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Pulsed Low Intensity Electromagnetic Field (PEMF)
Affects Cell Cycle of Human Osteoblast-like Cells in Vitro
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Abstract High frequency electromagnetic field in the range of 4 - 33 kHz given in low frequency bursts of 7-15 Hz
(PEMF) is efficient in stimulating osteoblast proliferation and differentiation in vitro. We hypothesize that osteoblast cell
cycle changes following this stimulatory PEMF. In order to explore this effect we used primary explant cultures of human
osteoblast-like cells. These cells were subjected to low frequency of 20-30 Hz, higher frequency of 5-15 kHz electro magnetic
fields and to PEMF (5-15 kHz basic frequency in pulses of 20-30 Hz) with maximal magnetic flux of 10-12 Gauss. The
maturation state of the cells was estimated by the measurement of cellular alkaline phosphatase activity and the overall cell
death by the LDH activity in culture media. The cell cycle was analyzed by cytometry. The PEMF stimulation significantly
increased the proportion of cells in the Gl phase (p<.001) and decreased the proportion of apoptotic and necrotic cells
(p<.001), with parallel decrease in cellular alkaline phosphatase and media LDH activities. Pure 20-30 Hz or 5-15 kHz
electromagnetic stimulations had no effect on these parameters. Therefore we show that PEMF with a basic frequency in the
kHz range provided in pulses in the infrasonic range alters human osteoblast cell cycle by reducing cell death and cellular
maturation.
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1. Introduction 2. Methods

Pulsed electromagnetic fields (PEMF) are in a clinical use
for treatment of deficient bone lesions in order to stimulate
new bone formation. The mechanism of the increased bone
formation by the PEMF is attributed to the osteoblast
stimulation ' and to suppression ofosteoclast bone resorption
% by affecting, among others, osteoblast induced osteoclast
stimu lation. There is evidence that specific PEMF paramete
rs are essential for stimulation of osteoblast proliferation and
differentiation and they are not identical in different studies. .. timeters distant from subchondralarea. The bone samples,
In general basic high frequency electromagnetic field in the o _ 3 grams in total each, were incubated in osteogenic
range of 4-33 kHz given in low frequency bursts of 7-15Hz |0 qium 56 cg. DMEM (Dulbecco’s Modified Eagles
are found to be efficient in stimullz31t4ing osteoblast  \fedijym, Biological Industries Ltd) with heat-inactivated
proliferation and differentiation in vitro ~". The maximal o1 calf serum (10%), 20 mM HEPES buffer, 2 mM
magnetic flux in these studies was in the range of 2-30 Gauss L-glutamine, 100 pM ascorbate-2-phosphate, 10nM

!4 The mechanism of the osteoblast stimulation is based on dexametasone, 50 U/ml penicillin, 150 pg/ml streptomycin
the accumulation of cytosolic Ca™*, but its overall effect on at 37°C in hu;nidified air with 50% CO, (viv), for 20 - 30
cell cycle is not known. i

We hypothesize that osteoblast cell cycle is changed
following the stimulatory PEMF. For this purpose westudie
d the cell cycle profile of cultured human osteoblast-like
cells following exposure to a low intensity PEMF.

Primary explant cultures of human osteoblast-like cells
were used for the experiments. For this purpose bone chips
of cancellous bone were prepared from disposable bone
samples which were collected from proximal femora of six
donors (three men, three women, age range 65-85 years)
during fractured hip arthroplasties. No osteoarthritic changes
in the femoralhead were evident under direct inspection. The
samples were collected from the femoral canal , at least 4

days. Human osteoblast-like cells grow out from the chips
are adherent to the plastic tissue culture plates (non-pyrogen
ic polysterene). The human bone cell cultures obtained by
this standard method have been shown previously to express
osteoblast-like characteristics, ie. polygonal multipolar
morphology, expression of the enzyme alkaline phosphatase,
nahumrosenberg@hotmail.com (Nahum Roscnberg) synthes .is of a collagen-rich extracellular matrix with
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sialoprotein (BSP) and osteocalcin . Additionally these
cells demonstrate matrix mineralization in vitro and bone
formation in vivo >°. Furthermore, we have previously
shown the osteoblast characteristics of these cells, including
positive Von Kossa staining, synthesis of osteopontin,
characteristic multipolar morphology and adherence to
plastic surface, as well as cellular alkaline phosphatase and
osteocalcin content .

In the present study, cells were allowed to migrate from
the bone chips into the medium, and proliferate in 75 cm’
culture flasks for 21 days. Then the cells were passaged into
24 well plates, where each well was seeded with 10* cells.
The cells were counted by direct microscopic inspection and
kept at the same conditions prior to experiment
commencement.

The use ofthese cells for the experiments was approved by
the Institutional Ethical Co mmittee.

The cultures were subjected to sine shaped low frequency
of 20-30 Hz and higher frequency of 5-15 kHz
electromagnetic fields and to PEMF , i.e. 5-15 kHz basic
frequency in pulses 0f20-30 Hz (Figure 1).
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Figure 1. Profile of a electromagnetic field with the basic frequency of
5-15 kHz in bursts of 5-15 kHz (PEMF) that was delivered to the cultured
cells

The maximal magnetic flux was in the range of
10.00-12.00 Gauss. We used a specially designed system for
delivery of electromagmetic field to human osteoblast-like
cells in culture in 24 well plate, by placing a coilunder each
well (Figure 2). We used cultures of cells unexposed to
magnetic fields as the study controls.

Figure 2. 24 well plate with cultured osteoblast-like cells is mounted on
the coils that deliver controlled electromagnetic field

The exposure of the cultured cells to different
electrlomagnetic fields was done in two hours periods with 1
hour interval once in 24 hours. We repeated this procedure in
four consecutive days. The design on this protocol was
empirical, and based on different clinical protocols used with
PEMF for enhancement of bone healing and on the previous
in vitro studies involving osteoblasts 8. Eight hours after the
last exposure to the electromagnetic field the cell cultures
were assayed.

The maturation state of the osteoblasts was estimated by
the measurement of cellular alkaline phosphatase activity.
Briefly, following cell counting in each culture sample the
media were collected for the furtherassay and the adherent to
the plastic surface cells were washed by PBS and lysed in
10% Triton X-100 and by three cycles of freezing to -20°C
and thawing at 20°C. Alkaline phosphatase activity was
determined in the lysed cell culture samples, after incubation
with P-nitrophenyl phosphate substrate, using 410 nm
wavelength spectrophotometry °.

LDH activity in culture media, due to leakage via
damaged cell membranes, indicates the overall cell death.
The LDH activity in the collected culture media from treated
samples and controls was determined by 340 nm wavelength
spectrophotometry of a reduced Nicotinamide adenine
dinucleotide (NAD), which is directly proportional to the
LDH activity '°.

The results were normalized to the cell number in each
sample, which was counted by a direct inspection in a low
power microscopic field.

Flow cytometric analysis was used to determine the cell
cycle of the osteoblast-like cells. We used the FACScan flow
cytometer (Becton Dickinson, San Jose, CA, USA). 10,000
cells were collected per assay point. Data was analyzed by
the CELLQuest software package for determination of the
number of cells in each cell cycle step.

The results were compared to control cultures unexposed
to magnetic fields. Six samples for each condition were
assayed.

Statistical comparison was done by the ¢ test after anormal
distribution of values was found in all studied groups of
samples. P values below .05 were considered as indication of
a significant change in comparison between the groups of
values.
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Figure 3. Number of cells in a low power microscopic field following
exposure to different electromagnetic protocols. Mean values and SD are
presented (n=6). Significantly higher values following exposure to PEMF
are evident
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3. Results

The number of cells increased following exposure to 5-15
kHz basic electromagnetic frequency (p<0.05). Additionally
when 5-15 kHz electromagnetic field was delivered in pulses
0f 20-30 Hz a highest increase in cell number was observed
(Figure 3).

Both cellular alkaline phosphatase and medium LDH
activities decreased following exposure to PEMF (Figure 4).
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Figure 4. Activity of cellular alkaline phosphatase and LDH in culture
media per cell following different protocols of electromagnetic exposure
normalized to controls. Mean values and SD are presented (n=6).
Significantly lower values following exposure to PEMF are evident

When a 20-30 Hz or 5-15 kHz frequency electro magnetic
fields were applied to the cultured cells no significant change
in cellular alkaline phosphatase activity and medium LDH
activity was found (p>.05, Figures 4).

Flow cytometric analysis (FACS) of the cells exposed to
the 20-30 Hz or 5-15 kHz frequency electromagnetic field
also showed no difference in the cell cycle profile comparing
to the controls (p>.05). But the PEMF stimulation did
significantly increase the proportion of cells in the G1 phase
(p<.001, Figure 5) and decrease the proportion of apoptotic
and necrotic cells (p<.001, Figure 5).
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Figure 5. Cytometric profileof cells exposed to PEMF and control culture.
Shifting ofthe cell cycletoward GI phase in the cells exposed to the PEMF
is evident. necr — necrotic cells, apo — apoptotic cells

4. Discussion

Electromagnetic field of 5-15 kHz frequency delivered in
20-30 Hz pulses (PEMF) shifted the cultured human
osteoblast-like cells toward G1 phase ofthe cell cycle on the
expense of the proportion of necrotic and apoptotic cells.

This decrease of cell death caused an increase of cell number
in the culture. The increase of cell number following the
PEMF shouldn't be attributed to a mitogenic activity,
because the S and G2/M phases of the cell cycle were not
altered by the PEMF. This observation of'the decreased cell
death rate following PEMF is supported by lower activity of
LDH in culture media which is not observed following 20-30
Hz or 5-15 kHz electromagnetic stimulation. In parallel to
the decrease of cell death PEMF caused a suppression of
osteoblast maturation, which is expressed by a lower
alkaline phosphatase activity. This phenomenon wasn't
observed following the pure 20-30 Hz or 5-15 kHz
stimulation.

The presented results support the previously reported
evidence that rat osteoblast-like cells respond by maturation
inhibition following PEMF of 15 Gauss in pulses of 48 Hz
with parallel shifting of their cell cycle from G2/M and S
phases .

A different effect was previously shown by Chang WHS
et al, when mice osteoblast-like cells responded by a higher
proliferation rate, without change in their maturation state,
following exposure to PEMF with magnetic field of 1
Gauss'. The difference from our results can be attributed to
species origin of the cells, but probably the main reason is the
differences in magnetic flux in these studies, 1 vs. 10-12
Gauss, and difference in exposure times to the PEMF, i.e. 8
hours vs. 4 hours daily. This diversity in cellular response
with different physical parameters of PEMF should be taken
into consideration when decision on the clinically optimal
PEMF is made.

We found that the 5-15 kHz electromagnetic stimulation
cause some increase in cell number in the culture, but this
weak increase wasn’t accompanied by significant change in
cellular alkaline phosphatase activity , LDH activity in the
culture media and, most important, in the cell cycle profile.
This indicates that the effect of 5-15 kHz electromagnetic
stimulation is of marginal importance.

5. Conclusions

We show that PEMF with a basic frequency in the kHz
range delivered in pulses in the infrasonic range alters human
osteoblast cell cycle by reducing cell death and cellular
maturation. From these results we cautiously may suggest
that by using the PEMF in vivo an increase of immature
osteoblast poolin the exposed to the PEMF area might occur.
The clinical significance of this phenomenon should be
further investigated, especially after the cessation of the
exposure to the PEMF, when subsequential unopposed by
the PEMF osteoblast maturation allowing matrix elaboration,
is expected.
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