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Single exposure of white outbred rats to electromagnetic radiation with a frequency 905 MHz
(GSM frequency) for 2 h increased anxiety, reduced locomotor, orientation, and exploration
activities in females and orientation and exploration activities in males. Glucocorticoid lev-
els and antioxidant system activity increased in both males and females. In addition to acute
effects, delayed effects of radiation were observed in both males and females 1 day after
the exposure. These results demonstrated significant effect of GSM-range radiation on the
behavior and activity of stress-realizing and stress-limiting systems of the body.
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The safety of GSM-range electromagnetic radiation
(EMR) emitted by cell phones becomes now an urgent
problem. It has been previously shown that GSM-
range EMR induces accumulation of lipid peroxidation
products, reduced activities of superoxide dismutase,
glutathione peroxidase, and catalase with simultaneous
activation of xanthine oxidase and adenosine deami-
nase in the brain tissues and other organs of experi-
mental animals [8,12]. These changes can induce CNS
dysfunction and affect behavioral activity of animals,
which prompted us to study the effects of GSM-range
EMR on behavioral reactions.

Here we investigated the main behavioral patterns
and biochemical parameters characterizing stress-rea-
lizing and stress-limiting systems in laboratory ani-
mals (white rats) exposed to EMR.

MATERIALS AND METHODS

The experiments were performed on 10-12-week-old
male and female white outbred rats weighing 260-
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350 g (n=10 for each group). The study was carried
out in accordance with ethical principles on animal
welfare and regulating documents of European Sci-
ence Foundation and Declaration of Helsinki.

The test cell phone GSM 900 (model GF337, Erics-
son) was used as the source of EMR [6]. The animals
were exposed to 905-MHz EMR (pulse power 2 W);
the specific absorbed dose for rats was 1.67 W/kg.
Static magnetic field during the experiments varied
from day to day in the range of 50-60 pT, alternating
low-frequency magnetic field did not exceed 50 nT.
The signal included standard GSM modulations during
operation in discontinuous transmission mode.

The experimental animals were placed into a plas-
tic container and exposed to EMR for 2 h. The control
animals spent 2 h under the same conditions but with-
out irradiation.

In experimental series I, we evaluated acute (group
1) and delayed (group 2) effects of EMR on behavior.
Registration of rat behavioral activity in the open field
test was started 5 min (group 1) or 24 h (group 2) after
exposure. Rat behavior was recorded over 15 min in
complete silence under a 15 W red lamp. The registered
parameters allow assessment of locomotor, orientation,
and exploratory activities and anxiety level [3].
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activity — in arb. units/g hemoglobin (50% inhibition
of adrenaline oxidation was taken for 1 arb. units). In
addition, plasma level of glucocorticoids reflecting
activity of the hypothalamic—pituitary—adrenal axis
was measured [2].

The results were statistically processed using Mi-
crosoft Excel and Statistica 6.0 software and nonpara-
metric (Mann-Whitney U test, exact Fisher test) and
parametric (Student’s ¢ test) tests.

RESULTS

In experimental series I, evaluation of EMR effects
on behavioral activity showed that acute effects (5
min after exposure) were oppositely directed in males
and females. In males, EMR exposure increased ori-
entation, exploratory, and locomotor activities and re-
duced anxiety (as measured by vertical motor activity,
number of steps out from walls, and center visits).
Females demonstrated reduced locomotor, orientation,
and exploratory activities (by vertical motor activity,

Fig. 1. Dynamics of glucocorticoid plasma levels in males and
females during the acute and delayed periods after EMR exposure
(% of control). *p<0.05 in comparison with the control.

number of steps out from walls, and center visits) and
increased anxiety (by the number of defecations and
total freezing time; Table 1).

In group 2 (24 h after training), females retained
EMR effect on anxiety level: freezing time and defeca-
tion number were significantly increased. However, de-
layed consequences of EMR in males appeared to be op-
posite to the acute ones: the number of center visits and
steps out from the walls were significantly decreased,
which attested to reduced locomotor, orientation, and
exploratory activities and increased anxiety (Table 1).

These findings suggests that EMR induced both
acute and delayed changes in locomotor, orientation,
and exploratory activities and in anxiety level in fe-
males and males; moreover, these changes were op-
positely directed in males and co-directed in females.

TABLE 1. Changes in Open-Field Behavior of Male and Female Rats after Exposure to EMR (M+m)

s Horizon.tall Verticgll Steps out form Freezing Numbgr of
roup Parameter motor activity, motor activity, walls a_nc_j center time. sec defecatlo_ns,
arb. units arb. units visits ’ arb. units
Acute effects (5 min after exposure to EMR)

Males control 60.4+18.2 7.9x2.7 1.2+0.6 394.1+67.4 1.4£0.7
EMR 68.9%x12.1 19.1£3.6* 4.5+1.0* 275.9%69.0 0.5+0.3

Females control 133.2+£20.3 45.1+£8.6 15.2+4 1 87.1+46.5 0.5%0.1
EMR 56.0x14.2* 11.5+5.4* 2.2+0.9* 338.8+82.5* 2.3+0.9*

Delayed effects (24 h after EMR)

Males control 105.6+15.3 27.3x4.4 10.9£2.2 251.9£72.7 3.0%£0.6
EMR 95.8+14.1 26.3%4.1 3.9+0.5* 264.6+62.9 2.0+£0.5

Females

control 110.0£7.4 31.8%£4.2 9.6+0.9 144.2+19.2 0.4%0.2
EMR 137.3£18.9 25.7+5.6 9.3+2.0 343.5£103.3* 3.8+1.1*

Note. *p<0.05 in comparison with the control.
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Fig. 2. Dynamics of plasma levels of lipid hydroperoxides during the acute period (a) and SOD-like activity in delayed period after exposure
to EMR (b) in females. Light bars: control, dark bars: EMR. *p<0.05 in comparison with the control.

The observed acute and delayed effects of EMR
on behavioral parameters can be stipulated by changes
in activity of dopaminergic, glutamatergic and GABA-
ergic brain structures described previously in rats ex-
posed to GSM-range EMR [11].

Another possible cause of the above-described
changes in behavioral patterns can be reduced activity
of the hypothalamic—pituitary—adrenal axis in ex-
posed animals. Analysis of plasma levels of glucocor-
ticoids revealed co-directed shifts in the acute period
(increase in hormone levels) in males and females. In
the delayed period, the effects of EMR were seen only
in males and manifested in decreased glucocorticoid
levels (Fig. 1).

Since the effects of EMR on plasma level of glu-
cocorticoids in males and females during the acute
period were co-directed and manifested in increased
hormone level, the decrease in glucocorticoid con-
centration in males 1 day after the exposure prob-
ably resulted from negative feedback in the hypotha-
lamic—pituitary—adrenal axis. Thus, increased blood
hormone levels provoke reduction of corticotropin-
releasing factor and adrenocorticotropic hormone pro-
duction, which leads to suppression of the adrenal
cortex activity and reduces glucocorticoid release [5].
It cannot be excluded that unchanged level of gluco-
corticoids in females 24 h after the exposure is main-
tained by the same mechanisms, but these reactions
develop with different velocity in comparison with
the males. This assumption is speculative and requires
experimental verification.

Evaluation of the effects of EMR on ADS para-
meters has shown that the levels of lipid hydroper-
oxides decreased in males 20 min after irradiation in
comparison with the control (Fig. 2, a). In females,
increased SOD-like plasma activity was detected 24 h
after EMR (Fig. 2, b). No other changes in ADS para-
meters were noted at these times.

This data attest to ADS response to EMR expo-
sure and possible gender differences in the rate of this
reaction development in experimental animals. The
mechanisms of the observed sings of ADS stimula-
tion against the background of increased activity of
the stress-realizing system during the acute period af-
ter EMR exposure remain unclear. This effect can be
compensatory in nature and stipulated by mobilization
of endogenous antioxidants, glutathione peroxidase
activation and by other ADS components (not evalua-
ted in our study) in response to intensification of lipid
peroxidation and generation of reactive oxygen species
during the exposure.

Our findings suggest that single exposure to GSM-
range EMR with 905 MHz frequency exerts a long-
term (at least for 24 h) substantial influence on lo-
comotor, orientation, and exploratory activities and
anxiety, as well as on activity of the stress-realizing
and stress-limiting systems in rats. The direction of
some effects depends on animal gender.
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