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ABSTRACT

Several epidemiological sUudjes have suggested that residential or occupational exposure to power
frequency magnetic fields (MF) mlght increase the risk of cancer. The ob)ect.we of this study is to
elucidate the possible carcinogenic effects of MI” exposure using female Sprague-Dawley (Crj:CD) rats. A
total of 360 rats was randomly divided into 6 groups of 60 rats each. Two groups were served as a
negative control (vehicle : sesame oil only) or a positive control (single oral administration of 7,12-
dimethylbenz(a)anthracene; DMBA, 90 mg/kg body weight at 50-52 days of age). Other four groups
were simultaneously exposed to 0 (sham-exposed), 7, 70 or 350 wT(rms), continuous circularly polarized
50 Hz MF, 22 hre/day, 7 daysiweek for 30 weeks from 8 weeks of age. Experiment was conducted under
SPF condition and in a blinded manner. Ten animals in each group were served as satellite animals and
their several hormonal concentrations in sera, such as melatonin and prolactin, collected at the midnight
were measured. In addition, complete histopathological examination were performed in other 50 animals
per each group. In the positive control group, the first mammary nodule was palpated at the 7th weeks of
experiment in 5 out of 59 animals. Afterward, the incidence of palpable mammary nodules  increased
steadily and reached at 76% and 98 % of live animals at 14 weeks and the end of experiment, respectively.
One out of 60 animals and 2 animals out of 60 animals had a nodule at the end of experiment in sham-
and 350 wT-exposed group, respectively. Palpable mammary nodules were not detected in the negative
control, 7- and 70 uT-exp(;sed groups throughout the experiment. The incidences of palpable mammary
nodules in the MF-exposed groups were not significantly different from those in the sham-exposed and
negative control groups. Histopathologocally, most of palpable nodules were mammary tumors. The
incidences of animals with mammary tumors per animals survived at the end of experiment were 4.1
and 100 % in the negative and positive control groups, and 0.0, 6.0, 8.0 and 6.0 % in the sham-, 7, 70 and
350 uT-exposed groups, respectively. These incidences in three MF-exposed groups were not significantly
different from those in both the sham-cxposed and negative control groups. Based on these results, it was
not supported that continuous circularly polarized 50 Hz magnetic fields at up to 350 pT affect the
incidence of spontaneous mammary tumors in female SD rats under the present experimental

conditions.
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INTRODUCTION

Several epidemiological studies have suggested an association between the increased risk of cancer
and power frequency magnetic fields (MF) (Wertheimer and Leeper, 1979 : Savitz, et al., 1988 : Feychting
and Ahlbom, 1993, 1994).

Several experimental studies i vivo have been conducted to examine the effects of MF on the
incidence of mammary gland tumors. Beniashvili et al (1991) injected Mmethyl- Vnitrosourea (MNU;
50 mg/kg body weight) to female rats intravenously, then exposed to MF, and reported the significantly
increased incidence and shorter latent time of mammary tumors in animals exposed to 50 Hz, 20 yT MF
180 min./day for the lifetime of rats than those in cage control animals. Loscher and his colleagues have
conducted a series of mammary gland tumor initiation/promotion studies. They initiated female Sprague-
Dawley (SD) rats, which is well known that the incidence of spontaneous mammary tumors is very high
(Noble and Cutts, 1959), with 7,12-dimethylbenz[ajanthracene (DMBA) by four times fractionated
intragastric administration (5 mg of DMBA per injoction) and exposed for 13 weeks, 24 hrs/day, to 50 Hz,
up to 100uT horizontal MF. In these studies, they reported the increased mammary tumor incidence in a
dose-dependent manner ( (Loscher ef al, 1993 ; Mevissen et al, 19963, b) and th.e growth and the
progression of mammary gland tumors due to MF exposure (Baum et a/, 1995).

Carcinogenicity study of MF is a few, but each report showed no effect of MF exposure on
carcinogenicity during the lifotime of mice or rats (Yasui et al, 1997 ; Mandeville et al, 1997 ; NTP 1998).

The objective of this study is to elucidate the possible carcinogenic effects of MF exposure without
chemical carcinogen administration using female Sprague-Dawley (SD ; Crj:CD) rats prior to 50 Hz
horizontally or circularly polarized MF initiation/promotion studies.

MATERIALS AND METHODS

EXPOSURE SYSTEM : Identical four MF exposure rooms with barrier system were used in this
study. The exposure facility has Merritt-type coils consisting of two orthogonal sets of 4-square bobbins,
one set for vertical magnetic field and another for horizontal MF (Shigemitsu et al., 1993). These coils
could generate up to about 700 yTrms arcularly, or 500 Trms linearly polarized horizontal or vertical
continuous 50 Hz MF. The uniformity of MF flux density inside the coils where animals were kept was
less than 3 % to an average field intensity inside the each coil of 2.2 m? (1.3m X 1.3m % 1.3m). MF was
turned on gradually to avoid the transients. Four wooden shelves were installed in this uniform field
space, and the animal cages were seton these shelves. The animal cages on the shelf did not influence
the MF flux density applied. The background MF was less than 0.02 uT and the geomagnetic field was
about 42 uT. Each facility was located separately, about 11 m apart to reduce mutual stray fields from
adjacent facility.

ANIMALS : 396 of SPF Crj:CD (Sprague-Dawley, SD) female rats (SPF) were purchased at 6 weeks of
age from Atsugi Breeding Center (Charles River Japan, Lid). All animal experimental rooms were
barrier system, where temperature was set at 21-25 ° C, relative humidity within 30-70%, air
ventilation more than 10 times per hour, and lighting 12 hours per day (7:00-19:00). Each record
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certified that these values were maintained within set ones. 360 out of 396 animals were selected to
reduce the standard deviation of body weights after acclimatization, then randomly divided into 6
groups of 60 rats each by the stratified body-mass procedure. Ten rats in each group were served as
the satellite animals for serological hormonal assay. Two groups were served as a negative control
(sesame oil ; vehicle only) or a positive control group (single oral administration of 90 mg/kg body weight.
of 7,12-dimethylbenz(a)anthracene; DMBA at 50-52 days of age). Rats in these groups were fasted for 20
hours before gastric intubation and then orally administered 6 ml/kg body weight of the vehicle or
DMBA in order to make a dosage uniform per the body weights in rats. Other four groups were
simultaneously exposed to 0 (sham-exposed), 7, 70 or 350 uT(rms), continuous circularly polarized 50 Hz
MF, 22 hre/day, 7 days/weck for 30 weeks from 8 weeks of age. Exposure period was determined
because the incidence of spontancous mammary tumors in female SD rats is little or rare if any during
this period (Okada et al., 1981).
OBSERVATION AND EXAMINATION OF RATS DURING 30 WEEKS OF MF EXPOSURE : Clinical
observation was performed every day. Body weight and food consumption were measured weekly. All of
rats were palpated weekly for the detection of mammary gland nodules. The size of each mammary
gland nodule was recorded when detected. These observation, measurement and mammary nodule
palpation were conducted when the MF exposure was off for the concurrent animal care(10:00-12:00 am).
EXAMINATION AFTER AUTOPSY : At the end of the experiment, animals except for the satellite were
anesthetized with ether and the blood samples were collected from the abdominal aorta. At autopsy
macrosoopic lesions were recorded, and brain, thymus, liver, kidoeys, adrenals and spleer were weighed.
Hematology and blood serum chemistry evaluation was performed at the termination of the experiment.
HISTOPATHOLOGY : For the microscopic examination, tissues except for the satellite animals were
fixed in 10 % neutral buffered formalin, dehydrated, embedded in paraffin, thin-sectioned, and stained
with hematoxylin and eosin. Mammary gland Jesions were classified into the non-neoplasm, pre-
neoplasm and neoplasm histopathologically,. Other tissues and organs were also examined
histopathologically.
HORMONAL ASSAY : Ten satellite animals per each group in the proestrus slage were sacrificed by
decapitation without anesthesia at 4.5 to 5.0 hours into dark cycle (between 23:30 and 24:00) at the
termination of the experiment under the dim red light condition (less than 0.2 lux). When the estrus cycle
of animals was out. of order, blood was collected on the fifth day from the termination of the experiment.
Animals were then discarded afler the macroscopic observation of mammary gland nodules. The sera
were analyzed for melatonin, estrogen (estradiol), progesterone, and prolactin.

RESULTS

CLINICAL FINDINGS : No animal died in 4 MF-exposed groups during the experiment. One and 12
animals died in the negative and positive control groups, respectively. The latter was observed mainly in
the late stage of the experiment. : The incidences of clinical findings in 4 MF-exposed groups were few
and similar to those in the negative control group. In the positive control group. pallor appeared at 15
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weeks and its incidences from 22 weeks were significantly higher than those in the negative control and
MF-exposed groups.

BODY WEIGHT AND FOOD CONSUMPTION : Body weight gain in the MF-exposed and negative
control groups were comparable throughout the experiment, but the mean body weights in the positive
oontrol group were significantly lower than those in other groups from one week o the termination of the
experiment (data not shown). In some cases, significant differences of the food consumption were
observed between the negative control and ME-exposed groups, but were not consistent and considered to
be biologically relevant, while those in the positive control group were lower than thdt in the negative
control group throughout the experiment and occasionally showed significant values (data not shown).
ORGAN WEIGHTS : Organ weights of liver, kidneys, adrenals and heart in the positive control group
were significantly higher than those in the negative control group, while that of thymus was significantly
lower. Weights of spleen in this group were about three-fold compared with those in other groups, but not
significant because of its extremely high standard deviations (data not shown). Furthermore, the similar
tendency was observed in the relative organ weight to the body weights.

HEMATOLOGY AND BLOOD SERUM CHEMISTRY : In the positive control group, significantly
increased values were observed in MCV, MCH, WBC and the percent of neutrophils, monocytes in WBC,
while significantly decreased values were found in RBC, Hb, Ht, MCHC and the percent of lymphocytes
(Table 1). In the blood serum chemistry examination, several parameters in the MF-exposed groups, such .
as the concentration of gluoose increased and the values of creatinine and urea nitrogen decreased
significantly when compared with those in the negative control group. These data among 4 MF-exposed
groups, however, were not significantly different, so was considered to be due to the differences of micro-
environment for animal keeping atmosphere.

MAMMARY NODULES AND HISTOPATHOLOGICAL FINDINGS : In the positive control group, the
first nodule was palpated at the 7th weeks of experiment in 5 out of 59 animals. Afterward, the incidence
of palpable mammary nodules increased steadily and reached at 76% and 98 % of live animals at 14
weeks and the end of experiment, respectively. One out of 60 animals and 2 animals out of 60 animals
had a nodule at the end of experiment in the sham- and 350 pWT-exposed group, respectively. Palpable
mammary nodules were not detected in the negative control, 7- and 70 pT-exposed groups throughout
the experiment (Fig. 1, 2). The incidences and the number of palpable mammary nodules in the MF-
exposed groups were not significantly different from those in the sham-exposed and negative control
groups. Histopathologocally, most of palpable nodules were mammary tumors (Table 2, 3, 4). The
incidences of animals with mammary tumors per animals survived at the end of experiment were 4.1
and 100 % in the negative and positive control groups, and 0.0, 6.0, 8.0 and 6.0 % in the sham-, 7, 70 and
350 uT-exposed groups, respectively. Adenocarcinoma was the most frequent tumor (97% of live
animals), following fibroadenoma (44%), adenoma (28%) and carcinosarcoma (15%) in the positive control
group. In the negative control and MF-exposed groups except for the sham-exposed group (0.0%), 2 to 4
animals had a mammary tumor which was adenocarcinoma, adenoma or fibroadenoma (Photo 1-7).

These incidences in the MF-exposed groups were not significantly different from those in both the sham-
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exposed and negative control groups. Furthermore, the incidences of non-neoplastic or pre-neoplastic
mammary gland lesions (hyperplasia) in the MF-exposed groups were not significantly different from
those in both the sham-exposed and negative control groups. Several kinds of tumors, such as pituitary
adenomas, skin squamous cell carcinoma, Zymbal's gland adenomas, were observed in each group, but
the incidences were very low and not significantly different between groups. Other non-neoplastic lesions
were also observed in the 4 MF-exposed groups and the negative control group, but the incidences were
very low and not significantly different between groups except for the positive control group.

Hormonal assay : Melatonin concentration in sera in the positive control group wis significantly
decreased compared with that in the negative control group, however, those in the 4 MF-exposed groups
were not significantly different from that in the negative cintrol group (Table 5). The concentrations of
estrogen (estradiol), progesterone, and prolactin were not significantly different. between 6 groups.

DISCUSSION

In this study, 4 groups of female SD rats were exposed to circularly polarized 50 Hz MF at up to 350 «
T for 30 weeks to elucidate the possible carcinogenic effects of MF exposure without chemical carcinogen
administration. In addition, one group was administered 90 mg/kg BW of DMBA orally and served as a
positive control group, another group was administered sesame oil and served as a negative control group.
In the positive control animals, the administration of DMBA caused not only the significantly increased
incidence of mammary gland tumors, but also hematological, blood serum chemical parameters and the
melatonin concentration in sera. These changes seemed to occur due to the incidence of mammary gland
tumors and the toxicity of DMBA administered. These parameters in animals exposed to 0 (sham), 7, 70
and 350 4T MF were pot significantly different both between groups and compared with those in the
negative control group.

Carcinogenicity study of MF is a few, but each report showed no effect of MF exposure on
carcinogenicity using 344 rats and/or BGC3F1 mice during the lifetime of animals (Yaswi ef al, 1997 ;
Mandeville et al, 1997 ; NTP 1998). In the present study, the incidences of mammary gland tumors were

not affected by MF exposure, even if the exposure duration was 30 weeks.
Based on these results, it was not supported that continuous circularly polarized 50 Hz magnetic fields

at up to 350 uT affect the incidence of spontaneous mammary tumors in female SD rats under the

present experimental conditions.
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Cumylative Proportion of Rats

with Hammary Noduiles

Mean Number of Nodules per Nodule Bearing Rat
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Fig. 2.

—o—NF 0 uTrms
—a—WF 7 uTrme
—O—MWF 70 uTrms
—~p—MF 350 uTrms
—o—-Negative Control
—a— DMBA 90. 0 mg/kg

1 2 3 465 6 7 8 9 1011 12131415161718192021222324252627282930A“t°l75)'

Experimental Duration (Weeks)

Fig. 1. Cumulative Proportion of Rats with Palpable Mammary Gland Nodules
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in Carcinogeniaity Study.

Experimental Duration (Neeks)

Mean Number of Manmary Gland Nodules per Nodule-Besring Rat in Carcinogenicity Study
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