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Intestinal subepithelial myofibroblasts play a
crucial role in the growth and development of the
intestine, its protection from noxious agents and
repair after damage, participate in wound healing
and fibrosis. They are located in the lamina propria
under the epithelial cells layer. Their specific func-
tions in the gastrointestinal tract include the neuro-
modulation of intestinal motility and the regulation
of intestinal water and electrolyte transport. Many of
the factors are secreted by the activated myofibro-
blasts in the intestine in various disease states:
experimental colitis, small bowel injury, gastric
ulcer models or disease and also in naturally occur-
ring inflammatory bowel disease (IBD). Examples
include prostaglandins, tumor necrosis factor α
(TNF-α), epidermal growth factor, transforming
growth factor β, basic fibroblast growth factor, inter-
leukins (IL-1β, IL-6, IL-10) and chemokines (1ñ3).
In the last few years, the increasing production of
electromagnetic (EMF) and static magnetic fields
(SMF), due to the expanding use of electronic

devices in everyday life and also in medicine, has
led to a number of studies on the effects of these
fields on living organisms. There are fewer studies
conducted on SMF than on EMF. SMF have a vari-
ety of effects on living organisms ranging from an
enhanced rate of enzymatic reactions to increased
transcription levels and alteration in cellular growth
(4). SMFs are usually classified as weak (< 1 mT),
moderate (1mT to 1 T), strong (1ñ5 T), and ultra-
strong (> 5 T) (5). Some of responses to SMF by
biological systems seem to be mediated through free
radical reactions leading to oxidative damage. SMF
may also interfere directly with reactive oxygen
species (6, 7). The biological effects of magnetic
field depend on its properties and on different cell
types (transformed or primary cells), which are
exposed as single cell suspensions, monolayers or
spheroids (8). According to Lushnikov et al. (9), a
therapy involving magnetic waves, because of its
anti-inflammatory properties, may be used in medi-
cine in IBD treatment. Its mechanism has not been
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elucidated yet. Earlier reports published from differ-
ent laboratories reported no effects of EMF on apop-
tosis or cytokine production (10, 11). The aim of our
investigations was to evaluate the SMF influence on
viability, cell proliferation and IL-6 production in
normal human colon myofibroblasts (CCD-18Co).

EXPERIMENTAL

The source of static magnetic field

The source of SMF was three arranged sequen-
tially neodymium cylinder magnets S-N-S (37 mm
diameter and 10 mm thickness). The 96-well plate
was placed over the magnets. Both, the exposed and
the control samples were kept in the same incubator
at 37OC. The magnetic flux density measured near
the surface inside the wells using a teslometer,
model SMT-101 (Asonik, PoznaÒ, Poland) was
equal to 300 ± 30 mT. A Faraday shield for the
entire incubator protected against any electrical dis-
turbance.

Cell cultures

Normal human colon myofibroblasts CCD-
18Co were obtained from American Type Culture
Collection. The cells were cultured in minimum
essential medium (MEM) supplemented with 10%
fetal bovine serum (FBS), 100 IU/mL penicillin G,
100 mg/mL streptomycin and 10 mM HEPES
(Gibco). The cell cultures were maintained at 37OC
in 5% CO2 atmosphere.

Cell proliferation assay

To assess cell proliferation, 8000 cells per well
were seeded in 96-well plates in 10% FBS-contain-
ing medium. After 24 h the plates were placed in
300 mT SMF. The proliferation was evaluated using
the CyQUANTÆ NF cell proliferation assay kit
(Molecular Probes) after 72 h. The fluorescence of
samples was measured with excitation at 485 nm
and emission detection at 535 nm using the plate
reader (Triad LT Multimode Detector, Dynex
Technologies).

Cytotoxicity assay 

The XTT (In Vitro Toxicology Assay Kit XTT
Based, TOX-2, Sigma) assay was used to assess the
effect of SMF on cell viability. The method is based
on the ability of mitochondrial dehydrogenases of
viable cells to cleave the tetrazolium ring of XTT
(2,3-bis[2-methoxy-4-nitro-5-sulfophenyl]-2H-tetra-
zolium-5-carboxyanilide inner salt), yielding orange
formazan crystals, which are soluble in aqueous
solutions. Myofibroblasts were dispensed at a densi-
ty of 8000 cells/0.2 mL into 96-well plates. After 4
days of incubation, the plates were placed in 300 mT
SMF for 72 h. After this time, 100 µL XTT solution
was added into each well for 4 h. The absorbance of
samples was measured at 450 nm with plate reader
(Triad LT Multimode Detector, Dynex
Technologies). Cell survival was calculated by the
following formula: cell viability = (mean experimen-
tal absorbance / mean control absorbance) ◊ 100%.

Figure 1. Influence of the SMF with a flux density of 300 mT on TNF-α-dependent IL-6 secretion in myofibroblasts. CCD-18Co cells were
cultured for 6, 12 and 24 h in the presence and absence of SMF. The results represent the mean ± SD (n = 6); * p < 0.05 (Studentís t-test)
compared with the control



1322 ARKADIUSZ GRUCHLIK et al.

IL-6 assay

IL-6 secretion by TNF-α-stimulated myofibrob-
lasts was evaluated using the ELISA kit (R&D
Systems). Myofibroblasts were cultured in 96-well
plates for 6 days. Cells were grown to the 90ñ95% con-
fluence. Twenty four hours before initiation of the prop-
er experiment, the medium was replaced with a medium

containing 200 µg/mL of bovine serum albumin (BSA)
and 50 ng/mL TNF-α instead of FBS. All the experi-
ments were carried out after 6, 12 and 24 h of cell incu-
bation in the presences or absence of SMF. The
Fe2+/ascorbate mixture, which was used to measure
TNF-α-independent IL-6 secretion, was prepared by
dissolving ferric chloride tetrahydrate with ascorbic acid

Figure 2. Influence of the SMF with a flux density of 300 mT on TNF-α-dependent IL-6 secretion in myofibroblasts. CCD-18Co cells were
cultured for 24 h in the medium containing Fe2+/ascorbate mixture in the presence and absence of SMF. The results represent the mean ±
SD (n = 6); * p < 0.05 (Studentís t-test) compared with the control (K)

Figure 3. Influence of the SMF with a flux density of 300 mT on the myofibroblasts viability (A) and proliferation (B). Cell viability was
expressed as an absorbance and cell proliferation as a number of cells. CCD-18Co cells were cultured for 72 h in the presence and absence
of SMF. The results represent the mean ± SD (n = 18 for cell viability; n = 6 for cell proliferation assay); * p < 0.05 compared with the
control (K), (Mann-Whitney U test was used for cell viability and Student's t-test for cell proliferation)
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to final concentration 20 and 100 µM. The absorbance
was measured at λ = 450 nm using a plate reader (Triad
LT Multimode Detector, Dynex Technologies).

Statistics

The difference between independent samples
means were tested using the Studentís t-test (STA-
TISTICA Version 9.1, Software). A value of p <
0.05 was considered statistically significant. The
results are expressed as the means ± SD (n = 6). The
Mann-Whitney U test was used in case when normal
distribution did not occur.

RESULTS

TNF-α (50 ng/mL)-stimulated myofibroblasts
exposed to 300 mT SMF showed decreased IL-6
secretion. The effect depended on time of incuba-
tion. The significant decrease was observed after 24
h (Studentís t-test, p = 0.00029) (Fig. 1). After the
addition of Fe2+/ascorbate SMF also inhibited IL-6
secretion (Fig. 2). XTT assay revealed no differ-
ences in viability between controls and SMF-treat-
ed cultures (Mann-Whitney U test, p > 0.05) (Fig.
3A). The exposure to SMF for 72 h caused an
increase of cell proliferation (Studentís t-test; p =
0.0024) (Fig. 3B).

DISCUSSION AND CONCLUSION

Among cellular processes, proliferation has
been studied the most broadly and revealed strong
inhibitory effects of electromagnetic stimulation on
cell division of various cells (12, 13). We investigat-
ed an effect of SMF on myofibroblasts proliferation.
CCD-18Co cells were treated with SMF with a flux
density of 300 mT for 72 h. SMF significantly
increased cell proliferation, whereas it had no influ-
ence on cell viability measured by the XTT assay.
Some studies have reported that repetitive SMF
exposure had no effect on cell growth rate, whereas
others have shown that SMF alone altered cell pro-
liferation or cell death balance. Wiskirchen et al.
(14), for example, found that repetitive exposure to
SMF of 1.5 T exerted no effects on proliferation of
human fetal lung fibroblast cells, while Raylman et
al. (15) reported that prolonged exposure to 7 T SMF
produced a reduction in viable cell number in
melanoma, ovarian carcinoma, and lymphoma cell
lines. It seems that the effect of magnetic field on liv-
ing cells depends upon cell type, cell line, strength
and waveform of the magnetic field, time of expo-
sure and range of radiofrequency in case of EMF (4,
16). Martino et al. (17) reported that low level fields

0.2ñ1 µT inhibited cell numbers and endothelial
nitric oxide synthase activity compared to SMF of 60
and 120 µT. Enhanced proliferation effect of 120 µT
SMF was suppressed by the addition of free radical
scavengers superoxide dismutase (18). SMF with a
flux density of 2000 G inhibited the proliferation of
cultured myoblast C2C12 cells after 48 h of exposure
(19). It has been also shown that EMF has a signifi-
cant effect on bone formation and fracture healing
through stimulating osteoblast proliferation and min-
eralization. It increased cell proliferation of human
intervertebral disc cells (20) or osteoblasts (7F2)
which were seeded on top of chitosan scaffolds and
co-cultured with macrophage cells (21). 

After exposure of myofibroblasts to SMF we
observed inhibition of TNF-α-dependent IL-6 secre-
tion, which depended on the time of incubation. IL-
6 belongs to pro-inflammatory cytokines family and
plays a crucial role in IBD (22). The increase of its
concentration is characteristic for an active phase of
colitis ulcerosa (CU) and Leúniowski-Crohnís dis-
ease (CD) and lower concentration was observed
during remission periods (23ñ25). The pulsing elec-
tromagnetic field decreased viability of human
peripheral blood mononuclear cells (PBMC) isolat-
ed from CD patients and healthy donors by about 10
and 5%, respectively. PBMC from CD patients were
characterized by lower production of pro-inflamma-
tory cytokine such as IFN-γ and higher concentra-
tion of anti-inflammatory cytokine such as IL-10
[26]. Salerno et al. (27) investigated the effects of
SMF generated by a 0.5 T superconducting magnet-
ic resonance imaging on interleukin release in
PBMC. They showed no effect on phytohemaglu-
tinin-dependent TNF-α, IL-6 and IL-10 secretions.
Lin et al. (28) demonstrated that fibroblasts exposed
for 12 h to 400 mT SMF were characterized by high-
er cell viability and lower levels of LPS-induced IL-
1β. SMF tended also to increase the level of LPS-
induced IL-1 receptor antagonist (IL-1Ra) and IL-6
(28). Anti-inflammatory effects of EMF come from
hypothesis that it affects the number of free radicals
by the radical pair mechanisms. Lushnikov et al. (9)
showed that low-intensity ultrahigh frequency elec-
tromagnetic radiation reduces the severity of inflam-
mation by inhibition production of reactive oxygen
intermediates by neutrophils in inflammatory
process in mice (9). In our studies we observed that
reactive oxygen species generated from Fe2+/ascor-
bate system, increased TNF-α-dependent IL-6
secretion compared with the control. In this case
SMF also inhibited IL-6 secretion.

Inhibition of IL-6 secretion by SMF and lack
of its cytotoxic effect in colon myofibroblasts seem
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to be advantageous, whilst SMF is implicated in the
treatment of inflammatory diseases associated by an
increase in number of activated myofibroblasts. The
increase of myofibroblast numbers in the colon
mucosal membrane can also play a role in wound
healing and tissue regeneration. 
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