Vol. 176, No. 1, 1991 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
April 15, 1991 Pages 194-200

SPONTANEOUS AND MITOMYCIN-C-INDUCED MICRONUCLEI
IN HUMAN LYMPHOCYTES EXPOSED TO EXTREMELY
LOW FREQUENCY PULSED MAGNETIC FIELDS

M.R. Scarfi *, F. Bersani °, A. Cossarizza *, D. Monti *, G. Castellani °,

R. Cadossi !, G. Franceschetti * and C. Franceschi ?

* Istituto di Ricerca per I’Elettromagnetismo e i Componenti Elettronici
del Consiglio Nazionale delle Ricerche, Via Claudio 21, 80125, Napoli, Italy

° Dipartimento di Fisica, Universita di Bologna, Italy

* Istituto di Patologia Generale, Universitd di Modena, Italy

Received February 8, 1991

SUMMARY. The cytokinesis block micronucleus method, a very sensitive cyto-
genetic assay, was used to ascertain the possible genotoxic effects of extremely
low frequency pulsed magnetic fields in phytohemagglutinin-stimulated human
lymphocytes cultures from 16 healthy donors. Four conditions were studied:
i) lymphocytes not exposed to the field (control cultures); ii) lymphocytes
exposed to the field; iii) lymphocytes treated with mitomycin-C and not ex-
posed to the field; iv) lymphocytes treated with mitomycin-C and exposed
to the fleld. Mitomycin-C-treated cultures were used as control for the mi-
cronucleus method, because it is known that mitomycin-C is a potent geno-
toxic agent, capable of inducing micronuclei. The frequency of micronuclei
in field-exposed cultures was similar to the spontaneous frequency observed
in control unexposed-cultures. Moreover, the exposure to pulsed magnetic
fields did not affect the frequency of micronuclei induced by mitomycin-C,
suggesting that, in the experimental conditions used, this kind of field neither
affected the integrity of chromosomes nor interfered with the genotoxic activity
of mitomycin-C. © 1991 Academic Press, Inc.

In recent years a variety of cell functions have been demonstrated to be
affected by extremely low frequency (ELF), low energy electromagnetic fields,
including cell proliferation and DNA synthesis [1-3], ion fluxes [4], gene ex-

pression [5] and protein synthesis [6]. Cytogenetic studies in cell cultures and

Abbreviations: ELF, extremely low frequency; NMR, nuclear magnetic reso-
nance; PMFs, pulsed magnetic fields; MN, micronuclei; FCS, fetal calf serum;
Cyt-B, cytochalasim B; CB cells, binucleated cells.
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after “in vivo” exposures gave controversial results [7-11]. Moreover, epidemi-
ological studies [12,13] suggest that the exposure to such non thermal fields
may cause cytogenetic effects, but the results are still contradictory and ques-

tionable [14-16).

These findings, together with the fact that humans can be exposed more
and more frequently to such physical agent (powerlines, home appliances, NMR
apparatuses and therapy devices), stress the importance to ascertain whether
ELF fields may represent some hazard for human health. An argued concern
has been recently expressed on this topic [17,18]. In this context, the question

of possible genotoxic effects is particularly relevant.

The results here presented regard the assessment of genotoxic effects in-
duced by pulsed magnetic fields (PMFs), with characteristics similar to those
employed for bone repair [19]. The cytogenetic technique used in the present
work was first introduced by Fenech and Morley in 1985 {20]. It evaluates
the frequency of micronuclei (MN) (small round bodies deriving from chro-
mosome fragments or from whole chromosomes whose centromeres have lost
their affinity for mitotic spindle) in cells in which cytokinesis has been previ-
ously blocked by cytochalasin B. This technique is a modification of a previous
method in which MN frequency was evaluated without the block of cytokinesis
[21]. The Fenech and Morley assay has some advantages when compared with
other cytogenetic methods (e.g. classical karyotype assessing), such as higher
sensitiveness and easier applicability to large scale screenings [22]. As far as
we know, this is the first example of application of such method in bioelectro-

magnetic research.

MATERIALS AND METHODS

Cell preparation. 0.8 ml of defibrinated whole blood from 16 healthy donors
was added to 9.2 ml of RPMI 1640 medium containing 15% fetal calf serum
(FCS), 2mM L-glutamine (10 yI/ml), of phytohemagglutinin (M form, Gibco).
Cells were cultured in Falcon plastic flasks (cod.3013) for 72 hours at 37°C.
Cytochalasin B (Cyt-B, Sigma) was added to the cultures 44 hours after ini-
tiation, to give a final concentration of 3.0 yg/ml. Cyt-B was made up as a
stock solution in dimethylsulphoxide at a concentration of 2 mg/ml, aliquoted
and stored at -20°C. After 72 hours, each culture was washed twice in RPMI
containing 2% FCS (wash medium) and cell pellets were resuspended and kept
for 15 minutes at room temperature in hypotonic solution consisting of 1 part
of wash medium and 4 parts of distilled water [23]. Cells were mixed and 0.3
ml of cell suspension was added to each bucket of a cytocentrifuge (Cytospin,

195



Vol. 176, No. 1, 1991 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Shandon) and spun down onto slides at a speed of 1200 rpm for 7 minutes.
Slides were removed, dryed for several minutes, fixed in methanol 80% aque-
ous solution for 10 minutes and stained with a 10% Giemsa solution for 10
minutes. Codified slides were scored blindly by the same operator (M.R.S.)
using a Leitz Dialuz microscope at 1000 x magnification. MN were identified
following standard criteria [24] and their frequency was evaluated as the ra-
tio between the cells blocked in first mitosis (binucleated cells, i.e. CB cells)
presenting MN and the total number of binucleated cells.

MMC treatment. A dose-response curve of MMC was established in our lab-
oratory, taking into account previous data from other authors, in order to
obtain an adequate number of MN without affecting cell growth (data not
shown). 0.033 ug/ml! of MMC (Sigma), sampled from fresh solution in ster-
ile distilled water, was added at the start of the culture and was left in the
medium throughout the whole culture period.

Field characteristics and exposure conditions. The exposure system has been
previously described [3]. Briefly, it consists of a pair of horizontal Helmholtz
coils connected to a pulse generator (Igea, Italy). The field characteristics
are shown in fig.1. The upper diagram shows the magnetic field signal: the
maximum amplitude was 2.5 mT and the pulse width (T1) 1.2 msec. The
repetition frequency was 50 Hz (T=20 ms). The lower diagram shows the
signal of the induced electric field as detected by a suitable coil probe. The
Helmholtz coils were maintained parallel to the flasks used for cell cultures.
Taking into account that the induced electric field inside the culture medium
depends on the size of the flask and on the position with respect to the magnetic
field direction [25], the maximum electric field can be estimated of the order
of 0.5 mV /em.

Statistical analysis. The comparison between micronuclei frequency in PMFs-
exposed and control cultures with or without MMC in each subject was per-
formed by Z test for proportions. The comparison between micronuclei fre-
quency in the same cultures in all the subjects was performed by variance
analysis and two-tailed paired Student’s t test.

FIGURE 1. The maximum intensity of the magnetic field (upper figure) was 2.5 mT.
The time derivative of the magnetic field (lower figure) was proportional to
the induced electric field within the sample; 1/T = 50 Hz; T,/T = 0.1.
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RESULTS

Four conditions were studied: i) lymphocytes not exposed to PMFs (con-
trol cultures); ii) lymphocyte cultures exposed to PMFs; iii) lymphocytes
treated with MMC but not exposed to the field; iv) lymphocytes treated with
MMC and expose to PMFs.

MMC-treated cultures were used as control for the MIN method, as this
potent genotoxic agent increases the formation of MN with a strict dose-
dependent effect. This treatment was also used as control for condition (iv).
The combination of MMC-treatment and field-exposure was tested in order

to verify whether the field was able to exert antagonistic or synergistic effect

with the drug.

The results reported in Table 1 can be summarized as follows:

- the spontaneous MN frequency in unexposed cultures was of the same
order of that observed by other authors [22];

- the frequency of MN in cultures exposed to the field was similar to the
spontaneous frequency observed in unexposed cultures;

- the method was sensitive to a genotoxic agent such as MMC, as demon-
strated by the significant increase of MN in MMC-treated cultures;

- cultures treated with MMC and exposed to PMFs showed a frequency
of MN similar to that observed in cultures treated with MMC only.

DISCUSSION

It is of great interest both from the biological and the epidemiological
point of view to ascertain the genotoxic potential of ELF-PMFs as humans may
be exposed to such non-ionizing agent in a variety of situations. In fact, the
field characteristics used in the present study were similar to those used for
therapy (bone repair) [19]. Moreover, the time variation of the magnetic field
(dB/dt) was of the order of 1T /sec, which is similar to that present in nuclear
magnetic resonance (NMR) devices used for diagnostic tests. In previous works

“in

[26], we showed that a field with same characteristics was able to enhance
vitro” lymphocyte proliferation and to affect the IL-2 utilization and the IL-
2 receptor expression, without affecting DNA repair after gamma irradiation

3,27].
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TABLE 1. SPONTANEOUS AND MITOMYCIN-C (MMC) - INDUCED MICRONUCLEI
FREQUENCY IN LYMPHOCYTES EXPOSED TO PULSED MAGNETIC FIELDS (PMFs)

Micronuclei/100 CB cells

Subject Control PMFs Z ** p MMC Z P MMC+ Z P
PMFs
1 1.28 1.9 0.879 0.380 2.67 1.734 0.083
(781)* (1212) (675)
2 1.11 1.19 0.03 0.976 3.4 3.649 0.0001
(1256) (1760) (1085)
3 1.33 1.14 0.284 0.776 2.72 2.635 0,008
(1650) (1226) (1431)
4 1.29 1.1 0.398 0.690 2.84 3.212 0.001
{2009) (1895) (1618)
5 0.92 1.13 0.662 0.508 3.37 6.253 0.0001
(2941) (2830) (2460)
6 1.66 1.22 1.017 0.390 3.4 3.209 0.001
(1869) (2007) (1647)
7 1.38 1.02 1.135 0.256 2.29 2.638 0.008
(3257) (2652) (3223)
8 1.48 1.08 1.156 0.248 2.7 3.627 0.0001
(4599) (1931) (2878)
9 1.38 1.85 0.650 0.516 3.01 3.352 0.0001
(3843) (1695) (962)
10 0.86 1.24 1.019 0.308 2.37 6.214 0.0001 2.51 0.078 0.938
(2561) (1532) (894) (1515)
11 1.20 1.13 0.221 0.825 2.46 1.057 0.290 2.57 -0.11 0.913
(249) (1772) (5411) (233)
12 0.74 0.66 0.187 0.852 2.65 5.338 0.0001 3.34 1.439 0.150
(2716) (2630) (2675) (2996)
13 0.654 1.17 1.014 0.310 1.83 2.448 0.014 2.39 0.609 0.543
(1071) (1021) (1138) (1129)
14 1.08 0.83 0.863 0.403 2.57 4.035 0.0001 2.28 0.558 0.577
(2975) (2767) (2376) (2413)
15 1.35 1.05 0.666 0.505 2.19 1.765 0.078 2.09 0.064 0.949
(1856) (1710) (1643) (1388)
16 0.99 1.37 0.747 0.455 2.18 2.181 0.029 3.64 1.731 0.083
(1513) (1240) (871) (1027)
Mean 1.17 1.18 2.67 2.69
S.E. +0.07 +0.11 +0.11 +0.22
(a)¥** (b) (c) (d)

* Numbers in parenthesesrefer to the total number of CB cells scored.
** Z test for proportions (comparisons were performed with rispect to Control values. except in
the MMC+HPMFs case. in which Z was evaluated with respect to Z for MMC treatment only).
**+* Statistical analysis performed by two-tailed paired Student's ¢ test: a vs. b : p = 0.929: a vs.
c: p<0.001;cvs. d: p =0.163 (data obtained from subjects n. 10-16). Similar results were
obtained by variance analysis.

In the present work we show that in human peripheral blood lympho-
cytes, a kind of cells extremely sensitive to both ionizing and non ionizing
radiations, the spontaneous frequency of MN was not affected by the exposure
to PMFs with the above described characteristics, nor did such field interfere
with the effect of a potent genotoxic agent such as MMC.

The possibility that ELF fields might interfere with other genotoxic
agents have important implications, as far as the risk assessment is concerned,
as in real situations humans are likely exposed to a variety of genotoxic agents

concomitantly with field exposure [28].

198



Vol. 176, No. 1, 1991 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Our findings are in agreement with the results obtained by other authors
who also used ELF electromagnetic fields [29). On the other hand, some epi-
demiological studies devoted to the assesment of risk involved in the exposure
to powerlines and domestic electromagnetic pollution suggested a possible cor-
relation between very week ELF electromagnetic fields and leukemia [30-32].
Moreover, in a previous paper [7], we showed that ELF an electric field pro-
duces chromosomal aberrations in bovine lymphocytes, and recently Soheir et
al. found an increased MN frequency in polychromatic erythrocytes from mice
exposed to strong 50 Hz electric fields by using the old MN tecnique {33]. Dif-
ferent results obtained by different authors likely depend on the heterogeneity
of the cells tested (type of cell, species of origin etc.) and differences in cul-
ture methods, field characteristics and exposure conditions used to asses the
biological effect of ELF fields.

Owing to the importance of the topic, further investigations are nec-
essary, in order to answer the general question of the potential genotoxicity
of ELF electromagnetic fields with different physical characteristics and their

possible synergistic effects with other genotoxic agents.
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