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Abstract: AKR mice, predisposed to lymphatic leukemia,
were exposed to 50 Hz, 350 microTrms, circularly polarized
magnetic field (MF) for 6 to 30 weeks. Histopathological
and other examinations were conducted to determine the
degree of leukemia for each animal. Results indicated no
change in the development of leukemia by the MF exposure.

INTRODUCTION
There has been suggestive association between increase

risk of leukemia and power frequency, MF exposure in
epidemiology I1]. However, animal studies using

genetically modified strain of mouse [2], leukemia bearing
[3], or an implantation model of large granular
lymphocyic cells to rat [4], did not show an enhancement
of leukemia incidence/progression by MF exposures. We
previously reported no alteration in leukemia development
t5l and cytokine levels 16l in AKR/J mouse which

mouse

spontaneously develops lymphatic leukemia that is
originated in thymus, exposed to 50 Hz, 350 microTrms,
circularly polarized MF for 24 weeks. This study extends
our previous results to explore if the time course of
leukemia development can be affected by the MF exposure.

Organs were weighed, and blood samples were collected

for

leukocyte differential count. Gross pathology

was

carried out to observe swelling and other abnormalities in
thymus, spleen, heart, liver, ovary skin, urinary bladder,
tracheobronchial lymph node, and mesenteric lymph node.
Histopathological examination was conducted to classiff
the degree of lymphoma cell proliferation in thymus and
infiltration in liver, spleen, bone marrow, tracheobronchial
lymph node, and mesenteric lymph node by organ. A mouse
that at least one lymphoma cell was found in a single organ
was considered to be leukemia.
Upon histopathological examination, a half number of

animals in each group was examined in spleen, bone
marow, and liver; these organs were used for different
assays. The rest of organs, i.e., thymus, tracheobronchial
lymph node, and mesenteric lymph node, were examined in
all mice.
Fisher's exact fit test was employed to evaluate whether
or not observed differences between control and exposed
groups were statistically significant. Data from sacrificed
animals that died between scheduled samplings were
included in the data of the following time point.

RESULTS

METHODS
Three hundreds and twelve, specific pathogen free
(SPF) female AKR/J mice, 5 weeks in age, were assigned
to either control or MF-exposed group in equal number.
The animals were housed in four identical facilities that
were barrier system: two for control and another two for

No animal died until 6 weeks of exposure. From 6 to 12
weeks and 12 to 18 weeks of periods, one animal died in
each period both in exposed group. In 18 to 24 weeks of
period, 8 mice and 13 mice were found dead in control and
exposed group, respectively. In the final period of 24 to 30
weeks, dead mice were 23 in control and 20 in exposed

exposed group.

group. No group difference was found

Multiple-square coils consisted of two orthogonal sets
of 4 bobbins, one set for vertical MF and the other for
horizontal. Applied 50 Hz MF to the exposed group was
circularly polarized. Two hundred and fifty microT was in
the each axis, and the resultant flux density was 350
microTrms. The produced fields were as uniform as less
than 5 oÄ in the intensify variance. Geomagnetic field was
about 423 microT. Background MF in 50 Hz in control

body weight.

group was always found to be less than 0.02 microT.
Exposure was conducted up to 30 weeks, 7 days per
week and over 22 hours a day. Animal care was provided
twice a week, and health check was done every weekday.
During the course of experiment, dead and moribund

animals were sacrificed immediately. At five scheduled
time points, i.e., 6, 12, 18, 24, 30 weeks of exposure, 24
mice in each group were sacrificed. At the termination of
30 weeks exposure, all alive animals were sacrificed.

in mortality

and

Hematological evaluation indicated that, at each time
point of scheduled sacrifice, numbers of red blood cell and
white blood cell and leukocyte differential count did not
show any significant difference in control and exposed
groups. As the experiment proceeded, ratio of neutrophil
increased and that of lymphocyte decreased. Large atypical
lymphocyte and metamyelocyte occasionally appeared in
18,24, and 30-week exposures in both groups.

Organ weights of exposed thymus in l8-week and
exposed liver and spleen in 6-week were significantly
heavier than those of control goup. Other than these, no
group difference was found in organ weight. Ratio of organ
weights to body weights showed essentially the same
results of the weight itself.

In gross pathology, there was no group difference in
findings of swelling, atrophy, or nodule, in mice organs
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between exposed and control.

No animal exhibited lymphoma cell proliferation or
infiltration in 6-week exposure period in both groups. In
l2-week period, only one mouse in exposed group showed
lymphoma cell proliferation and infiltration, that means
leukemic animal. In l8-week, number of leukemic animals
in control group was 2 and the number in exposed group
was 4. In 24-week, the number of such mice increased to 24
for control group and 29 for exposed. At the termination of
30 weeks of experiment,44 mice in control group and 38 in
exposed bore leukemia. At any exposure period, no
statistically significant difference was detected between
exposed and control group in terms of the numbers of
leukemic animals.

Based on the histopathological and hematological
examinations, severity of leukemia for each animal was
classified into 5 ranks, i.e., slight, moderate, heavy, severe,
or normal. The classification mostly depends on the results
of histopathological examination. The mouse considered to

be "severe" was defined as the occurrence of heavy
proliferation/infiltration of lymphoma cells in organs plus

appearance of large atypical lymphocyte in peripheral blood

stream. Incidence and analysis

of

leukemia degree are

in Table 1. The overall results indicated no
statistically significant group difference in terms of
incidence of leukemia and degree of leukemia at any of
summarized

time points examined.

CONCLUSIONS

As far as tested, there has been no evidence indicating

that 50 Hz, 350 microTrms, circularly polarized MF
exposure could modiff the time course of incidence and
development of spontaneous leukemia, that is determined
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by histopathological evaluation, in female AKR/J mice.

Table 1: Incidence and degree of leukemia in AKR mice exposed to 350 microTrms, circularly polarized magnetic field
Exposure Group Number of
Degree of Leukemia; number of mice (oÄto the group of mice)
Normal
Period
Mice
Slieht Moderate Heaw Severe
Total

6-Week Control
(0 to 6)
Exposed
l2-Week Control
(7 to 12) Exposed
18-Week

(13 to

l8)

24-Week
(r9

Exposed

24
24
24
26
24
26

Control

JJ

Control

to24) Exposed 37

30-Week

Control

5l

(25 to

Exposed

43

30)

24 (100)
24 (r00)
24 (100)

2s(e6.2)
22

(er.t)

l(3.8)
2 (8.3)

2 (7.7)
22(84.6) 1(3.8) l(3.8)
e (27.3) 7 (21.2) 4 (r2.t) 13 (3e.4)
8 (92.6) 4 (10.8) 6 (16.2) 16 (43.2) 3 ( 8.1)
7 (13.7) l0 (1e.6) 5 ( e.8) 26 (51.0) 3 ( 5.e)
5 (11.6) n (2s.6) 3 ( 7.0) 20 (46.s) 4 (e.3)
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I ( 3.8)
2 ( 8.3)
4 (rs.4)
24 (72.7)
29 (78.4)
44 (86.3)
38 (88.4)

