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Abstract: Effect of exposure to GSM 900 MHz and CW

been disrupted. The GFAP is an astrocyte-specific protein

microwwes on activity of ODC and levels of polyamines in
rqts and mice has been studied. The animals were exposed
at SAR level of 0.2 Wkg with GSM-900 for dffirent time
intervals. At 240 minutes GSM-exposure the ODC activity
in Fischer 344 rats is significantly increased in grey matter
and in the brainstem. After 4 h GSM-exposure the levels of
spermidine and spermine is also significantly increased in

that forms intermediate filaments in the cytoskeleton of
astrocytes and mice lacking this protein are believed to

grey matter

effects

INTRODUCTION
Ornithine decarboxylase (ODC) catalyses the first and
in the biosynthesis of the
polyamines putrescine, spermidine and spermine, which are

usually rate-limiting step

important cellular constituents, involved in the regulation of

cell growth and differentiation. Induction of ODC

is

develop brain tumours at a much higher frequency.

We have earlier studied the effects of microwave
exposure on the promotion of growth of tumours from two
different rat glioma cell lines; RG2 and N32, inoculated in
the brains of Fischer 344 rats [6]. In our studies on the

of

microwave exposure on rats, we found

an

increased leakage of albumin through the blood brain
barrier, indicating tissue damage [7,8]. We also found an
accumulation of albumin in nerve cells distant from the
leaking vessels [8]. In order to fuither explore the effects of
short-term exposure of GSM 900 MHz microwaves on
brain, we have analysed whether the exposure was inducing
changes in ODC activity and polyamine levels in Fischer
344 rats.

strongly associated with cell growth and the enzyme has

been suggested to play an important role in tumour
promotion. Another field that has evoked much general
interest is the role of increased ODC activity and enhanced
polyamine biosynthesis in response to development of
neuronal damage. In the brain, a close correlation appears
to exist between neuronal damage and increased polyamine
biosynthesis. ODC activity is induced by a variety of
pathological stimuli giving rise to cellular stress in the
brain.

Initial studies by Byus et al. (1987, 1988) on the effect
on ODC activity by exposure to electromagnetic fields used
the electric component of such fields ll,2l. Rats exposed to
a weak 50 Hz magnetic field (50 pT) exhibited increased

EXPERIMENTAL
We expose the whole animal in a TEM-cell. A GSM
telephone is hooked up to a terminal program on a
computer that controls the power and repetition of pulses.
Both forward and reflected average powers are measured,
with a Bird model-43 power meter, at the inputs and
outputs of the cells. Male and female GFAP mice were
exposed in the TEM Cells for about 8 hours during 1143
days. The total time of exposure was 1143 hours. Male and
female Fischer344 rats were exposed to EMF with
amplitude of I W that gives a SAR of 0.2 Wkg. The rats
were exposed for following time intervals: 60, 120,240 and

ODC activity in the mammary gland to a level which was
similar to that found after treatment with the chemical
carcinogen DMBA [3]. The effect of 835 MHz microwaves
on the activity of ODC in L929 murine cells has also been

360 min. For comparison, Fischer rats were also exposed to
CW at I W that gives a SAR of 1.6 Wkg.

investigated [4,5]. These results show significant
enhancement in ODC activity when the modulation was
60 Hz sinusoidal, 50 Hz square pulsed and digital cellular
telephone. With speech modulated microwaves, however,
no significant effect was seen [5].
We have examined the effects of GSM-900 modulated
microwaves on ODC activity and polyamine levels in
various tissues of mice and rats. The effects of long-term
exposure was studied in a "knock-out" mouse model, in
which the gene for glial fibrillary acidic protein (GFAP) has

mM EDTA and 2.5 mM dithiothreitol. Aliquots of

Tissues

of

rats and mice were homogenized

in

5

volumes of ice-cold 0.1 M Tris-HCl (pH 7.5) containing 0.1
the
homogenates were analysed for polyamine content using an

amino acid analyser (Biotronic LC500l) as previously
described. The remaining homogenates were centrifuged at

30,000 x g for 20 min. ODC activity was determined in
aliquots of the supernatants by measuring the release of
toCO,
from L-[1-t4C]ornithine in the presence of saturating
levels of pyridoxal 5-phosphate (0.1 mM) and L-ornithine
(0.5 mM).
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RESULTS AND DISCUSSION

CONCLUSION

ODC activity and polyamine levels were determined in
various tissues of control and GFAP mice exposed to 900

From the results from the present study, we have shown
that there is an effect of 240 min GSM 900 MHz exposure
on the levels of ODC and polyamines in rats.

MHz (0.2 W/kg) for more than 1000 hours totally. No
effects were observed by this exposure on the ODC activity
or the levels of polyamines when measured in the whole
brain, neither in the females nor in the males. Long-term
exposure with GSM 900 MHz did not significantly affect
the ODC activity or the polyamine levels in these tissues of
the mice, except for a minor decrease in spermine content.

No major effect was seen on the ODC activity in the
various parts of the brain of Fischer 344 rats after shortterm exposure (l and 6 h) with GSM900 MHz. Minor
increase in ODC activity was observed in the various parts
of the brains of male rats in response to GSM900 MHz
exposure for 4 hours indicatimg an effect on the polyamine
biosynthetic pathway. Thus, we determined the levels of the

polyamines putrescine, spermidine and spermine in the
different parts of the brains of control male rats as well as
of male rats exposed to GSM900 MHz for 4 hours. Only
slight increase of putrescine content was observed in the
various parts of the brain after the microwave exposure. But
the spermidine and spermine levels in the grey matter of the

brain were significantly increased after a 4 h exposure to

GSM900 MHz. This increase in polyamine content
appeared to be restricted to the grey matter of the brain.
(Fig. l) No changes in the spermidine or spermine levels

were observed in the other parts of the brain.
No changes between exposed and controls are observed
in grey or white matter or the brain stem at exposure times

60, 120 and 360 min. At 240 minutes GSM-exposure,
however, the ODC activity in exposed Fischer 344 rats is
increased in grey matter and in the brain stem ( p<0.05).
After 4 h GsM-exposure the levels of spermidine and
spermine in exposed Fischer 344 rats is also significantly
increased (p<0.001) in grey matter. But no changes
between exposed and controls are observed in white matter
(basal ganglier).
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Figure l: Polyamine levels in rat brain (grey matter)
compared to control (Con) after exposure (Exp) to GSM900 modulated microwaves
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