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Abstract Exposing body tissue, in vivo, to a magnetic
field promotes metabolic alterations in the cell mem-
brane’s permeability and in the apoptosis phenomenon.
This aim of the study was to investigate magnetic field
interactions in the process of tissue repair in rats.
Twenty-four male Wistar rats, weighing 200-350 g, were
assigned to one of the three different groups: Control
(without exposure to the magnetic field), South Pole
(with exposure to the South magnetic field), and North
Pole (with exposure to the north magnetic field). The
intensity of the magnetic field used was 1,600 G. All the
animals were anesthetized and immobilized on a surgical
board in order to receive circular wounds. The size of the
wounds was measured by a milimetric paquimeter. For
the histological study, the tissues were fixed in paraffin
and colored with hematoxylin and eosin. Wound size
data were submitted to one-way analysis of variance
(ANOVA) and to the test of Student—-Newman—Keuls
when appropriated. The results of day 5 (Fr»3:F5.84;
P < 0.05), day 10 (F523:F589; P < 0.05), and day 15
(Fa03:F788; P < 0.05) revealed a significant reduction
between the size of the wounds of both North and South
groups when compared to Control group. Our data
suggest that chronic exposure to a magnetic field of
1,600 G can accelerate the speed of tissue repair in rats.
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Introduction

Patients with restricted mobility due to a long bed rest
can develop skin wounds, scars or decubitus, and ulcers
[3]. These lesions can be treated by several professionals
in the health field, depending on its size. Big lesions
demand a lot of medical attention, especially because
they often happen during emergencies; however, smaller
lesions can be treated differently by physiotherapists,
nurses, and other professionals in the health field [34].
Physiotherapists use helium—neon laser (HeNe) to treat
scars in general. This equipment produces beneficial ef-
fects in several processes of healing, facilitating the re-
pair of the tissue and its cellular functions [2]. However,
the magnetic field is another resource that has been
studied for a long time and its effects in the human
biological system have been providing a satisfactory
alternative to such treatments [32].

The great majority of effects that the magnetic field
promotes in the human body depend on the cellular
structures’ sensibility, because some are more sensitive
than others. In the vascular system, e.g., the magnetic
field promotes modifications in macrocirculation and
microcirculation, consequently increasing blood flow
[13] and changes in arterial pressure [26]. In the skeletal
system, the magnetic field increases osteoblasts matu-
ration during its exposition in the first two stages of
bone lesion repair [6]. In the nervous system, the effects
of the magnetic field are related to increased sensibility
in cortical excitatory stages [16], as well as in the baro-
receptor system [12]. The effects of the magnetic field in
internal organs of rats are related to alterations in its
density [5]. The effects of the magnetic field in the hor-
monal system depend on the area that has been exposed
to it; although there are reported effects in pancreatic
secretion [15], there is an absence of effects reported in
the pineal gland melatonin liberation [17] and in the
cytokine production [14].
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In the ionic systems, the magnetic field produces a
significant effect in the movement flow, without colli-
sions [11], and a small increase in the calcium concen-
tration, changing the cell response process [1].
Regarding its effect on the internal cellular environment,
the magnetic field promotes alterations in metabolic
reactions, permeability of cell membrane [33], and cell
apoptosis [30].

Another recent study by Fedrowitz et al. [10] showed
evidences that exposure to magnetic field increases the
proliferation of epithelial cells in the mammary gland.

As the magnetic field influences several metabolic
responses in the human body as mentioned above, an
investigation of its interactions in acceleration of tissue
repair and its physiological effects seems to be of great
importance.

Materials and methods
Animals and surgery

Twenty-four naive male rats (Wistar) weighing 200—
300 g were used in accordance with the Ethics Com-
mittee for animal and human research of the University
of Franca (protocol number 098/003). The animals were
housed in a colony room with food and water ad libitum
throughout the 15 days of the experiment. They were
maintained on a 12-h light/12-h dark cycle (lights on at 7
a.m.) at 23 £ 1°C. Each animal was anesthetized with
thionembutal (5 mg/kg, i.p.) and immobilized on a
surgical table. Once the anesthetic took effect, tricoto-
mia procedure and asepsis of the area took place before
the surgery itself. The surgery consisted of making a
standardized circular wound, placed on the middle of
the back of each animal to approximately 20 mm off the
base of the cranium, using tongs and surgical scissors
[31]. A milimetric paquimeter was used (DIGIMESS) to
measure wound size, as soon as the lesion was produced
and every 5 days after that until the last day of the
experiment (day 15). After the surgery, the animals were
housed in groups of four animals per cage.

Experimental

After the surgery, the animals were assigned to one of
the three groups: Control (no exposure to the magnetic
field, n = 8), South Pole (exposed to the South magnetic
field, » = 8), and North Pole (exposed to the North
magnetic field, n = 8). For the North and South groups
(experimental groups), circular magnets were placed
under each cage for 15 days, 24 h a day in an open-field
protocol (Fig. 1). The animals in the Control group did
not have any magnets type or sham magnet under their
cages. All the groups were maintained separately during
the whole experiment. Other factors such as brightness
and temperature were the same for all groups.

Magnetic field

The magnetic field consisted of a magnet made of Bar-
ium Ferrite (BaFe;,0,9) measuring 220 mm of diameter
by 20-mm thickness (Keybass Speakers, Brazil). A
GaussMeter (Model TMAG-1T, GLOBALMAG, Bra-
zil) was used to measure the surface intensity of 1,600 G
(0.16 T) on the magnetic external extremity. To deter-
mine the medium force of the magnetic field on the
animals, we measured it on the cage floor and at 70 mm
of height, which was the calculated average of the height
reached by the animals in the position of four paws in
the cage floor (Fig. 2).

Histology

On day 15, the animals were killed with a thionembutal
overdose, and tissue samples from the ulceration were
collected. These tissues were kept in containers filled
with a formalin solution at 10%, cut into 5-um thick
sections, and stained with hematoxylin and eosin.

Statistical analysis

Macroscopic data (size of the wounds) are reported as
means + S.E.M. Data were analyzed by means of
analysis of variance. Student—Newman—Keuls post hoc
comparisons were used when significant overall F values
were obtained. Significant level was set at P < 0.05. To
obtain a better visualization of the speed of repair be-
tween the groups, the data were transformed in per-
centages.

Results
Macroscopic analysis

After the production of the wounds, there were no sta-
tistically significant differences in wound size within each
of the three groups when compared to each other
(F2’23:F0’79; P = 046) (Start bar in Flg 3)

As shown in Fig. 3, there was a significant reduction
in wound size both in the North and South groups when
compared with Control on day 5 (F>»3:F584; P < 0.05),
day 10 (F2’23ZF8’89; P < 005), and ddy 15 (F2’23:F7‘88;
P < 0.05). As seen in Fig. 4, the South group showed
doubled healing speed when compared with Control.

Histological analysis

The Control group showed formation of hemato-
fibrinous scab, lateral necrosis areas in the lesion
borders, presence of intense inflammatory exudate
composed by neutrophiles and macrophages in the
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Fig. 1 Representation of the cage dimensions where the animals of
the treated group with magnetic field were housed. The circular
magnet was positioned under the cage; (1) 80 mm and (2) 55 mm
space-free between the border of the magnet and the cage
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Fig. 2 Magnetic potency (in gauss) measured in the cage floor (a)
and at 70 mm (b) of height

center of the lesion, formation of granulation tissue,
discreet formation of new blood vessels, and absence of
multinucleated giant cells or epithelioid cells (Fig. 5).
The South group showed hemato-fibrinous adjacent
scab with weak adhesion, intense inflammatory exudate
composed by macrophages, and discreet amount of
fibrina between the hemato-fibrinous scab and the
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Fig. 3 Tissue repair (size in millimeter) of the experimental lesions
on Start, day 5, day 10, and day 15. P < 0.05 in relation to the
Control group
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Fig. 4 Speed of tissue repair (in percentage) of the experimental
lesions on day 5, day 10, and day 15

granulation tissue. The granulation tissue was formed by
good amount of new blood vessels, fibroblasts, and main
disorganized extracellular, however, there was presence
of multinucleated giant cells and epithelioid cells, besides
discreet mitotic activity of the cells in the germinative
layer (basal) of the epidermis (Fig. 6).

The North group showed absence of hemato-fibrin-
ous scab and inflammatory exudate, substitution of the
granulation tissue for dense conjunctive tissue, orga-
nized distribution of the fibroblasts and of the main
collagen in the dermis, and wide mitotic activity of cells
in the germinative layer (basal) of the epidermis with
initial presence of these cells in the damaged area
(Fig. 7).

Discussion

Several studies have shown that tissue exposure to a
strong magnetic field can inhibit the growth of cells in
vitro [1, 22, 24, 29] and also during fetal development in
rats [7].

In humans, inhibiting effects of magnetic field have
been reported; although a magnetic field of 0.5 T (8 h of
exposure) was shown to inhibit fibroblasts [22], a
stronger magnetic field (up to 6.3 T) has been shown to
inhibit T lymphocytes growth (up to 60 h of exposure)
[24].
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Fig. 5 Photomicrograph (H&E) of histological skin cuts in Wistar
rats (Control group). a Absence of hemato-fibrinous scab, great
amount of fibrin, and hemacite (arrow) in the center of the lesion.
b Formation of disorganized granulation tissue, discreet neofor-
mation of blood vessels (white arrow), accentuated fibroblasts
proliferation, and main extracellular in disorganized structure
(black arrow)

Increase in recaptation rate and fibroblast synthesis
in newborns rats due to a long exposure (up to 10 days)
to a magnetic field of 0.6 T has also been shown [23], as
well as a significant reduction in total number of viable
cells in melanoma cultures, carcinoma in ovaries, and
lymphoma after the exposure to a magnetic field of 7.0 T
for 64 h [29].

Other studies have shown that magnetic field expo-
sure increases proliferation of cells such as epithelial cells
and linfocites in vitro [18, 21].

The results reported in our study, namely the
magnetic field exposure, increase the speed in tissue
repair and improve histological response when com-
pared to unexposed controls, parallel reports in which
magnetic field exposure increases activity of cellular
proliferation [18, 21]. Our histological analysis indi-
cates the reduction and improvement in quality of
inflammatory exudate, formation of multinucleus cells,
and Langhans cells, and the presence of early cellular

Fig. 6 Photomicrograph (H&E) of histological skin cuts in Wistar
rats (South Pole group). a Presence of hemato-fibrinous scab (black
arrow) with tendency to separate the adjacent tissue, great amount
of fibrin, and inflammatory exudate (white arrow). b Presence of
intense inflammatory exudate (black arrow) composed by neutro-
phils and macrophages in the center of the lesion and right below
the hemato-fibrinous scab. Discreet mitotic cell activity in the
germinative layer of the epidermis (white arrow). ¢ Presence of
multinucleated giant cells with characteristics of epithelioid cells
(arrows)

mitotic activity in the germinative layer of the epi-
dermis.

Another interesting finding in our study is the
tendency of difference in healing speed observed be-
tween the two experimental groups. During the first



Fig. 7 Photomicrograph (H&E) of histological skin cuts in Wistar
rats (North Pole group). a Presence of cells of the germinative layer
(basal) of the epidermis with wide mitotic activity and beginning of
the occupation of the damaged area by epidermis cells (arrow).
b Substitution of the granulation tissue for conjunctive dense tissue,
main collagen, and fibroblasts with organized distribution. Discreet
neovascularization (arrow)

10 days of experiment, the South group showed a
small increase in speed when compared with the North
group. Even though the difference was not statistically
significant, there is a need for further investigation
because the number of animals in each group is rel-
atively small.

After day 10, the North group showed increase in
that speed of healing but again they were not statistically
significant.

Histological analysis showed that the healing quality
was better in the tissues exposed to the North Pole
magnetic field. A better quality of healing in our study is
theorized based on the absence or very little amount of
inflammatory exudate, substitution of granulation tissue
for dense conjunctive tissue with fibroblasts and main
collagen of organized distribution, and ample mitotic
activity of cells in the germinative layer of the epidermis
as seen in other studies [10, 18, 21].
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As other studies using high magnetic potency showed
inhibition of cell growth/proliferation [22, 24], the
intensity of the field could be responsible for such dif-
ference. Another possible explanation for the increase in
repair speed seen in our results could be the inhibition of
cellular apoptosis. The study of Fanelli et al. [9] has
shown that static magnetic fields of different intensities
can decrease the extension of cellular death for apoptosis
induced by several agents in different cellular systems in
humans. Such decrease is not related to change in cell
death (necrosis) or retardation of the process, instead it
seems to be related to increasing the survival of
undamaged cells and to the re-application of the dam-
aged cells by apoptogenic agents.

Other studies investigated the interference of mag-
netic fields in cellular metabolism, altering rates of cel-
lular transcription [20], and genes [28], finding a small
decrease in rate of spontaneous cellular death in vitro [8]
and changes in the plasmatic membrane [27] due to a
larger influx of Ca, in the membrane [19].

Multicellular organisms eliminate the unnecessary
cells through apoptosis, an intrinsic cellular mechanism
that drives healthy cells to their auto-elimination. This
happens in physiological conditions as well as in re-
sponse to mutagenic lesions [4].

After a lesion, cells that are severely damaged die
passively through necrosis; others that were only slightly
damaged die through apoptosis [25]. The increase of
repair speed in our results might be related to the fact
that we did not verify the presence of extensive areas of
necrosis in the treated groups. The magnetic filed used in
this study could be promoting the contention of pro-
grams of cell death through apoptosis in several slightly
damaged cells because the untreated group showed cell
death through that process. These results indicate the
need for further investigation.
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