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ABSTRACT

Studies with cell cultures indicate that extremely low-frequency magnetic
~ fields may exert distinct biological effectsion cellular. systems: I the present
study, selected biological effects. of such: magnetic’ fields. are investigated
im mammalian J774.2 macrophages in culture. J774.2 murine macrophages
were exposed to' extremely low-frequency magnetic: field’ (ELE-MF) (25
Hz), and stimulated by lipopolysaccharide (L.PS) and/or interferon-v
(FN-y). The generation: oft nitrite (NO, ™), prostaglandin-E, (PGE,), tumor
necrosis© factor-alpha (TNF-o), chemiluminescence, and proteins were
measured. While 1.5 mT and 25 Hz frequency did not affect the viability
of the cells, higher flux density (2.4 mT) impaired it significantly. A 24-h
exposure of the cells to such frequencies increased their chemifuminescence
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comit rate and TNF-ot levels, but not their PGE,, NO, ", of protein con;
cemrations, These results demonstrate that exposure of J774.2 cells to
ﬂmem:ﬁc‘:l;y Tow-frequency magmuc field, 4t ¢erlain flux derisities, oeroases
cell viability and may have biclogical significance - the antitumoricidal

effect of such magnetic ficlds.

Free radicals: Nitric oxide; TNF-o; Cell viability

INTRODUCTION

Extremnely low frequency magneiic field (ELF-MF) may exert a variety of
hiclogical effects in vitro and in vivo, including some cell-sensitive physiological end-
poin I?.ax’a-_m:eiia_rs_.l_-;u._-;s_-; Amiong these effect 3t vodnfation of R B s
woll prtifiation. menibane signdl gansduction. engyme activity as dependent on
frequency, and induction of magnete Helds.

DNA content in human and mnimal cells, such as human acute myeloid leukemia
(HL-60) and mouse fibroblasts, and the number of e —uared oells, in
general, decrease significanty after exposure to & 9H-mT/50-Hz magnetic field,
while exposure. of cullured foreskin fibroblasts o 16 WT/76 Hz e reated
H-ihymidine uptake by these cells [P Magnetic figids of 50 Hz, at & range of flux
densities between 20 uT and 20 mT for up to 30 hr, do not affect the rate of DNA
synthesis by healthy human fibroblasts. ) Several studies have reported that ELF-MF
activated i?i'ff?ii-‘i?'f-e.i‘.a:t'i'ﬁn' of lymphocyles in yitro 1]

Possible interrelalion bhetween ELE-MF and fhuman I%rci_nogemﬁs o
suggcsted I NMmeErous '5'13-&1-3‘3.,[5*1"1'123 'bm their F&SUII:‘S_ are not ¢ onclusive. The offect Of
4 magnetic field depends on magnetic field intensity. No effect of ELF-MF on cell
mutations Wf;i.g'@bfief\ééd by Antonopoulos et 4P and Nguyen e ;:-'il',,_['m]- while Miya-
cosht &t A0 ahserved induction of mutations in e g vtz My
phoribosyl transferase gene in cultured human MeWo cells after their exposure 1o high-
density magnetic fields.

During exposure of animals with transplante 4§ tamors (Lewis tumer graft in mice,
liver cancerous foci in rals, and Bhrlich tamor in mice) 10 ELF-MF, a significantly
prolonged life span of these animals has been observed. 1% On the other band,
cytotoxic efficacy of ELF-MF against some particular cell lines (such as homian
adenocateinoma, human A-431, and mouse C3H/B1) has been rcp:orte;ci'.["’*ﬁfﬁz*’*] It was
suggesteei that the mechaiism of the C}"H)IGXIC effec% of the ELF-MF 15 relsted m ",
direct disruptive effect on the cell inembrane, o its impairment of fonic balance
through ihe membrine, {0 its injtiation of zpoptosis, a! d to diminution of DNA pro-
duction. Another possible mechanism of ELE-MF action may be stimulation of cells in
the immune systg after 13 weeks of exposure 1o ELF~MF, a sta ﬁStiGalflz_y' 3S*i_-gn:iﬁ'ca:g't
increase in NK cell function wes observed in male ras. 23] Moreover, macrophages are
well kiiown 1o be the first ling of anticancer defense in tumor tissues, either by reactive
oxygen species or by reactive oxynirogen intermediaies, as well as by exeretion of
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Therefore, we decided to study the effect of ELF-MF exposure on some bio-
logical parameters of J774.2 murine macrophages in culture, with emphasis on those
parameters, indicators, and mediators related to tumor growth.

MATERIALS AND METHODS
Materials

Phosphate-buffered saline (PBS), RPMI1-640 medium, and inactivated fetal call
serum (FCS) were purchased from GIBCO Life Technologies (Paisiey, UK). N-(1-
naphthyl)-ethylenediamine dihydrochloride, sulphanilamide, heparin sodium (pyrogen-
free), and trypan blue were purchased from Serva Chemicals (Heidelberg, Germany).
Lipopolysaccharide (LPS) from E. coli (serotype 0127:B8) was purchased from Cal-
biochem (La Jolla, CA); interferon-y (IFN-y) and mouse tumor necrosis factor-o
(TNF-a) ELISA kit from Genzyme (Cambridge, MA), phorbol-12-myristate-13-acetaie
(PMA), sodium nitrite and dimethyl sulfoxide (DMSO) from Sigma (St. Louis, MO).
Cytotoxic detection kit, a colorimetric assay for quantification of cell death and cell
lysis, based on measurement of lactate dehydrogenase (LDH) released from the cytosol
of damaged cells into the supernatant, was purchased from Boehringer (Mannheim,
Germany), and prostaglandin-E, (PGE,) enzyme immunoassay kit from Cayman Chem.

(St. Louis, MO).

Cell Culture

J774.2 murine macrophages were a gift from Prof. Sir John Vane, of the Wiiliam
Harvey Research Institute in London (England), via Prof. Janusz Marcinkiewicz of the
Department of Immunology, Jagiellonian University ‘Medical College in Krakow,
Poland. This J774.2 cell line was originally established from a spontaneous mouse
BALB/c reticulum cell sarcoma.’?* They were cultured either without stimulation or
with stimulation by lipopolysaccharide (100 ng/mL) and/or interferon-y (23 1U/mL).
Activated J774.2 macrophages release free radicals of oxygen and nitrogen, eicosanoids
(e.g.. PGEy) and cytokines (.. TNF-o). Propagation of the cells was performed
biweekly, in RPMI-1640 medium supplemented with 10% FCS, 2 mM glutamine, 100
[U/mL penicillin-G-sodium, and 100 pg/ml. streptomycin sulfate, in 5% CO,/95% air
at 37°C. For the actual study, the cells were centrifuged at 200 x g, resuspended in
RPMI-1640 medium supplemented with 10% FCS, at a concentration of 1 x 10° cells/
mL, and were seeded at 37°C in test tubes (Falcon, Becton and Dickinson, Lincoln
Park, NJ).

Cell Viability and Protein Content

Cell viability was ‘determined by the trypan blue exclusion test, and by lactate
dehydrogenase (LDH) concentration in culture supernatants after centrifugation. LDH is
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measuring counts per minwie (opmj, and by caleulating the wea under the chem-
Himinescence lensity curve {ntegral chemiluminescence). This assay evalunies lu-

minol-dependent chemifuminescence of cells, vsing PMA as a siimulant of respiratory
burats through activation of proteir kinase € (PKO)

Mitrite Assay

The accomulated nitrite, as 2 stable end product &f nitric onide (NG}, was de-

e

termined_colorimetrically by the diazotization reaction, using the standard Griess

=TT a1 " -3
reagent, 1 as we have previously describe .7 The absorbency of culture medivm and
Criess veagent 2t S50 nan was determined with an muouuted imeropluie render BLIBN0O

(Bio-Tec Instroments, Winooski, VT). Nitrite content was determined by using sodium
nilrite s a standard,

THNE-o and PGE,

TH¥-w and PGE; concenirations were determined by the FLISA wethod, usipe
~F 3 . 4 1 L - ) N
the Factor-Test-X'™ and the PGE, Caymen Chem. kils, respeciively,

Viability of J774.2 zafls (%}

B
1.5 m7 2&EmY
Magnetc Field Flan Danslty af 25 He

Figure 2. Viability of manrophages 17742, preexpased 60 2 rnpe of FERME fluy desentios, as
evaluated by LDH concentration in their supomatants Gnean = SEM, 1= 33 " < 80EN oy compared
w0 all iower fluz densities.
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Magnetic Field Exposure

For viability studies, cultures of isolated cells were exposed ta 25 Hz sinu-
soidal ELF-MF for 24 hr, and three intensities of magnetic fields were evaluated:
0.8, 1.5, and 2.4 mT. We limited our test samples to exposures at 0.8 mT because
exposure at higher levels produced undesirable effects on cell viability. At 0.8 mT,
viability was comparable to controls. Magnetic field generator Flora 02 was
constructed by Duscan Dajca Elcotrade (Preshov, The Czech Republic). Coils were
constructed of copper wire bundles, 16 ¢m in diameter wound around plastic forms.
Before initiating the present studies, operation of the generator was independently
validated by the Institute of Physics of the Silesian University in Katowice, Poland.
The magnetic field was generated by a magnetic core, which was placed in a CO,
incubator {Assab Kebo Lab., Spanga, Sweden), and kept at 37°C. Cell cultures were
set up in polystyrene tubes 55x 11 mm (10° cell/mL), which were placed in a
Styrofoam form, placed in turn inside an 8-cm inner diameter circular coil. The
incubator was equipped with a fan. There was no significant effect of the magnetic
field from the coil on the control samples. The flux densities of magnetic fields in
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Protein concentration {mg/mi]

control 0.8m7T 1.5mT
ELF-MF flux density

Figure 3. Protein concentrations in the J774.2 macrophages, preexposed to a range of ELF-MF
flux densities (mean+SEM, n=35). *p<0.001 as compared to nonexposed (control) cells.
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the site of the control samples were near zéra, The external coil diameter was 16
em. Unstimulated cells were placed in the same incubiator, 30 ¢m distant from the
edge of the eoil. The J774.2 cell line was exposed to ELE-MF for a specified length of
time in each field, and then both the stimulated and coniro! cells were removed from
the miagnetic field.

For statistical evaluation of the data, Mamn—Whitney 0/-test and the Student’s
Hest were used on all triplicates.

RESULTS
Cell Viability and Protein Cortent
Viability of the control (unstimulated) macrophages was 90 +2% by the LDH
test-and 94%3% by the trypan biue exclusion test, Two magnetic induction-depéndent

effects were observed: viability and LDH levels. No significant differences in cell
viability were detected at the 0.8 mT/25 Hz and the 1.5 mT/25 Hz between the

Concentration of TNFex [ng/m1]

[ELFWF | < | + T - T =
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Figure 4. TNF -0 production by one or more of the following stimulators; ELF-MF {08 MT/2S
Hz), IFN-y (25 10/mL) and LPS (100 ng/mL) (mean £ SEM, 5 =35).



'\f*"%?»*‘ﬁw@%&ﬁm;wf

-

e



EFFECT OF MAGNETIC FIELDS ON STIMULATED MACROPHAGES 149

12 000 -
@ 10 000 -
=
s |
Q
[ 2]

o
g 8000 -
=
Py
i
=
5‘ 6 000 -
[+ 1]
(£}
=
Q
o
§ 4 000 -
‘E
3
=
£ 20004
&)
0 ,

Control 0.8 mT
Magnetic Field Flux Density at 25 Hz

Figure 5. Chemiluminescence emitted from J774.2 macrophages stimulated with 0.16 uM of
PMA (without exposure to a magnetic field) and from cells exposed to ELF-MF of 0.8 mT/25 Hz
(mean=SEM, n=15).

DISCUSSION

The purpose of the present study was to determine the effect of extremely low-
frequency magnetic field on viability and release of cytotoxic mediators from murine
J774.2 macrophages. Earlier studies on a cellular level have demonstrated various
biological effects that result from exposure of the cells to ELF-MF. Such cell cultures
seem to give a better insight into the effects evoked by ELF-MF within a single cell, as
well as enabling measuring the production and release of protective mediators in
subcellular organélles.

Studies with different cellular systems, using a variety of exposure sectups,
exposure durations, amplitudes, frequencies, and wave forms, indicate that ELF-MF
affects cell viability.1%?%22) 1t also affects multiplication of the cells,””’ mediator sec-
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retion, P and eve 11 UBi0r Provoticn. [5.37] There are many repotts aboul biological
effects of ELF-MF an hedlthy and cancerous cells, in vitro and in vivo, and the preseat
study reucrates such siudies by demonsiraing that éxposure of mammafian macro-

phages to 2.4 mT/25 Hz affects their viability.

Recent studies also dermonstrate that BLE-MFE can affect cellular viability and
prehiferation. Schimmelpleng and Derfl.mg;{,rff’f‘ suggest that exposure of cultured mam-
malian cells to 2H-nyT/50-z mugnetie field deereases the number of vells and their
DNA comtent. Liboff et al."7 reporied that exposure of fibroblasts o ELF-MF (16 pT/
76 Hi) increased “H-ihymiding uptake by these cells in culture. While Kwee and
Raskmark™" nt‘f';:)az}r't'ef4 an increased number of transformied hisman epithelial dmnion
eells after 30 viin of expostire 1o an 80 750 Hz magnetic fleld, it was also recently
reported (hat 2 magnetic ':1‘1&-_1{.%_ of (1.3-3ud 0.7 T for 60 min decreased the colony-ferming
ability of culured nammalian cells, and affected the cell cyele.*?

There are varipus possible mechanismg causing side. effects following exposure of
mammalian ¢ells 16 magneiic ficlds. The tocus of this activity is believed to be in the
cell membrane, its fiucleus; or some of its macromolecules.

Hosl woinune response includes humnoral and <celi-mediated immunity. Riecent
studies have demonstrdted cracial soles of free radicals, nitric oxide, TINF-o, .alld- PGE;
in this process. In the present study, cell-mediated immunity was assessed by meas-
aring production of free radicals, as well as levels of TNF-& and PGE,, 24 hr dfter
exposure of murine mucrophages w O.8H-mT/25H-Hz magnelic field.

It has been established that free radicals, especially NO, are major mediators of the
microbicidal and wumoricidat activities of macrophages. In the present study, a 0.8-mT/
ESH Hz magnetic field aciivates chemiluminescence, but does not alter the synthesis of

NG, 7. Our results confirm reports jhat a 0.1 mT/0H-Hz magsnetic fleld induces re-
splraw;v bursts in primed rat peritoneal neutrophils, by using the dye 2 #-dichlo-
rofluoresceine, which reacts with free radical-derived oxidants such as HyO, to form
2.7 dicnlorofluoresceine in real ime "7 It was also shown that & 0.1H-taT/60H-Hz
magnetic field stimolates production of free vadicals by human peripheral inmltm;f.:hll.,,mj

TNF:¢ is a cytoking, mainly produced by activated macrophages, and has a
massive lethal-effect on spme umors, causing hemorrhagic necrosis, which results in
their regression, The TNF-¢ also plays a major tole-in apopiosis and necrosis of cancer
cells PV Iy e present swdy, a magretic field of 0.8 mT/25 Hz activates TNF-o;
production by the J774.2 muorine macrophages. While 2 magnetic field of 30 mT/50 Hz
decreases HEN-y production and inereases [L-1 production, no significant difference was
detected between (he control and the ELF-MF-exposed celis in the production of other
cytokines, by human peripheral blood mononuclear cells.® It should also be noted
that while somie investigaiors (e.g., Refl [341) suggested that PGE; s an irmportant
regulator of the expression of nonspecific tumor cell Killing by murine macrophages, our
preseiit results demonsirate that there is no sigmificant differenice between the conirol
and the exposed cells in production of this 'g_ir.'_l'-‘{}s-tagl'_and-in. at the exposure level used.

CONCLUSION

In eonelasion, our results demonstrate that exposure of murine J774.2
macrophages 10 extremely low-frequency magnetic field, at 25 Hz and 4t certain flux
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