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Effects of static magnetic field at different times on the proliferation and differentiation of osteoblasts in vitro WANG
Jia-qi, GE Bao-feng,MA Xiao-ni ,ZHOU Jian,GUO Xiao-yu,CHEN Ke-ming. Institute of Orthopaedics ,Lanzhou General Hos-
pital of PLA , Lanzhou 730050, Gansu , China

ABSTRACT Objective: To investigate the effect of exposure to static magnetic fields (SMFs) of 3.9 mT on proliferation and
differentiation of osteoblasts in vitro. Methods: The newborn rat calvarial osteoblasts were isolated by enzyme digestion and
randomly divided into 9 groups after one passage. The intensity of the SMFs was 3.9 mT. The cells were exposed in the SMFs
for O (control group),0.5,1.0,1.5,2.0,2.5,3,3.5 and 4.0 h groups respectively. They were observed under the contrast phase
microscope each day. After 48 h,cell proliferation was assayed by MTT method. The alkaline phosphatase (Alkaline Phos-
phatase , ALP) activities and calcium content were measured after 3,6,9,and 12 days exposed with SMFs. The ALP positive
colonies were histochemically stained after 8 days and the calcified nodules were stained by Alizarin Bordeaux after 10 days;
BMP-2,Runx-2 and Opg mRNA expression were measured after SMFs treatment in 0,24 ,48 and 72 h. Results: Contrast with
control group,all SMFs groups enhanced cell proliferation (P<0.01 or P<0.05),and they promoted maturation and mineraliza-
tion of the osteoblasts. The results showed that SMFs improved the ALP activity, promoted calcium content, boost BMP-2 , Runx
-2 and Opg mRNA expression. Conclusion; The cells exposed to the SMFs of 3.9 mT at 2.5 h apparently promote proliferation
and differentiation of osteoblasts in vitro.
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Fig.1 Schematic of static electromagnetic fields device
1.2 SZEobPRE HiZE 48 h INAY SPF 2% SD KR,
o H N8 R 2B s P S g b fE A, B AR RS
SCXK (H)2004-0006-152, HE4- 1L (FBS, 24 B
YT ;a-MEM K553 | 1T BB (Gibeo 24
A, 2 ) M ZEORAN BERR L PUIR LR | B-BEER H il
B AR B (Sigma A A SE ) BEME EE (MTT) ;
SYBR® Premix Ex TaqTM II ; ROX reference Dye; PCR
Forward Primer; PCR Reverse Primer (j(é%ﬁi% N
F)) o ASERTTAN AT £ (BioVision, USA ) ; il
TR AR & (F o B A TR ST r ) s P R 4T
(AMRESCO, %),
1.3 Sk
1.3.1 BeEdifiaegiis A 48 h B SPF 4
SD K, 75% Bz it = B Wk . Joii 244 T i
WSk R, BRI R IR L, KRR
JIE I K 45 4% H 47 PBS EEVE 2 YR, A 0.25% 8
BT 37 CC N HAL 15 min, WBRIEALT, FHINA 0.1%
11 R I 37 C R I AL 4 ¥R, BFIR 20 min, WETT
A IFHA T, 200 H A5 8 1 55 5 000 1 i A
1 000 r/min &.0> 10 min, 5+ FVEW , UUTEH PBS 2
VeI & 10% 064 135 (FBS) 19 MEM 1532 3L 207 |
WFTYIE)IG , VR AR B 2 3x10% cell /ml, 37 C
5% CO, Kigoffirh s gs , 5 3 d il 1 IR Frdtifi A= 1<
A4 2 80 %L [, 0.25 % i HE (A I AL A0 1%
UG TFZ IEmA ZRIAF) 80 % LA_LAt, HE 17 i
HIES,
1.3.2 BUHAMMLEE ARSI s A
FRAE 35 mm AYRFIFRILAY, 3 Sl A 70814 e P (-
kaline phosphatase , ALP) G (o FI4G L 255 Ye i, Btk
WRIRAGYL (O . BEI7 F BR AL R 4R 12 R T8 A
G kS SOk 6 ], R LS (A Bt U5 1%
1RG0 IS IRAHIC 4 R, AL T YL o . /i
REFHRERS 10 K FEREFEW, PBS 1Pk 2 YR, A 10%
[ 22 10 min, F7[E 2, A pH8.9.0.1% 135 &
LI, 37 CCOKIR 1 h, K pgk , 36 e W e A IE

SRGRE,
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Bk ME A230,A260,A280,A320 FYMOGIE , %
Total RNA FOVRE .

Wik 5% [ H TakaRa Prime ScriptTM reagent Kit
(TakaRa Code; DRRO37A) S 4 5350 & & i S s 57
HA 1 %% cDNA #% , K & . 5xPrime ScriptTM
Buffer 4 I, Prime ScriptTM RT Enzyme Mix [ 1.0 ul,
Oligo dT Primer (50 pM) 1.0 pl,Random 6 Primer
(100 uM)1.0 pl, Total RNA 10 (1 000 ng)%h RNase
Free /K2 20 pl, 37 C&V 15 min,85 C 5's,-20 C
TRAF

1Yt AR S2 56 BOR 78 genbank AX )T
B H 1P 51 mRNA P8, 51938 i A9 (R
) 2 AR R P 8 B3t 9F & . GAPDH.
NM_017008.3 Forward 5" -GGCACAGTCAAGGCT-
GAGAATG -3’ ,Reverse 5 —-ATGGTGGTGAA-
GACGCCAGTA - 3" = ¥ K & 143 bp, BMP -2
NM_017178 Forward5' —ACCGTGCTCAGCTTCCAT -
CA-3" |Reverse 5'— TTCCTGCATTTGTTCCCGAAA -
3 PR 156 bp, Runx-2:;NM_053470.1 Forward
5" ~GCACCCAGCCCATAATAGA -3’ ,Reverse 5’ -
TTGGAGCAAGGAGAACCC -3" =¥ £ & 165 bp,
Opg:NM_057149.1 Forward 5’ -GCAGCATCGCTCT-
GTTCCTGTA -3’ ,Reverse 5" —-GCATGAGTCAGGTA
GTGCTTCTGTG-3" P JE 164 bp(WL3R 1),

PCR Kzl . #%18 Applied Biosystems 2\ & 7300

ISRV 75280, Horp PCR ROWAR R 20 pl,
£1%% SYBR® Premix Ex TagTM II (2x)10 ul,PCR
Forward Primer (10 uM)M) 0.8 pl Reverse Primer
(10 wM) 0.8 pl,ROX reference Dye or Dye II (50x)
0.4 wl,cDNA AR 2 w1 (50 ng/pl), % RNase Free 7K
% 20 ul, PCR 25 . AL R W 45 95 CTiAR
PE 30 5594 CA5PE 55,60 CiB K 31 5,40 MEI, &
AMEFR I IE AR AT (E 5 WS 2212 T, 95 °C
155,60 °C 1 min, 95 °C 15 s, R EFASLIHE K 0.1 °C/s,
AT PCR R &b 4k, NS HIE, RS H
B F D] A ARk 7K

1.5 Seits b A gt Hrask H SPSS 18.0
BRI SE I, S5 SR AR bR 22 (rs ) BN, R
FH F K30 A5 45 20 e o I s () 22 5%, 3 LSD 43 At
AT LA, P<0.05 AEFB SR X,

2 #R

2.1 BUHYIMESEE  RERZWIAMEE = AT ik
o Z M 48 h 5B B, R RS A, 3~4 d
A SO ETEAS (K 2a) . A0MEEE3R 10 d JEph Ry
0% B (8] 2b) , 4R 3% 8 d Ji ALP 4144k
A (0 5 L (] 2¢)

2.2 FREESTAERGEE I SR ULER 2, 55T
M8 ZH 4 ,2.0.2.5.3.0 h 234 RE AL ok 40 i s o, HoA
A SRR A s R RS

2.3 XHUE MRS R

F1 WHAEEZPCRIIMFT
Tab.1 Primer sequence of Real time PCR

it F SN 4t 5 ElE7)E 2l PR (bp)

BMP-2 NM_017178 Forward5'-ACCGTGCTCAGCTTCCATCA-3' 156
Reverse 5’ TTCCTGCATTTGTTCCCGAAA -3’

Runx-2 NM_053470.1 Forward5'-GCACCCAGCCCATAATAGA-3’ 165
Reverse5'-TTGGAGCAAGGAGAACCC -3’

Opg NM_057149.1 Forward5'-GCAGCATCGCTCTGTTCCTGTA-3’ 164
Reverse 5'~-GCATGAGTCAGGTAGTG CTTCT GTG -3’

GAPDH NM_017008.3 Forward 5'~-GGCACAGTCAAGGCTGAGAATG-3"

143

Reverse 5’~ATGGTGGTGAAGACGCCAGTA-3"

ALP ZeaBHM: (100%)

E s

2 MIEAUEE  2a. FEARAAEERPEESE 3 d S EELIA (100%)

ey

2. BESHANIE 10 d J5 5L A @I (100x) 2c. REALTE § d 5

-

Fig.2 Morphology of osteoblast 2a. Cells after cultured for 3 days of the osteoblast (100x) 2b. Calcified nodulus stained by alizarin Bordeaux after
SMFs treatment for 10 days(100x) 2c. ALP stained after SMF's treatment for 8 days(100x)
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R2 FBHIHAIE 48 h [F MTT i 5%4H OD &

(x£s,n=3)
Tab.2 MTT test results after 48 h of SMFs treatment
(x£s,n=3)
4151 0D570 5xhRAl A PE
XTHRZH 2.369+0.0640 -
0.5h4l 2.367+0.1111 0.9789
1.0h4 2.304+0.0461 0.3536
1.5h 241 2.287+0.1974 0.4902
20h 4 2.432+0.0519 0.0221
25h4 2.591+0.0419 0.0084
30h 4] 2.463+0.0960 0.0387
35h4] 2.333+0.3581 0.8675
40h4 2.507+0.1268 0.0740
2.3.1 X ALP IEVERSZNT 25 ILEE 3, 4540 ALP

TEPEEE 3 REH 9 RETHEBEHEH 12 RIgA T
W WEAEIRES 6 KIF,0.5.2.0.2.5 3.0 h 41 ALP 1%
PS4 TR, H 2.5 h 40 ALP 362 E T 1.0.1.5,
3.540h 4, WIHAFEEE 9 RE}F,2.0.2.5.3.5h 4
ALP iSRS & FXHRAL, H 2.5 h 41 ALP i T
HE&H, mHLME 12 X0f,1.0.2.0.2.5.3.0,
3540 h 41 ALP iy E T4, H25h 4
ALP i T 0.5.1.5h 4,

2.3.2 XMLERUIUBEREZN 48R IE 3, AT

6 d LUR 20HE 4B RO 45 A uoo R | FF a1k
FFUTREG LR | I FLIE A R 364 55 & 2w B i LT,
12 d B8, WA PESE 6 KRBT, BR 0.5.4.0 h 4]
Ab, HAh A LS & T X RRAL, H 2.5 h 41457
HET05.1.0.1.53540h 40, REHAIRE 9 K
,1.5.2.0.2.5.3.0.3.5 h 45 & 5 T4 IR,
H25h 855 fwm THAAS A, s 12 K
F,2.0 h F1 2.5 h U85 & B8 TR, H 2.5h
HEsE T 2.0h 4,
2.3.3 Real time PCR SLHKy 2551

(1) RE37% KERUSCH 4R BMP-2 mRNA 255
T 45 R R 4 RE A B ARME O h S
WA B[R B b A, 5 22 R G2 R X,
WAL B 24 h )5 A 6 R4 L% ,1.5.2.0.2.5.3.5 h
4H B LS BMP-2 mRNA 363k, H25hdHE T
0.5.1.5h 4, BEIZALER 48 h J5 REIZAL BRAH [ %) BR 4R
F#,0.5.1.0,1.5.2.0.2.5 3.0 h 2 . Z{¢ ik BMP-2
mRNA ik, H 25 h A& F 05.1.0.1.5.2.0,
3.0 h 41 . REZACFRARAE 72 h BEIZ A0 FRLH [ %) B2 H
i 2.5 h 410 E e UF BMP-2 mRNA 13635, H 2.5h
2H s T HAAS A

(2) FE IR R U E 40 Runx—2 mRNA 3k
FIFEIR , 25 L3 5, B AL B VR 272420 R,
WAL PRAE A O h |5, RE S AL BRAH [R) %) BE L 32,

x3 AREEHIHAIBR EZHMM ALP FE MG R E LR (245 ,0=3)

Tab.3 ALP activity and calcium content at different treatment times of SMFs(x+s,n=3)

a5 ALP 31 (4 FRERAZ./100 ml) 58 (ne/fL)
3d 6d 9d 12d 3d 64d 9d 12d
XJ R EH 5.252 0+ 14.118 7+ 20.044 9+ 13.452 0+ 0.1152+ 0.262 0+ 0.374 7+ 0.541 0%
0.1779 0.6776 0.520 6 1.149 1 0.005 6 0.0129 0.009 5 0.028 8
05h4 5.240 8+ 15.907 4+ 20.381 9+ 14.907 4+ 0.119 6= 0.272 2+ 0.378 0= 0.574 7=
1.1536 1.058 2 1.156 4** 0.676 8* 0.009 8 0.005 6** 0.006 1** 0.010 0**
1.0h# 5.237 5+ 15237 4+ 21.028 4+ 15237 5+ 0.119 1= 0.297 4+ 0.395 8+ 0.584 1=+
1.4596 1.459 6* 0.491 2* 1.459 6» 0.009 1 0.002 6°** 0.007 9* 0.0196
1.5h4H 5.268 1+ 14.934 7+ 20.028 9+ 14.934 7+ 0.123 5+ 0.332 2+ 0.452 3+ 0.580 9+
1.126 2 1.513 6** 0.582 3** 1.513 6* 0.006 1 0.018 5° 0.035 9*% 0.0151
20h 4 5.499 4+ 15.832 8+ 23.210 3+ 17.166 2+ 0.139 4+0 0.358 6= 0.502 3+ 0.599 6=+
0.9499 0.550 44 0.562 144* 0.608 7° 0049 0.007 8 0.021 24* 0.010 6°*
25h4H 5.767 6= 17.434 3+ 26.816 4+ 18.434 3+ 0.135 5= 0.381 6= 0.577 4= 0.668 6+
12156 1.099 924 0.761 142 1.006 5° 0.002 8 0.005 744 0.006 3% 0.022 5°
30h4 5.719 4+ 16.386 1% 22.866 3+ 16.480 1+ 0.139 3=+ 0.366 7+ 0.461 0+ 0.581 7+
0.562 1 0.949 6* 1.627 4* 0.949 6* 0.008 1 0.009 9» 0.025 9%* 0.0169
35h 4 5.799 8+ 15.699 8+ 22.896 0+ 16.133 2+ 0.131 2+ 0.328 8+ 0.431 3+ 0.568 7+
0.4920 0.320 3* 0.6523 ~* 0.491 4~ 0.006 4 0.005 6°* 0.005 284%* 0.018 6*
40h# 5.433 4= 15.633 4+ 22.192 3+ 16.766 8+ 0.130 8=+ 0.288 5+ 0.380 5+ 0.561 6=+
0.9518 0.667 4* 1.648 2* 1.539 1~ 0.005 8 0.016 1* 0.013 6** 0.040 3
FAi 0.179 2.577 14.180 5.294 5.355 48.521 47.730 7.696

TE: SR LLER, #4P<0.01,%P<0.05, 55 2.5 h 2 [L4, *P<0.05, **P<0.01, T
Note ; Compared with control group, ““P<0.01, “P<0.05. Compared with 2.5 h group, *P<0.05, **P<0.01. Follows the same
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R4 FHEHHX BMP-2 mRNA RikKFERIZSME (x5, n=3)

<935 -

Tab.4 Effects on the BMP-2 mRNA expression at different treatment times(x+s,n=3)

a5 BMP-2 mRNA

Oh 24 h 48 h 72h
Xof BRZH 1.000 0+0.000 0 1.508 0+0.065 8 1.491 5+0.006 1 1.372 1£0.020 3
0.5h4l 0.889 9+0.042 9 1.626 6+0.080 6** 1.584 1+0.017 04** 1.476 0+£0.093 7*
1.0h 24 0.912 6+0.029 5 1.809 9+0.118 3 1.593 2+0.054 14** 1.485 8+0.053 4*
1.5h4l 0.989 3+0.097 1 1.956 3+0.118 94* 1.624 7+0.043 54** 1.458 6+£0.087 4**
20h#H 1.005 3+0.094 9 1.931 2+0.094 84 1.814 2+0.058 644* 1.634 9+0.096 9
25h# 0.923 6+£0.223 2 2.362 0+0.116 544 2.214 7+0.051 944 1.936 5+0.035 444
3.0h & 0.998 3+0.094 1 1.89 16+0.126 7 1.679 8+0.059 04** 1.594 1£0.091 2*
3.5hd] 0.991 3+0.149 8 2.0133+0.130 14 1.759 6+0.224 9 1.563 3+£0.074 2*
40h4l 0.852 5+0.059 4 1.947 2+0.200 9 1.727 3+0.195 9 1.628 2+0.106 5*
FAH 0.520 11.733 11.477 12.779

B5%43% %7 Runx—2 mRNA FRiA7KFERIZME (245 ,n=3)
Tab.5 Effects on the Opg mRNA expression at different treatment times(x+s,n=3)
Runx-2 mRNA

205

0Oh 24 h 48 h 72h
Xof BRZH 1.000 0+0.000 0 1.272 2+0.023 6 1.411 7+0.069 2 1.333 9+0.053 3
05h4l 0.973 0+£0.048 3 1.334 5+£0.087 7* 1.655 6+0.109 5** 0.915 2+0.057 64**
1.0h 4 1.134 8+0.135 2 1.375 8+0.009 54** 1.693 4+0.016 14* 0.986 9+0.077 14**
1.5h4l 1.331 60.059 14 1.394 2+0.030 0* 1.847 5£0.051 62 1.080 9+0.160 4
20h 4 1.074 9+£0.113 1 1.526 4+0.015 444 1.893 6+0.083 32 1.041 2+0.104 52
25h4] 1.273 60.095 0* 1.582 3+0.017 54 2.145 5+0.119 744 1.312 1+0.055 4
3.0h 4 1.198 6+0.173 5 1.526 0£0.019 944 1.797 0£0.049 42 1.223 9+0.173 1
3.5h4] 1.044 5+0.062 6 1.477 1£0.020 84* 1.782 7+0.101 8 1.171 2+0.133 1
4.0h4 1.065 1+0.148 1 1.359 3+0.029 2* 1.757 2+0.186 0 1.1252+0.159 1
F1& 4.985 28.087 11.853 4.384

F#Hi% % Opg mRNA FRixKFHIRM (w25 ,n=3)
Tab.6 Effect on the Opg mRNA expression at different treatment times(x+s,n=3)

5 Opg mRNA expression

Oh 24 h 48 h 72h
Xof BRZH 1.000 0+0.000 0 1.462 2+0.080 4 1.632 2+0.053 3 1.532 2+0.049 8
0.5h4l 1.260 5+0.126 3 1.504 1£0.034 5** 1.504 1£0.034 5** 1.560 8+0.026 3
1.0h 24 1.338 9+0.161 7 1.541 2+0.093 5* 1.644 5+£0.157 2* 1.541 2+0.093 5
1.5h4l 1.476 7+0.193 5 1.721 9+0.080 34* 1.841 9+0.139 0 1.655 2+0.068 2
20h#H 1.684 7+0.133 4~ 1.817 6£0.117 9* 1.960 9+0.067 4~ 1.684 2+0.114 8
25h# 1.767 3+0.169 9~ 2.174 3+£0.082 244 2.274 3+0.075 94 1.734 3+0.155 6
3.0h & 1.523 3+0.140 0~* 1.774 2+0.157 6 1.774 2+0.157 6 1.640 8+0.096 0
3.5hd] 1.225 2+0.107 0 1.490 8+0.147 0** 1.661 2+0.180 3 1.490 8+0.097 7
4.0h4l 1.224 3+0.105 7* 1.527 5+0.190 4 1.667 9+0.179 1 1.460 8+0.142 1
FAH 9.628 13.831 9.676 2.529

1.5 h Z1H1 2.5 h 41 2 e i Runx—2 mRNA 35,
HAbREAH PR T WAL HAVER . WiAEEE 24 0 5
6] % B 4H %7 ,1.0.2.0.2.5.3.0.3.5 h 2 i 3 e ik
Runx-2 mRNA #5831k, H 2.5 h 41+ 0.5.1.0. 1.5,
3.5.4.0h 4, REHAETE 48 h J5 REIAMEFRLH [F) % 20
% ,1.0.1.5.2.0.25.3.0 h 40 & # 2 ¥ Runx -2
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