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Saint Petersburg, 2017 

REPORT 

UNDER THE AGREEMENT ON SCIENTIFIC COOPERATION BETWEEN FSBIS PAVLOV 
INSTITUTE OF PHYSIOLOGY OF RAS AND AIRES HUMAN GENOME RESEARCH 
FOUNDATION "Study of high-frequency electromagnetic radiation impact and Aires  
resonators influence on behavior, genetic and epigenetic processes in  cells of central and 
peripheral organs (models o Rattus norvegicus rat and Apis mellifera L. honey bee)". 

STAGE THREE (May 2017 - October 2017): Study of electromagnetic radiation, emitted by 
the router, and influence of resonators - converters on training and neurodegenerative processes 
in the brain of male Wistar line rats. 

 
           In today's world natural sources of electromagnetic radiation (EMR) are extensively 

replenished by anthropogenic fields and radiation. Exposure to radiation, emitted by mobile 

devices, significantly affects humans and animals (Paul et al., 2015; Kwon et al., 2011; Daniels 

et al., 2009). 

          The important indicator of the adverse negative effect of the environment, in particular, 

EMR, is impairment of cognitive functions, ability to learn and remember in humans and 

animals (Pavlova et al., 2013). A number of works shows that EMR causes changes in cognitive 

functions and intellectual disability in children (Guxens et al., 2016; Hawkes et al., 2014), 

depression of cognitive abilities in elderly people (Ng et al., 2012), impacts sleep quality (Fritzer 

et al., 2007; Hutter et al., 2006). The change of cognitive function related to spatial orientation in 

men was revealed upon exposure of infants to ionizing radiation (Нall et al., 2004). At the same 

time, some human and rodents studies revealed no effects of exposure to radiation, emitted by 

mobile phones, on the cognitive functions (Besset et al., 2005; Haarala et al., 2005). Therefore, 

information on EMR impact on human's and animals' cognitive performance is scarce and 

contradictory, requiring further research.   

           There is evidence of the negative effect EMR of mobile phones produces on the function 

of the central nervous system, which is caused by damage of neurons in the brain. It is shown 

that EMR generated by mobile devices causes damage of neurons in the cerebral cortex, 

hippocampus and basal ganglion (Salford et al., 2003). 

At the present time there are devices, efficiently redistributing EMR and having 

protective properties, which are created based on the effects of conversion of incident EMR 
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range by self-affine relief (Serov et al., 2006a, 20006b; Kopyltsov et al., 2007; Zhabrev et al., 

2005). However, the mechanisms of protective action of such devices on the learning ability and 

memory, as well as neurodegenerative processes in the brain have not been studied. 

 

The goal and objectives of stage three:  

1) study of EMR impact and resonators - converters influence on conditioning and maintenance 

of passive avoidance conditioned reflex in male Wistar line rats under conditions of the standard 

Wi-Fi router mode of operation (4 days, 6 h a day). 

2) study of EMR impact and resonators - converters influence on neurodegenerative processes in 

the hippocampus and neocortex in male Wistar line rats under conditions of the standard Wi-Fi 

router mode of operation (4 days, 6 h a day).  

 
Material and Methods  

           The work was performed in male Wistar line rates, weighing 250 - 300 g. The rats were 

taken from the collection of FSBIS Pavlov Institute of Physiology of RAS (No ГЗ 0134-2016-

0002). After the animals were received, they were held in the laboratory animal facility for no 

less than two weeks to ensure adaptation thereof. The males were kept in groups of 6 in standard 

cages on standard diet.  

The study was performed, using the W-Fi router (LinkSys E1200-EE/RU wireless router) 

with the following technical specifications: wireless communication frequency: 2.4 GHz, 

number and type of antennas: 2 internal antennas, standard antenna(s) gain factor, dBi: 4 dBi. To 

study EMR effects, the cage where the animals were initially kept, was placed into the Faraday 

cage, whereas the router was placed in the center, under the upper cover of the cage, on the 

removable shell. The experimental groups were exposed to the router impact during 4 days, 6 

hours a day (8 a.m. - 2 p.m.) with no resonators and with resonators - converters. The controls 

were groups of rats, which were placed into the Faraday cage at the same time, however, were 

not exposed to the router, and animals, kept in the laboratory facility. Aires Defender fractal-

matrix resonators-converters (special annular diffraction grids), used in the experiments are 

universal Fourier spatial and wave filter (Zhabrev et al., 2005). The interaction of 

electromagnetic field with resonators results in structural conversion of the field. 

6 resonators were used to assess the resonators influence on harmful effects of EMR, 

generated by the router.  They were placed in the center of each face of the Faraday cage (Fig. 

1). 
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Fig. 1. The diagram of the Faraday cage (shield) used for a study with a layout of the resonators 
placement. 

 

Method of passive avoidance conditioning in rats. Passive avoidance was conditioned by 

single negative pain reinforcement 24 hours after the end of 4-day exposure of the animals in the 

Faraday cage with Wi-Fi router (experimental group 1), Wi-Fi router and resonators-converters 

(experimental group 2), after exposure in the Faraday cage, without exposure (control 2) and in 

animals, which were kept in the laboratory facility and were not exposed to EMR (control 1). 

The study was performed using the unit, consisting of two chambers: the well-lit - light one, and 

the dark one, where the was no lighting, the chambers were connected by the passage. As is 

known, generally, rats spend most of their lives in the dark chamber, which is attributed to their 

instinctive urge to stay in a dark and confined space - a den (the burrow reflex). The method is 

based on conditioning of passive avoidance of the dark chamber in rats as a response to 

unconditional electrodermal pain stimulus.   

The rat was set out in the center of the light chamber with its tail to the passage to the 

dark chamber. The animal was given 2 minutes to examine the chambers; during the provided 

time it found the passage to the dark chamber and entered it. In the dark chamber the animal 

received1 minute-long 1mA electrodermal pain stimulus.  

The following behavior characteristics were recorded during passive avoidance 

conditioning: latent period of entering and time of the animal's stay in the dark chamber and the 

percentage of the animals who entered and did not enter the dark chamber. Passive avoidance 

reflex maintenance was checked 24 hours and 7 days after conditioning. The animals were also 

placed into the light chamber of the unit and their behavior was monitored during 2 minutes.  

 

Method of paraffin embedding of the brain and brain slices preparation. 

Faraday cage for studies 

Removable cover 

2-level shelf for 
Wi-Fi router 
(400x600) 

Defender 

Placement areas – 
centers of all sides 
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24 hours after the procedure of 4-day (6 hours a day) rats exposure in the Faraday cage 

with no router, with router, with router and resonators, the rats were killed, the brain was 

extracted and dissected. The material was subject to fixation (4% solution of paraformaldehyde 

in the fridge during 3 days), 1-hour washing in the phosphate buffer and passing through a series 

of alcohols with increasing concentration, methyl benzoate (within 1 day), 1:1 methyl benzoate 

and paraffin mixture (within an hour at 56ºС), paraffin (twice per 1 hour at the same 

temperature), afterwards, it was embedded into paraffin. 

             Frontal brain slices (7 μm) were made at the level from -2.80 mm to -4.0 mm from the 

bregma subject to the stereotaxic atlas of the rat's brain (Paxinos, Watson, 2007) to analyze 

neurodegenerative processes in hippocampus and neocortex. The slices were placed on water-

wet gelatin-coated object glasses, flattened out and dried. Ready slices were stained. 

Method of slides staining with FluoroJade stain (Millipore) 

          All manipulations were carried out according to the manufacturer's recommendations 

(Millipore). 

          After paraffin removal by holding in xylol (2 times, 5 minutes each time), absolute alcohol 

(5 minutes) and 70º alcohol (5 minutes), the slides were held in 0.06 water solution of potassium 

permanganate (20 minutes) and were washed with distilled water one more time (1 minute). 

Thereupon, the slices were stained with FluoroJade B fluorescent stain within 30 minutes with 

subsequent washing in distilled water (three times, one minute each time) and 20-minute drying 

in the temperature-controlled cabinet (t=50ºС). The basic (0.01%) solution was made at the rate 

of 1 mg of FluoroJade B preparation per 10 ml of distilled water. The work (0.001%) solution 

was made of the basic solution in 0.1% acetic acid at the rate of 1:9. Dried glasses were treated 

with xylol and put into DPX (Fluka) medium.  

The ready slices were analyzed with Altami fluorescent microscope. 

Statistical analysis 

Findings of behavioral experiments  were checked for homogeneity by nonparametric multiple-

field chi square method . Individual data were combined within groups based on check results. 

To present the results in the tables, average values with error in mean and error rate were 

calculated and expressed as a percentage. Significance of differences among variants was 

determined by chi square method (Glotov et al., 1982) and by the rank test and analysis of 

variance (ANOVA), using Statgraphics Centurion XV11 and Statistica 6.0 software.  

Results and Discussion 
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          Analysis of the findings of the study on conditioning and maintenance of passive 

avoidance conditioned reflex after exposure to the router and exposure to the router in 

combination with resonators-converters has shown the following. The experimental exposure 

generally had no influence on rats' behavior upon passive avoidance conditioning (day 1, 

conditioning). In each of two experimental and control groups 100% of the animals entered the 

dark chamber, and no statistically significant differences were revealed with regard to the total 

time of staying in the dark chamber between the groups (Table 1). It should be noted that in the 

group of experimental rats, who had previously been exposed to the router in the presence of 

resonators-converters in the Faraday cage, the latent period of entering the dark chamber was 2.5 

times less than in control group 1 (rank test, MRT = 21.8, Diff(+/-Lim=21.1). No differences 

were revealed between other groups.  

In control group 1 conditioning persisted 24 hours and 7 days after training in 83% of the 

animals (the rats did not enter the dark chamber). Only 17% of the rats entered the dark chamber 

(Table 1). In control group 2, which was placed in the Faraday cage and was not subject to 

additional exposure, conditioning persisted in 36% of the animals, 64% did not remember the 

previous experience and entered the dark chamber.  

Exposure to the router caused significant suppression of passive avoidance conditioning. 

24 hours after training 77% of the animals entered the dark chamber. It is important to note that 

seven days after the training, the effect intensified: 10% of experimental group 1 entered the dark 

chamber, which differed from the control 1 values under study (Table 1).  

The resonators prevented negative impact of the router and the Faraday cage, which 

resulted in maintenance of passive avoidance conditioned reflex, comparable with control 1, 24 

hours after training. However, seven days later the conditioned reflex was suppressed in 50% of 

the animals. 

             Therefore, exposure of the animals in the Faraday cage without any additional influence 

and in combination with the router's impact resulted in failure to preserve passive avoidance 

conditioned reflex in male Wistar line rats. Resonators-converters prevented negative impact on 

the memory of the animals, exposed in the Faraday cage, 24 hours after conditioning. Seven days 

later the protective effect subsided. 

Table 1 Main behavior characteristics upon conditioning and maintenance of passive avoidance 
conditioned reflex after exposure to router and resonators-converters in male Wistar line rats. 

Groups 
Training 24 hours the 7th day 

LP, sec DC, sec % LP, 
sec 

DC, 
sec 

% 
 

LP, 
sec 

DC, sec % 

Control 1  37 ±7 
(29) 

134±11 
(143) 

100/
0 

_ _ 17/ 
83 

_ _ 17/ 
83 

Control 2 
(Faraday cage) 

23,7 
±7,8 

134±13 
(149) 

100/
0 

52±22 
(42) 

101±3
0 

64/3 15±9 
(14) 

121±34  
(156) 

77/ 
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(16) (136) 6# 33* 
Experimental 
group 1 (router) 

24±8 
(22) 

135±12 
(148) 

100/
0 

54±27 
(29) 

111±3
3 
(138) 

77/3
3#  
 

30±9 
(15,5) 

117±24  
(139) 

100/ 
0* 

Experimental 
group 2(router + 
resonators) 

15±3* 
(12,5) 

136±12 
(130) 

100/
0 

_ _ 17/ 
83 

7±4 
(5) 

_ 50/ 
50 

 
Legend: DC - time spent in the dark chamber, X+m(M); LP - latent period of entering the dark 
chamber, X+m(M);% - percentage of animals, who entered the dark chamber/percentage of 
animals, who did not enter the dark chamber; * - differences with control 1 are valid (p<0.05); # 
- difference from control groups 1 and experimental group 2 is valid (p,0.05) 

 
                   It should be emphasized that the findings show that limitation of the natural 

electromagnetic field in the Faraday cage influences cognitive abilities of the male Wistar line 

rats per se therefore it was not possible to single out negative impact of EMR, emitted by the 

router, to the studied behavior characteristics of rats under the given experiment conditions. 

Nevertheless, protective effect of resonators-converters against the background of memory 

suppressing Faraday cage's impact, was detected. 

             Images of hippocampus and neocortex of rats, exposed in the Faraday cage without 

additional influences, with router, without router and in combination with resonators, are given 

in Figures 2 and 3 correspondingly. No neurodegenerative processes were detected in the 

hippocampus of all three groups of the animals. However, there are cases of high negative 

staining (see Fig. 2, router). As a comparison, Fig. 2 shows an example of degenerating 

hippocampus cells (fields CA2, CA3) after cell death induced by excitotoxin - kainic acid. 
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Fig. 2 Slides of rats' hippocampus, stained with FluoroJadeB neurodegeneration marker: 
"Faraday cage" - group of rats, placed into the Faraday cage; "Router" - group of rats, 
exposed to the router in the Faraday cage; "Router+resonators" - group of rats, exposed to 
the router and resonators in the Faraday cage; "Kainic acid" - group of rats in which 
neurodegenerative processes are induced by excitotoxin - kainic acid. 
 

              Faraday cage                       Router                                Router+resonators 

          
Fig. 3 Slides of rats' neocortex, stained with FluoroJadeB neurodegeneration marker: 
"Faraday cage" - group of rats, placed into the Faraday cage; "Router" -  group of rats, 
exposed to the router in the Faraday cage;  "Router+resonators" - group of rats, exposed to 
the router and  resonators in the Faraday cage 
 
FIJ-positive cells in the neocortex are detected mostly in the lower cortex layer in all three 

studied groups. Qualitative visual analysis showed that there are more degenerating cells in 

the neocortex of "Faraday cage" and "Router" groups and that they are more prominent in 

comparison with "Router+resonators" group. The findings of the pilot experiment suggest 

resonators' protective influence, weakening neurodegenerative processes in the neocortex 

of male Wistar line rats, which requires confirmation by further experiments, involving 

methods of accurate quantitative assessment of dying cells.  
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