (colony
forming unit-fibroblast, CFU-F¥) (B) , 2 9 K, & 1
7SRRI & Y T TG I A0 R O R R A K
(C), 58 14 R, B A5 &5 (D) « WK 1.

/1 The rat mesenchymal stem cells after different days of

culture (100 x ). Circinate growth has been observed in
SEMFs-induced rMSCs culture. This phenomena was

involved in cell migration.

2.2 ALP &

MSCs 28 B 11 5 3 15 7% 5 58 9 R HI s Pk 9 1R
B R G W e ALP 3E 1, WG S T 3 v T
41, 5% 0.2 mT.0.6 mT 4 4h, G Gl 2% m . H
1.8 mT 21 b JCAth & 4108 B sy T 0 A, R B M
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A TLG % ;3.0 mT s A A A S %=
;1.0 mT 38 JEHALAE 12 ~ 16 d I A7 58 ot 27 = X
2.2 mT.2.6 mT #EJE 44 4 ~8 d A B ¥ 502
B0 AE AR T U BeAT G v 2% 5 ;1.4 mT 58 &
HAE4~8d 12 ~16 d AL %= X, 758 ~12
d N B EG %75 X ;1.8 mT 58 S5 41 78 W jE 3% T
TR (0 ~4 d) B, AT Gevk 2% 52 3 Bl A T [a)
1 S K 2% 9 2 WA % B 3 v T IR AL .

200

LL

L e

ALP activity( 4 K 547/100ml)
8

¢ 02mT 0.6mT 1.0mT 1.4mT 1.8mT 2.2mT 2.6mT 3.0mT
Groups

] 2 The intracellular alkaline phosphatase activity of
MSCs after different days of osteogenic induction culture and
SEMFs exposured. Alkaline phosphatase is a sign of enzyme
of osteoblast. The higher activity indicates the more active

osteogenic differentiation of MSCs

%1 The value of osteocalcin secretion in

culture media at different groups (x +s)

Group 0-~44d 4~84d §~124d 12~164d

C 0.670.21 2.010.19 4.09£0.32 6.52+0.28
0.2 mT 0.810. 14 2.070.21 4.580.31 6.78 £0.22
0.6 mT 0.880.22 2.87:0.17 5.79£0.28 8.39 £0.12
1.0 mT 0.930.13 3.31£0.24 7.25£0.13 12.87£0.23"
1.4 ml 1.17 £0.26 4.89£0.24"  10.03£0.34™ 1408 £0.19"
1.8 mT 1.37£0.25" 6.92£0.18™  12.31£0.22™  19.77£0.22"
2.2 mT 1.30£0.23" 6.77+0.26™  11.87+0.24"  18.66£0.22"
2.6 mT 1.25£0.27" 6.06+0.11°*  9.99£0.30"  18.59£0.17"
3.0 mT 1.27£0.18" 5.99£0.25" 9.87:0.28°  16.3320.15"

" P<0.05, *P <0.01 VS control
2.4 Runx2/Cbfal 3[Rk

Runx2 Fl GAPDH P 3 [ [ 4 448 il 2k #F & “S”
B, RN AEAE PCR BH W) 0 v f# th 8 3 AL —
Rtk ool — R EER ey . PR
b 2k A O R B () 4 B A 0.998309 il
0. 998464 ¥ K F 0.98. A [F W] 45, Real4ime PCR
RO 45 R B 7R i+ A Runx2 2 R R 08 &
B Fa A, 12 h WA 1.8 mT 41 55 % [ 41 A te
HE%E ;24 h i 1.4 mT.1.8 mT.2.2 mT.2.6
mT 20 5 X A M A Fib % & X Hrp 1.8 mT 4
HEENGIERE . WE 3.4,
2.5 g5ALZETS

H P TT L, R R 37 T TR (9 4 4E 45 T B Lo R
H%, 1.4 mT.1.8 mT.2.2 mT 48 & & T %t
M, JEbh 1.8 mT A M 45 5 AR $H 2 5%
M 20 5 W 5 10,2 mT.0. 6 mT-1.0 mT.2.6
mT 3.0 mT 4178 Jc &% % 0. WK s,
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13 Runx2 and GAPDH gene amplification in tMSCs showed as described in figure A, B, C and

figure D, E, F, respectively by Real-time PCR. Amplification plot (A, D) ;

Dissociation Curve (B, E) ;

451 O6h i
g 47 8o
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= s m 24h I
v
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S o5 el R g S LR R A Gl RS
e ) LR el (Al [ IQE Ik. Rl =il [ N

[ 02mT 06mT 1.0mT 1.4mT 1.8mT 2.2mT 2.6mT 3.0mT

Groups

¥ 4 Runx2 gene expression in tMSCs after different hours

and SEMFs exposured of different intensity. Runx2, or

Cbfal a homolog of the Drosophila Runt protein serves both

as the earliest transcriptional regulator of osteoblast

differentiation and as controller of bone formation by already
differentiated osteoblast

“P<0.05, "P<0.01 VS control
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058 JEE IR ) — 8 BUE N A 277 A F Mok e 1 2 P sk
o Lee 25 "IN Sk 55 7 2% 10 V0 B 3 45 2 90 P
ML IE 5 Th 63 8 4% (10 ~ 100 Hz) , Hi% 1 &
i Oy % TV 470 10 18R 2% N 4R TR AE 75 Ha LLR
I B o 4% R B A TN S B N R B 7E 100 Gs (10
mT) LAy (R4 5 J H R 3 0 A 0 200 8 A L 2k B 4
FEW ) A T8 AR S50 e W FRATT R B 2 50
Hz.10 mT VL W M IF 3% 25 4% d1 % 3% ( Sinusoidal
electromagnetic fields, SEMFs) #4758 i, DAFR i b 2%
WL 3 12 0 B A BB

AR A A SRR ST R 24 K 50 He,

Standard Curve (C,F)

58 ¥,

" 0.6mT “02mT- 5oL
s A =='—

< 1 0umT (o ‘"ﬁﬂ
T ; '-:: k:' 'l"i'i, g o :'

[ 5  Mineralized nodules stained by alizarin. They were

compared between different intensity groups and the control.

A red dot represents a calcified nodule unit. The more red

dot indicates the more active osteogenic differentiation

SR 4Nk 0.14 mT.0. 16 mT.0.18 mT ¥ HiLHE 3%
AR 10 25 A PE K R 30 min, 90 K I % K B 42
B BB AR T R R 1" Az
W) SE B A AR A AC S T s R R A 2 A R A TR Ut
h BRI R AR T B B 40 Y S8 B R 2 2
TR T T A, e — KRR T
WS HLAR 43 A1 1) 78 5T+ 40 i o 22K 4 AR o —F
FSCAAS 40 B AT A ORI w8 Pk R R R o A 1) 9
BE » DRI Lo R i 1 43 A BI04 9 B A 0 (1)
g FALEE H AT M ST G . RATCART IS5 N
Begif, LA 0.2 mT fE 4 5+ Filsk B2, BL 0.4 mT 2
S ) B, % 7 0.2 mT<0.6 mT.1.0 mT.1.4 mT.
1.8 mT+2.2 mT.2. 6 mT.3.0 mT iX 8 ANl & [V 5 J&
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B R A TOK B 86 18] 78 5+ 40 2 (Rat mesenchymal
stem cells, rMSCs) 30 min, DL 22 3% tMSCs g & 1%
I3 AL R 52

i Pk i % B (alkaline phosphatase, ALP) 7F ik &
bR P OK R BERR T D B2 R K A 1 DTN B A 2
BSR4 F) T/ 7> & tMSCs HEAT J /P 2 L 1
bRz U ALP 3 kb 2 9 Rk 2
K 1f) tMSCs # % . & 45 % (Osteocalcin, OC) & B E
0 R e A R 23 A TR R R R R AR S RS
TAFAEM AT, S EREMR A4S IR e KM%,
H 1) FRCE AL 4 Ak B S5 LR E A e bR T e R
ALP I OC J& J Wt rMSCs 44 5143 4k 4y 1l 384 B 40 i J
F S AN FEE R bR . Runx2/Cbfal J& — F ik
A0 ML R s TR A A A R A i
T B A BEL T B A 4T P Runx2 [ 3%
1 WA RE AN AR S ) T AL B 20 R R JF BE W
R AR T s gk RN Rk T AL ALP 3R
PE.0C 7y W i Runx2 /Chfal K& PN 32k 8 DL S 4L
ST HO oo AL R 2 1.4 mT ~2.2 mT 4.
Horh ALP 3 75 0.2 mT ~ 1.8 mT Z [ £ kI #&
#,1.8 mT iIAF e E, fF 1.8 mT ~3.0 mT HF T
B, S b 5 B2 B 7 AN AE OC 43 4 5 Runx2 / Chfal
BED Ak B DL RS A A o B A R b R R T R
UE o TR P> AR BR SE 5 45 2R K W] 41 50 Hz.0.2
~3.0 mT yu Bl A, 1.8 mT 5 € {2k 7 #8 0] 78 BT T
0 1R B P S Ak S Y TR P e R VR T SR B

A S 45 AR W E X AT AR L 1 BAT AR
ey B 18] 78 5T an M RER Ik e A 1 A B Th Rg HOG
A N A AR R BT, B RN TR R
Ty nf B B 10) A8 50 40 5% e K AR e e R AL, 5 — T
MR TS BN I AR 2 @it . AR
FREZH K UL Ol BRl, BE 0 WE S R A, 20k
1~ 22 J7 LI 2 R 9 v WG 3 e B JB R AR E 1R 43 1 AL
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