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Strychnine and microwave radiation produced changes in spectral parameters of  electrocor- 
ticogram, correlation dimension, and Kolmogorov entropy, parameters calculated by the meth- 
ods of nonlinear dynamics opposite to those induced by urethane. The modulatory effect of  
microwaves on bioelectric cerebral activity in narcotized animals was similar to the effect of 
strychnine and probably related to enhanced excitability of brain structures and complication 
of bioelectric processes. 
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The effect of  electromagnetic radiation on cerebral 
biopotentials was demonstrated in numerous experi- 
mental and clinical studies. We have previously 
showed that microwave irradiation modifies cerebral 
bioelectric activity (CBA) and thereby changes the 
functional state of  the CNS and whole organism [2]. 
In particular, electromagnetic radiation in the millime- 
ter range modified (synchronized) electrocorticogram 
(ECoG) of  alert animals (appearance of  slow waves 
and spindles). Changes in the parameters of nonlinear 
dynamic indicate decreased dynamism of  neuronal 
processes. In narcotized animals, microwave irradia- 
tion induced an EEG-reaction manifested by an in- 
crease of  high-frequency rhythms in the ECoG fre- 
quency spectrum. 

It is interesting to compare the effects of  micro- 
wave electromagnetic fields and other factors affect- 
ing the baseline bioelectric activity of  CNS on cere- 
bral biopotentials. 

Our aim was to compare changes in ECoG para- 
meters induced by microwaves, urethane (decreases 
CNS excitability), and strychnine (enhances CNS ex- 
citability and activates ECoG). 
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MATERIALS AND METHODS 

Experiments were carried out on 50 random bred rats 
of both sexes weighing 160-180 g. The rats were anes- 
thetized with urethane (1 g/kg intraperitoneally) and 
fixed in the stereotaxic apparatus. Gold-coated elec- 
trodes with diameter of 0.8 mm were inserted into the 
somatosensory cortical area in both hemispheres. Ure- 
thane was chosen for narcosis because it suppresses lo- 
comotor reactions and induces high-amplitude slow 
waves in the cerebral cortex of  both hemispheres and 
in the hippocampus [1], but does not prevent EEG- 
detected awakening reaction. Excitability of  cerebral 
structures was enhanced with intraperitoneal strych- 
nine (1 mg/kg). Rat head was exposed to low-inten- 
sity microwave radiation (42.2 GHz, 150 pW/cm 2) in 
continuous and impulse-modulated modes. 

The electromagnetic fields was emitted by a fun- 
nel antenna with effective cross-section of  1.6 cm 2, 
directive antenna gain 22 dB with the beam width be- 
tween half-power points 17 ~ and 21 o in the vector elec- 
tromagnetic field plane. Irradiation was performed 
with the E-component of electromagnetic field orien- 
ted perpendicularly to the horizontal plane of the brain. 
The impulse-modulated mode of irradiation was provi- 
ded by a modulator made on the basis of  conductivity 
modulated p-i-n diode and an ESU-1 electric stimula- 
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tor. Pulse recurrence rate was 1 Hz with relative pulse 
duration 30. 

Bioelectrical activity was recorded on a previously 
described setup [5]. ECoG was analyzed with the spec- 
tral method and using the methods of  nonlinear dyna- 
mics methods; power spectra within the ranges of  0.5-4 
Hz 05-rhythm), 4-8 Hz (0-rhythm), 8-12 Hz (or-rhythm), 
12-30 Hz (p-rhythm), maximal power spectrum fre- 
quency, correlation dimension, and standardized Kol- 
mogorov entropy were calculated. Two latter parame- 
ters characterized different dynamic states of  CNS. 
The data were analyzed statistically [4] using Stu- 
dent 's  t test (p<0.05). 

RESULTS 

Spectral correlation analysis revealed different chan- 
ges in individual frequency components of  the ECoG 
power spectrum induced by narcosis, microwave irra- 
diation, and strychnine (Fig. 1). 

Narcosis significantly decreased the power of  [3- 
and ~x-rhythms, but increased the power of  8- and 
0-rhythms. Ten minutes after urethane administration, 
the max imum of  ECoG power  spectrum decreased 
4-fold. These typical changes in ECoG were also ob- 
served by other authors [ 1 ]. The coefficient of  corre- 
lation dimension also decreased 10 min after urethane 
administration, which was accompanied by a 21.5% 
decrease in standardized Kolmogorov entropy (Fig. 1). 
These changes attest to reduced lability (reactivity) of  
the brain during narcosis, when the inhibitory process- 
es play the dominant role, and indicate attenuation of  
the CNS dynamism and its transition to a functional- 
ly "poor" state. 

Microwave irradiation and strychnine induced 
changes in ECoG spectral parameters and nonlinear 
dynamic indices opposite to those induced by urethane 
(Figs. 1 and 2). 

In narcotized animals microwave irradiation in- 
duced a shift o f  the power spectrum to a higher fre- 
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Fig. 1. Power spectrum of (% (a), e- (b), e~- (c), and 13- (d) rhythms of cerebral bioelectric activity in narcotized rats. Here and in Fig. 2: 1) 
narcosis+strychnine; 2) narcosis+microwave irradiation; 3) narcosis; C) control. 
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quency range (o~- and J3-rhythms), while the 0- and 5- 
components characteristic of  narcotized state were pre- 
served. This determined small but significant increase 
in the maximum power spectrum frequency from 
1.97+0.04 to 2.47• Hz observed 10 min after ir- 
radiation. Correlation dimension also increased during 
irradiation, although changes in calculated standardized 
Kolmogorov entropy were insignificant. It is possible 
that microwave irradiation complicates bioelectric pro- 
cesses and increases lability of CNS. There is evidence 
that the increase in correlation dimension may attest to 
complication of  cerebral bioelectric processes [3]. 

Strychnine changed ECoG parameters in narco- 
tized rats in the same direction as microwave irradia- 
tion, but these changes were more pronounced. As 
soon as 5 min after strychnine injection, the maximum 
of ECoG power spectrum increased 3-fold due to in- 
hibition of  8-rhythm and enhancement of [3-rhythm. 
ECoG always demonstrated desynchronization (de- 
creased amplitude and increased oscillation frequen- 
cy). The correlation dimension increased, and Kol- 

Fig. 2. Dynamics of correlation dimension (a), Kolmogorov entropy (b), 
and maximum power spectrum (c) calculated from electrocorticograms 
of narcotized rats. 

mogorov entropy rose significantly, which probably 
indicates enhanced dynamism of the cerebral system. 

Therefore, changes in ECoG induced by micro- 
wave irradiation in narcotized animals are similar to 
those produced by strychnine and are probably rela- 
ted to enhanced excitability of  cerebral structures and 
complication of  the dynamics of  bioelectric processes. 
Calculation of  ECoG parameters using nonlinear dy- 
namics seems to be a perspective way for evaluation 
the functional state of CNS. 
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