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Effect of the magnetism(neodymium magnet) on growth factor receptors
of osteoblasts

Sang-Min Lee, Sung-Bok Lee, Boo-Byung Choi
Department of Prosthodontics, Division of Dentistry, Graduated School, Kyung Hee University

The purposes of this study were to find out the optimum intensity of magnetic field where magnetism could promote
the activity of osteoblast, and to discover the possibility of clinical application in the areas of dental implants and bone
grafts by confirming the effect of clinically increasing bone formation. In this experiment, we used the Neodymium
magnet, which had magnetic power six times as strong as the current ones and enabled the resistances against the
demagnetization up to 20 to 50 times to be minimized with the size of Imm in sight. In order to culture cells, a specially
designed device was used. It was made to adjust the distance and accordingly to control the intensity of the magnetic
field, by placing the cell culture plate in the center with a magnet of Imm long and thick installed on the both ends.
Using MC3T3-E1 cell, a kind of osteoblast-like cell, we cultured, for 24 hours, not only the test group which had been
cultured under the magnetic fields with different intensity of 5, 10, 50, 100, 500, and 1000 Gauss, but also the control
group excluding the influences of the magnetic field. After observing the cell's form and the density of the culture
medium through an inverted microscope, we made a series of proceedings needed for the immunofluoroscence staining,
such as fixation, normal serum reaction, primary antibody reaction, and secondary antibody reaction. And with a
fluorescence microscope, we observed those-above and compared the frequency of expression of IFG-1 receptor. To make
a Western immunoblotting analysis, the cells cultured under the same condition as the above had the procedure of the
lysis buffer and the acrylamide gel electrophoresis was carried out. Protein transferred into the nitrocellulose membrane
and tested on the primary and the secondary antibody reactions was observed and compared. The results were as follows:
When observed through an inverted microscope, the nuclear divisions of the cells under the magnetic field of 10 Gauss
were the most active, and the density of the cells could be observed the most enormously. As the result of an
immunofluoroscence staining of IGF-1 receptor, the expression of IFG-1 was the most frequently observed under the
magnetic field of 10 Gauss. On the other hand, few differences of consideration were made between the test group
cultured under the magnetic fields of 5, 500, and 1000 Gauss and the control group. In respect of the expression of IFG-1
receptor, the test group cultured under the magnetic fields of 50 and 100 Gauss were higher than the control group,
and lower than that cultured under the magnetic field of 10 Gauss.(p<0.05) According to the Western immunoblotting
analysis, the band of IFG-1 receptor which had 85KDa of molecular weight was the darkest. Judging from the
above-mentioned results, the growth factor receptor of an osteoblast cell which was an important criterion for the bone
formation was increased in maximum under the magnetic field of 10 Gauss. Moreover it was observed that the optimum
intensity of magnetic field in which magnetism made the activity of the osteoblast cell increase was about 10 Gauss.
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Fig. 2. Gauss meter (Kanetec,
Japan)

Fig. 1. magnetic field controller for cell culture
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Fig. 5. Inverted microscope (Olympus, Japan)
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6. Western immunoblotting analysis
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Fig. 7. SDS—PAGE(sodium dodecyl sulfate—
polyacrylamide membrane gel
electrophoresis)

a. control group b. 10Gauss

c. 50Gauss d. 500Gauss

Fig. 9. Cell division and density under the
magnetic field
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S YERo] B4 #4921 one-way ANOVA(analysis
of variance)Z ©]-&3}th 1 A3} F40 A9} 1Fo]
T Al oA Sleel 4S5 H ATH(p<0.05).

E5olA B uke} o] AR A (Tukey test) 2
# T Al Y aFoR EREIeH
Groupl - 10 Gauss, Group2 - 50, 100Gauss, Group3
- control, 5, 500, 1000Gauss®] 7] <=o|tt
(p<0.05). IGF-I =& 2] ¥& 7= 3lo] 10Gauss
o AgTE vz 531%E Jepdon 7 w3t
o FAtHcr FoHd e AolE BT
(p<0.05). TF& 2.2 50, 100 Gauss®] A3 z+z}
o] 331%, 318% 5 WEblow dxa e &
A §ol4E erithp<005). etk 5,
500, 1000Gauss] AP 7H7F tl 29 116%,

control 5 10 50 100 500 1000
I 21.05 17 120 75.5 67.5 21 18
2 35.5 4275 139.25 79.5 78.75 31.25 26.25
3 20.25 25.75 17 78.25 73 215 18
4 95 11.25 86.25 56.5 60 6 8
5 205 27.25 105.25 64.5 60.5 19 2225
A 107 124 567.75 354.25 339.75 98.75 92.5
w5 214 248 113.55 70.85 67.95 19.75 18.5
ratio to-¢o I 1158879 5306075 3310748 3.175234 0922897  0.864486

control
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Table 2. 2+ At stof Mol IGF-1 84 23 7o et Hdn FEHEA}

MARIXL =42 Ztol| o|x=

oo

dstol sk o

Descriptives
Std. 95% Confidence Interval for Mean
N Mean o Std. Error Minimum Maximum
Deviation Lower Bound  Upper Bound
1.00 5 21.4000 9.2544 4.1387 9.9092 32.8908 9.50 35.50
2.00 5 24.8000 11.9745 5.3551 9.9318 39.6682 11.25 42.75
3.00 5 113.5500 19.5459 8.7412 89.2805 137.8195 86.25 139.25
4.00 5 70.8500 9.9681 4.4579 58.4730 83.2270 56.50 79.50
5.00 5 67.9500 8.0785 3.6128 57.9192 77.9808 60.00 78.75
6.00 5 19.7500 9.0347 4.0404 8.5320 30.9680 6.00 31.25
7.00 5 18.5000 6.7984 3.0404 10.0586 26.9414 8.00 26.25
Total 35 48.1143 36.0836 6.0992 35.7191 60.5094 6.00 139.25

Table 3. 2 At Sl Mo] IGF-T =3 L& 7H=of

st SEAM AAL
Test of Homogeneity of Variances
Levene .
o dfl df2 Sig.
Statistic
1.170 6 28 350

92%, 86%5 HEFH oM thzatate] FAISH4 o
A= HolA] eFSkTh(p>0.05).

3. Western immunoblotting analysis

F2F=Fo] 85KDaCl IGF-Ia =842 band(ZLH 13
9] markers 60KDa= YENE 54 band9] HIZ
919 band7} 85KDae WEFWH)= 10Gauss©] A af
oA 71 zlsHA #EE AT

Table 5. ZF A}z
CH St Tukey test

st Me| IGF-1

TEH gl Tl

VARO00002
Tukey HSD*
Subset for Alpha = .05
VAR00001 N
1 2 3
7.00 5 18.5000
6.00 5 18.7500
1.00 5 21.4000
2.00 5 24.8000
5.00 5 67.9500
4.00 5 70.8500
3.00 5 113.5500
Sig. 973 1.000 1.000

Mans for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 5.000.

Table 4. 2t AHE stol|A2] IGF-1 +&4A & 7o gk ANOVA &4

ANOVA
VAR00002
Sum of Squares df Mean Square F Sig.
Between Groups 40654.743 6775.790 52.494 .000
Within Groups 3614.175 129.078

Total 44268918
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Fig. 13. Western immunoblotting analysis
(M: marker, 1: control group, 2:
5Gauss, 3: 10Gauss, 4: 50Gauss, b5:
100Gauss, 6: 500Gauss, 7:1000Gauss)
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