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Table 1. The Increment of Micronuclei Frequency by ELF-EMF Exposure in the Bleomycin-Treated Human Fibroblasts.

Exposure of EMF Dose (ug/ml) No. of BN cells No. of MNCB"® +1 No. OIZMNiC 3 Total No. of MN

control 1,000 29 27 2 0 31
Sham 0.2 1,000 33 29 4 0 37
1 1,000 63 54 8 1 73
control 1,000 32 31 1 0 33
ELF-EMF 0.2 1,000 43 39 3 1 48

1 1,000 129 103 22 4 159+

2 Binucleated (BN).

® Micronucleated cytokinesis-blocked (MNCB).
¢ Micronuclei (MN).
¢ Extremely low-frequency electromagnetic fields (ELF-EMF).

“ Significant increase with bleomycin dose by Kendall’s = calculated on cell bases (p<0.05).
t Significant difference from the Sham exposed data determined by Mann-Whitney test on the significance level of p<0.05.
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Table 2. The Increment in Aneuploidy in Chromosome 1 and 4 by ELF-EMF Exposure in the Bleomycin-Treated Human Fibroblasts.

Aneuploid BN cells

Exposure of EMF Dose (pg/ml) No. of BN? cells Normal cells® S Total aneuploidy
Non-disjunction Chromosome loss

control 1,000 991 6 1 7
Sham 0.2 1,000 988 7 2 9

1 1,000 984 11 3 147
control 1,000 994 1 6
ELF-EMF® 0.2 1,000 988 9 3 12

1 1,000 972 22 6 28"t

2 Binucleated.
® 2 signals in each daughter nuclei.

¢ Aneuploidy without signals in micronuclei. This includes 3+1 (3 signals in one daughter nuclei and 1 signal in another daughter nuclei) and

4+0 (4 signals in one daughter nuclei only).

4 Aneuploidy with signals in micronuclei. This includes 2+1+1 (2 signals in one daughter nuclei and 1 signal in another daughter nuclei plus a
micronuclei with positive signal), 1+1+2 (signal in each daughter nuclei plus micronucleus with 2 positive signals) and 2+0+2 (2 signals in

one daughter nuclei plus micronucleus with 2 positive signals).
¢ Extremely low-frequency electromagnetic fields.

” Significant increase with bleomycin dose by Kendall’s = calculated on cell bases (p<0.05).

t Significant difference from the Sham exposed data determined by Mann-Whitney test on the significance level of p<0.05.

Table 3. The Frequency of Dicentrics, Insertions, Translocation and Number of Color Junctions Induced by Co-exposure to ELF-EMF and Bleomycin in

Human Fibroblasts.

Exposure  Dose  No.of cells No.ofcell o . total color  cellswith total aberrant
of EMF  (pg/ml) scored  equivalents dicentric. Insertion Reciprocal One-way translocation junctions junctions cells
control 100 34.4 0 1 2 3 5 9 6 6
Sham 0.2 100 344 0 3 4 4 8 18 11 12
1 100 344 3 3 9 6 15 30 18" 21
control 100 344 0 1 2 3 5 9 6 6
EMF 0.2 100 344 1 5 5 5 10 21 13 15
1 100 344 2 5 107 6 16 36" 19 24"

* Significant increase with bleomycin dose by Kendall’s = calculated on cell bases (p<0.05).
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The Effect of Extremely Low Frequency Electromagnetic Fields on the
Chromosomal Instability in Bleomycin Treated Fibroblast Cells

Yoon Hee Cho, Yang Jee Kim, Joong Won Lee, Gye Eun Kim and Hai Won Chung

School of Public Health, Seoul National University

Abstract - In order to determine the effect of extremely low frequency electromagnetic fields (ELF-EMF) on the frequency of
micronuclei (MN), aneuploidy and chromosomal rearrangement induced by bleomycin (BLM) in human fibroblast cells, a 60 Hz ELF-
EMF of 0.8 mT field strength was applied either alone or with BLM throughout the culture period and a micronucleus-centromere assay
was performed. Our results indicate that the frequencies of MN, aneuploidy and chromosomal rearrangement induced by BLM
increased in a dose-dependent manner. The exposure of cells to 0.8 mT ELF-EMF followed by BLM exposure for 3 hours led to
significant increases in the frequencies of MN and aneuploidy compared to BLM treatment for 3 hours alone (p<0.05), but no significant
difference was observed between field exposed and sham exposed control cells. The obtained results suggest that low density ELF-
EMF could act as an enhancer of the initiation process of BLM rather than as an initiator of mutagenic effects in human fibroblast.
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