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Fig. 1 The apparatus designed for treatment

of cells by sinusoidal electromagnetic fields
The apparatus was composed of solenoids and controller. The solenoids
were 12 cm diam x 25 cm long hollow cylinders and placed in a CO,
incubator. The culture dishes were placed in the solenoids (as shown in
Figure 1) and exposed to SEMF during culture period. The culture in the
same condition but without exposure to SEMF was used as control. The
direction of magnetic field was parallel to the surface of culture dishes.

The waveform was routinely checked with a probe and oscilloscope.
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Fig. 2 NOS activity in rat calvarial osteoblasts treated
by sinusoidal electromagnetic fields after different time
NO is generated by the nitric oxide synthase enzymes (NOS) from
molecular oxygen and the terminal guanidino nitrogen of the amino acid
L-arginine, yielding L-citrulline as a coproduct. To measure the amount
of NOS enzyme, the chromatic compound of NO to nucleophilic
substance is measured using an in vitro assay at 530 nm. SEMF and
sildenafil had an effect on NOS activity measured on the 0 h, 0.5 h, 1 h,
2 h, 3 h, 4 h after SEMF treatment. **P < 0.01 versus Control. e---e:

Control, A—A : SEMF; m---m: Sild.
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Fig. 3 NO production stimulated by exposure
to sinusoidal electromagnetic fields for 0.5 h
NO production was assessed indirectly by measuring accumulation of
NO; and NO; in the culture media. After 0.5 h of exposure to SEMF,
500 pl culture media were collected and the NO content was measured
by Griess reaction. The data is expressed as percent of corresponding
controls (n=3). *P < 0.05 versus Control, **P < 0.01 versus Control.
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Fig. 4 Expression level of NOS in rat calvarial osteoblasts treated by SEMF or L-NAME after 0.5 h
Three isoforms of NOS were detected, which are neuronal form (nNOS or NOS1), endothelial form (eNOS or NOS3) and inducible form (iNOS or

NOS2) respectively. nNOS was expressed slightly and no significant difference existed among groups. eNOS and iNOS were expressed at significantly

higher level in SEMF group than in Control and L-NAME group. Their expressions were decreased obviously in SEMF+L-NAME group, but still higher
than that in the control and L-NAME group. (a) Western blots. /: Control; 2: SEMF; 3: L-NAME; 4: SEMF+L-NAME. (b) Relative optical density
of nNOS. (c) Relative optical density of eNOS. (d) Relative optical density of iNOS. ** P < 0.01 »s Control; *P<0.05 vs SEMF; *P < 0.01 vs SEMF;

4P <0.05 ys L-NAME.
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NO /3 W & 2 % &= T Control 41 il L-NAME 41,
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Fig. 5 NO production in rat calvarial oateoblasts
after exposure to SEMF for 0.5 h
NO production was measured by Griess reaction after the osteoblasts
were exposed to SEMF for 30 min. L-NAME were supplemented into
media prior to the exposure to SEMF. The data is expressed as percent of

corresponding controls (n =3). **P < 0.01 ps Control, #P < 0.01 s
SEMF, #P < 0.05 ys L-NAME.
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Fig. 6 The gene expression level of OSX in rat calvarial
osteoblasts after exposed to SEMF for 12 h
The gene expression level of Osterix was examined by Real time
RT-PCR. Results shown are representative of the average of three
independent trials. *P < 0.05 ps Control, **P < 0.01 ys Control, P <0.01
vs SEMF, #P < 0.05 ys L-NAME.
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Fig. 7 The intracellular alkaline phosphatase activity of
rat calvarial osteoblasts after 6 days of osteogenic
induction and exposure to SEMF 0.5 h/d
Alkaline phosphatase (ALP) activity in SEMF group was significantly
higher than that of the control. It is obviously lower in L-NAME group
than that in Control, but improved to a higher level in SEMF+L-NAME
group. The higher activity of ALP indicates the more active osteogenic

differentiation. **P < 0.01 s Control; #P < 0.01 ys SEMF.

Control SEMF
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Fig. 8 Staining result of colony forming unit-Fibroblast,,, after 12 days of osteogenic induction culture

On day 12, the medium was removed, and the cells were washed with PBS and fixed with 10% formaldehyde, rinsed in double distilled water, and

added staining solution(20 ml pH 8.9 barbital-HCI buffer, 20 mg a-naphthyl phosphate, 20 mg Solid blue B). Staining results were photographed. The

more CFU-F,p indicates the more active osteogenic differentiation.

Control SEMF

L-NAME SEMF+L-NAME

Fig. 9 Mineralized nodules stained by alizarin after 14 days of osteogenic induction

Mineral matrix deposition was stained by Alizarin Red. A red dot represents a calcified nodule unit. The more red dots indicates the more active

osteogenic differentiation.
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Sinusoidal Electromagnetic Fields Enhance Rat Osteoblast Differentiation
and Mineralization by Activating Nitric Oxide Signaling Pathway"
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Abstract
differentiation and mineralization of osteoblast are mediated by the nitric oxide (NO) signal pathway. It was first
investigated whether SEMF had an effect on nitric oxide synthase (NOS) activity measured on the 0 h, 0.5 h, 1 h,
1.5h,2 h,2.5h,3h, 3.5h, 4 h after SEMF treatment. Secondly, the NOS inhibitor, L-nitro-arginine-methylester

(L-NAME) was added to the culture medium to observe whether it inhibit the maturation and mineralization of

It was investigated whether the effects of sinusoidal electromagnetic field (SEMF) stimulation on the

osteoblast stimulated by SEMF, which evaluated by measuring alkaline phosphatase (ALP) activity, CFU-F5,
osterix gene expression and mineralized bone modulus. After treatment of SEMF, the NOS activity in SEMF group
increased in comparison with the normal control group (P < 0.01), reaching the highest level after 0.5 h. The gene
expression of Osterix, ALPase activity and mineralized bone modulus in the SEMF group were also increased
significantly. However, these effects were partially blocked in the L-NAME group. Surprisingly, all the osteogenic
markers in the SEMF+L-NAME group were slightly higher than those of the control group, but lower than those of
the SEMF group. In conclusion, The NO signal pathway was activated by SEMF treatment. The stimulatory
effects of SEMF on the differentiation and mineralization of osteoblast were attenuated when NO signal pathway
was blocked.
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