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ABSTRACT

The efficacious effects of pulsed electromagnetic field (PEMF) under the certain field parameters like
frequency and the field intensity have been reported for various tissue and molecules. Since collagen is
found abundantly in most tissue structures, this research was designed to further investigate the
effects of extremely low frequency (ELF) PEMF on the synthesis of the epidermal collagen. To do the
task, six groups of animals each consisting of eight mature male rats were selected randomly as one
group for the control and five for the test. The field was generated by using a parallel set of Helmholtz
coil. The first set of experiments was carried out at the peak intensity of 2 mT (milli Tesla) for
different frequencies of 25, 50 and 100 Hz. Since the most effective frequency turned out to be 25 Hz,
another set of experiment was conducted using this frequency and two different field intensities of 1
and 4 mT. The field was applied for 2.5 h/day lasting for 8 days, keeping the same procedure for the
control group except for the field turned off. On the ninth day, the rats were sacrificed and the skin
samples from the dorsal region were taken for biochemical assessment of collagen by measuring
hydroxyproline content using Stegeman-Stalder method and histological assessment. The data
indicated that pulsed electromagnetic field of 2 mT at 25 Hz increased the collagen synthesis (P<0.05).
The other intensities and frequency setting did not have much distinguishable effect, however, at the
frequency of 25 Hz and 4 mT, the field effect on the collagen increase was also noticeable. It was
concluded that applying the field parameters of 25 Hz and 2 mT peak intensity for 2.5 h/day during
eight days rendered a significant increase in collagen synthesis in rat skin. Histological observations
were consistent with the biochemical findings. Iran. Biomed. J. 10 (1): 33-38, 2006
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INTRODUCTION

ollagen, the most important component of
Canimal connective tissue comprises about

one-third of body protein. It is not only the
most abundant, but also one of the most unusual
animal proteins, since it is devoid of cysteine and
tryptophan and contains more than 30 percent
glycine and such wunusual amino acids as
hydroxyproline and hydroxylysine. Hydroxyproline
is found almost exclusively in collagen, constituting
about 14% of the dry weight of the protein, and the
amounts of this imino acid are relatively constant in
collagens from various tissues in humans. The rate
of hydroxyproline formation is therefore considered

to be a good indication of the rate of collagen
biosynthesis. The collagen content of a tissue is
determined by measuring the content of protein
bound hydroxyproline [1, 2]. In the last 20 years,
there has been increasing interest in investigating
the possible effects of extremely low frequency
electric and magnetic fields [3-7]. The experimental
approach to the effects of electromagnetic fields
(EMF) on living systems is complicated by reported
non-linearities (intensity, frequency and time
windows of the fields) and other variables (cell
type, age and treatment) so that extrapolation or
replications among laboratories is difficult. The
possible mechanisms of the induced effects are not
known, although a number of theoretical models
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have been proposed [8-11]. This may be partially
due to difficulties in demonstrating reproducible
results. As collagen constitutes almost one third of
body protein and plays an important role in different
tissue structures, the aim of this research was to
study the effects of pulsed EMF at different
frequency and field intensity on synthesis of the
epidermal collagen.

MATERIALS AND METHODS

Chemicals and animals.  Chemicals were
purchased from Sigma (St. Louis, Mo). Adult male
Sprague-Dawley rats weighing approximately 175 £
25 g (8 weeks of age) were obtained from the
Pasteur Institute of Iran (Tehran) and acclimatized
for 5 days in one of the animal rooms in the
Department before being used for the EMF
experiment. They were maintained under controlled
temperature of 21 £ 1°C in 12 h light/12 h darkness
schedule. Food and tap water were freely available
in the cage.

Experimental set up. The PEMF was generated
by using a set of parallel Helmholtz coil having 75
cm diameter. The coils were separated 35 ¢cm a part
and housed in wooden frame support. The animals,
residing in plexi glass housing, were placed in the
coil center to assure receiving a uniform field. No
metal components were included in the
experimental set up. Six groups of animals each
consisting of eight mature male rats were selected
randomly as one group for the control and five
groups for the test. A field intensity of 2 mT (milli
Tesla) for different frequencies of 25, 50 and 100
Hz yielded the most effective frequency to be 25
Hz. Then, at this frequency, two different field
intensities of 1 and 4 mT were applied. The
treatment time of 2.5 h/day lasted for 8 days,
keeping the same procedure for the control group
except with the field turned off. On the ninth day,
the rats were sacrificed by using anesthetic, and
skin samples from the posterior dorsal region were
taken for collagen assessment.

Determination of tissue hydroxyproline content .
At the end of the application time, a piece of dorsal
skin (1 g) was excised and hydroxyproline contents
of samples were determined with Stegmann’s
method [12] briefly small sample of skins was
hydrolyzed without any preliminary purification by

adding 6 N HCI for 16 h at 107°C. The pH of
sample solutions was adjusted to 6-7 with dilute
HCI and 2.5 N NaOH. Two ml of each sample
solution was taken to tubes and their optical
densities were determined spectrophotometrically at
557 nm. The hydroxyproline concentrations were
determined directly from the standard curves
obtained fresh daily with freshly prepared standard
solutions.

Histological investigation. For light microscopy,
skin tissue samples (about 2 mm thick) were fixed
in 10% formalin and embedded in paraffin
according to the standard procedures. The
transverse and longitudinal sections (5 um thick)
were cut and stained using Masson’s Trichrom
stain, to check for bluish color associated with the
presence of collagen fibers [13].

Statistical analysis. For each group, the amount
of hydroxyproline content was compared using
student’s t- test. The comparison of each group with
the control with respect to the different intensity
was made with one way analysis of variance
(ANOVA); P<0.05 was considered significant.

RESULTS

Effects of 25, 50 and 100 Hz with 2 mT field
intensity on the hydroxyproline contents of rat
skin. There were no significant differences in food
or water consumption and no visible clinical signs
were observed during the study between the test
groups and the control animals. The average skin
hydroxyproline amounts of control group were
found to be 12.24 + 1.86 mg/g wet wt. The average
hydroxyproline contents groupl (25 Hz, 2 mT) were
found to be 14.61 + 1.33 mg/g wet wt. Figure 1A
shows the effects of 25 Hz magnetic field on
collagen synthesis of rat skin. As can be seen, after
8 days, 2.5 h/day of exposure, there is a statistically
significant increase in hydroxyproline in 25 Hz
group as compared with the control group (P<0.02).
The average skin hydroxyproline amounts of groups
2 (50 Hz, 2 mT) and 3 (100 Hz, 2 mT) were found
to be 12.27 £ 1.77 mg/g wet wt and 12.55 £ 1.79
mg/g wet wt, respectively. The changes in
hydroxyproline contents of these groups are given
in Figure 1B and C. The results of statistical
analysis found for each group show that the increase
of hydroxyproline at these frequencies were not
statistically significant (P>0.05).
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Fig. 1. The hydroxyproline contents of rat skin treated with
field intensity of 2 mili Tesla with frequencies of (A, 25; B, 50
and C, 100 Hz). Statistical comparisons were made with paired
student’s t-test. There is statistically significant increase in
hydroxyproline contents for 25 Hz, P<0.02. PEMF, pulsed
electromagnetic field.

Effects of 25 Hz magnetic field with 1 and 4 mT
intensities on the hydroxyproline contents of rat
skin. As the results indicated in Figure 1A, 25 Hz
yielded the most effective frequency. At this
frequency, two different field intensities of 1 and 4
mT (below and above intensities of 2 mT) were
applied. The treatment time again was 2.5 h/day
lasted for 8 days. The results of statistical analysis
found for each group are as below:

a) 25 Hz, 1 mT: field intensity of 1 mT increased
skin hydroxyproline for the 8 days duration of field
application, however, the increase was not found
statistically significant (P>0.05, Fig. 2A).

b) 25 Hz, 4 mT: field intensity of 4 mT increased rat
skin hydroxyproline much more than 1 mT and
the increase was statistically significant (P<0.05,
Fig. 2B). The mean of hydroxyproline contents of
the groups is given in Figure 3.

(A) Group 4

- r M control (unexposed)
s 16 CIPEMF (1 mT, 25 Hz)
14l
=)}
> 12 |
E
P 10
=
§ 8
2 6
X
© 4
S
T 2
o -
1 2 3 4 5 6 7 8
Animals
B) Group 5
s (B p

W Control (unexposed)
L OPEMF (4 mT, 25 Hz)

=
~ O

=
N

Hydroxyproline (mg/g wet wt)
[
o

o N A O @

1 2 3 4 5 6 7 8
Animals

Fig. 2. The hydroxyproline contents of rat skin treated with
25 Hz and field intensity of (A, 1 and B, 4 mili Tesla). There is
statistically significant increase in hydroxyproline contents at 4
mili Tesla, 25 Hz, P<0.04. PEMF, pulsed electromagnetic field.
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Fig. 3. The mean of hydroxyproline contents (mg/1g wet wt)
of exposed groups with the control (sham). *Significantly
different from control P<0.05. mT, mili Tesla.

Histological studies. The tissue samples from
each test and control group were taken for
histological examinations. The results of Masson’s
Trichrom staining of group 1 (25 Hz, 2 mT) as
compared to the control rendered more blue colors
as blue stain was associated with the collagen (Fig.
4A and B). However, the difference of collagen
content in the other groups were not significant for

the group 5 (25 Hz, 4 mT) the difference was
markedly noticeable.

DISCUSSION

In this work, we investigated the effects of PEMF
on the synthesis of collagen of rat’s skin at three
different field intensities (1, 2 and 4 mT) and three
different frequencies (25, 50 and 100 Hz) setting.
The findings indicate that PEMF does have effect
on collagen synthesis of the rat’s skin. Yet, out of
these different frequencies used in the experiments,
the 25 Hz at field intensity of 2 and 4 mT was the
most effective. This means that the process in a way
observed some kind of “window effect” with regard
to the employed frequency range. The window
effect is in consistent with the work of others [14-
16]. These results are also consistent with the
enhancement of differentiation of rat osteoblastic
cells and human fibroblasts in response to PEMF
exposure [17,18]. Differentiation-modulating
activity of EMF includes effects on transcriptional
activity of human cells and phenotypic
differentiation of fibroblasts [19]. In animal cell
culture, EMF treatment induced differentiation of
chondrocytes [20]. In contrast, EMF treatment has
also been shown to inhibit retinoic acid-induced
differentiation of embryonal carcinoma cells [21].

e . LR by 3

Fig. 4. Histological sections of rat skin. (A), Control (unexposed) group; (B), Pulsed electromagnetic field (2 mili Tesla, 25 Hz)-
treated group. The blue colors indicate the presence of collagen in tissue. A noticeable increase in the amount of collagen is seen in

treated group (Masson’s Trichrome stain, x160).
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The EMF effects on differentiation and collagen
synthesis depend on a number of factors including
the frequency, the contribution of electrical field
components generated by the coil [17], the level of
magnetic induction, the cell density, and the cell
type and the assay system investigated, and finally,
the effects of EMF are limited to narrow
biologically active windows in frequency and
intensity [22, 23]. Histological observation of the
collagen synthesis of treated-rat skin revealed more
intense staining with Masson’s Trichrom stain
which is specific for collagen in compare to
untreated skin. Considering the histological and
biochemical results, different electromagnetic
frequencies seem to exert a different effect on
collagen synthesis.

It was concluded that PEMF of 25 Hz with peak
intensity of 2 mT can significantly enhance the
collagen synthesis in rat skin when applied for 2.5
h/day for duration of 8 days.
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