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ABSTRACT

Studies with cell cultures indicate that extremely low-frequency magnetic
~ fields may exert distinct biological effects.on cellular. systems.. In 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’ (ELF-MF) €25
Hz),. amd stimulated by lipopolysaccharide (LPS) and/or intetferon-y
(IFN-y). The generation: ofi 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 chemiluminescence
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count rate and TNF-a levels, but not their PGE,, NO, ™, or protein con-
centrations. These results demonstrate that exposure of J774.2 cells to
extremely low-frequency magnetic field, at certain flux densities, decreases
cell viability and may have biological significance in the antitumoricidal

effect of such magnetic fields.
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INTRODUCTION

Extremely low frequency magnetic field (ELF-MF) may exert a variety of
biological effects in vitro and in vivo, including some cell-sensitive physiological end-
point paramelers.“'S I Among these effects is modulation of DNA and RNA synthesis,
ocll pralitciation, membrane signal ransduction. enzyme activity as dependent on
frequency, and induction of magnetic tields.

DNA content in human and animal cells, such as human acute myeloid leukemia
(HL-60) and mouse fibroblasts, and the number of mammalian cultured cells, in
general, decrease significantly after exposure to a 2H-mT/50-Hz magnetic field,’®
while exposure of cultured foreskin fibroblasts to 16 uT/76 Hz significantly increased
H-thymidine uptake by these cells.”) Magnetic fields of 50 Hz, at a range of flux
densities between 20 pT 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 proliferation of lymphocytes in vitro.>1%

Possible interrelation between ELF-MF and human carcinogenesis has been
suggested in numerous studies, 12 but their results are not conclusive. The effect of
a magnetic field depends on magnetic field intensity. No effect of ELF-MF on cell
mutations was observed by Antonopoulos et al.”! and Nguyen et al.,["¥! while Miya-
cosh; et all™ observed induction of mutations in the hypoxanthine guanine-phos-
phoribosy! transferase gene in cultured human MeWo cells after their exposure to high-
density magnetic fields.

During exposure of animals with transplanted tumors (Lewis tumor graft in mice,
liver cancerous foci in rats, and Ehrlich tumor in mice) to ELF-MF, a significantly
prolonged life span of these animals has been observed.!'’>™'®} On the other hand,
cytotoxic efficacy of ELF-MF against some particular cell lines (such as human
adenocarcinoma, human A-431, and mouse C3H/Bi) has been reported.[zo'zz] It was
suggested that the mechanism of the cytotoxic effect of the ELF-MF is related to its
direct disruptive effect on the cell membrane, to its impairment of ionic balance
through the membrane, to its initiation of apoptosis, and to diminution of DNA pro-
duction. Another possible mechanism of ELF-MF action may be stimulation of cells in
the immune system: after 13 weeks of exposure {0 ELF-MF, a statistically significant
increase in NK cell function was observed in male rats.[?>] Moreover, macrophages are
well known to be the first line of anticancer defense in tumor tissues, either by reactive
oxygen species or by reactive oxynitrogen intermediates, as well as by excretion 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 METH ODS
Materials

Phosphate-buffered saline (PBS), RPMI-640 medium, and inactivated fetal calf
serum (FCS) were purchased from GIBCO Life Technologies (Paisley, UK). N-(l-
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-o) ELISA kit from Genzyme (Cambridge, MA), phorbol-lZ-myristate—13-acetate
(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 William
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 (25 TU/mL).
Activated J774.2 macrophages release free radicals of oxygen and nitrogen, eicosanoids
(e.g., PGE;) and cytokines (e.g., TNF-o). Propagation of the cells was performed
biweekly, in RPMI-1640 medium supplemented with 10% FCS, 2 mM glutamine, 100
IU/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, NIJ).

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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a stable cytoplasmic énzyme present in all cells, and is rapidly released into the cel]
culture supernatant after the plasma membrane is damaged. Protejn content was
measured by the Folin phenol reagent.!?)

t

Chemiluminescence ‘

Chemiluminescence was measured using a low noise-count-rate photomultiplier
(model 95148, EMI, Middlesex, England) as previously described.?®! The light was
measured in 3.5-mL tubes, with a sample volume of 1.0 mL. The reactions were
initiated by aliquots of luminol solution (110 pmol/L) to the J774.2 murine mac-
rophages (10%test tube). The resting intensity of the chemiluminescence was recorded 5
min after adding the 1uminol.‘PMA solution was then added to the test tubes, in order
to obtain a final concentration of 0.8 Hmol/L. The light emitted was then recorded
continuously for 15 min. The intensity of the chemiluminescence was determined by
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Figure 1. Viability of macrophages J774.2 exposed to a range of ELF magnetic field flux den-

sities, as evaluated by the trypan blue exclusion test (mean + SEM, n= 3)- "'p<0.001 as compared to
all lower flux densities. ‘































