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The 1.5 GHz Electromagnetic Near-field Used for Cellular Phones Does Not 
Promote Rat Liver Carcinogenesis in a Medium-term Liver Bioassay
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We have recently established that local exposure to a 929.2 MHz electromagnetic near-field, used
for cellular phones, does not promote rat liver carcinogenesis in a medium-term bioassay system.
In the present study, a 1.439 GHz electromagnetic near-field (EMF), another microwave band
employed for cellular phones in Japan, was similarly investigated. Time division multiple access
(TDMA) signals for the Personal Digital Cellular (PDC) Japanese cellular telephone standard
system were directed to rats through a quarter-wavelength monopole antenna. Numerical dosimetry
showed that the peak SARs within the liver were 1.91–0.937 W/kg, while the whole-body average
specific absorption rates (SARs) were 0.680–0.453 W/kg, when the time-averaged antenna radia-
tion power was 0.33 W. Exposure was for 90 min a day, 5 days a week, over 6 weeks, to male F344
rats given a single dose of diethylnitrosamine (200 mg/kg, i.p.) 2 weeks previously. At week 3, all
rats were subjected to a two-thirds partial hepatectomy. At week 8, the experiment was termi-
nated and the animals were killed. Carcinogenic potential was scored by comparing the numbers
and areas of the induced glutathione S-transferase placental form (GST-P)-positive foci in the
livers of exposed (48) and sham-exposed rats (48). Despite increased serum levels of corticoste-
rone, adrenocorticotropic hormone (ACTH) and melatonin, the numbers and the areas of GST-P-
positive foci were not significantly altered by the exposure. These findings clearly indicated that
local body exposure to a 1.439 GHz EMF, as in the case of a 929.2 MHz field, has no promoting
effect on rat liver carcinogenesis in the present model.
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Epidemiological studies have indicated that exposure to
magnetic fields is associated with an increased cancer risk
in the general population.1–5) This may be particularly the
case for industrial high exposure to electric and/or mag-
netic fields, derived not only from 50 or 60 Hz power
frequency sources, but also from high-frequency
transmitters.6, 7) Equivocal evidence of increased risk of
brain tumors and leukemia development has been pre-
sented.8–13)

The use of portable cellular phones is rapidly expand-
ing in many countries, and the potential health hazards to
humans of the electromagnetic waves that they use is
therefore of great concern. Although the possibility of a
link with brain tumors has been raised,14) an experimental
study did not show any adverse effect of the electromag-
netic field used for cellular phones on rat brain carcino-
genesis.15)

In Japan, a digital cellular system operating at 800
MHz (Personal Digital Cellular (PDC)-800) started ser-
vice in 1993, followed by a 1.5 GHz system (PDC-1500)
in 1994. We have already demonstrated that local expo-
sure to a 929.2 MHz field (PDC-800 system), modulated
in a PDC wave form, used for cellular phones, has no sig-
nificant effect on rat liver carcinogenesis.16) In the present
study, the effects of a 1.439 GHz field (PDC-1500 sys-
tem) were analyzed in the same system and the data
obtained from the two experiments were compared.

We selected the rat liver medium-term bioassay since it
requires only 8 weeks experimental duration and has been
extensively validated.17–22) This bioassay is considered to
be suitable for detecting the risk potential of electromag-
netic near-fields in terms of the effect on liver carcinogen-
esis. Since several studies have shown a link between
melatonin levels and electromagnetic near-fields, an
assessment of this hormone and other stress hormones in
the blood was also included.6 To whom correspondence should be addressed.
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MATERIALS AND METHODS

The exposure apparatus was specially designed,23) and
fundamentally the same as that used in our previous study
(929.2 MHz),16) except that a cylinder was added from the
center of the ceiling in order to provide better air ventila-
tion. Fig. 1 shows a diagrammatic representation of the
exposure apparatus used.

A 1.439 GHz electromagnetic near-field (EMF) of the
time division multiple access (TDMA) signal for the PDC
(Japanese cellular telephone standard) system (50 pulse
per second with a duty ratio of 33%) was directed at rats
through a quarter-wavelength mono-pole antenna.

Numerical dosimetry showed that the peak specific
absorption rates (SARs) within the liver were 1.91–0.937
W/kg, those in other tissues were 6.20–7.60 W/kg, and
whole-body average SARs were 0.680–0.453 W/kg when
the time-averaged antenna radiation power was 0.33 W.24)

Exposure lasted 90 min a day, for 5 days a week, over 6
weeks.

Fig. 2 shows the protocol for the medium-term liver
bioassay employed. Male F344 rats (Charles River Japan
Inc., Atsugi) at 5 weeks of age were randomly divided
into 3 groups and housed 3 per cage with wood-chip bed-
ding in an air-conditioned animal room at 24±2°C and
55±5% humidity, with a 12 h light/dark cycle. At the age

Fig. 1. Diagram of the exposure apparatus.  Exposure conditions:  frequency, 1.439 GHz; antenna input, 0.33 W (PDC modulation);
animals, F344 male rats; duration, 90 min/day, 5 days/week, 6 weeks.

Fig. 2. Experimental protocol for assessment of electromagnetic near-field (1.439 GHz) effects in a medium-term liver bioassay. Ani-
mals, 6-week-old F344 male rats; ( ), number of animals examined; , exposure to the electromagnetic field (EMF, 1.439 GHz);

, sham exposure; , diethylnitrosamine (DEN) 200 mg/5 ml saline/kg b.w., i.p.; , two-thirds partial hepatectomy.
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of 6 weeks, animals in Group 1 (EMF-exposed group)
were given a single i.p. injection of diethylnitrosamine
(DEN, >99% purity) at a dose of 200 mg/kg b.w., dis-
solved in saline, to initiate hepatocarcinogenesis and 2
weeks later, were exposed to EMF. Each animal was held
in a narrow plastic cylinder (diameter 55 mm or 70 mm,
depending on the animal’s size) with many small holes for
air ventilation. Two cylinders were placed on either side
of the antenna, located at the center on the bottom of each
exposure box (see Fig. 1), with a total of 12 boxes placed
in separate rooms. Rats were not anesthetized during the
exposure to EMF. All rats were subjected to two-thirds
partial hepatectomy (PH) at week 3. On the day of the PH
operation, the exposure procedure was not performed, but
it was resumed on the next day (within 24 h). Animals in
group 2 (sham-exposed group) were given DEN and PH,
and served as a sham-exposure group, placed in the same
cylinders in the exposure boxes in the same manner, but
without actual exposure to EMF. Animals in group 3
(control group) received DEN and PH as in groups 1 and
2, but were kept in animal cages without being placed in
the exposure boxes. The use of metals, which could influ-
ence the electromagnetic field, was avoided. Therefore,
sutures instead of metal clips were used for the PH. Body
weights were measured once a week. At the termination

at week 8, animals were anesthetized with ether and blood
samples were collected from the aorta (for hormone anal-
ysis) from 24 or 25 animals in each group before they
were killed (between 9:30–12:00 in the morning). Then
the livers were excised, weighed and cut into 2–3 mm
thick sections. Four slices, one from each of the liver
lobes, were fixed in ice-cold acetone for immunohis-
tochemical demonstration of glutathione S-transferase pla-
cental form (GST-P)-positive foci. The following organs
were weighed at autopsy and histopathologically ana-
lyzed; liver, spleen, kidneys, adrenal glands, thymus and
testes. The organ weights relative to body weight (%)
were calculated. Corticosterone, adrenocorticotropic hor-
mone (ACTH) and melatonin were measured at SRL, Inc.,
Tachikawa, by radioimmunoassay. Melatonin was mea-
sured by a double-antibody radioimmunoassay based on
the Kennaway G280 anti-melatonin antibody.25)

For analysis of preneoplastic lesion development, num-
bers and areas of GST-P-positive foci of more than 0.2
mm in diameter were measured using a color video image
processor (SPICCA II, Nippon Avionics Co., Ltd.,
Tokyo), and data per cm2 of liver section were calculated.

Statistical analysis was carried out using Student’s t- or
Welch’s t-test after application of the preliminary F-test
for equal variance.

Fig. 3. Growth curves of rats in EMF-exposed, sham-exposed and control groups. Note the loss of body weight in each group appar-
ent at week 3 after partial hepatectomy. , EMF-exposure; , sham exposure; , control.
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RESULTS

Retardation in body weight gain was observed in the
EMF-exposed (group 1) and sham-exposed (group 2)
groups after week 2 of this experiment, following the
onset of restraint in cylinders. However, no differences
were evident between the two groups (Fig. 3). Food con-
sumption levels at week 3 (before partial hepatectomy)
were 12.4±1.0, 12.8±0.3 and 14.0±0.6 g/day/animal, and
body weights at the same period were 175.4±10.5,
177.7±8.2 and 190.5±8.0 g in the EMF-exposed, sham-
exposed and control groups, respectively. The values in
the EMF-exposed and the sham-exposed groups were sig-
nificantly decreased from those of the control (P<0.001).
This was also the case for the final body weights (Table I).

One rat in group 1 and 2 rats in group 2 died after par-
tial hepatectomy in group 1 (EMF), due to operation
errors. In view of the need to place two rats in parallel
near the antenna in the exposure box in order to ensure an
equal exposure pattern, extra rats were substituted during
the exposure period, but were not included as effective
animals for any analysis.

Data for final body and absolute and relative organ
weights are summarized in Table I. Absolute organ
weights of the spleen and testes were significantly
decreased in the EMF-exposed as compared to the sham-
exposed group (P<0.05). However, the relative weights

were not significantly different, except for the adrenal
value, which was significantly increased in the EMF-
exposed group over the sham-exposure group (Table I).
Serum hormone levels  Data for serum levels of corti-
costerone and ACTH, markers of stress, and melatonin
are summarized in Table II. Significant increases were
observed for all three in the EMF-exposed group as com-
pared to sham-exposed group. However, corticosterone
and ACTH values in the sham-exposed group were signif-
icantly lower than the control values.
GST-P analysis Quantitative data for GST-P-positive
liver foci are summarized in Table III. EMF exposure did
not enhance GST-P-positive liver foci development; both
numbers and areas (mm2) per unit area of the liver in the
EMF-exposed group (group 1) were less than in the sham-

Table I. Final Body (g), Absolute (g) and Relative (%) Organ Weights

 
Group 
No.

TreatmentNo. of 
rats Body weight Liver 

(%)
Spleen 

(%)
Kidney 

(%)
Thymus 

(%)
Testes 
(%)

Adrenals 
(%)

1 EMF 47 257.2±12.6∗∗∗ 7.83±0.54∗∗∗ 
(3.04±0.14∗) 

0.64±0.04∗∗, # 
(0.25±0.02)

1.61±0.10∗∗∗ 
(0.63±0.03)

0.24±0.04∗ 
(0.09±0.02∗)

2.72±0.29∗, # 
(1.06±0.12)

0.032±0.003 
(0.013±0.001∗∗∗, ## )

2 Sham 45 260.5±10.0∗∗∗ 8.02±0.53∗∗∗ 
(3.08±0.15)

0.66±0.04∗ 
(0.25±0.02)

1.64±0.08∗∗ 
(0.63±0.02)

0.23±0.03∗ 
(0.09±0.01∗)

2.82±0.10 
(1.08±0.05∗∗)

0.031±0.004 
(0.012±0.002∗∗)

3 Control 24 272.8±9.5 8.58±0.66 
(3.14±0.20)

0.69±0.07 
(0.25±0.03)

1.70±0.10 
(0.62±0.03)

0.25±0.02 
(0.09±0.01)

2.84±0.13 
(1.04±0.05)

0.031±0.002 
(0.011±0.001)

∗, ∗∗, ∗∗∗ Significantly different from the control group values at P<0.05, P<0.01 and P<0.001, respectively.
#, ## Significantly different from the sham group values at  P<0.05 and P<0.001, respectively.

Table II. Corticosterone, ACTH and Melatonin Serum Levels in Rats Exposed to an Electromagnetic Near-field

Group No. Treatment No. of rats Corticosterone 
(ng/ml)

ACTH 
(pg/ml)

Melatonin 
(pg/ml)

1 EMF 24 398.6±92.6∗∗∗, ### 141.4±24.0∗, ### 4.5±0.9#

2 Sham 24 181.8±47.1∗∗ 104.1±33.6∗ 3.9±0.6
3 Control 24 226.4±65.7 123.2±23.5 4.2±0.8

∗, ∗∗, ∗∗∗ Significantly different from the control group value at P<0.05, P<0.01 and P<0.001, respectively.
#, ### Significantly different from the sham group value at  P<0.05 and P<0.001, respectively.

Table III. Quantitative Values for GST-P-positive Foci

Group 
No. Treatment No. of 

rats
GST-P-positive foci

No./cm2 Area (mm2)/cm2

1 EMF 47 6.906±1.803# 0.455±0.165
2 Sham 45 7.711±2.007∗ 0.514±0.173
3 Control 24 6.729±1.687 0.462±0.170

∗ Significantly different from the control group value at P<0.05.
# Significantly different from the sham group value at P<0.05.
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exposed case, the former being statistically significant
(P<0.05). However, the number of the lesions in sham-
exposed animals (group 2) was significantly increased as
compared to the control value.
Histopathological analysis  Histopathological analyses of
the liver, spleen, thymus and adrenal glands were per-
formed for all killed animals. In the liver, altered hepato-
cellular foci (38/47, 34/45, 15/24 in each group,
respectively) and a micro-granuloma (1/45 in sham-
exposed group) were observed. Slight atrophy of the tes-

tes was evident in the EMF-exposed group (2/47). In the
spleen, thymus and adrenal glands, no histopathological
changes were observed.

DISCUSSION

In Japan, both 900 MHz and 1.5 GHz microwave bands
are used for cellular phones, whereas in European coun-
tries and the US, only 900 MHz bands are used. Our pre-
vious data for 929.2 MHz pulse modulated microwaves

Fig. 4. Comparison of numbers and areas of GST-P-positive liver foci in rats exposed to 929.2 MHz and 1.439 GHz EMF, relative
(%) to control values. (Data for the 929.2 MHz experiment were published in Carcinogenesis, 19: 311–314, 1998 [Ref. 16].) , No./
cm2; , area (mm2/cm2); ( ), No. of rats.

Fig. 5. Comparison of serum hormone levels in rats exposed to 929.2 MHz and 1.439 GHz EMF, relative (%) to control values.
###, # Significantly different from the sham group values at P<0.001 and P<0.05, respectively, with comparison of absolute values.
(Data for the 929.2 MHz experiment were published in Carcinogenesis, 19: 311–314, 1998 [Ref. 16].) , ACTH; , corticoste-
rone; , melatonin; ( ), No. of rats.
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using the same rat liver medium-term bioassay did not
demonstrate any enhancement of preneoplastic lesion
development.16) In the present study, an EMF of 1.439
GHz pulse modulated microwaves also did not enhance
the appearance of GST-P-positive liver foci, the numbers
in the EMF-exposed group, in fact, being significantly
lower than in the sham-exposed group. These data clearly
showed that exposure to an EMF of either 929.2 MHz or
1.439 GHz as used in cellular phones in Japan does not
have any promoting potential on rat liver preneoplastic
lesion development. Similar negative data for the effect of
a 50 Hz magnetic field on rat liver preneoplastic lesion
development have also been reported.26, 27) Fig. 4 shows
a comparison of the GST-P-positive liver foci values in
the previous (929.2 MHz) and the present (1.439 GHz)
studies.

In our previous experiment,16) corticosterone and ACTH
levels in serum were significantly increased in both EMF-
exposed and sham-exposed groups. The reason for this
was speculated to be the elevation of body temperature of
the rats in the exposure box. Therefore, in the present
experiment, the air ventilation system in the box was
improved. This is presumably why the serum levels of
corticosterone and ACTH were not elevated in the sham-
exposed group in the present study, although the reason
for the decrease is unclear. On the other hand, the
increase in the EMF-exposed group was in line with the
adrenal weight data. These results indicate that exposure
to EMF, regardless of the wave frequency, influences hor-
monal status, but exposure itself does not promote liver
preneoplastic lesion development.

Melatonin, a hormone produced by the pineal gland,
demonstrates a circadian rhythm (low during the day and
elevated at night). Several reports have been published
regarding the relationship between melatonin levels and
mammary carcinogenesis,28–30) colon carcinogenesis,31) cell
proliferation,32) and DNA synthesis in cultured cells.33)

Since EMF has been reported to depress melatonin
production,34, 35) this parameter was also assessed in the

present study. Since the blood samples were collected at
autopsy (between 9:30 to 12:00 am), the levels were
expected to be relatively low. However, as seen in the
previous (929.2 MHz) study, exposure to a 1.439 GHz
electromagnetic field did increase the melatonin level
(Fig. 5).16) The relationship, if any, between this elevation
and preneoplastic lesion development is unclear.

Rapacholi et al. reported that exposure to a pulsed 900
MHz electromagnetic field, somewhat similar to that used
in the present study, enhanced lymphoma development in
Eµ-pim1 transgenic mouse with long-term intermittent
exposure.36) They noted SARs of 0.008–4.2 W/kg, and
employed a “far-field.” In contrast, in the present study
we applied a “near-field,” which is more in line with the
actual exposure conditions of cellular telephone users.

The bioassay system, used in the present study, is well
established for detecting carcinogens and promoters of
hepatocarcinogenesis.17, 21, 22, 37, 38) It can detect carcino-
genic and preventive potential in a short period,39) and is
also a useful tool for analyzing the underlying processes.
Furthermore, since this bioassay system requires only 8
weeks experimental duration, it is suitable for time-con-
suming experiments involving special techniques, such as
the present study.

In conclusion, the present study clearly demonstrated
that a 1.439 GHz EMF, modulated in a PDC wave form,
does not show any significant promoting effect on rat
liver carcinogenesis under the experimental present condi-
tions.
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