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6.0 Evidence of Neurodegenerative  & Neurological Effects (includes BBB) 

Biological from Exposure to EMF Radiation 
 

6.A  As in the prior evidence sections filed by Intervenor, this list of positive effect 

studies was compiled from the AGNIR (2003 & 2012) , SCENIHR (2007 & 2009)  

and reviews listed below. Only seventy five (75), marked with an* , of  the one 

hundred seventy nine (179) positive studies listed below have been included by 

AGNIR or SCENIHR  in their reviews of the evidence for biological effects of EMF 

radiation on these topics, even though many of the studies were published during 

the same time period covered by their reviews.   

1. Albert, E.N., and Sherif, M., 1988, Morphological changes in cerebellum of neonatal rats exposed to 

2.45 GHz microwaves, in: "Electromagnetic Fields and Neurobehavioral Functions," M.E. O'Connor 

and R.H. Lovely,eds., Prog Clin Biol Res 257: 135-151. http://www.ncbi.nlm.nih.gov/pubmed/3344268  

Abstract: One-day and six-day old Sprague-Dawley rats were exposed in the far field to 2.45 GHz (cw) 

microwaves at 10 mW/cm2 for five consecutive days, 7 hours per day (SAR 2W/kg). Pups were 

euthenized one day after exposure and the cerebella processed for light and electron microscopy. 

Matching cerebellar sections and folia from irradiated and sham irradiated animals were examined. Light 

microscopic examination revealed the presence of small deeply-stained cells with hyperchromatic 

pyknotic nuclei within the external granular layer (EGL). The number of these pyknotic cells in the 

experimental animals was nearly twice that in the controls. The Nissl bodies in Purkinje cells were finely 

dispersed. In some experimental animals mononuclear cellular infiltration was demonstrated. Under the 

electron microscope the deeply-stained pyknotic small cells presented electron dense nuclei with clumped 

chromatin, extrusion or disintegration of the nucleus, ruptured nuclear membrane, and the vacuolization 

of the cytoplasm. Eventually these cells became phagocytosed by surrounding EGL cells. Most of the 

Purkinje cells of experimental animals showed small, disorderly arrays of rough endoplasmic reticulum 

(RER) instead of the typical orderly stacks of parallel arrays. These observations suggest that microwave 

radiation may interfere with early genesis of cerebellar microneurons and alter the metabolic status of 

Purkinje cells. However, this effect might be reversible. 

 

2. *Abramson MJ, Benke GP, Dimitriadis C, Inyang IO, Sim MR, Wolfe RS, Croft RJ. Mobile telephone 

use is associated with changes in cognitive function in young adolescents. Bioelectromagnetics, 2009 

30: 678–686.  http://www.ncbi.nlm.nih.gov/pubmed/19644978  [full copy available] Excerpt (pg. 679): 

There is now sufficient experimental evidence that mobile phone exposure1 does alter brain activity in 

young adults [Croft et al., 2008], particularly alpha (the 8–13 Hz) electroencephalographic index of neural 

activity. Such biological effects may be more significant for children, because it has been argued that 

different head shapes and thinner skulls may make them more susceptible to RF energy [Kheifets et al., 

2005; Wiart et al., 2005; Conil et al., 2008]. RF exposure from a mobile phone handset has been 

associated with slightly shorter reaction times in children [Preece et al., 2005]. However, other short-term 

experimental exposures have not found any consistent effects on cognitive function in children [Haarala 

et al., 2005]. Recently, a follow-up of a national birth cohort has suggested that behavioural difficulties 

around the age of school entry were more likely among children who had been exposed to mobile phones 

in utero or postnatally [Divan et al., 2008]. To address this lack of evidence regarding cognitive biological 

effects among children, the authors established the Mobile Radiofrequency Phone Exposed Users’ Study 
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(MoRPhEUS). The aims were: to assess exposure to mobile telephones in secondary school students, and 

to determine whether there were any associations between this exposure and cognitive function. Excerpt 

(pg. 683): The association between mobile phone use and cognition was not restricted to a particular task 

or cognitive ability. Rather greater mobile phone use was related to poorer accuracy on working memory 

and associative learning tasks, and faster reaction times on the simple and associative learning tasks. 

[Note (pg 681): The median total number of reported voice calls per week was 8. The median number of 

reported SMS messages was also 8 per week. Very low numbers when considering today’s youth!] 

 

3. *Abdel-Rassoul G, El-Fateh OA, Salem MA, Michael A, Farahat F, El-Batanouny M, Salem E. 

Neurobehavioral effects among inhabitants around mobile phone base stations. Neurotoxicology. 2007 

Mar;28(2):434-40. http://www.ncbi.nlm.nih.gov/pubmed/16962663 Abstract:  To identify the possible 

neurobehavioral deficits among inhabitants living nearby mobile phone base stations. RESULTS:  The 

prevalence of neuropsychiatric complaints as headache (23.5%), memory changes (28.2%), dizziness 

(18.8%), tremors (9.4%), depressive symptoms (21.7%), and sleep disturbance (23.5%) were significantly 

higher among exposed inhabitants than controls: (10%), (5%), (5%), (0%), (8.8%) and (10%), 

respectively (P<0.05). The NBTB indicated that the exposed inhabitants exhibited a significantly lower 

performance than controls in one of the tests of attention and short-term auditory memory [Paced 

Auditory Serial Addition Test (PASAT)]. Also, the inhabitants opposite the station exhibited a lower 

performance in the problem solving test (block design) than those under the station. All inhabitants 

exhibited a better performance in the two tests of visuomotor speed (Digit symbol and Trailmaking B) 

and one test of attention (Trailmaking A) than controls. The last available measures of RFR emitted from 

the first mobile phone base station antennas in Menoufiya governorate were less than the allowable 

standard level. CONCLUSIONS AND RECOMMENDATIONS:  Inhabitants living nearby mobile phone 

base stations are at risk for developing neuropsychiatric problems and some changes in the performance 

of neurobehavioral functions either by facilitation or inhibition. So, revision of standard guidelines for 

public exposure to RER from mobile phone base station antennas and using of NBTB for regular 

assessment and early detection of biological effects among inhabitants around the stations are 

recommended. 

 

4. Aldad TS, Gan G, Gao SX, Taylor HS.  Fetal Radiofrequency Radiation Exposure From 800-1900 

Mhz-Rated Cellular Telephones Affects Neurodevelopment and Behavior in Mice. Scientific Reports, 

2012 : 312, http://www.nature.com/srep/2012/120315/srep00312/pdf/srep00312.pdf  [Copy filed in 

Docket]  Excerpt (pg 5). Discussion: Here we demonstrate that fetal exposure to 800–1900 Mhz-rated 

radiofrequency radiation from cellular telephones leads to behavioral and neurophysiological alterations 

that persist into adulthood…Although the precise molecular mechanisms that led to altered glutamatergic 

synaptic transmissionin the prefrontal cortex identified in this study are not yet fully known, here we 

provide the first evidence that links changes in neuronal circuitry centered on layer V pyramidal neurons 

in the PFC with impaired memory and cognitive behaviors in animals exposed to radiation from cellular 

phone use. Our results indicate that the release of glutamate from the nerve terminals on PFC neurons and 

response of PFC neurons to glutamate are impaired in mice prenatally exposed to cell phone radiation. 

These results are consistent with previous reports that compromised glutamatergic transmission onto PFC 

neurons underlies impaired memory and cognitive functions in animals26,27. Our results also imply that 

the effects of prenatal exposure to radiation on the brain might be global, since glutamatergic transmission 

onto neurons in another area of the brain (i.e., the VMH) was decreased as well. The effects of prenatal 

exposure to cell phone radiation may have more profound effects on brain functions than reported in this 

study. 

 

5. Arns M, Van Luijtelaar G, Sumich A, Hamilton R, Gordon E. Electroencephalographic, personality, and 

executive function measures associated with frequent mobile phone use. Int J Neurosci. 2007 

Sep;117(9):1341-60. http://www.ncbi.nlm.nih.gov/pubmed/21452571 Abstract: The present study 
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employs standardized data acquired from the Brain Resource International Database to study the 

relationship between mobile phone usage, personality, and brain function (n = 300). Based on the 

frequency and duration of mobile phone usage, three groups were formed. The findings suggest a subtle 

slowing of brain activity related to mobile phone use that is not explained by differences in personality. 

These changes are still within normal physiological ranges. Better executive function in mobile phone 

users may reflect more focused attention, possibly associated with a cognitive training effect (i.e., 

frequently making phone calls in distracting places), rather than a direct effect of mobile phone use on 

cognition. 

 

6. *Ammari M, Brillaud E, Gamez C, Lecomte A, Sakly M, Abdelmelek H, de Seze R. Effect of a chronic 

GSM 900 MHz exposure on glia in the rat brain. Biomed Pharmacother. 62(4):273-281, 2008a.  

http://www.ncbi.nlm.nih.gov/pubmed/18424058   Abstract: Extension of the mobile phone technology 

raises concern about the health effects of 900 MHz microwaves on the central nervous system (CNS). In 

this study we measured GFAP expression using immunocytochemistry method, to evaluate glial evolution 

10 days after a chronic exposure (5 days a week for 24 weeks) to GSM signal for 45 min/day at a brain-

averaged specific absorption rate (SAR)=1.5 W/kg and for 15 min/day at a SAR=6 W/kg in the following 

rat brain areas: prefrontal cortex (PfCx), caudate putamen (Cpu), lateral globus pallidus of striatum 

(LGP), dentate gyrus of hippocampus (DG) and cerebellum cortex (CCx). In comparison to sham or cage 

control animals, rats exposed to chronic GSM signal at 6 W/kg have increased GFAP stained surface 

areas in the brain (p<0.05). But the chronic exposure to GSM at 1.5 W/kg did not increase GFAP 

expression. Our results indicated that chronic exposure to GSM 900 MHz microwaves (SAR=6 W/kg) 

may induce persistent astroglia activation in the rat brain (sign of a potential gliosis).  

 

 

7. Ammari M, Lecomte A, Sakly M, Abdelmelek H, de-Seze R. Exposure to GSM 900 MHz 

electromagnetic fields affects cerebral cytochrome c oxidase activity. Toxicology. 250(1):70-74, 2008b. 

http://www.ncbi.nlm.nih.gov/pubmed/18585429 Abstract: The world-wide and rapidly growing use of 

mobile phones has raised serious concerns about the biological and health-related effects of radio 

frequency (RF) radiation, particularly concerns about the effects of RFs upon the nervous system. The 

goal of this study was conducted to measure cytochrome oxidase (CO) levels 16 using histochemical 

methods in order to evaluate regional brain metabolic activity in rat brain after exposure to a GSM 900 

MHz signal for 45 min/day at a brain-averaged specific absorption rate (SAR) of 1.5 W/Kg or for 15 

min/day at a SAR of 6 W/Kg over seven days. Compared to the sham and control cage groups, rats 

exposed to a GSM signal at 6 W/Kg showed decreased CO activity in some areas of the prefrontal and 

frontal cortex (infralimbic cortex, prelimbic cortex, primary motor cortex, secondary motor cortex, 

anterior cingulate cortex areas 1 and 2 (Cg1 and Cg2)), the septum (dorsal and ventral parts of the lateral 

septal nucleus), the hippocampus (dorsal field CA1, CA2 and CA3 of the hippocampus and dental gyrus) 

and the posterior cortex (retrosplenial agranular cortex, primary and secondary visual cortex, perirhinal 

cortex and lateral entorhinal cortex). However, the exposure to GSM at 1.5 W/Kg did not affect brain 

activity. Our results indicate that 6 W/Kg GSM 900 MHz microwaves may affect brain metabolism and 

neuronal activity in rats.  

 
8. Ammari M, Gamez C, Lecomte A, Sakly M, Abdelmelek H, De Seze R. GFAP expression in the rat 

brain following sub-chronic exposure to a 900 MHz electromagnetic field signal. Int J Radiat Biol. 

86(5):367-375,  2010. http://www.ncbi.nlm.nih.gov/pubmed/20397841  Abstract: PURPOSE: The rapid 

development and expansion of mobile communications contributes to the general debate on the effects of 

electromagnetic fields emitted by mobile phones on the nervous system. This study aims at measuring the 

glial fibrillary acidic protein (GFAP) expression in 48 rat brains to evaluate reactive astrocytosis, three 

and 10 days after long-term head-only sub-chronic exposure to a 900 MHz electromagnetic field (EMF) 

signal, in male rats. METHODS: Sprague-Dawley rats were exposed for 45 min/day at a brain-averaged 

specific absorption rate (SAR) = 1.5 W/kg or 15 min/day at a SAR = 6 W/kg for five days per week 
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during an eight-week period. GFAP expression was measured by the immunocytochemistry method in the 

following rat brain areas: Prefrontal cortex, cerebellar cortex, dentate gyrus of the hippocampus, lateral 

globus pallidus of the striatum, and the caudate putamen. RESULTS: Compared to the sham-treated rats, 

those exposed to the sub-chronic GSM (Global System for mobile communications) signal at 1.5 or 6 

W/kg showed an increase in GFAP levels in the different brain areas, three and ten days after treatment. 

CONCLUSION: Our results show that sub-chronic exposures to a 900 MHz EMF signal for two months 

could adversely affect rat brain (sign of a potential gliosis).  

 

9. *Arendash GW, Sanchez-Ramos J, Mori T, Mamcarz M, Lin X, Runfeldt M, Wang L, Zhang G, Sava V, 

Tan J, Cao C. Electromagnetic field treatment protects against and reverses cognitive impairment in 

Alzheimer's disease mice. J Alzheimers Dis. 19(1):191-210, 2010 

http://www.ncbi.nlm.nih.gov/pubmed/20061638 Abstract: Despite numerous studies, there is no 

definitive evidence that high-frequency electromagnetic field (EMF) 17 exposure is a risk to human 

health. To the contrary, this report presents the first evidence that long-term EMF exposure directly 

associated with cell phone use (918 MHz; 0.25 w/kg) provides cognitive benefits. Both cognitive-

protective and cognitive-enhancing effects of EMF exposure were discovered for both normal mice and 

transgenic mice destined to develop Alzheimer's-like cognitive impairment. The cognitive interference 

task utilized in this study was designed from, and measure-for-measure analogous to, a human cognitive 

interference task. In Alzheimer's disease mice, long-term EMF exposure reduced brain amyloid-beta 

(Abeta) deposition through Abeta anti-aggregation actions and increased brain temperature during 

exposure periods. Several inter-related mechanisms of EMF action are proposed, including increased 

Abeta clearance from the brains of Alzheimer's disease mice, increased neuronal activity, and increased 

cerebral blood flow. Although caution should be taken in extrapolating these mouse studies to humans, 

we conclude that EMF exposure may represent a non-invasive, non-pharmacologic therapeutic against 

Alzheimer's disease and an effective memory-enhancing approach in general. 

 

10. Arendash GW, Mori T, Dorsey M, Gonzalez R, Tajiri N, Borlongan C. Electromagnetic treatment to old 

Alzheimer's mice reverses β-amyloid deposition, modifies cerebral blood flow, and provides selected 
cognitive benefit. PLoS One. 7(4):e35751, 2012. http://www.ncbi.nlm.nih.gov/pubmed/22558216  

Abstract: Few studies have investigated physiologic and cognitive effects of "long-term" electromagnetic 

field (EMF) exposure in humans or animals. Our recent studies have provided initial insight into the long-

term impact of adulthood EMF exposure (GSM, pulsed/modulated, 918 MHz, 0.25-1.05 W/kg) by 

showing 6+ months of daily EMF treatment protects against or reverses cognitive impairment in 

Alzheimer's transgenic (Tg) mice, while even having cognitive benefit to normal mice. Mechanistically, 

EMF-induced cognitive benefits involve suppression of brain β-amyloid (Aβ) aggregation/deposition in 

Tg mice and brain mitochondrial enhancement in both Tg and normal mice. The present study extends 

this work by showing that daily EMF treatment given to very old (21-27 month) Tg mice over a 2-month 

period reverses their very advanced brain Aβ aggregation/deposition. These very old Tg mice and their 

normal littermates together showed an increase in general memory function in the Y-maze task, although 

not in more complex tasks. Measurement of both body and brain temperature at intervals during the 2-

month EMF treatment, as well as in a separate group of Tg mice during a 12-day treatment period, 

revealed no appreciable increases in brain temperature (and no/slight increases in body temperature) 

during EMF "ON" periods. Thus, the neuropathologic/cognitive benefits of EMF treatment occur without 

brain hyperthermia. Finally, regional cerebral blood flow in cerebral cortex was determined to be reduced 

in both Tg and normal mice after 2 months of EMF treatment, most probably through cerebrovascular 

constriction induced by freed/disaggregated Aβ (Tg mice) and slight body hyperthermia during "ON" 

periods. These results demonstrate that long-term EMF treatment can provide general cognitive benefit to 

very old Alzheimer's Tg mice and normal mice, as well as reversal of advanced Aβ neuropathology in Tg 

mice without brain heating. Results further underscore the potential for EMF treatment against AD. 
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11. *Bak M, Dudarewicz A, Zmyślony M, Sliwinska-Kowalska M. Effects of GSM signals during exposure 

to event related potentials (ERPs). Int J Occup Med Environ Health. 23(2):191-199, 2010. 

http://www.ncbi.nlm.nih.gov/pubmed/20682490 Abstract: OBJECTIVES: The primary aim of this 

work was to assess the effect of electromagnetic field (EMF) from the GSM mobile phone system on 

human brain function. The assessment was based on the assay of event related potentials (ERPs). 

MATERIAL AND METHODS: The study group consisted of 15 volunteers, including 7 men and 8 

women. The test protocol comprised determination of P300 wave in each volunteer during exposure to the 

EMF. To eliminate possible effects of the applied test procedure on the final result, the test was repeated 

without EMF exposure. P300 latency, amplitude, and latency of the N1, N2, P2 waves were analysed. 

RESULTS: The statistical analysis revealed an effect of EMF on P300 amplitude. In the experiment with 

EMF exposure, lower P300 amplitudes were observed only at the time in which the volunteers were 

exposed to EMF; when the exposure was discontinued, the values of the amplitude were the same as those 

observed before EMF application. No such change was observed when the experiment was repeated with 

sham exposure, which may be considered as an indirect proof that lower P300 amplitude values were due 

to EMF exposure. No statistically significant changes were noted in the latencies of the N1, N2, P2 waves 

that precede the P300 wave, nor in the latency of the P300 itself. CONCLUSIONS: The results suggest 

that exposure to GSM EMF exerts some effects on CNS, including effects on long latency ERPs.  

 
12. Barcal J, Vozeh F. Effect of whole-body exposure to high-frequency electromagnetic field on the brain 

cortical and hippocampal activity in mouse experimental model. NeuroQuantology 5:292-302, 2007. 

http://www.ncbi.nlm.nih.gov/pubmed/16007915 Abstract: Evaluation of the direct registration of brain 

cortical and hippocampal activity during a high-frequency electromagnetic field (HF-EMF) exposure was 

performed. Experimental procedures were done under general anesthesia (urethane, 20%, 2g/kg i.p.) in 

Lurcher mutant mice, wild type (healthy littermates) were used as controls. Animals were exposed to the 

HF-EMF with frequency corresponding to cellular phones (900 MHz). We used of gel electrodes (silicon 

tubes or glass microcapillary filled with agar) where the connection with classical electrodes was located 

out of HF-EMF space. ECoG evaluation showed a distinct shift to lower frequency components but clear 

effect has been observed only in wild type (healthy) mice whereas in Lurcher mutant mice only gentle 

differences between frequency spectra were found. Measurement of hippocampal rhythmicity showed 

gentle changes with increase of higher frequencies (i.e. opposite effect than in cortex) and changes in 

theta oscillations registered from a dentate gyrus and CA1 area in both types of animals (healthy and 

mutant). These findings support an idea about possible influencing the central nervous system by HF-

EMF exposure and support also some recent results about possible health risks resulting from cellular 

phones use.  

 

13. Blackman CF, Benane SG, Elder JA, House DE, Lampe JA, Faulk JM. Induction of calcium-ion efflux 

from brain tissue by radiofrequency radiation: effect of sample number and modulation frequency on 
the power-density window. Bioelectromagnetics. 1980;1(1):35-43. 

http://www.ncbi.nlm.nih.gov/pubmed/7284014 Abstract: Changes have been found in calcium-ion 

binding to brain tissue exposed in vitro to a specific power density (0.83 mW/cm2) of 147-MHz radiation, 

amplitude modulated by a 16-Hz sine wave. This report replicates and extends this previous work. To 

define more precisely the range of effective power densities, two different numbers of samples were 

treated in a Crawford cell. In one series, four brain tissues were exposed at a time; in the other series, four 

brain tissues plus six dummy loads were exposed together. While the four-sample configuration produced 

a narrow power-density window, the ten pseudosample configuration resulted in a broader power-density 

window. The reason for the sample-number dependence is unresolved, but may be due to interactions 

between samples and field distortions caused by the close spacing. The ten pseudosample configuration 

was used to test for the presence and rage of a power-density window at a sinusoidal modulation 

frequency of 9 Hz. The response curve at 9 Hz was essentially identical to the results for 16-Hz sinewave 

modulation. 
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14. Bouji M, Lecomte A, Hode Y, de Seze R, Villégier AS. Effects of 900 MHz radiofrequency on 

corticosterone, emotional memory and neuroinflammation in middle-aged rats. Exp Gerontol. 

47(6):444-451, 2012. http://www.ncbi.nlm.nih.gov/pubmed/22507567 Abstract: The widespread use of 

mobile phones raises the question of the effects of electromagnetic fields (EMF, 900 MHz) on the brain. 

Previous studies reported increased levels of the glial fibrillary acidic protein (GFAP) in the rat's brain 

after a single exposure to 900 MHz global system for mobile (GSM) signal, suggesting a potential 

inflammatory process. While this result was obtained in adult rats, no data is currently available in older 

animals. Since the transition from middle-age to senescence is highly dependent on environment and 

lifestyle, we studied the reactivity of middle-aged brains to EMF exposure. We assessed the effects of a 

single 15 min GSM exposure (900 MHz; specific absorption rate (SAR)=6 W/kg) on GFAP expression in 

young adults (6 week-old) and middle-aged rats (12 month-old). Brain interleukin (IL)-1β and IL-6, 

plasmatic levels of corticosterone (CORT), and emotional memory were also assessed. Our data indicated 

that, in contrast to previously published work, acute GSM exposure did not induce astrocyte activation. 

Our results showed an IL-1β increase in the olfactory bulb and enhanced contextual emotional memory in 

GSM-exposed middle-aged rats, and increased plasmatic levels of CORT in GSM-exposed young adults. 

Altogether, our data showed an age dependency of reactivity to GSM exposure in neuro-immunity, stress 

and behavioral parameters. Reproducing these effects and studying their mechanisms may allow a better 

understanding of mobile phone EMF effects on neurobiological parameters.  

 

15. *Brillaud E, Piotrowski A, de Seze R. Effect of an acute 900 MHz GSM exposure on glia in the rat 

brain: a time-dependent study. Toxicology. 238(1):23-33, 2007. 

http://www.ncbi.nlm.nih.gov/pubmed/17624651 Abstract: Because of the increasing use of mobile 

phones, the possible risks of radio frequency electromagnetic fields adverse effects on the human brain 

has to be evaluated. In this work we measured GFAP expression, to evaluate glial evolution 2, 3, 6 and 10 

days after a single GSM exposure (15min, brain averaged SAR=6W/kg, 900 MHz signal) in the rat brain. 

A statistically significant increase of GFAP stained surface area was observed 2 days after exposure in the 

frontal cortex and the caudate putamen. A smaller statistically significant increase was noted 3 days after 

exposure in the same areas and in the cerebellum cortex. Our results confirm the Mausset-Bonnefont et al. 

study [Mausset-Bonnefont, A.L., Hirbec, H., Bonnefont, X., Privat, A., Vignon, J., de Seze, R., 2004. 

Acute exposure to GSM 900MHz electromagnetic fields induces glial reactivity and biochemical 

modifications in the rat brain. Neurobiol. Dis. 17, 445-454], showing the existence of glial reactivity after 

a 15min GSM acute exposure at a brain averaged SAR of 6W/kg. We conclude to a temporary effect, 

probably due to a hypertrophy of glial cells, with a temporal and a spatial modulation of the effect. 

Whether this effect could be harmful remains to be studied.  

 

16. *Borbély AA, Huber R, Graf T, Fuchs B, Gallmann E, Achermann P. Pulsed high-frequency 

electromagnetic field affects human sleep and sleep electroencephalogram. Neurosci Lett. 1999 Nov 

19;275(3):207-10. http://www.ncbi.nlm.nih.gov/pubmed/10580711 Abstract: To investigate whether the 

electromagnetic field (EMF) emitted by digital radiotelephone handsets affects the brain, healthy, young 

subjects were exposed during an entire night-time sleep episode to an intermittent radiation schedule (900 

MHz; maximum specific absorption rate 1 W/kg) consisting of alternating 15-min on-15-min off 

intervals. Compared with a control night with sham exposure, the amount of waking after sleep onset was 

reduced from 18 to 12 min. Spectral power of the electroencephalogram in non-rapid eye movement sleep 

was increased. The maximum rise occurred in the 10-11 Hz and 13.5-14 Hz bands during the initial part 

of sleep and then subsided. The results demonstrate that pulsed high-frequency EMF in the range of 

radiotelephones may promote sleep and modify the sleep EEG. 

 

17. Calabrò E, Condello S, Currò M, Ferlazzo N, Caccamo D, Magazù S, Ientile R. Modulation of heat 

shock protein response in SH-SY5Y by mobile phone microwaves. World J Biol Chem. 3(2):34-40, 

2012. http://www.ncbi.nlm.nih.gov/pubmed/22371824  Abstract: AIM: To investigate putative 
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biological damage caused by GSM mobile phone frequencies by assessing electromagnetic fields during 

mobile phone working. METHODS: Neuron-like cells, obtained by retinoic-acid-induced differentiation 

of human neuroblastoma SH-SY5Y cells, were exposed for 2 h and 4 h to microwaves at 1800 MHz 

frequency bands. RESULTS: Cell stress response was evaluated by MTT assay as well as changes in the 

heat shock protein expression (Hsp20, Hsp27 and Hsp70) and caspase-3 activity levels, as biomarkers of 

apoptotic pathway. Under our experimental conditions, neither cell viability nor Hsp27 expression nor 

caspase-3 activity was significantly changed. Interestingly, a significant decrease in Hsp20 expression 

was observed at both times of exposure, whereas Hsp70 levels were significantly increased only after 4 h 

exposure. CONCLUSION: The modulation of the expression of Hsps in neuronal cells can be an early 

response to radiofrequency microwaves.  

 

18. Cammaerts MC, De Doncker P, Patris X, Bellens F, Rachidi Z, Cammaerts D. GSM 900 MHz radiation 

inhibits ants' association between food sites and encountered cues. Electromagn Biol Med. 31(2):151-

165, 2012. http://www.ncbi.nlm.nih.gov/pubmed/22268919  Abstract: The kinetics of the acquisition and 

loss of the use of olfactory and visual cues were previously obtained in six experimental colonies of the 

ant Myrmica sabuleti meinert 1861, under normal conditions. In the present work, the same experiments 

were conducted on six other naive identical colonies of M. sabuleti, under electromagnetic radiation 

similar to those surrounding GSM and communication masts. In this situation, no association between 

food and either olfactory or visual cues occurred. After a recovery period, the ants were able to make 

such an association but never reached the expected score. Such ants having acquired a weaker olfactory 

or visual score and still undergoing olfactory or visual training were again submitted to electromagnetic 

waves. Not only did they lose all that they had memorized, but also they lost it in a few hours instead of 

in a few days (as under normal conditions when no longer trained). They kept no visual memory at all 

(instead of keeping 10% of it as they normally do). The impact of GSM 900 MHz radiation was greater 

on the visual memory than on the olfactory one. These communication waves 20 may have such a 

disastrous impact on a wide range of insects using olfactory and/or visual memory, i.e., on bees. 

 

19. Carballo-Quintás M, Martínez-Silva I, Cadarso-Suárez C, Alvarez-Figueiras M, Ares-Pena FJ, López-

Martín E. A study of neurotoxic biomarkers, c-fos and GFAP after acute exposure to GSM radiation at 

900 MHz in the picrotoxin model of rat brains Neurotoxicology. 32(4):478-494, 2011. 

http://www.ncbi.nlm.nih.gov/pubmed/21524663 Abstract: The acute effects of microwave exposure 

from the Global System for Mobile Communication (GSM) were studied in rats, using 900 MHz radiation 

at an intensity similar to mobile phone emissions. Acute subconvulsive doses of picrotoxin were then 

administered to the rats and an experimental model of seizure-proneness was created from the data. 

Seventy-two adult male Sprague-Dawley rats underwent immunochemical testing of relevant anatomical 

areas to measure induction of the c-fos neuronal marker after 90min and 24h, and of the glial fibrillary 

acidic protein (GFAP) 72h after acute exposure to a 900MHz electromagnetic field (EMF). The 

experimental set-up facilitated measurement of absorbed power, from which the average specific 

absorption rate was calculated using the finite-difference time-domain (FDTD) 2h after exposure to EMF 

radiation at 1.45W/kg in picrotoxin-treated rats and 1.38W/kg in untreated rats. Ninety minutes after 

radiation high levels of c-fos expression were recorded in the neocortex and paleocortex along with low 

hippocampus activation in picrotoxin treated animals. Most brain areas, except the limbic cortical region, 

showed important increases in neuronal activation 24h after picrotoxin and radiation. Three days after 

picrotoxin treatment, radiation effects were still apparent in the neocortex, dentate gyrus and CA3, but a 

significant decrease in activity was noted in the piriform and entorhinal cortex. During this time, glial 

reactivity increased with every seizure in irradiated, picrotoxin-treated brain regions. Our results reveal 

that c-fos and glial markers were triggered by the combined stress of non-thermal irradiation and the 

toxic effect of picrotoxin on cerebral tissues. 

 

20. Carrubba S, Frilot C 2nd, Chesson AL Jr, Marino AA. Mobile-phone pulse triggers evoked potentials. 

Neurosci Lett. 2010 Jan 18;469(1):164-8. http://www.ncbi.nlm.nih.gov/pubmed/19961898  
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http://andrewamarino.com/PDFs/160-NeuroLetters2010.pdf   Abstract: If mobile-phone electromagnetic 

fields (EMFs) are hazardous, as suggested in the literature, processes or mechanisms must exist that allow 

the body to detect the fields. We hypothesized that the low-frequency pulses produced by mobile phones 

(217 Hz) were detected by sensory transduction, as evidenced by the ability of the pulses to trigger 

evoked potentials (EPs). Electroencephalograms (EEGs) were recorded from six standard locations in 20 

volunteers and analyzed to detect brain potentials triggered by a pulse of the type produced by mobile 

phones. Evoked potentials having the expected latency were found in 90% of the volunteers, as assessed 

using a nonlinear method of EEG analysis. Evoked potentials were not detected when the EEG was 

analyzed using time averaging. The possibility of systematic error was excluded by sham-exposure 

analyses. The results implied that mobile-phones trigger EP at the rate of 217 Hz during ordinary phone 

use. Chronic production of the changes in brain activity might be pertinent to the reports of health hazards 

among mobile-phone users. 

 

21. Carrubba S, Frilot C 2nd, Chesson AL Jr, Marino AA. Numerical analysis of recurrence plots to detect 

effect of environmental-strength magnetic fields on human brain electrical activity. Med Eng Phys. 

2010 Oct;32(8):898-907. http://www.ncbi.nlm.nih.gov/pubmed/20634119  

http://andrewamarino.com/PDFs/163-MedEngPhys2010.pdf   Abstract: Environmental magnetic fields 

may activate the neuroendocrine stressor system leading to some human diseases. The stressor theory 

predicts that the fields can trigger changes in brain electrical activity, like known stressors. We exposed 

subjects to 1 and 5 µT, 60 Hz while recording electroencephalograms (EEGs) from six derivations, and 

used a novel method based on numerical analysis of recurrence plots computed from the signals to detect 

brain electrical potentials evoked by onset and/or offset of the field. The EEGs were also analyzed using 

linear methods (time averaging). Evoked potentials occurred in all 22 subjects (family-wise error rate less 

than 0.05 for each subject); the average latency was 250 ms, as expected based on earlier studies using 

stronger magnetic fields. Field-induced changes in brain electrical activity were not found using time 

averaging. Control procedures and measurements obtained from electrical phantoms reasonably excluded 

recording artifacts or chance as explanations for the effects. Onset and offset of magnetic fields produced 

immediate changes in brain electrical activity, suggesting that the fields were detected by sensory 

transduction, like ordinary somatic stressors. 

 
22. *Croft RJ, Hamblin DL, Spong J, Wood AW, McKenzie RJ, Stough C. The effect of mobile phone 

electromagnetic fields on the alpha rhythm of human electroencephalogram. Bioelectromagnetics. 

29(1):1-10, 2008. http://www.ncbi.nlm.nih.gov/pubmed/17786925 Abstract: Mobile phones (MP) emit 

low-level electromagnetic fields that have been reported to affect neural function in humans; however, 

demonstrations of such effects have not been conclusive. The purpose of the present study was to test one 

of the strongest findings in the literature; that of increased "alpha" power in response to MP-type 

radiation. Healthy participants (N = 120) were tested using a double-blind counterbalanced crossover 

design, with each receiving a 30-min Active and a 30-min Sham Exposure 1 week apart, while 

electroencephalogram (EEG) data were recorded. Resting alpha power (8-12 Hz) was then derived as a 

function of time, for periods both during and following exposure. Non-parametric analyses were 

employed as data could not be normalized. Previous reports of an overall alpha power enhancement 

during the MP exposure were confirmed (relative to Sham), with this effect larger at ipsilateral than 

contralateral sites over posterior regions. No overall change to alpha power was observed following 

exposure cessation; however, there was less alpha power contralateral to the exposure source during this 

period (relative to ipsilateral). Employing a strong methodology, the current findings support previous 

research that has reported an effect of MP exposure on EEG alpha power.  

 

23. Croft RJ, Leung S, McKenzie RJ, Loughran SP, Iskra S, Hamblin DL, Cooper NR. Effects of 2G and 3G 

mobile phones on human alpha rhythms: Resting EEG in adolescents, young adults, and the elderly. 
Bioelectromagnetics. 31(6):434-444, 2010. http://www.ncbi.nlm.nih.gov/pubmed/20564174 Abstract: 

The present study was conducted to determine whether adolescents and/or the elderly are more sensitive 
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to mobile phone (MP)-related bioeffects than young adults, and to determine this for both 2nd generation 

(2G) GSM, and 3rd generation (3G) W-CDMA exposures. To test this, resting alpha activity (8-12 Hz 

band of the electroencephalogram) was assessed because numerous studies have now reported it to be 

enhanced by MP exposure. Forty-one 13-15 year olds, forty-two 19-40 year olds, and twenty 55-70 year 

olds were tested using a double-blind crossover design, where each participant received Sham, 2G and 3G 

exposures, separated by at least 4 days. Alpha activity, during exposure relative to baseline, was recorded 

and compared between conditions. Consistent with previous research, the young adults' alpha was greater 

in the 2G compared to Sham condition, however, no effect was seen in the adolescent or the elderly 

groups, and no effect of 3G exposures was found in any group. The results provide further support for an 

effect of 2G exposures on resting alpha activity in young adults, but fail to support a similar enhancement 

in adolescents or the elderly, or in any age group as a function of 3G exposure. 

 

24. *Dasdag S, Akdag MZ, Ulukaya E, Uzunlar AK, Ocak AR. Effect of mobile phone exposure on 

apoptotic glial cells and status of oxidative stress in rat brain. Electromagn Biol Med. 28(4):342-354, 

2009. http://www.ncbi.nlm.nih.gov/pubmed/20017625 Abstract: The aim of this study was to investigate 

the effects of mobile phone exposure on glial cells in brain. The study carried out on 31 Wistar Albino 

adult male rats. The rat heads in a carousel exposed to 900 MHz microwave. For the study group (n:14), 

rats exposed to the radiation 2 h per day (7 days in a week) for 10 months. For the sham group (n:7), rats 

were placed into the carousel and the same procedure was applied except that the generator was turned 

off. For the cage control (n:10), nothing applied to rats in this group. In this study, rats were euthanized 

after 10 months of exposure periods and brains were removed. Brain tissues were immunohistochemically 

stained for the active (cleaved) caspase-3, which is a well-known apoptosis marker, and p53. The 

expression of the proteins was evaluated by a semi-quantitative scoring system. 24  However, total 

antioxidative capacity (TAC), catalase, total oxidant status (TOS), and oxidative stress index were 

measured in rat brain. Final score for apoptosis in the exposed group was significantly lower than the 

sham (p < 0.001) and the cage control groups (p < 0.01). p53 was not significantly changed by the 

exposure (p > 0.05). The total antioxidant capacity and catalase in the experimental group was found 

higher than that in the sham group (p < 0.001, p < 0.05). In terms of the TOS and oxidative stress index, 

there was no statistically significant difference between exposure and sham groups (p > 0.05). In 

conclusion, the final score for apoptosis, total antioxidant capacity and catalase in rat brain might be 

altered by 900 MHz radiation produced by a generator to represent exposure of global systems for 

mobile communication (GSM) cellular phones.  

 
25. Dasdag S, Akdag MZ, Kizil G, Kizil M, Cakir DU, Yokus B. Effect of 900 MHz radio frequency 

radiation on beta amyloid protein, protein carbonyl, and malondialdehyde in the brain. Electromagn 

Biol Med. 31(1):67-74, 2012. http://www.ncbi.nlm.nih.gov/pubmed/22268730  Abstract: Recently, 

many studies have been carried out in relation to 900 MHz radiofrequency radiation (RF) emitted from a 

mobile phone on the brain. However, there is little data concerning possible mechanisms between long-

term exposure of RF radiation and biomolecules in brain. Therefore, we aimed to investigate long-term 

effects of 900 MHz radiofrequency radiation on beta amyloid protein, protein carbonyl, and 

malondialdehyde in the rat brain. The study was carried out on 17 Wistar Albino adult male rats. The rat 

heads in a carousel were exposed to 900 MHz radiofrequency radiation emitted from a generator, 

simulating mobile phones. For the study group (n: 10), rats were exposed to the radiation 2 h per day (7 

days a week) for 10 months. For the sham group (n: 7), rats were placed into the carousel and the same 

procedure was applied except that the generator was turned off. In this study, rats were euthanized after 

10 months of exposure and their brains were removed. Beta amyloid protein, protein carbonyl, and 

malondialdehyde levels were found to be higher in the brain of rats exposed to 900 MHz radiofrequency 

radiation. However, only the increase of protein carbonyl in the brain of rats exposed to 900 MHz 

radiofrequency radiation was found to be statistically significant (p<0.001). In conclusion, 900 MHz 

radiation emitted from mobile/cellular phones can be an agent to alter some biomolecules such as 

protein. However, further studies are necessary. 
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26. *D'Andrea JA, Chou CK, Johnston SA, Adair ER. Microwave effects on the nervous system. 

Bioelectromagnetics. 2003;Suppl 6:S107-47. Review. http://www.ncbi.nlm.nih.gov/pubmed/14628310 

Abstract: Studies have evaluated the electroencephalography (EEG) of humans and laboratory animals 

during and after Radiofrequency (RF) exposures. Effects of RF exposure on the blood-brain barrier 

(BBB) have been generally accepted for exposures that are thermalizing. Low level exposures that report 

alterations of the BBB remain controversial. Exposure to high levels of RF energy can damage the 

structure and function of the nervous system. Much research has focused on the neurochemistry of the 

brain and the reported effects of RF exposure. Research with isolated brain tissue has provided new 

results that do not seem to rely on thermal mechanisms. Studies of individuals who are reported to be 

sensitive to electric and magnetic fields are discussed. In this review of the literature, it is difficult to 

draw conclusions concerning hazards to human health. The many exposure parameters such as 

frequency, orientation, modulation, power density, and duration of exposure make direct comparison of 

many experiments difficult. At high exposure power densities, thermal effects are prevalent and can lead 

to adverse consequences. At lower levels of exposure biological effects may still occur but thermal 

mechanisms are not ruled out. It is concluded that the diverse methods and experimental designs as well 

as lack of replication of many seemingly important studies prevents formation of definite conclusions 

concerning hazardous nervous system health effects from RF exposure. The only firm conclusion that 

may be drawn is the potential for hazardous thermal consequences of high power RF exposure. 

 

 

27. D'Andrea JA. Behavioral evaluation of microwave irradiation. Bioelectromagnetics. 1999;Suppl 4:64-

74. http://www.ncbi.nlm.nih.gov/pubmed/10334716  Review Abstract: Establishing safe exposure levels 

for microwave irradiation is important since new, more powerful emitters are developed and the potential 

for accidental exposure is increasing. Analysis of the behavior of exposed laboratory animals has proven 

to be an accurate and repeatable metric for assessing the effects of microwave irradiation. Determining 

the specific absorption rate (SAR) at which an animal will cease an ongoing behavior has proven useful in 

the development of safe exposure levels for humans. Behaviors that have been used are simple tasks, and 

the point at which behavior changes significantly or ceases has often been referred to as "work stoppage." 

The tasks have been used to evaluate the overwhelming effects of heating produced by microwave 

irradiation. Both whole-body exposures and partial-body exposures with hotspots have been evaluated. 

Recent studies have suggested that microwave effects on specific cognitive aspects of behavior such as 

attention, learning, memory, discrimination, and time perception may occur at SAR levels far below the 

SARs needed to cause work stoppage. New research studies are underway to evaluate microwave-induced 

cognitive effects. 

 

28. D'Andrea JA, DeWitt JR, Emmerson RY, Bailey C, Stensaas S, Gandhi OP. Intermittent exposure of rats 

to 2450 MHz microwaves at 2.5 mW cm2: behavioral and physiological effects. Bioelectromagnetics. 

1986;7(3):315-28. http://www.ncbi.nlm.nih.gov/pubmed/3753534: Abstract: Long-Evans male adult rats 

were intermittently exposed for 14 weeks to continuous wave (CW) 2450-MHz microwaves at an average 

power density of 2.5 mW/cm2. The mean specific absorption rate was 0.70 W/kg (+/- 0.02 SEM)... 

Assessments of threshold for electric-footshock detection revealed a significant difference between 

microwave and sham-exposed animals. ..Behavioral measures made at the end of the 14-week exposure 

included an open-field test, shuttlebox avoidance performance, and schedule-controlled lever-pressing for 

food pellets. Statistically significant differences between microwave- and sham-exposed rats were 

observed for these measures. 

 

29. D'Andrea JA, DeWitt JR, Gandhi OP, Stensaas S, Lords JL, Nielson HC. Behavioral and physiological 

effects of chronic 2,450-MHz microwave irradiation of the rat at 0.5 mW/cm2. Bioelectromagnetics. 
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1986;7(1):45-56. http://www.ncbi.nlm.nih.gov/pubmed/3730001: Abstract:  Adult male Long-Evans rats 

were intermittently exposed to 2450 MHz CW microwaves at an average power density of 0.5 mW/cm2 

for 90 days… The resulting SAR was 0.14 W/kg (range 0.11 to 0.18 W/kg). Statistically significant 

differences between microwave-exposed and sham-exposed rats were observed in shuttlebox 

performances and lever pressing…  

 

30. *D’Costa, H., Trueman, G., Tang, L., et al. (2003). Human brain wave activity during exposure 

to radiofrequency field emissions from mobile phones. Australas. Phys. Eng. Sci. Med. 26:162–167. 

http://www.ncbi.nlm.nih.gov/pubmed/14995060  Abstract: The aim of this study was to determine 

whether there is an effect of mobile phone electromagnetic field emissions on the human 

electroencephalograph (EEG). EEG recordings from ten awake subjects were taken during exposure to 

radiofrequency (RF) emissions from a mobile phone positioned behind the head. Two experimental trials 

were conducted. In the first trial, RF exposures were generated by a GSM mobile phone with the speaker 

disabled and configured to transmit at full-radiated power. During the second trial, exposures were 

generated by a non-modified GSM mobile phone in active standby mode. For each trial, subjects were 

exposed in five minute intervals to a randomized, interrupted sequence of five active and five sham 

exposures. The experiment was conducted under single-blind conditions. The average EEG band power in 

active exposure recordings was compared to corresponding sham recordings. Statistical tests indicated 

significant difference in the full-power mode trial within the EEG alpha (8-13 Hz) and beta (13-32 Hz) 

bands. A subsequent statistical analysis of median spectral power in discrete EEG rhythms revealed 

significant differences in 7 of the 32 distinct frequencies overall. In conclusion, the results of this study 

lend support to EEG effects from mobile phones activated in talk-mode. 

 

31. DeWitt JR., D’Andrea JA, Emmerson RY, Gandhi OP. Behavioral effects of chronic exposure to 0.5 

mW/cm2 of 2450-MHz microwaves. Bioelectromagnetics 1987, 8:149-157. 

http://www.ncbi.nlm.nih.gov/pubmed/3619949 Abstract: Adult male, Long-Evans rats were exposed 7 h 

a day for 90 days to continuous wave (CW) 2,450-MHz microwaves at an average power density of 0.5 

mW/cm2. Exposures were in a monopole-above-ground radiation chamber with rats in Plexiglas cages. 

The resulting specific absorption rate (SAR) was 0.14 W/kg (+/- 0.01 SEM). Additional rats served as 

sham-exposed and home-caged controls. All were evaluated daily for body mass and food and water 

intakes. Once each 30 days, throughout baseline and exposure phases of the experiment, rats in the sham- 

and microwave-exposed groups were tested for their sensitivity to footshock. After 90-days of exposure, 

the rats were evaluated an open field, an active avoidance task and an operant task for food reinforcement. 

Performance of sham- and microwave-irradiated rats was reliably different on only one measure, the 

lever-pressing task. The general conclusion reached was that exposure to CW 2,450-MHz microwave 

radiation at 0.5 mW/cm2 was below the threshold for behavioral effects over a wide range of variables, 

but did have an effect on a time-related operant task, although the direction of the effect was 

unpredictable.  

 

32. Davanipour et al. (2007), A case-control study of occupational magnetic field exposure and Alzheimer's 

disease: results from the California Alzheimer's Disease Diagnosis and Treatment Centers. BMC 

Neurology, 7(13), http://www.biomedcentral.com/1471-2377/7/13 Abstract: Methods: Subjects came 

from the 8 of the 9 California Alzheimer's Disease Diagnostic and Treatment Centers not previously used 

in an earlier study. Cases had probable or definite AD; controls primarily had a dementia-related problem 

other than vascular dementia (VaD) and some were not demented upon expert examination. Occupations 

were classified as having low, medium or high MF exposure, based upon previous research, replicating 

the exposure methodology used in our previous published studies. Results: Occupational information was 

available for 98.6% of the 1527 cases and 98.5% of the 404 controls with age-at-initial examination 

known to be at least 65. Among cases, 2.1% and 5.4% had high and medium occupational MF exposure, 
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respectively, while among controls the percentages were 0.8% and 3.0%. In univariate analyses, the odds 

ratio (OR) for subjects with medium or high MF exposures combined was 2.1 (p < 0.01), while for high 

exposure alone the OR was 2.9 (p < 0.08). Two models were used in multivariate analyses, with gender, 

stroke, and either age-at-onset or age-at-initial examination as covariates. The ORs for MF exposure 

varied little between the two models: 2.2 (p < 0.02) and 1.9 (p < 0.03) for medium or high exposure; 2.7 

(p < 0.11) and 3.2 (p < 0.12) for high exposure. OR estimates for females were higher than for males, but 

not significantly higher. There were no material differences between the ORs resulting from univariate 

and multivariate analyses. Conclusion: Elevated occupational MF exposure was associated with an 

increased risk of AD. Based on previous published studies, the results likely pertain to the general 

population. 

 
33. Davanipour Z, Sobel E Long-term exposure to magnetic fields and the risks of Alzheimer's disease and 

breast cancer: Further biological research. Pathophysiology. 2009 Aug;16(2-3):149-56. Review 

http://www.ncbi.nlm.nih.gov/pubmed/19278839 Abstract: Objective: Extremely low frequency (ELF) 

and radio frequency (RF) magnetic fields (MFs) pervade our environment. Whether or not these magnetic 

fields are associated with increased risk of serious diseases, e.g., cancers and Alzheimer's disease, is thus 

important when developing a rational public policy. The Bioinitiative Report was an effort by 

internationally recognized scientists who have spent significant time investigating the biological 

consequences of exposures to these magnetic fields to address this question. Our objective was to provide 

an unbiased review of the current knowledge and to provide our general and specific conclusions. Results: 

The evidence indicates that long-term significant occupational exposure to ELF MF may certainly 

increase the risk of both Alzheimer's disease and breast cancer. There is now evidence that two relevant 

biological processes (increased production of amyloid beta and decreased production of melatonin) are 

influenced by high long-term ELF MF exposure that may lead to Alzheimer's disease. There is further 

evidence that one of these biological processes (decreased melatonin production) may also lead to breast 

cancer. Finally, there is evidence that exposures to RF MF and ELF MF have similar biological 

consequences. Conclusion: It is important to mitigate ELF and RF MF exposures through equipment 

design changes and environmental placement of electrical equipment, e.g., AC/DC transformers. Further 

research related to these proposed and other biological processes is required. 

 
34. *Del Vecchio G, Giuliani A, Fernandez M, Mesirca P, Bersani F, Pinto R, Ardoino L, Lovisolo GA, 

Giardino L, Calzà L. Effect of radiofrequency electromagnetic field exposure on in vitro models of 

neurodegenerative disease. Bioelectromagnetics. 30(7):564-572, 2009. 

http://www.ncbi.nlm.nih.gov/pubmed/19479910 Abstract:  In this work we tested viability, proliferation, 

and vulnerability of neural cells, after continuous radiofrequency (RF) electromagnetic fields exposure 

(global system for mobile telecommunications (GSM) modulated 900 MHz signal at a specific absorption 

rate (SAR) of 1 W/kg and maximum duration 144 h) generated by transverse electromagnetic cells. We 

used two cellular systems, SN56 cholinergic for example, SN56 cholinergic cell line and rat primary 

cortical neurons, and well-known neurotoxic challenges, such as glutamate, 25-35AA beta-amyloid, and 

hydrogen peroxide. Exposure to RF did not change viability/proliferation rate of the SN56 cholinergic 

cells or viability of cortical neurons. Co-exposure to RF exacerbated neurotoxic effect of hydrogen 

peroxide in SN56, but not in primary cortical neurons, whereas no cooperative effects of RF with 

glutamate and 25-35AA beta-amyloid were found. These data suggest that only under particular 

circumstances exposure to GSM modulated, 900 MHz signal act as a co-stressor for oxidative damage of 

neural cells.  

 

35. *Del Vecchio G, Giuliani A, Fernandez M, Mesirca P, Bersani F, Pinto R, Ardoino L, Lovisolo GA, 

Giardino L, Calzà L. Continuous exposure to 900MHz GSM-modulated EMF alters morphological 

maturation of neural cells. Neurosci Lett. 455(3):173-177, 2009. 

http://www.ncbi.nlm.nih.gov/pubmed/19429115 Abstract:  The effects of radiofrequency 

electromagnetic field (RF-EMF) exposure on neuronal phenotype maturation have been studied in two 
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different in vitro models: murine SN56 cholinergic cell line and rat primary cortical neurons. The samples 

were exposed at a dose of 1W/kg at 900 MHz GSM modulated. The phenotype analysis was carried out at 

48 and 72 h (24 and 48 h of SN56 cell line differentiation) or at 24, 72, 120 h (2, 4 and 6 days in vitro for 

cortical neurons) of exposure, on live and immunolabeled neurons, and included the morphological study 

of neurite emission, outgrowth and branching. Moreover, cortical neurons were studied to detect 

alterations in the expression pattern of cytoskeleton regulating factors, e.g. beta-thymosin, and of early 

genes, e.g. c-Fos and c-Jun through real-time PCR on mRNA extracted after 24h exposure to EMF. We 

found that RF-EMF exposure reduced the number of neurites generated by both cell systems, and this 

alteration correlates to increased expression of beta-thymosin mRNA. 

 

36. de Tommaso M, Rossi P, Falsaperla R, Francesco Vde V, Santoro R, Federici A. Mobile phones 

exposure induces changes of contingent negative variation in humans.Neurosci Lett. 2009 Oct 

23;464(2):79-83 http://www.ncbi.nlm.nih.gov/pubmed/19699778  Abstract: Event-related potentials 

have been largely employed to test effects of GSM emissions on human brain. The aim of the present 

study was the evaluation of initial contingent negative variation (iCNV) changes, induced by 900 MHz 

GSM exposure, in a double blind design in healthy volunteers, subjected to a threefold experimental 

condition, EXPOSED (A), a real GSM phone emitting electromagnetic power, SHAM (B), a real phone 

where the electromagnetic power was dissipated on an internal load and OFF (C), a phone completely 

switched-off. Ten healthy right-handed volunteers were evaluated. The CNV was recorded during a 10 

min time interval in each of the three experimental conditions A, B, and C, in order to assess the iCNV 

amplitude and habituation. The iCNV amplitude decreased and habituation increased during both A and B 

conditions, compared with condition C. This effect was diffuse over the scalp, and there was no 

significant prevalence of iCNV amplitude reduction on the left side, were the phones were located. 

Mobile Phones exposures A and B seemed to act on brain electrical activity, reducing the arousal and 

expectation of warning stimulus. This evidence, limited by the low number of subjects investigated, could 

be explained in terms of an effect induced by both the GSM signal and the extremely low frequency 

magnetic field produced by battery and internal circuits. 

 

37. *Divan HA, Kheifets L, Obel C, Olsen J. Prenatal and postnatal exposure to cell phone use and 

behavioral problems in children. Epidemiology. 19(4):523-529, 2008 

http://www.ncbi.nlm.nih.gov/pubmed/18467962  Abstract:  BACKGROUND: The World Health 

Organization has emphasized the need for research into the possible effects of radiofrequency fields in 

children. We examined the association between prenatal and postnatal exposure to cell phones and 

behavioral problems in young children. METHODS: Mothers were recruited to the Danish National Birth 

Cohort early in pregnancy. When the children of those pregnancies reached 7 years of age in 2005 and 

2006, mothers were asked to complete a questionnaire regarding the current health and behavioral status 

of children, as well as past exposure to cell phone use. Mothers evaluated the child's behavior problems 

using the Strength and Difficulties Questionnaire. RESULTS: Mothers of 13,159 children completed the 

follow-up questionnaire reporting their use of cell phones during pregnancy as well as current cell phone 

use by the child. Greater odds ratios for behavioral problems were observed for children who had possible 

prenatal or postnatal exposure to cell phone use. After adjustment for potential confounders, the odds 

ratio for a higher overall behavioral problems score was 1.80 (95% confidence interval = 1.45-2.23) in 

children with both prenatal and postnatal exposure to cell phones. CONCLUSIONS: Exposure to cell 

phones prenatally-and, to a lesser degree, postnatally-was associated with behavioral difficulties such as 

emotional and hyperactivity problems around the age of school entry. These associations may be 

noncausal and may be due to unmeasured confounding. If real, they would be of public health concern 

given the widespread use of this technology. 

 

38. de Pomerai DI, Smith B, Dawe A, North K, Smith T, Archer DB, Duce IR, Jones D, Candido EP. 

Microwave radiation can alter protein conformation without bulk heating. FEBS Lett. 2003 May 

22;543(1-3):93-7. http://www.ncbi.nlm.nih.gov/pubmed/12753912 Abstract: Exposure to microwave 
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radiation enhances the aggregation of bovine serum albumin in vitro in a time- and temperature-

dependent manner. Microwave radiation also promotes amyloid fibril formation by bovine insulin at 60 

degrees C. These alterations in protein conformation are not accompanied by measurable temperature 

changes, consistent with estimates from field modelling of the specific absorbed radiation (15-20 mW 

kg(-1)). Limited denaturation of cellular proteins could explain our previous observation that modest heat-

shock responses are induced by microwave exposure in Caenorhabditis elegans. We also show that heat-

shock responses both to heat and microwaves are suppressed after RNA interference ablating heat-shock 

factor function. 

 

39. Dragicevic N, Bradshaw PC, Mamcarz M, Lin X, Wang L, Cao C, Arendash GW.  Long-term 

electromagnetic field treatment enhances brain mitochondrial function of both Alzheimer's transgenic 
mice and normal mice: a mechanism for electromagnetic field-induced cognitive benefit? Neuroscience 

185:135-149, 2011. http://www.ncbi.nlm.nih.gov/pubmed/21514369 Abstract: We have recently 

reported that long-term exposure to high frequency electromagnetic field (EMF) treatment not only 

prevents or reverses cognitive impairment in Alzheimer's transgenic (Tg) mice, but also improves 

memory in normal mice. To elucidate the possible mechanism(s) for these EMF-induced cognitive 

benefits, brain mitochondrial function was evaluated in aged Tg mice and non-transgenic (NT) littermates 

following 1 month of daily EMF exposure. In Tg mice, EMF treatment enhanced brain mitochondrial 

function by 50-150% across six established measures, being greatest in cognitively-important brain areas 

(e.g. cerebral cortex and hippocampus). EMF treatment also increased brain mitochondrial function in 

normal aged mice, although the enhancement was not as robust and less widespread compared to that of 

Tg mice. The EMF-induced enhancement of brain mitochondrial function in Tg mice was accompanied 

by 5-10 fold increases in soluble Aβ1-40 within the same mitochondrial preparations. These increases in 

mitochondrial soluble amyloid-β peptide (Aβ) were apparently due to the ability of EMF treatment to 

disaggregate Aβ oligomers, which are believed to be the form of Aβ causative to mitochondrial 

dysfunction in Alzheimer's disease (AD). Finally, the EMF-induced mitochondrial enhancement in both 

Tg and normal mice occurred through non-thermal effects because brain temperatures were either stable 

or decreased during/after EMF treatment. These results collectively suggest that brain mitochondrial 

enhancement may be a primary mechanism through which EMF treatment provides cognitive benefit to 

both Tg and NT mice. Especially in the context that mitochondrial dysfunction is an early and prominent 

characteristic of Alzheimer's pathogenesis, EMF treatment could have profound value in the disease's 

prevention and treatment through intervention at the mitochondrial level. 

  

40. *Eberhardt JL, Persson BR, Brun AE, Salford LG, Malmgren LO. Blood-brain barrier permeability and 

nerve cell damage in rat brain 14 and 28 days after exposure to microwaves from GSM mobile phones. 
Electromagn Biol Med. 2008;27(3):215-29. http://www.ncbi.nlm.nih.gov/pubmed/18821198 Abstract: 

We investigated the effects of global system for mobile communication (GSM) microwave exposure on 

the permeability of the blood-brain barrier and signs of neuronal damage in rats using a real GSM 

programmable mobile phone in the 900 MHz band. Ninety-six non-anaesthetized rats were either exposed 

to microwaves or sham exposed in TEM-cells for 2 h at specific absorption rates of average whole-body 

Specific Absorption Rates (SAR) of 0.12, 1.2, 12, or 120 mW/kg. The rats were sacrificed after a 

recovery time of either 14 or 28 d, following exposure and the extravazation of albumin, its uptake into 

neurons, and occurrence of damaged neurons was assessed. Albumin extravazation and also its uptake 

into neurons was seen to be enhanced after 14 d (Kruskal Wallis test: p = 0.02 and 0.002, respectively), 

but not after a 28 d recovery period. The occurrence of dark neurons in the rat brains, on the other hand, 

was enhanced later, after 28 d (p = 0.02). Furthermore, in the 28-d brain samples, neuronal albumin 

uptake was significantly correlated to occurrence of damaged neurons (Spearman r = 0.41; p < 0.01). 

 

41. Fragopoulou AF, Margaritis LK. Non-thermal Effects and Mechanisms of Interaction Between EMF 

and Living Mattter;  Is cognitive function affected by mobile phone radiation exposure? Eur. J. Oncol. - 

Library, Vol. 5, 2010 [Copy Filed in Docket] 



Page 15 of 62 

 

 

42. *Fragopoulou AF, Miltiadous P, Stamatakis A, Stylianopoulou F, Koussoulakos SL, Margaritis LH. 

Whole body exposure with GSM 900MHz affects spatial memory in mice. Pathophysiology. 2010 

Jun;17(3):179-87. Electromagn Biol Med. 2012 Dec;31(4):250-74.  

http://www.ncbi.nlm.nih.gov/pubmed/19954937 [Copy filed in Docket] Abstract:  Extended work has 

been performed worldwide on the effects of mobile phone radiation upon rats' cognitive  functions, 

however there is great controversy to the existence or not of deficits. The present work has been designed 

in order to test the effects of mobile phone radiation on spatial learning and memory in mice Mus 

musculus Balb/c using the Morris water maze (a hippocampal-dependent spatial memory task), since 

there is just one other study on mice with very low SAR level (0.05W/kg) showing no effects. We have 

applied a 2h daily dose of pulsed GSM 900MHz radiation from commercially available mobile phone for 

4 days at SAR values ranging from 0.41 to 0.98W/kg. Statistical analysis revealed that during learning, 

exposed animals showed a deficit in transferring the acquired spatial information across training days 

(increased escape latency and distance swam, compared to the sham-exposed animals, on the first trial of 

training days 2-4). Moreover, during the memory probe-trial sham-exposed animals showed the expected 

preference for the target quadrant, while the exposed animals showed no preference, indicating that the 

exposed mice had deficits in consolidation and/or retrieval of the learned spatial information. Our results 

provide a basis for more thorough investigations considering reports on non-thermal effects of 

electromagnetic fields (EMFs). 

 

43. Fragopoulou AF, Samara A, Antonelou MH, Xanthopoulou A, Papadopoulou A, Vougas K, 

Koutsogiannopoulou E, Anastasiadou E, Stravopodis DJ, Tsangaris GT, Margaritis LH. Brain proteome 

response following whole body exposure of mice to mobile phone or wireless DECT base radiation. 

Electromagn Biol Med. 2012 Dec;31(4):250-74 http://www.ncbi.nlm.nih.gov/pubmed/22263702  

Abstract:  The objective of this study was to investigate the effects of two sources of electromagnetic 

fields (EMFs) on the proteome of cerebellum, hippocampus, and frontal lobe in Balb/c mice following 

long-term whole body irradiation. Three equally divided groups of animals (6 animals/group) were used; 

the first group was exposed to a typical mobile phone, at a SAR level range of 0.17-0.37 W/kg for 3 h 

daily for 8 months, the second group was exposed to a wireless DECT base (Digital Enhanced Cordless 

Telecommunications/Telephone) at a SAR level range of 0.012-0.028 W/kg for 8 h/day also for 8 months 

and the third group comprised the sham-exposed animals. Comparative proteomics analysis revealed that 

long-term irradiation from both EMF sources altered significantly (p < 0.05) the expression of 143 

proteins in total (as low as 0.003 fold downregulation up to 114 fold overexpression). Several neural 

function related proteins (i.e., Glial Fibrillary Acidic Protein (GFAP), Alpha-synuclein, Glia Maturation 

Factor beta (GMF), and apolipoprotein E (apoE)), heat shock proteins, and cytoskeletal proteins (i.e., 

Neurofilaments and tropomodulin) are included in this list as well as proteins of the brain metabolism 

(i.e., Aspartate aminotransferase, Glutamate dehydrogenase) to nearly all brain regions studied. Western 

blot analysis on selected proteins confirmed the proteomics data. The observed protein expression 

changes may be related to brain plasticity alterations, indicative of oxidative stress in the nervous system 

or involved in apoptosis and might potentially explain human health hazards reported so far, such as 

headaches, sleep disturbance, fatigue, memory deficits, and brain tumor long-term induction under similar 

exposure conditions. 

 

44. Feychting M, Pedersen NL, Svedberg P, et al. Dementia and occupational exposure to magnetic fields. 

Scand J Work Environ Health 1998;24:46–53. http://www.ncbi.nlm.nih.gov/pubmed/9562400 Abstract: 

OBJECTIVES:  The purpose of the present report was to assess whether occupational magnetic field 

exposure is a risk factor for dementia, in particular for Alzheimer's disease. METHODS:  Case-control 

analyses were applied to 77 dementia cases, 55 of whom had Alzheimer's disease, ascertained from the 

population-based Swedish twin register. Two reference groups were derived, with 228 and 238 persons, 

respectively. Occupations were linked to a job-exposure matrix based on magnetic field measurements. 

Primary occupation, last occupation before reference date, and the occupation with the highest magnetic 
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field exposure during the subject's lifetime were evaluated. RESULTS:  For primary occupation, all 

relative risk estimates were close to unity. For last occupation, at the exposure level > or = 0.2 microT, a 

relative risk was found for dementia estimated at 3.3 [95% confidence interval (95% CI) 1.3-8.6] and 3.8 

(95% CI 1.4-10.2) for reference groups 1 and 2, respectively. The relative risk for Alzheimer's disease 

was estimated at 2.4 (95% CI 0.8-6.9) and 2.7 (95% CI 0.9-7.8), respectively. For the occupation with the 

highest magnetic field exposure, the relative risk estimates were close to unity for reference group 1 and 

slightly elevated for reference group 2. The relative risk estimates were greater for the subjects who were 

younger at onset (< or =75 years). CONCLUSIONS:  These results only partially support previous 

findings, but they indicate that occupational magnetic field exposure may possibly influence the 

development of dementia. 

 

45. *Friedman J, Kraus S, Hauptman &, Schiff Y, Seger R. Mechanism of short-term ERK activation by 

electromagnetic fields at mobile phone frequencies. The Biochemical journal. 405:559-568 (2007). 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2267306/ Abstract: The exposure to non-thermal 

microwave electromagnetic fields generated by mobile phones affects the expression of many proteins. 

This effect on transcription and protein stability can be mediated by the MAPK (mitogen-activated 

protein kinase) cascades, which serve as central signalling pathways and govern essentially all stimulated 

cellular processes. Indeed, long-term exposure of cells to mobile phone irradiation results in the activation 

of p38 as well as the ERK (extracellular-signal-regulated kinase) MAPKs. In the present study, we have 

studied the immediate effect of irradiation on the MAPK cascades, and found that ERKs, but not stress-

related MAPKs, are rapidly activated in response to various frequencies and intensities. Using signalling 

inhibitors, we delineated the mechanism that is involved in this activation. We found that the first step is 

mediated in the plasma membrane by NADH oxidase, which rapidly generates ROS (reactive oxygen 

species). These ROS then directly stimulate MMPs (matrix metalloproteinases) and allow them to cleave 

and release Hb-EGF [heparin-binding EGF (epidermal growth factor)]. This secreted factor activates the 

EGF receptor, which in turn further activates the ERK cascade. Thus this study demonstrates for the first 

time a detailed molecular mechanism by which electromagnetic irradiation from mobile phones induces 

the activation of the ERK cascade and thereby induces transcription and other cellular processes. 

 

46. Feychting M, Jonsson F, Pedersen NL, Ahlbom A. Occupational magnetic field exposure and 

neurodegenerative disease. Epidemiology 2003, 14(4), pp. 413-419; discussion pp. 427-428. 

http://www.ncbi.nlm.nih.gov/pubmed/12843764 Abstract: METHODS:  We conducted a cohort study to 

explore these associations. We studied all economically active individuals in the Swedish 1980 census 

(4,812,646 subjects), and followed them for neurodegenerative disease mortality from 1981 through 1995. 

Information about occupation was available for 1970 and 1980. A job-exposure matrix based on magnetic 

field measurements was used to assess EMF exposure. RESULTS:  An increased risk of Alzheimer's 

disease mortality was observed among men exposed both in 1970 and 1980 (relative risk = 2.3; 95% 

confidence interval = 1.6-3.3 for exposure >/=0.5 microT). The associations were most pronounced for 

early-onset Alzheimer's disease mortality or with follow-up limited to 10 years after the last known 

occupation. Amyotrophic lateral sclerosis was not associated with EMF exposure, but the risk estimate 

with "electrical and electronics work" was 1.4 (95% confidence interval = 1.1-1.9). CONCLUSIONS:  

Our study gives some support to the hypothesis that EMF exposure increases the risk of early-onset 

Alzheimer's disease, and suggests that magnetic field exposure may represent a late-acting influence in 

the disease process. Electric shock is an unlikely explanation for the increased risk of amyotrophic lateral 

sclerosis in "electrical and electronics work" in this study. 

 

47. Frey AH,  Feld SR, Frey B. Neural function and behavior: defining the relationship. Annals of the New 

York Academy of Sciences. 247:433-439 (1975). http://www.ncbi.nlm.nih.gov/pubmed/46734  
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48. Frilot C 2nd, Carrubba S, Marino AA. Transient and steady-state magnetic fields induce increased 

fluorodeoxyglucose uptake in the rat hindbrain. Synapse. 2011 Jul;65(7):617-23 

http://www.ncbi.nlm.nih.gov/pubmed/21484881 Abstract:We inquired into the biophysical basis of the 

ability of weak electromagnetic fields (EMFs) to trigger onset and offset evoked potentials, and to 

produce steady-state changes in the electroencephalogram (EEG). Rats were exposed to a 2.5-G, 60-Hz 

magnetic field and the neuroanatomical region of glucose activation associated with the effect of the field 

on the EEG was identified by positron emission tomography (PET) using fluorodeoxyglucose (FDG). 

Paired emission scans from the same animal with and without field treatment were differenced and 

averaged, and t values of the brain voxels computed using the pooled standard deviation were compared 

with a calculated critical t value to identify the field-activated voxels. Increased glucose utilization 

occurred in hindbrain voxels when the field was applied orthogonally to the sagittal plane, but not when 

the angle between the field and the sagittal plane varied randomly. Distinct FDG activation effects were 

observed in response to transient (both onset and offset) and steady-state magnetic stimuli. Observations 

of increased glucose utilization induced by magnetic stimuli and its dependence on the direction of the 

field suggested that signal transduction was mediated by a force detector and that the process and/or early 

post-transduction processing occurred in the hindbrain. 

 

49. *George DF, Bilek MM, McKenzie DR.Non-thermal effects in the microwave induced unfolding of 

proteins observed by chaperone binding. Bioelectromagnetics. 2008 May;29(4):324-30. doi: 

10.1002/bem.20382. http://www.ncbi.nlm.nih.gov/pubmed/18240290  Abstract:  We study the effect of 

microwaves at 2,450 MHz on protein unfolding using surface plasmon resonance sensing. Our 

experimental method makes use of the fact that unfolding proteins tend to bind to chaperones on their 

unfolding pathway and this attachment is readily monitored by surface plasmon resonance. We use the 

protein citrate synthase (CS) for this study as it shows strong binding to the chaperone alpha crystallin 

when stressed by exposure to excess temperature. The results of microwave heating are compared with 

the effect of ambient heating and a combination of ambient and microwave heating to the same final 

temperature. We study the temperature distributions during the heating process. We show that 

microwaves cause a significantly higher degree of unfolding than conventional thermal stress for protein 

solutions heated to the same maximum temperature. 

 

 

50. Hao D, Yang L, Chen S, Tong J, Tian Y, Su B, Wu S, Zeng Y. Effects of long-term electromagnetic 

field exposure on spatial learning and memory in rats. Neurol Sci. 2012 Feb 24. 

http://www.ncbi.nlm.nih.gov/pubmed/22362331  Abstract:  With the development of communications 

industry, mobile phone plays an important role in daily life. Whether or not the electromagnetic radiation 

emitted by mobile phone causes any adverse effects on brain function has become of a great concern. This 

paper investigated the effect of electromagnetic field on spatial learning and memory in rats. 32 trained 

Wistar rats were divided into two groups: exposure group and control group. The exposure group was 

exposed to 916 MHz, 10w/m2 mobile phone electromagnetic field (EMF) 6 h a day, 5 days a week, 10 

weeks. The completion time, number of total errors and the neuron discharge signals were recorded while 

the rats were searching for food in an eight-arm radial maze at every weekend. The neuron signals of one 

exposed rat and one control rat in the maze were obtained by the implanted microelectrode arrays in their 

hippocampal regions. It can be seen that during the weeks 4-5 of the experiment, the average completion 

time and error rate of the exposure group were longer and larger than that of control group (p < 0.05). 

During the weeks 1-3 and 6-9, they were close to each other. The hippocampal neurons showed irregular 

firing patterns and more spikes with shorter interspike interval during the whole experiment period. It 

indicates that the 916 MHz EMF influence learning and memory in rats to some extent in a period during 

exposure, and the rats can adapt to long-term EMF exposure.  
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51. Hardell L, Söderqvist F, Carlberg M, Zetterberg H, Mild KH. Exposure to wireless phone emissions and 

serum beta-trace protein. Int J Mol Med. 26(2):301-306, 2010. 

http://www.ncbi.nlm.nih.gov/pubmed/20596612 Abstract: The lipocalin type of prostaglandin D 

synthase or beta-trace protein is synthesized in the choroid plexus, lepto-meninges and oligodendrocytes 

of the central nervous system and is secreted into the cerebrospinal fluid. beta-trace protein is the key 

enzyme in the synthesis of prostaglandin D2, an endogenous sleep-promoting neurohormone in the brain. 

Electromagnetic fields (EMF) in the radio frequency (RF) range have in some studies been associated 

with disturbed sleep. We studied the concentration of beta-trace protein in blood in relation to emissions 

from wireless phones. This study included 62 persons aged 18-30 years. The concentration of beta-trace 

protein decreased with increasing number of years of use of a wireless phone yielding a negative beta 

coefficient = -0.32, 95% confidence interval -0.60 to -0.04. Also cumulative use in hours gave a negative 

beta coefficient, although not statistically significant. Of the 62 persons, 40 participated in an 

experimental study with 30 min exposure to an 890-MHz GSM signal. No statistically significant change 

of beta-trace protein was found. In a similar study of the remaining 22 participitants with no exposure, 

beta-trace protein increased significantly over time, probably due to a relaxed situation. EMF emissions 

may down-regulate the synthesis of beta-trace protein. This mechanism might be involved in sleep 

disturbances reported in persons exposed to RF fields. The results must be interpreted with caution since 

use of mobile and cordless phones were self-reported. Awareness of exposure condition in the 

experimental study may have influenced beta-trace protein concentrations. 

 

52. Hardell L, Sage C. Biological effects from electromagnetic field exposure and public exposure 

standards. Biomed Pharmacother. 2008 Feb;62(2):104-9. Review. 

http://www.ncbi.nlm.nih.gov/pubmed/18242044  Abstract: During recent years there has been increasing 

public concern on potential health risks from power-frequency fields (extremely low frequency 

electromagnetic fields; ELF) and from radiofrequency/microwave radiation emissions (RF) from wireless 

communications. Non-thermal (low-intensity) biological effects have not been considered for regulation 

of microwave exposure, although numerous scientific reports indicate such effects. The BioInitiative 

Report is based on an international research and public policy initiative to give an overview of what is 

known of biological effects that occur at low-intensity electromagnetic fields (EMFs) exposure. Health 

endpoints reported to be associated with ELF and/or RF include childhood leukaemia, brain tumours, 

genotoxic effects, neurological effects and neurodegenerative diseases, immune system deregulation, 

allergic and inflammatory responses, breast cancer, miscarriage and some cardiovascular effects. The 

BioInitiative Report concluded that a reasonable suspicion of risk exists based on clear evidence of 

bioeffects at environmentally relevant levels, which, with prolonged exposures may reasonably be 

presumed to result in health impacts. Regarding ELF a new lower public safety limit for habitable space 

adjacent to all new or upgraded power lines and for all other new constructions should be applied. A new 

lower limit should also be used for existing habitable space for children and/or women who are pregnant. 

A precautionary limit should be adopted for outdoor, cumulative RF exposure and for cumulative indoor 

RF fields with considerably lower limits than existing guidelines, see the BioInitiative Report. The 

current guidelines for the US and European microwave exposure from mobile phones, for the brain are 

1.6 W/Kg and 2 W/Kg, respectively. Since use of mobile phones is associated with an increased risk for 

brain tumour after 10 years, a new biologically based guideline is warranted. Other health impacts 

associated with exposure to electromagnetic fields not summarized here may be found in the BioInitiative 

Report at www.bioinitiative.org. 

 

53. Herbert M. A Rationale for a Biologically-based Public Exposure Standard for Electromagnetic Fields 

(ELF and RF) Section  20– Findings in Autism (ASD) Consistent with Electromagnetic Fields (EMF) 
and Radiofrequency Radiation (RFR) BioInitiative Working Group, BioInitiative Report, 2012. Review 

[Copy filed in Docket] Excerpt (pg. 49): Disturbance can get increasingly disruptive as more damage 

occurs and more systems are thrown out of kilter and out of cooperativity. One can think of the kindling 

model in which repeated induction of seizures leads to longer and more sever seizures and greater 
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behavioral involvement. The combination of disruptive and stimulatory effects of biologically 

inappropriate EMF/RFR exposures could contribute to disruption of synchronized oscillation and 

cooperativity at a myriad of levels but particularly in the brain, and this may contribute to the loss of 

coherence and complexity in the brain in autism, as well as dysregulation of multiple other bodily 

systems. Strogatz points out that there are many more ways of being desynchronized than being 

synchronized{Strogatz, 2003 #1969}. It has even been suggested that autism itself could be due to brain 

desynchronization {Welsh, 2005 #528}. 

 

54. Herbert MR. Contributions of the environment and environmentally vulnerable physiology to autism 

spectrum disorders. Curr Opin Neurol. 2010 Apr;23(2):103-10. Review Source: Pediatric Neurology, 

Massachusetts General Hospital, Charlestown, Massachusetts  

http://www.ncbi.nlm.nih.gov/pubmed/20087183 Abstract; PURPOSE OF REVIEW:  This review 

presents a rationale and evidence for contributions of environmental influences and environmentally 

vulnerable physiology to autism spectrum disorders (ASDs). RECENT FINDINGS:  Recent studies 

suggest a substantial increase in ASD prevalence above earlier Centers for Disease Control figures of one 

in 150, only partly explicable by data artifacts, underscoring the possibility of environmental contributors 

to increased prevalence. Some gene variants in ASD confer altered vulnerability to environmental 

stressors and exposures. De-novo mutations and advanced parental age as a risk factor for ASD also 

suggest a role for environment. Systemic and central nervous system pathophysiology, including 

oxidative stress, neuroinflammation, and mitochondrial dysfunction can be consistent with a role for 

environmental influence (e.g. from air pollution, organophosphates, heavy metals) in ASD, and some of 

the underlying biochemical disturbances (such as abnormalities in glutathione, a critical antioxidant and 

detoxifier) can be reversed by targeted nutritional interventions. Dietary factors and food contaminants 

may contribute risk. Improvement and loss of diagnosis in some with ASD suggest brain circuitry 

amenable to environmental modulation. SUMMARY:  Prevalence, genetic, exposure, and 

pathophysiological evidence all suggest a role for environmental factors in the inception and lifelong 

modulation of ASD. This supports the need for seeking targets for early and ongoing medical prevention 

and treatment of ASD. 

 

55. *Hocking B, Westerman R. Neurological abnormalities associated with CDMA exposure. Occup Med 

(Lond). 2001 Sep;51(6):410-3  http://occmed.oxfordjournals.org/content/51/6/410.long Excerpt (Pg. 

126): The occurrence of effects in a few people at levels below current safety standards or from 

unexplained mechanisms, as in the hyperthermia treatment cases, indicates that, while the standards are 

adequate for most, there is a fraction of people who may develop symptoms. These studies on peripheral 

nerves are important partly because sometimes the injury is debilitating and partly because they may give 

insight into possible effects on the central nervous system. They point to the need for further research and 

caution in the application of the standards. Excerpt (pg 413): These observations of subtle neurological 

abnormality after RFR exposure may also be helpful in understanding recent reports of sleep disturbance, 

raised blood pressure and cognitive effects after mobile phone field exposure, although other mechanisms 

cannot be excluded by this report. This neurological abnormality also provide a possible explanatory 

mechanism regarding case reports of prolonged fatigue, malaise, Dysaesthesiat and other non-specific 

symptoms in workers who have been overexposed to RFR, a condition sometimes termed ‘microwave 

sickness.’ 

56. *Hocking B and Westerman R Case Report: Neurological changes induced by a mobile phone. Occup 

Med. 2002; 52 (7); 413-415). http://occmed.oxfordjournals.org/content/52/7/413.long  [copy filed in 

Docket] Abstract: Dysaesthesiae of the scalp after mobile phone use have been previously reported, but 

the basis for this has not been clear. We report a case of a 34-year-old journalist who complained of 

symptoms associated with use of a mobile phone. She agreed to a provocation study with her phone. 

Current perception threshold testing before and after exposure showed marked changes in the C-fibre 
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nerves of the affected area compared with the opposite side. The case is supportive of a neurological basis 

for some cases of dysaesthesiae associated with mobile phone use. 

 
57. Hocking B, Westerman R. Neurological effects of radiofrequency radiation. Occup Med (Lond). 2003 

Mar;53(2):123-7. Review  http://occmed.oxfordjournals.org/content/53/2/123.long   Abstract: AIM: To 

investigate health effects, neurophysiological mechanisms and safety levels for RFR. RESULTS:  We 

identified 11 original articles detailing case reports or case series and matching the search criteria. Five of 

the identified papers were written by at least one of the authors (B.H. or R.W.). CONCLUSIONS:  Cases 

have arisen after exposure to much of the radiofrequency range. In some cases, symptoms are transitory 

but lasting in others. After very high exposures, nerves may be grossly injured. After lower exposures, 

which may result in dysaesthesia, ordinary nerve conduction studies find no abnormality but current 

perception threshold studies have found abnormalities. Only a small proportion of similarly exposed 

people develop symptoms. The role of modulations needs clarification. Some of these observations are 

not consistent with the prevailing hypothesis that all health effects of RFR arise from thermal 

mechanisms. 

 

58. *Höytö A,  Juutilainen
 
J,  Naarala J.  Ornithine decarboxylase activity is affected in primary astrocytes 

but not in secondary cell lines exposed to 872 MHz RF radiation. Department of Environmental 

Science, University of Kuopio, Kuopio, Finland. 2007, Vol. 83, No. 6 , Pages 367-374  

http://www.ncbi.nlm.nih.gov/pubmed/17487676 Abstract: PURPOSE:  The effects of radiofrequency 

(RF) radiation on cellular ornithine decarboxylase (ODC) activity were studied in fibroblasts, two neural 

cell lines and primary astrocytes. Several exposure times and exposure levels were used, and the fields 

were either unmodulated or modulated according to the characteristics of the Global System for Mobile 

(GSM) communications. MATERIALS AND METHODS:  Murine L929 fibroblasts, rat C6 glioblastoma 

cells, human SH-SY5Y neuroblastoma cells, and rat primary astrocytes were exposed to RF radiation at 

872 MHz in a waveguide exposure chamber equipped with water cooling. Cells were exposed for 2, 8, or 

24 hours to continuous wave (CW) RF radiation or to a GSM type signal pulse modulated at 217 Hz, at 

specific absorption rates of 1.5, 2.5, or 6.0 W/kg. Cellular ODC activities of cell samples were assayed. 

RESULTS:  ODC activity in rat primary astrocytes was decreased statistically significantly (p values 

from 0.003 to <0.001) and consistently in all experiments performed at two exposure levels (1.5 and 6.0 

W/kg) and using GSM modulated or CW radiation. In the secondary cell lines, ODC activity was 

generally not affected. CONCLUSIONS:  ODC activity was affected by RF radiation in rat primary 

neural cells, but the secondary cells used in this study showed essentially no response to similar RF 

radiation. In contrast to some previous studies, no differences between the modulated and continuous 

wave signals were detected. Further studies with primary astrocytes are warranted to confirm the present 

findings and to explore the mechanisms of the effects. 

 

59.  Huber R, Schuderer J, Graf T, Jütz K, Borbély AA, Kuster N, Achermann P. Radio frequency 

electromagnetic field exposure in humans: Estimation of SAR distribution in the brain, effects on sleep 
and heart rate. Bioelectromagnetics. 2003 May;24(4):262-76. 

http://www.ncbi.nlm.nih.gov/pubmed/12696086 Abstract: In two previous studies we demonstrated that 

radiofrequency electromagnetic fields (RF EMF) similar to those emitted by digital radiotelephone 

handsets affect brain physiology of healthy young subjects exposed to RF EMF (900 MHz; spatial peak 

specific absorption rate [SAR] 1 W/kg) either during sleep or during the waking period preceding sleep. 

In the first experiment, subjects were exposed intermittently during an 8 h nighttime sleep episode and in 

the second experiment, unilaterally for 30 min prior to a 3 h daytime sleep episode. Here we report an 

extended analysis of the two studies as well as the detailed dosimetry of the brain areas, including the 

assessment of the exposure variability and uncertainties. The latter enabled a more in depth analysis and 

discussion of the findings. Compared to the control condition with sham exposure, spectral power of the 

non-rapid eye movement sleep electroencephalogram (EEG) was initially increased in the 9-14 Hz range 

in both experiments. No topographical differences with respect to the effect of RF EMF exposure were 
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observed in the two experiments. Even unilateral exposure during waking induced a similar effect in both 

hemispheres. Exposure during sleep reduced waking after sleep onset and affected heart rate variability. 

Exposure prior to sleep reduced heart rate during waking and stage 1 sleep. The lack of asymmetries in 

the effects on sleep EEG, independent of bi- or unilateral exposure of the cortex, may indicate 

involvement of subcortical bilateral projections to the cortex in the generation of brain function changes, 

especially since the exposure of the thalamus was similar in both experiments (approx. 0.1 W/kg). 

 

60. *Huber R, Graf T, Cote KA, Wittmann L, Gallmann E, Matter D, et al. Exposure to pulsed high-

frequency electromagnetic field during waking affects human sleep EEG. Neuroreport 2000; 11:3321-

5. http://www.ncbi.nlm.nih.gov/pubmed/11059895 Abstract: The aim of the study was to investigate 

whether the electromagnetic field (EMF) emitted by digital radiotelephone handsets affects brain 

physiology. Healthy, young male subjects were exposed for 30 min to EMF (900 MHz; spatial peak 

specific absorption rate 1 W/kg) during the waking period preceding sleep. Compared with the control 

condition with sham exposure, spectral power of the EEG in non-rapid eye movement sleep was 

increased. The maximum rise occurred in the 9.75-11.25 Hz and 12.5-13.25 Hz band during the initial 

part of sleep. These changes correspond to those obtained in a previous study where EMF was 

intermittently applied during sleep. Unilateral exposure induced no hemispheric asymmetry of EEG 

power. The present results demonstrate that exposure during waking modifies the EEG during subsequent 

sleep. Thus the changes of brain function induced by pulsed high-frequency EMF outlast the exposure 

period. 

 

61. Huber R, Treyer V, Borbély AA, Schuderer J, Gottselig JM, Landolt HP, Werth E, Berthold T, Kuster N, 

Buck A, Achermann P. Electromagnetic fields, such as those from mobile phones, alter regional 

cerebral blood flow and sleep and waking EEG. J Sleep Res. 2002 Dec;11(4):289-95. 

http://www.ncbi.nlm.nih.gov/pubmed/12464096 Abstract: Usage of mobile phones is rapidly increasing, 

but there is limited data on the possible effects of electromagnetic field (EMF) exposure on brain 

physiology. We investigated the effect of EMF vs. sham control exposure on waking regional cerebral 

blood flow (rCBF) and on waking and sleep electroencephalogram (EEG) in humans. In Experiment 1, 

positron emission tomography (PET) scans were taken after unilateral head exposure to 30-min pulse-

modulated 900 MHz electromagnetic field (pm-EMF). In Experiment 2, night-time sleep was 

polysomnographically recorded after EMF exposure. Pulse-modulated EMF exposure increased relative 

rCBF in the dorsolateral prefrontal cortex ipsilateral to exposure. Also, pm-EMF exposure enhanced EEG 

power in the alpha frequency range prior to sleep onset and in the spindle frequency range during stage 2 

sleep. Exposure to EMF without pulse modulation did not enhance power in the waking or sleep EEG. 

We previously observed EMF effects on the sleep EEG (A. A. Borbély, R. Huber, T. Graf, B. Fuchs, E. 

Gallmann and P. Achermann. Neurosci. Lett., 1999, 275: 207-210; R. Huber, T. Graf, K. A. Cote, L. 

Wittmann, E. Gallmann, D. Matter, J. Schuderer, N. Kuster, A. A. Borbély, and P. Achermann. 

Neuroreport, 2000, 11: 3321-3325), but the basis for these effects was unknown. The present results show 

for the first time that (1) pm-EMF alters waking rCBF and (2) pulse modulation of EMF is necessary to 

induce waking and sleep EEG changes. Pulse-modulated EMF exposure may provide a new, non-invasive 

method for modifying brain function for experimental, diagnostic and therapeutic purposes. 

62. Huber R, Treyer V, Schuderer J, Berthold T, Buck A, Kuster N, Landolt HP, Achermann P. Exposure to 

pulse-modulated radio frequency electromagnetic fields affects regional cerebral blood flow. Eur J 

Neurosci. 2005 Feb;21(4):1000-6. http://www.ncbi.nlm.nih.gov/pubmed/15787706 Abstract: We 

investigated the effects of radio frequency electromagnetic fields (RF EMF) similar to those emitted by 

mobile phones on waking regional cerebral blood flow (rCBF) in 12 healthy young men. Two types of RF 

EMF exposure were applied: a 'base-station-like' and a 'handset-like' signal. Positron emission 

tomography scans were taken after 30 min unilateral head exposure to pulse-modulated 900 MHz RF 

EMF (10 g tissue-averaged spatial peak-specific absorption rate of 1 W/kg for both conditions) and sham 

control. We observed an increase in relative rCBF in the dorsolateral prefrontal cortex on the side of 
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exposure. The effect depended on the spectral power in the amplitude modulation of the RF carrier such 

that only 'handset-like' RF EMF exposure with its stronger low-frequency components but not the 'base-

station-like' RF EMF exposure affected rCBF. This finding supports our previous observation that pulse 

modulation of RF EMF is necessary to induce changes in the waking and sleep EEG, and substantiates 

the notion that pulse modulation is crucial for RF EMF-induced alterations in brain physiology. 

 

63. Hug K, Röösli M, Rapp R. Magnetic field exposure and neurodegenerative diseases--recent 

epidemiological studies. Soz Praventivmed. 2006;51(4):210-20. Review 

http://www.ncbi.nlm.nih.gov/pubmed/17193783 Abstract: OBJECTIVES: To analyze the results of 

recent studies not yet included in a 2003 report of the International Commission on Non-Ionizing 

Radiation Protection (ICNIRP) on occupational exposure to low-frequency electromagnetic fields as 

potential risk factor for neurodegenerative diseases. METHODS: A literature search was conducted in the 

online databases of PubMed, ISI Web of Knowledge, DIMDI and COCHRANE, as well as in specialised 

databases and journals. Eight studies published between January 2000 and July 2005 were included in the 

review. RESULTS:  The findings of these studies contribute to the evidence of an association between 

occupational magnetic field exposure and the risk of dementia. Regarding amyotrophic lateral sclerosis, 

the recent results confirm earlier observations of an association with electric and electronic work and 

welding. Its relationship with magnetic field exposure remains unsolved. There are only few findings 

pointing towards an association between magnetic field exposure and Parkinson's disease. 

CONCLUSIONS: The epidemiological evidence for an association between occupational exposure to 

low-frequency electromagnetic fields and the risk of dementia has increased during the last five years. 

The impact of potential confounders should be evaluated in further studies. 

 

64. Hung, C. S., Anderson, C., Horne, J. A., McEvoy, P. (2007).  Mobile phone ‘talk-mode’ signal delays 

EEG-determined sleep onset. Neurosci. Lett. 421:82–86. 

http://www.ncbi.nlm.nih.gov/pubmed/17548154 Abstract: Mobile phones signals are pulse-modulated 

microwaves, and EEG studies suggest that the extremely low-frequency (ELF) pulse modulation has sleep 

effects. However, 'talk', 'listen' and 'standby' modes differ in the ELF (2, 8, and 217Hz) spectral 

components and specific absorption rates, but no sleep study has differentiated these modes. We used a 

GSM900 mobile phone controlled by a base-station simulator and a test SIM card to simulate these three 

specific modes, transmitted at 12.5% (23dBm) of maximum power. At weekly intervals, 10 healthy 

young adults, sleep restricted to 6h, were randomly and single-blind exposed to one of: talk, listen, 

standby and sham (nil signal) modes, for 30 min, at 13:30 h, whilst lying in a sound-proof, lit bedroom, 

with a thermally insulated silent phone beside the right ear. Bipolar EEGs were recorded continuously, 

and subjective ratings of sleepiness obtained every 3 min (before, during and after exposure). After 

exposure the phone and base-station were switched off, the bedroom darkened, and a 90 min sleep 

opportunity followed. We report on sleep onset using: (i) visually scored latency to onset of stage 2 sleep, 

(ii) EEG power spectral analysis. There was no condition effect for subjective sleepiness. Post-exposure, 

sleep latency after talk mode was markedly and significantly delayed beyond listen and sham modes. This 

condition effect over time was also quite evident in 1-4Hz EEG frontal power, which is a frequency range 

particularly sensitive to sleep onset. It is possible that 2, 8, 217Hz modulation may differentially affect 

sleep onset.  

 

65. *Imge EB, Kiliçoğlu B, Devrim E, Cetin R, Durak I. Effects of mobile phone use on brain tissue from 

the rat and a possible protective role of vitamin C - a preliminary study. Int J Radiat Biol. 86(12):1044-

1049, 2010. http://www.ncbi.nlm.nih.gov/pubmed/20698742 Abstract: PURPOSE: To evaluate effects 

of mobile phone use on brain tissue and a possible protective role of vitamin C. MATERIALS AND 

METHODS: Forty female rats were divided into four groups randomly (Control, mobile phone, mobile 

phone plus vitamin C and, vitamin C alone). The mobile phone group was exposed to a mobile phone 

signal (900 MHz), the mobile phone plus vitamin C group was exposed to a mobile phone signal (900 

MHz) and treated with vitamin C administered orally (per os). The vitamin C group was also treated with 



Page 23 of 62 

 

vitamin C per os for four weeks. Then, the animals were sacrificed and brain tissues were dissected to be 

used in the analyses of malondialdehyde (MDA), antioxidant potential (AOP), superoxide dismutase, 

catalase (CAT), glutathione peroxidase (GSH-Px), xanthine oxidase, adenosine deaminase (ADA) and 

5'nucleotidase (5'-NT). RESULTS: Mobile phone use caused an inhibition in 5'-NT and CAT activities 

as compared to the control group. GSH-Px activity and the MDA level were also found to be reduced in 

the mobile phone group but not significantly. Vitamin C caused a significant increase in the activity of 

GSH-Px and non-significant increase in the activities of 5'-NT, ADA and CAT enzymes. 

CONCLUSION: Our results suggest that vitamin C may play a protective role against detrimental 

effects of mobile phone radiation in brain tissue. 

 

66. Ivaschuk OI, Jones RA, Ishida-Jones T, Haggren W, Adey WR, Phillips JL. Exposure of nerve growth 

factor-treated PC12 rat pheochromocytoma cells to a modulated radiofrequency field at 836.55 MHz: 
effects on c-jun and c-fos expression. Bioelectromagnetics. 1997;18(3):223-9. 

http://www.ncbi.nlm.nih.gov/pubmed/9096840  Abstract: Rat PC12 pheochromocytoma cells have been 

treated with nerve growth factor and then exposed to athermal levels of a packet-modulated 

radiofrequency field at 836.55 MHz. This signal was produced by a prototype time-domain multiple-

access (TDMA) transmitter that conforms to the North American digital cellular telephone standard. 

Three slot average power densities were used: 0.09, 0.9, and 9 mW/cm2. Exposures were for 20, 40, and 

60 min and included an intermittent exposure regimen (20 min on/20 min off), resulting in total 

incubation times of 20, 60, and 100 min, respectively. Concurrent controls were sham exposed. After 

extracting total cellular RNA, Northern blot analysis was used to assess the expression of the immediate 

early genes, c-fos and c-jun, in all cell populations. No change in c-fos transcript levels were detected 

after 20 min exposure at each field intensity (20 min was the only time period at which c-fos message 

could be detected consistently). Transcript levels for c-jun were altered only after 20 min exposure to 9 

mW/cm2 (average 38% decrease). 

 

67. Jing J, Yuhua Z, Xiao-qian Y, Rongping J, Dong-mei G, Xi C. The influence of microwave radiation 

from cellular phone on fetal rat brain. Electromagn Biol Med. 31(1):57-66, 2012. 

http://www.ncbi.nlm.nih.gov/pubmed/22268709 Abstract:  The increasing use of cellular phones in our 

society has brought focus on the potential detrimental effects to human health by microwave radiation. 

The aim of our study was to evaluate the intensity of oxidative stress and the level of neurotransmitters in 

the brains of fetal rats chronically exposed to cellular phones. The experiment was performed on pregnant 

rats exposed to different intensities of microwave radiation from cellular phones. Thirty-two pregnant rats 

were randomly divided into four groups: CG, GL, GM, and GH. CG accepted no microwave radiation, 

GL group radiated 10 min each time, GM group radiated 30 min, and GH group radiated 60 min. The 3 

experimental groups were radiated 3 times a day from the first pregnant day for consecutively 20 days, 

and on the 21st day, the fetal rats were taken and then the contents of superoxide dismutase (SOD), 

glutathione peroxidase (GSH-Px), malondialdehyde (MDA), noradrenaline (NE), dopamine (DA), and 5-

hydroxyindole acetic acid (5-HT) in the brain were assayed. Compared with CG, there were significant 

differences (P<0.05) found in the contents of SOD, GSH-Px, and MDA in GM and GH; the contents of 

SOD and GSH-Px decreased and the content of MDA increased. The significant content differences of 

NE and DA were found in fetal rat brains in GL and GH groups, with the GL group increased and the GH 

group decreased. Through this study, we concluded that receiving a certain period of microwave 

radiation from cellular phones during pregnancy has certain harm on fetal rat brains. 

 

68. Johnson, R.B., Spackman, D., Crowley, J., Thompson, D., Chou, C.K., Kunz, L.L., and Guy, A.W., 1983, 

Effects of long-term low-level radiofrequency radiation exposure on rats, vol. 4, Open field behavior 
and corticosterone, USAF SAM-TR83-42, Report of USAF School of Aerospace Medicine, Brooks 

AFB, San Antonio, TX.  Exposed rats to pulsed 2450-MHz RFR (10 ms pulses, 800 pps) from 8 weeks to 

25 months of age (22 hr/day). The average whole body SAR varied as the weight of the rats increased and 
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was between 0.4-0.15 W.kg-1. They reported a significantly lower open field activity only at the first test 

session, and a rise in the blood corticosterone level was also observed at that time 

 

69. Kaprana AE, Karatzanis AD, Prokopakis EP, Panagiotaki IE, Vardiambasis IO, Adamidis G, 

Christodoulou P, Velegrakis GA. Studying the effects of mobile phone use on the auditory system and 

the central nervous system: a review of the literature and future directions. Eur Arch Otorhinolaryngol. 

2008 Sep;265(9):1011-9. Review http://www.ncbi.nlm.nih.gov/pubmed/18504596 Abstract: The wide 

spread of mobile communication since the late 1980 s raises questions about the effects of 

electromagnetic fields (EMFs) on the human body. Most studies have focused on the non-thermal effects 

of electromagnetic radiation (EMR). Low-energy EMFs seem to cause structural and functional changes 

in the cell membrane of different cell types, leading to abnormal cell response. Such changes within the 

central nervous system (CNS) and auditory system, which directly receive EMR during mobile phone 

use, are of particular interest. Various studies suggest that EMR directly affects neurons by reducing the 

neuronal reactivity, increasing the neural membrane conductivity and prolonging their refractory period. 

Furthermore, although it has been suggested that EMR is related with increased incidence of specific 

tumors and can interact with known carcinogenic agents, no conclusive evidence exists supporting its role 

in carcinogenesis. Therefore, no safe conclusions can be drawn regarding the potential harmful effects of 

mobile phone use. Experiments are underway by our laboratory to investigate possible effects of mobile 

phone use on the auditory system and the CNS. These along with other studies are expected to further 

clarify whether mobile phone use truly presents a health hazard. 

 

 

70. Kaprana AE, Chimona TS, Papadakis CE, Velegrakis SG, Vardiambasis IO, Adamidis G, Velegrakis GA. 

Auditory brainstem response changes during exposure to GSM-900 radiation: an experimental study. 
Audiol Neurootol. 16(4):270-276, 2011. http://www.ncbi.nlm.nih.gov/pubmed/21079392 Abstract: The 

objective of the present study was to investigate the possible electrophysiological time-related changes in 

auditory pathway during mobile phone electromagnetic field exposure. Thirty healthy rabbits were 

enrolled in an experimental study of exposure to GSM-900 radiation for 60 min and auditory brainstem 

responses (ABRs) were recorded at regular time-intervals during exposure. The study subjects were 

radiated via an adjustable power and frequency radio transmitter for GSM-900 mobile phone emission 

simulation, designed and manufactured according to the needs of the experiment. The mean absolute 

latency of waves III-V showed a statistically significant delay (p < 0.05) after 60, 45 and 15 min of 

exposure to electromagnetic radiation of 900 MHz, respectively. Interwave latency I-III was found to be 

prolonged after 60 min of radiation exposure in correspondence to wave III absolute latency delay. 

Interwave latencies I-V and III-V were found with a statistically significant delay (p < 0.05) after 30 min 

of radiation. No statistically significant delay was found for the same ABR parameters in recordings from 

the ear contralateral to the radiation source at 60 min radiation exposure compared with baseline ABR. 

The ABR measurements returned to baseline recordings 24 h after the exposure to electromagnetic 

radiation of 900 MHz. The prolongation of interval latencies I-V and III-V indicates that exposure to 

electromagnetic fields emitted by mobile phone can affect the normal electrophysiological activity of the 

auditory system, and these findings fit the pattern of general responses to a stressor. 

 

71. Kesari KK, Kumar S, Behari J. 900-MHz microwave radiation promotes oxidation in rat brain. 

Electromagn Biol Med. 30(4):219-234, 2011. http://www.ncbi.nlm.nih.gov/pubmed/22047460 Abstract: 

Recently, there have been several reports referring to detrimental effects due to radio frequency 

electromagnetic fields (RF-EMF) exposure. Special attention was given to investigate the effect of mobile 

phone exposure on the rat brain. Since the integrative mechanism of the entire body lies in the brain, it is  

suggestive to analyze its biochemical aspects. For this, 35-day old Wistar rats were exposed to a mobile 

phone for 2 h per day for a duration of 45 days where specific absorption rate (SAR) was 0.9 W/Kg. 

Animals were divided in two groups: sham exposed (n = 6) and exposed group (n = 6). Our observations 
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indicate a significant decrease (P < 0.05) in the level of glutathione peroxidase, superoxide dismutase, and 

an increase in catalase activity. Moreover, protein kinase shows a significant decrease in exposed group 

(P < 0.05) of hippocampus and whole brain. Also, a significant decrease (P < 0.05) in the level of pineal 

melatonin and a significant increase (P < 0.05) in creatine kinase and caspase 3 was observed in exposed 

group of whole brain as compared with sham exposed. Finally, a significant increase in the level of ROS 

(reactive oxygen species) (P < 0.05) was also recorded. The study concludes that a reduction or an 

increase in antioxidative enzyme activities, protein kinase C, melatonin, caspase 3, and creatine kinase 

are related to overproduction of reactive oxygen species (ROS) in animals under mobile phone radiation 

exposure. Our findings on these biomarkers are clear indications of possible health implications.  

 

72. *Kesari KK, Behari J, Kumar S. Mutagenic response of 2.45 GHz radiation exposure on rat brain.  Int J 

Radiat Biol. 2010 Apr;86(4):334-43:  http://www.ncbi.nlm.nih.gov/pubmed/20353343 Abstract: 

PURPOSE: To investigate the effect of 2.45 GHz microwave radiation on rat brain of male wistar 

strain.MATERIAL AND METHODS: Male rats of wistar strain (35 days old with 130 +/- 10 g body 

weight) were selected for this study. Animals were divided into two groups: Sham exposed and 

experimental. Animals were exposed for 2 h a day for 35 days to 2.45 GHz frequency at 0.34 mW/cm(2) 

power density. The whole body specific absorption rate (SAR) was estimated to be 0.11 W/Kg. Exposure 

took place in a ventilated Plexiglas cage and kept in anechoic chamber in a far field configuration from 

the horn antenna. After the completion of exposure period, rats were sacrificed and the whole brain tissue 

was dissected and used for study of double strand DNA (Deoxyribonucleic acid) breaks by micro gel 

electrophoresis and the statistical analysis was carried out using comet assay (IV-2 version software). 

Thereafter, antioxidant enzymes and histone kinase estimation was also performed. RESULTS:  A 

significant increase was observed in comet head (P < 0.002), tail length (P < 0.0002) and in tail 

movement (P < 0.0001) in exposed brain cells. An analysis of antioxidant enzymes glutathione 

peroxidase (P < 0.005), and superoxide dismutase (P < 0.006) showed a decrease while an increase in 

catalase (P < 0.006) was observed. A significant decrease (P < 0.023) in histone kinase was also recorded 

in the exposed group as compared to the control (sham-exposed) ones. One-way analysis of variance 

(ANOVA) method was adopted for statistical analysis. CONCLUSION: The study concludes that the 

chronic exposure to these radiations may cause significant damage to brain, which may be an indication 

of possible tumour promotion (Behari and Paulraj 2007). 

 

73. Khurana VG, Hardell L, Everaert J, Bortkiewicz A, Carlberg M, Ahonen M. Epidemiological evidence 

for health risks from mobile phone base stations. Int J Env Occup Health 2010; 16:263-267. Review 

http://www.ncbi.nlm.nih.gov/pubmed/20662418 Abstract: Human populations are increasingly exposed 

to microwave/radiofrequency (RF) emissions from wireless communication technology, including mobile 

phones and their base stations. By searching PubMed, we identified a total of 10 epidemiological studies 

that assessed for putative health effects of mobile phone base stations. Seven of these studies explored the 

association between base station proximity and neurobehavioral effects and three investigated cancer. We 

found that eight of the 10 studies reported increased prevalence of adverse neurobehavioral symptoms or 

cancer in populations living at distances < 500 meters from base stations. None of the studies reported 

exposure above accepted international guidelines, suggesting that current guidelines may be inadequate in 

protecting the health of human populations. We believe that comprehensive epidemiological studies of 

long-term mobile phone base station exposure are urgently required to more definitively understand its 

health impact. 

 

74. *Kumar RS, Sareesh NN, Nayak S, Mailankot M. Hypoactivity of  Wistar rats exposed to mobile phone 

on elevated plus maze. Indian J Physiol Pharmacol. 53(3):283-286, 2009. 

http://www.ncbi.nlm.nih.gov/pubmed/20329378  
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75. *Kumlin T, Iivonen H, Miettinen P, Juvonen A, van Groen T, Puranen L, Pitkäaho R, Juutilainen J, 

Tanila H. Mobile phone radiation and the developing brain: behavioral and morphological effects in 

juvenile rats. Radiat Res. 168(4):471-479, 2007. http://www.ncbi.nlm.nih.gov/pubmed/17903040 

Abstract:The increasing use of mobile phones by children and teenagers has raised concerns about their 

safety. Addressing such concerns is difficult, because no data are available on possible effects from long-

term exposure to radiofrequency (RF) fields during the development of the nervous system. Possible 

morphological and functional changes were evaluated in the central nervous system of young male Wistar 

rats exposed to 900 MHz mobile phone signal for 2 h/day on 5 days/week. After 5 weeks of exposure at 

whole-body average specific energy absorption rates of 0.3 or 3.0 W/kg or sham exposure, six rats per 

group were examined histologically, and the remaining 18 rats per group were subjected to behavioral 

tests. No degenerative changes, dying neurons, or effects on the leakage of the blood-brain barrier were 

detected. No group differences were observed in the open-field test, plus maze test or acoustic startle 

response tests. In the water maze test, however, significantly improved learning (P = 0.012) and memory 

(P = 0.01) were detected in rats exposed to RF fields. The results do not indicate a serious threat to the 

developing brain from mobile phone radiation at intensities relevant to human exposure. However, the 

interesting finding of improved learning and memory warrants further studies.  

 

76. Kwon MS, Vorobyev V, Kännälä S, Laine M, Rinne JO, Toivonen T, Johansson J, Teräs M, Lindholm H, 

Alanko T, Hämäläinen H. GSM mobile phone radiation suppresses brain glucose metabolism. J Cereb 

Blood Flow Metab. 2011 Dec;31(12):2293-301.  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3323189/  Abstract: We investigated the effects of 

mobile phone radiation on cerebral glucose metabolism using high-resolution positron emission 

tomography (PET) with the (18)F-deoxyglucose (FDG) tracer. A long half-life (109 minutes) of the (18)F 

isotope allowed a long, natural exposure condition outside the PET scanner. Thirteen young right-handed 

male subjects were exposed to a pulse-modulated 902.4 MHz Global System for Mobile Communications 

signal for 33 minutes, while performing a simple visual vigilance task. Temperature was also measured in 

the head region (forehead, eyes, cheeks, ear canals) during exposure. (18)F-deoxyglucose PET images 

acquired after the exposure showed that relative cerebral metabolic rate of glucose was significantly 

reduced in the temporoparietal junction and anterior temporal lobe of the right hemisphere ipsilateral to 

the exposure. Temperature rise was also observed on the exposed side of the head, but the magnitude was 

very small. The exposure did not affect task performance (reaction time, error rate). Our results show that 

short-term mobile phone exposure can locally suppress brain energy metabolism in humans. 

 

77. Lai H. A Rationale for a Biologically-based Public Exposure Standard for Electromagnetic Fields 

(ELF and RF) Section 9 – Neurological Effects of Non-Ionizing Electromagnetic Fields 2012 
Supplement.  BioInitiative Working Group, BioInitiative Report, 2012. Review [Copy filed in Docket] 

Excerpt (pg. 2): In this paper, as in the update paper on genetic effects, analyses show that there are more 

publications showing effects than no effects with the recent neurological literature. In summary, the new 

neurology radiofrequency studies report that 63% show effects and 37% do not show effects (E = 98 

(63%) and NE = 57 (37%). In summary, the new ELF-EMF studies report that 93% show effects and 

7% do not show effects (E = 64 (93%) and NE = 5 (7%).  

 

78. Lai H. A Rationale for a Biologically-based Public Exposure Standard for Electromagnetic Fields 

(ELF and RF) Section 9 – Evidence For Effects On Neurology And Behavior.  BioInitiative Working 

Group, BioInitiative Report, 2007. Review [Copy filed in Docket] Excerpt (pg. 63): Another important 

consideration regarding the biological effects of RFR is the duration or number of exposure episodes. 

This is demonstrated by the results of some of the studies on the neurological effects of RFR. Depending 

on the responses studied in the experiments, several outcomes could result: an effect was observed only 

after prolonged (or repeated) exposure, but not after acute exposure [Baranski, 1972; Baranski and 

Edelwejn, 1968, 1974; Mitchell et al.,  1977; Takashima et al., 1979], an effect disappeared after 
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prolonged exposure suggesting habituation [Johnson et al., 1983; Lai et al., 1987c, 1992a], and different 

effects were observed after different durations of exposure [Baranski, 1972; Dumanski and Shandala, 

1974; Grin, 1974; Lai et al., 1989a, 1989b; Servantie et al., 1974; Snyder, 1971]. All of these different 

responses reported can be explained as being due to the different characteristics of the dependent variable 

studied. An interesting question related to this is whether or not intensity and duration of exposure 

interact, e.g., can exposure to a low intensity over a long duration produce the same effect as exposure to 

a high intensity radiation for a shorter period? Thus, even though the pattern or duration of RFR exposure 

is well-defined, the response ofthe biological system studied will still be unpredictable if we lack 

sufficient knowledge of theresponse system. In most experiments on the neurological effects of RFR, the 

underlying mechanism of the dependent variable was not fully understood. The purpose of most of the 

studies was to identify and characterize possible effects of RFR rather than the underlyingmechanisms 

responsible for the effects. 

 

79. *Lai H. Research on the neurological effects of nonionizing radiation at the University of Washington. 

Bioelectromagnetics. 1992;13(6):513-26. Review http://www.ncbi.nlm.nih.gov/pubmed/1482415 

Abstract: This paper reviews research on neurological effects of low-level microwave irradiation, which 

was performed at the University of Washington, during the decade of the 1980s. We studied in the rat the 

effects of microwave exposure on the actions of various psychoactive drugs, on the activity of cholinergic 

systems in the brain, and on the neural mechanisms involved. Our results indicate that endogenous 

opioids play an important mediating role in some of the neurological effects of microwaves, and that 

parameters of microwave exposure are important determinants of the outcome of the microwave effects. 

 
80. Lai H. Interaction of microwaves and a temporally incoherent magnetic field on spatial learning in the 

rat. Physiol Behav. 2004 Oct 15;82(5):785-9. http://www.ncbi.nlm.nih.gov/pubmed/15451642 Abstract: 

The effect of a temporally incoherent magnetic field ('noise') on microwave-induced spatial learning 

deficit in the rat was investigated. Rats were trained in six sessions to locate a submerged platform in a 

circular water maze. Four treatment groups of rats were studied: microwave-exposure (2450-MHz 

continuous-wave microwaves, power density 2 mW/cm(2), average whole-body specific absorption rate 

1.2 W/kg), 'noise' exposure (60 mG), 'microwave+noise' exposure, and sham exposure. Animals were 

exposed to these conditions for 1 h immediately before each training session. One hour after the last 

training session, animals were tested in a 2-min probe trial in the maze during which the platform was 

removed. The time spent during the 2 min in the quadrant of the maze in which the platform had been 

located was scored. Results show that microwave-exposed rats had significant deficit in learning to locate 

the submerged platform when compared with the performance of the sham-exposed animals. Exposure to 

'noise' alone did not significantly affect the performance of the animals (i.e., it was similar to that of the 

sham-exposed rats). However, simultaneous exposure to 'noise' significantly attenuated the microwave-

induced spatial learning deficit (i.e. 'microwave+noise'-exposed rats learned significantly better than the 

microwave-exposed rats). During the probe trial, microwave-exposed animals spent significantly less 

time in the quadrant where the platform was located. However, response of the 'microwave+noise'-

exposed animals was similar to that of the sham-exposed animals during the probe trial. Thus, 

simultaneous exposure to a temporally incoherent magnetic field blocks microwave-induced spatial 

learning and memory deficits in the rat 

 

81. Lee KS, Choi JS, Hong SY, Son TH, Yu K. Mobile phone electromagnetic radiation activates MAPK 

signaling and regulates viability in Drosophila. Bioelectromagnetics. 29(5):371-379, 2008. 

http://www.ncbi.nlm.nih.gov/pubmed/18286519  Abstract:  Mobile phones are widely used in the 

modern world. However, biological effects of electromagnetic radiation produced by mobile phones are 

largely unknown. In this report, we show biological effects of the mobile phone 835 MHz 

electromagnetic field (EMF) in the Drosophila model system. When flies were exposed to the specific 

absorption rate (SAR) 1.6 W/kg, which is the proposed exposure limit by the American National 

Standards Institute (ANSI), more than 90% of the flies were viable even after the 30 h exposure. 
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However, in the SAR 4.0 W/kg strong EMF exposure, viability dropped from the 12 h exposure. These 

EMF exposures triggered stress response and increased the production of reactive oxygen species. The 

EMF exposures also activated extracellular signal regulated kinase (ERK) and c-Jun N-terminal kinase 

(JNK) signaling, but not p38 kinase signaling. Interestingly, SAR 1.6 W/kg activated mainly ERK 

signaling and expression of an anti-apoptotic gene, whereas SAR 4.0 W/kg strongly activated JNK 

signaling and expression of apoptotic genes. In addition, SAR 4.0 W/kg amplified the number of 

apoptotic cells in the fly brain. These findings demonstrate that the exposure limit on electromagnetic 

radiation proposed by ANSI triggered ERK-survival signaling but the strong electromagnetic radiation 

activated JNK-apoptotic signaling in Drosophila.  

 
82. *Leung S, Croft RJ, McKenzie RJ, Iskra S, Silber B, Cooper NR, O'Neill B, Cropley V, Diaz-Trujillo A, 

Hamblin D, Simpson D. Effects of 2G and 3G mobile phones on performance and electrophysiology in 

adolescents, young adults and older adults. Clin Neurophysiol. 122(11):2203-2216, 2011. 

http://www.ncbi.nlm.nih.gov/pubmed/21570341 Abstract:  OBJECTIVE: This study examined sensory 

and cognitive processing in adolescents, young adults and older adults, when exposed to 2nd (2G) and 3rd 

(3G) generation mobile phone signals. METHODS: Tests employed were the auditory 3-stimulus 

oddball and the N-back. Forty-one 13-15 year olds, forty-two 19-40 year olds and twenty 55-70 year olds 

were tested using a double-blind cross-over design, where each participant received Sham, 2G and 3G 

exposures, separated by at least 4 days. RESULTS: 3-Stimulus oddball task: Behavioural: accuracy and 

reaction time of responses to targets were not affected by exposure. Electrophysiological: augmented N1 

was found in the 2G condition (independent of age group). N-back task: Behavioural: the combined 

groups performed less accurately during the 3G exposure (compared to Sham), with post hoc tests finding 

this effect separately in the adolescents only. Electrophysiological: delayed ERD/ERS responses of the 

alpha power were found in both 3G and 2G conditions (compared to Sham; independent of age group). 

CONCLUSION: Employing tasks tailored to each individual's ability level, this study provides support 

for an effect of acute 2G and 3G exposure on human cognitive function. SIGNIFICANCE: The subtlety 

of mobile phone effect on cognition in our study suggests that it is important to account for individual 

differences in future mobile phone research.  

 

83. Leszczynski D, Joenvaara s, Reivinen J, Kuokka R. Non-thermal activation of the hsp27/p38MAPK 

stress pathway by mobile phone radiation in human endothelial cells: molecular mechanism for 
cancer- and blood-brain barrier-related effects. Differentiation; research in biological diversity. 70:120-

129 (2002). http://www.ncbi.nlm.nih.gov/pubmed/12076339 [Copy filed in Docket] Abstract: We have 

examined whether non-thermal exposures of cultures of the human endothelial cell line EA.hy926 to 900 

MHz GSM mobile phone microwave radiation could activate stress response. Results obtained 

demonstrate that 1-hour non-thermal exposure of EA.hy926 cells changes the phosphorylation status of 

numerous, yet largely unidentified, proteins. One of the affected proteins was identified as heat shock 

protein-27 (hsp27). Mobile phone exposure caused a transient increase in phosphorylation of hsp27, an 

effect which was prevented by SB203580, a specific inhibitor of p38 mitogen-activated protein kinase 

(p38MAPK). Also, mobile phone exposure caused transient changes in the protein expression levels of 

hsp27 and p38MAPK. All these changes were non-thermal effects because, as determined using 

temperature probes, irradiation did not alter the temperature of cell cultures, which remained throughout 

the irradiation period at 37 +/- 0.3 degrees C. Changes in the overall pattern of protein phosphorylation 

suggest that mobile phone radiation activates a variety of cellular signal transduction pathways, among 

them the hsp27/p38MAPK stress response pathway. Based on the known functions of hsp27, we put 

forward the hypothesis that mobile phone radiation-induced activation of hsp27 may (i) facilitate the 

development of brain cancer by inhibiting the cytochrome c/caspase-3 apoptotic pathway and (ii) cause an 

increase in blood-brain barrier permeability through stabilization of endothelial cell stress fibers. We 

postulate that these events, when occurring repeatedly over a long period of time, might become a health 

hazard because of the possible accumulation of brain tissue damage. Furthermore, our hypothesis 

suggests that other brain damaging factors may co-participate in mobile phone radiation-induced effects. 
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84. Li CY, Sung FC. Association between occupational exposure to power frequency electromagnetic fields 

and amyotrophic lateral sclerosis: Am J Ind Med. 2003 Feb;43(2):212-20 Review 

http://www.ncbi.nlm.nih.gov/pubmed/12541277 Abstract: BACKGROUND:  For the past two decades, 

there has been concern over electromagnetic exposure and human health. While most research has 

focused on cancer and reproductive outcomes, there is interest in the relationship between 

electromagnetic fields (EMF) and neurodegenerative diseases. METHODS:  We review epidemiological 

findings and evidence regarding the association between occupational exposure to power frequency EMFs 

and amyotrophic lateral sclerosis (ALS). Medline was searched for citations related to occupational 

hazards and ALS, literature reviews and epidemiological evaluations. RESULTS:  Nine out of the ten 

epidemiological studies that have been conducted on the risk of ALS in relation to occupational exposure 

to EMF show moderate to strong relative risk estimates that supported a link between them. Although 

data from these studies was consistent, the causal inference to a link between EMF exposure and ALS is 

restricted mainly due to the lack of direct information on EMF exposure and incomplete consideration of 

the other potential risk factors for ALS at workplaces. For instance, electric shock, in particular, is more 

common in electrical occupations than in any other occupations. CONCLUSIONS:  This review 

concludes that further studies should consider investigating the separate effect of EMF exposure and 

electrical shocks to make more specific interpretations. On-site measurements of EMF should be 

conducted to include information on EMF exposure from residences as well as workplaces to improve 

exposure assessment. 

 

85. Liu ML, Wen JQ, Fan YB. Potential protection of green tea polyphenols against 1800 MHz 

electromagnetic radiation-induced injury on rat cortical neurons. Neurotox Res. 20(3):270-276, 2011. 

http://www.ncbi.nlm.nih.gov/pubmed/21293955 Abstract: Radiofrequency electromagnetic fields (EMF) 

are harmful to public health, but the certain anti-irradiation mechanism is not clear yet. The present study 

was performed to investigate the possible protective effects of green tea polyphenols against 

electromagnetic radiation-induced injury in the cultured rat cortical neurons. In this study, green tea 

polyphenols were used in the cultured cortical neurons exposed to 1800 MHz EMFs by the mobile phone. 

We found that the mobile phone irradiation for 24 h induced marked neuronal cell death in the MTT (3-

(4,5-dimethylthiazole-2-yl)-2,5-diphenyl-tetrazolium bromide) and TUNEL (TdT mediated biotin-dUTP 

nicked-end labeling) assay, and protective effects of green tea polyphenols on the injured cortical neurons 

were demonstrated by testing the content of Bcl-2 Assaciated X protein (Bax) in the immunoprecipitation 

assay and Western blot assay. In our study results, the mobile phone irradiation-induced increases in the 

content of active Bax were inhibited significantly by green tea polyphenols, while the contents of total 

Bax had no marked changes after the treatment of green tea polyphenols. Our results suggested a 

neuroprotective effect of green tea polyphenols against the mobile phone irradiation-induced injury on 

the cultured rat cortical neurons.  

 

86. Liu YX, Tai JL, Li GQ, Zhang ZW, Xue JH, Liu HS, Zhu H, Cheng JD, Liu YL, Li AM, Zhang Y. 

Exposure to 1950-MHz TD-SCDMA Electromagnetic Fields Affects the Apoptosis of Astrocytes via 
Caspase-3-Dependent Pathway. PLoS One. 7(8):e42332, 2012. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3411641/pdf/pone.0042332.pdf  Abstract; The usage of 

mobile phone increases globally. However, there is still a paucity of data about the impact of 

electromagnetic fields (EMF) on human health. This study investigated whether EMF radiation would 

alter the biology of glial cells and act as a tumor-promoting agent. We exposed rat astrocytes and C6 

glioma cells to 1950-MHz TD-SCDMA for 12, 24 and 48 h respectively, and found that EMF exposure 

had differential effects on rat astroctyes and C6 glioma cells. A 48 h of exposure damaged the 

mitochondria and induced significant apoptosis of astrocytes. Moreover, caspase-3, a hallmark of 

apoptosis, was highlighted in astrocytes after 48 h of EMF exposure, accompanied by a significantly 

increased expression of bax and reduced level of bcl-2. The tumorigenicity assays demonstrated that 
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astrocytes did not form tumors in both control and exposure groups. In contrast, the unexposed and 

exposed C6 glioma cells show no significant differences in both biological feature and tumor formation 

ability. Therefore, our results implied that exposure to the EMF of 1950-MHz TD-SCDMA may not 

promote the tumor formation, but continuous exposure damaged the mitochondria of astrocytes and 

induce apoptosis through a caspase-3-dependent pathway with the involvement of bax and bcl-2. 

 

87. *López-Martín E, Bregains J, Relova-Quinteiro JL, Cadarso-Suárez C, Jorge-Barreiro FJ, Ares-Pena FJ. 

The action of pulse-modulated GSM radiation increases regional changes in brain activity and c-Fos 
expression in cortical and subcortical areas in a rat model of picrotoxin-induced seizure proneness. J 

Neurosci Res. 87(6):1484-1499, 2009. http://www.ncbi.nlm.nih.gov/pubmed/19115403  Abstract:The 

action of the pulse-modulated GSM radiofrequency of mobile phones has been suggested as a physical 

phenomenon that might have biological effects on the mammalian central nervous system. In the present 

study, GSM-exposed picrotoxin-pretreated rats showed differences in clinical and EEG signs, and in c-

Fos expression in the brain, with respect to picrotoxin-treated rats exposed to an equivalent dose of 

unmodulated radiation. Neither radiation treatment caused tissue heating, so thermal effects can be ruled 

out. The most marked effects of GSM radiation on c-Fos expression in picrotoxin-treated rats were 

observed in limbic structures, olfactory cortex areas and subcortical areas, the dentate gyrus, and the 

central lateral nucleus of the thalamic intralaminar nucleus group. Nonpicrotoxin-treated animals exposed 

to unmodulated radiation showed the highest levels of neuronal c-Fos expression in cortical areas. These 

results suggest a specific effect of the pulse modulation of GSM radiation on brain activity of a 

picrotoxin-induced seizure-proneness rat model and indicate that this mobile-phone-type radiation might 

induce regional changes in previous preexcitability conditions of neuronal activation.  

 
88. Loughran SP, McKenzie RJ, Jackson ML, Howard ME, Croft RJ. Individual differences in the effects of 

mobile phone exposure on human sleep: rethinking the problem. Bioelectromagnetics. 33(1):86-93, 

2012. http://www.ncbi.nlm.nih.gov/pubmed/21812009 Abstract: Mobile phone exposure-related effects 

on the human electroencephalogram (EEG) have been shown during both waking and sleep states, albeit 

with slight differences in the frequency affected. This discrepancy, combined with studies that failed to 

find effects, has led many to conclude that no consistent effects exist. We hypothesised that these 

differences might partly be due to individual variability in response, and that mobile phone emissions 

may in fact have large but differential effects on human brain activity. Twenty volunteers from our 

previous study underwent an adaptation night followed by two experimental nights in which they were 

randomly exposed to two conditions (Active and Sham), followed by a full-night sleep episode. The EEG 

spectral power was increased in the sleep spindle frequency range in the first 30 min of non-rapid eye 

movement (non-REM) sleep following Active exposure. This increase was more prominent in the 

participants that showed an increase in the original study. These results confirm previous findings of 

mobile phone-like emissions affecting the EEG during non-REM sleep. Importantly, this low-level effect 

was also shown to be sensitive to individual variability. Furthermore, this indicates that previous 

negative results are not strong evidence for a lack of an effect and, given the far-reaching implications of 

mobile phone research, we may need to rethink the interpretation of results and the manner in which 

research is conducted in this field.  

 
89. Loughran SP, Wood AW, Barton JM, Croft RJ, Thompson B, Stough C.The effect of electromagnetic 

fields emitted by mobile phones on human sleep. Neuroreport 2005 Nov 28;16(17):1973-6. 

http://www.ncbi.nlm.nih.gov/pubmed/16272890  Abstract:  Previous research has suggested that 

exposure to radiofrequency electromagnetic fields increases electroencephalogram spectral power in non-

rapid eye movement sleep. Other sleep parameters have also been affected following exposure. We 

examined whether aspects of sleep architecture show sensitivity to electromagnetic fields emitted by 

digital mobile phone handsets. Fifty participants were exposed to electromagnetic fields for 30 min prior 

to sleep. Results showed a decrease in rapid eye movement sleep latency and increased 

electroencephalogram spectral power in the 11.5-12.25 Hz frequency range during the initial part of sleep 
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following exposure. These results are evidence that mobile phone exposure prior to sleep may promote 

rapid eye movement sleep and modify the sleep electroencephalogram in the first non-rapid eye 

movement sleep period 

 

90. *Lowden A, Akerstedt T, Ingre M, Wiholm C, Hillert L, Kuster N, Nilsson JP, Arnetz B. Sleep after 

mobile phone exposure in subjects with mobile phone-related symptoms. Bioelectromagnetics. 32(1):4-

14, 2011. http://www.ncbi.nlm.nih.gov/pubmed/20857453 Abstract: Several studies show increases in 

activity for certain frequency bands (10-14 Hz) and visually scored parameters during sleep after 

exposure to radiofrequency electromagnetic fields. A shortened REM latency has also been reported. We 

investigated the effects of a double-blind radiofrequency exposure (884 MHz, GSM signaling standard 

including non-DTX and DTX mode, time-averaged 10 g psSAR of 1.4 W/kg) on self-evaluated sleepiness 

and objective EEG measures during sleep. Forty-eight subjects (mean age 28 years) underwent 3 h of 

controlled exposure (7:30-10:30 PM; active or sham) prior to sleep, followed by a full-night 

polysomnographic recording in a sleep laboratory. The results demonstrated that following exposure, time 

in Stages 3 and 4 sleep (SWS, slow-wave sleep) decreased by 9.5 min (12%) out of a total of 78.6 min, 

and time in Stage 2 sleep increased by 8.3 min (4%) out of a total of 196.3 min compared to sham. The 

latency to Stage 3 sleep was also prolonged by 4.8 min after exposure. Power density analysis indicated 

an enhanced activation in the frequency ranges 0.5-1.5 and 5.75-10.5 Hz during the first 30 min of Stage 

2 sleep, with 7.5-11.75 Hz being elevated within the first hour of Stage 2 sleep, and bands 4.75-8.25 Hz 

elevated during the second hour of Stage 2 sleep. No pronounced power changes were observed in SWS 

or for the third hour of scored Stage 2 sleep. No differences were found between controls and subjects 

with prior complaints of mobile phone-related symptoms. The results confirm previous findings that RF 

exposure increased the EEG alpha range in the sleep EEG, and indicated moderate impairment of SWS. 

Furthermore, reported differences in sensitivity to mobile phone use were not reflected in sleep 

parameters. 

 

91. Luria R, Eliyahu I, Hareuveny R, Margaliot M, Meiran N. Cognitive effects of radiation emitted by 

cellular phones: the influence of exposure side and time. Bioelectromagnetics. 30(3):198-204, 2009. 

(See also Hareuveny et al., 2011) http://www.ncbi.nlm.nih.gov/pubmed/19194860 Abstract: This study 

examined the time dependence effects of exposure to radiofrequency radiation (RFR) emitted by standard 

GSM cellular phones on the cognitive functions of humans. A total of 48 healthy right-handed male 

subjects performed a spatial working memory task (that required either a left-hand or a right-hand 

response) while being exposed to one of two GSM phones placed at both sides of the head. The subjects 

were randomly divided into three groups. Each group was exposed to one of three exposure conditions: 

left-side of the head, right-side, or sham-exposure. The experiment consisted of 12 blocks of trials. 

Response times (RTs) and accuracy of the responses were recorded. It was found that the average RT of 

the right-hand responses under left-side exposure condition was significantly longer than those of the 

right-side and sham-exposure groups averaged together during the first two time blocks. These results 

confirmed the existence of an effect of exposure on RT, as well as the fact that exposure duration 

(together with the responding hand and the side of exposure) may play an important role in producing 

detectable RFR effects on performance. Differences in these parameters might be the reason for the 

failure of certain studies to detect or replicate RFR effects. 

 

92. Maganioti A. E., Papageorgiou C. C., Hountala C. D., Kyprianou M. A., Rabavilas A. D., Papadimitriou 

G. N., Capsalis C. N. 2010. Wi-Fi electromagnetic fields exert gender related alterations on EEG. 6th 

International Workshop on Biological Effects of Electromagnetic fields. 

http://www.istanbul.edu.tr/6internatwshopbioeffemf/cd/pdf/poster/WI-

FI%20ELECTROMAGNETIC%20FIELDS%20EXERT%20GENDER.pdf  Abstract:  The present study 

investigated the influence of electromagnetic fields, similar to that emitted by Wi-Fi system, on brain 

activity. Fifteen female and fifteen male subjects performed a short memory task (Wechsler test), both 
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without and with exposure to a 2.4GHz Wi-Fi signal. For each subject, radiation condition and electrode, 

the amplitude in the frequency domain of the EEG signal was calculated from the recordings of 30 scalp 

electrodes, using the Fourier transform.  The presence of radiation had no effect on the energies of alpha 

and beta band of male subjects, while it reduced these energies of female subjects, resulting in 

significantly lower energies, as compared to those of males.  Delta and theta band energies did not 

experience any noteworthy effect from gender, radiation condition and their interaction. Conversely, there 

was a significant interaction effect (gender x radiation) on the energies of alpha and beta rhythms.  

Interestingly, this pattern was observed for a number of electrodes, which formed two distinct clusters. 

one located at right- anterior and the second at occipital brain areas.The present data support the idea that 

Wi-Fi signal may influence normal physiology through changes in gender related cortical excitability, as 

reflected by alpha and beta EEG frequencies. 

 

93. *Maganioti AE, Hountala CD, Papageorgiou CC, Kyprianou MA, Rabavilas AD, Capsalis CN. Principal 

component analysis of the P600 waveform: RF and gender effects. Neurosci Lett. 478(1):19-23, 2010. 

http://www.ncbi.nlm.nih.gov/pubmed/20435090 Abstract: The aim of the present study was to examine 

the patterns of activation of the P600 waveform of the event-related potentials (ERP), applying principal 

component analysis (PCA) and repeated measures ANOVA, and whether these patterns are RF and 

gender dependent. The ERPs of thirty-nine healthy subjects (20 male and 19 female) were recorded 

during an auditory memory task in the presence and  absence of RF, similar to that emitted by mobile 

phones. Both PCA and ANOVA produced congruent results, showing that activation of the P600 

component occurs early and more intensely in the region of the posterior electrodes and in a less intense 

manner in the central electrodes. Conversely, the activation at the anterior electrodes arises later with a 

considerably reduced intensity. In the absence of RF female subjects exhibited significantly lower 

amplitudes at anterior electrodes and earlier latencies at central electrodes than male subjects. These 

differences disappear in the presence of RF. Consequently, the P600 component follows distinct patterns 

of activation in the anterior, central and posterior brain areas and gender differences are observed 

simultaneously at several electrodes within these areas. Finally, the gender-related functional 

architecture with regard the P600 component appears to be RF sensitive. In conclusion, the application 

of the PCA procedure provides an adequate model of the spatially distributed event-related dynamics that 

correspond to the P600 waveform. 

 

94. *Masuda H, Hirata A, Kawai H, Wake K, Watanabe S, Arima T, Poulletier de Gannes F, Lagroye I, 

Veyret B. Local exposure of the rat cortex to radiofrequency electromagnetic fields increases local 

cerebral blood flow along with temperature. J Appl Physiol. 110(1):142-148, 2011. 

http://www.ncbi.nlm.nih.gov/pubmed/21030669 Abstract:   Few studies have shown that local exposure 

to radiofrequency electromagnetic fields (RF) induces intensity-dependent physiological changes, 

especially in the brain. The aim of the present study was to detect reproducible responses to local RF 

exposure in the parietal cortex of anesthetized rats and to determine their dependence on RF intensity. 

The target cortex tissue was locally exposed to 2-GHz RF using a figure-eight loop antenna within a 

range of averaged specific absorption rates (10.5, 40.3, 130, and 263 W/kg averaged over 4.04 mg) in the 

target area. Local cerebral blood flow (CBF) and temperatures in three regions (target area, rectum, and 

calf hypodermis) were measured using optical fiber blood flow meters and thermometers during RF 

exposure. All parameters except for the calf hypodermis temperature increased significantly in exposed 

animals compared with sham-exposed ones during 18-min exposures. Dependence of parameter values on 

exposure intensity was analyzed using linear regression models. The elevation of local CBF was 

correlated with temperature rise in both target and rectum at the end of RF exposure. However, the local 

CBF elevation seemed to be elevated by the rise in target temperature, but not by that of the rectal 

temperature, in the early part of RF exposure or at low-intensity RF exposure. These findings suggest that 

local RF exposure of the rat cortex drives a regulation of CBF accompanied by a local temperature rise, 
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and our findings may be helpful for discussing physiological changes in the local cortex region, which is 

locally exposed to RF.  

 

95. *Maskey D, Kim M, Aryal B, Pradhan J, Choi IY, Park KS, Son T, Hong SY, Kim SB, Kim HG, Kim 

MJ. Effect of 835 MHz radiofrequency radiation exposure on calcium binding proteins in the 

hippocampus of the mouse brain. Brain Res. 1313:232-241, 2010a. 

http://www.ncbi.nlm.nih.gov/pubmed/19968972 Abstract: Worldwide expansion of mobile phones and 

electromagnetic field (EMF) exposure has raised question of their possible biological effects on the brain 

and nervous system. Radiofrequency (RF) radiation might alter intracellular signaling pathways through 

changes in calcium (Ca(2+)) permeability across cell membranes. Changes in the expression of calcium 

binding proteins (CaBP) like calbindin D28-k (CB) and calretinin (CR) could indicate impaired 

Ca(2+)homeostasis due to EMF exposure. CB and CR expression were measured with 

immunohistochemistry in the hippocampus of mice after EMF exposure at 835 MHz for different 

exposure times and absorption rates, 1 h/day for 5 days at a specific absorption rate (SAR)=1.6 W/kg, 1 

h/day for 5 days at SAR=4.0 W/kg, 5 h/day for 1 day at SAR=1.6 W/kg, 5 h/day for 1 day at SAR=4.0 

W/kg, daily exposure for 1 month at SAR=1.6 W/kg. Body weights did not change significantly. CB 

immunoreactivity (IR) displayed moderate staining of cells in the cornu ammonis (CA) areas and 

prominently stained granule cells. CR IR revealed prominently stained pyramidal cells with dendrites 

running perpendicularly in the CA area. Exposure for 1 month produced almost complete loss of 

pyramidal cells in the CA1 area. CaBP differences could cause changes in cellular Ca(2+)levels, which 

could have deleterious effect on normal hippocampal functions concerned with neuronal connectivity and 

integration.  

 

96. *Maskey D, Pradhan J, Aryal B, Lee CM, Choi IY, Park KS, Kim SB, Kim HG, Kim MJ. Chronic 835-

MHz radiofrequency exposure to mice hippocampus alters the distribution of calbindin and GFAP 
immunoreactivity. Brain Res. 1346:237-246, 2010b.  http://www.ncbi.nlm.nih.gov/pubmed/20546709 

Abstract: Exponential interindividual handling in wireless communication system has raised possible 

doubts in the biological aspects of radiofrequency (RF) exposure on human brain owing to its close 

proximity to the mobile phone. In the nervous system, calcium (Ca(2+)) plays a critical role in releasing 

neurotransmitters, generating action potential and membrane integrity. Alterations in intracellular Ca(2+) 

concentration trigger aberrant synaptic action or cause neuronal apoptosis, which may exert an influence 

on the cellular pathology for learning and memory in the hippocampus. Calcium binding proteins like 

calbindin D28-K (CB) is responsible for the maintaining and controlling Ca(2+) homeostasis. Therefore, 

in the present study, we investigated the effect of RF exposure on rat hippocampus at 835 MHz with low 

energy (specific absorption rate: SAR=1.6 W/kg) for 3 months by using both CB and glial fibrillary acidic 

protein (GFAP) specific antibodies by immunohistochemical method. Decrease in CB immunoreactivity 

(IR) was noted in exposed (E1.6) group with loss of interneurons and pyramidal cells in CA1 area and 

loss of granule cells. Also, an overall increase in GFAP IR was observed in the hippocampus of E1.6. By 

TUNEL assay, apoptotic cells were detected in the CA1, CA3 areas and dentate gyrus of hippocampus, 

which reflects that chronic RF exposure may affect the cell viability. In addition, the increase of GFAP IR 

due to RF exposure could be well suited with the feature of reactive astrocytosis, which is an abnormal 

increase in the number of astrocytes due to the loss of nearby neurons. Chronic RF exposure to the rat 

brain suggested that the decrease of CB IR accompanying apoptosis and increase of GFAP IR might be 

morphological parameters in the hippocampus damages.  

 

97. Maskey D, Kim HJ, Kim HG, Kim MJ. Calcium-binding proteins and GFAP immunoreactivity 

alterations in murine hippocampus after 1 month of exposure to 835 MHz radiofrequency at SAR 
values of 1.6 and 4.0 W/kg. Neurosci Lett. 506(2):292-296, 2012. 

http://www.ncbi.nlm.nih.gov/pubmed/22133805  Abstract: Widespread use of wireless mobile 

communication has raised concerns of adverse effect to the brain owing to the proximity during use due 

to the electromagnetic field emitted by mobile phones. Changes in calcium ion concentrations via binding 
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proteins can disturb calcium homeostasis; however, the correlation between calcium-binding protein 

(CaBP) immunoreactivity (IR) and glial cells has not been determined with different SAR values. 

Different SAR values [1.6 (E1.6 group) and 4.0 (E4 group) W/kg] were applied to determine the 

distribution of calbindin D28-k (CB), calretinin (CR), and glial fibrillary acidic protein (GFAP) IR in 

murine hippocampus. Compared with sham control group, decreased CB and CR IRs, loss of CB and CR 

immunoreactive cells and increased GFAP IR exhibiting hypertrophic cytoplasmic processes were noted 

in both experimental groups. E4 group showed a prominent decrement in CB and CR IR than the E1.6 

group due to down-regulation of CaBP proteins and neuronal loss. GFAP IR was more prominent in the 

E4 group than the E1.6 group. Decrement in the CaBPs can affect the calcium-buffering capacity leading 

to cell death, while increased GFAP IR and changes in astrocyte morphology, may mediate brain injury 

due to radiofrequency exposure 

 

98. Mathur R. Effect of chronic intermittent exposure to AM radiofrequency field on responses to various 

types of noxious stimuli in growing rats. Electromagn Biol Med. 27(3):266-276, 2008 

http://www.ncbi.nlm.nih.gov/pubmed/18821202 Abstract: There are several reports of altered pain 

sensation after exposure (from a few minutes to hours in single or repeated doses for 2-3 weeks) to 

electromagnetic fields (EMF) in adults. The commonly utilized noxious stimulus is radiant heat. The 

nociceptive responses are known to be influenced by characteristics of stimulus, organism, and 

environment. We studied the pattern of nociceptive responses to various noxious stimuli in growing rats 

exposed to radiofrequency field (73.5 MHz amplitude modulated, 16 Hz power density 1.33 mw/cm(2), 

SAR = 0.4 w/kg) for 45 d (2 h/d). Threshold current for stimulation of nociceptive afferents to mediate 

motor response of tail (TF), vocalization during stimulus (VD), and vocalization after discharge (VA); the 

withdrawal latency of tail (TFL) and hind paw (HPL) to thermal noxious stimulus and tonic pain 

responses were recorded in every rat. The TFL was not affected, HPL was decreased (p < 0.01), 45 and 

the thresholds of TF and VD were not affected, while, that of VA was significantly decreased. The tonic 

pain rating was decreased (p < 0.01). A decrease in the threshold of VA (p < 0.01) is indicative of an 

increase in the emotional component of the response to the phasic pain, whereas a decrease in the pain 

rating indicates analgesia in response to the tonic pain. The results of our study suggest that chronic (45 

d), intermittent (2 h/d) amplitude modulated RF field exposure to the peripubertal rat increases the 

emotional component of phasic pain over a basal eaualgesic state, while late response to tonic pain is 

decreased. The data suggest that amplitude modulated RF field differentially affects the mechanisms 

involved in the processing of various noxious stimuli.  

 

99. *Mausset AL, de Seze R, Montpeyroux F, Privat A.Effects of radiofrequency exposure on the 

GABAergic system in the rat cerebellum: clues from semi-quantitative immunohistochemistry. Brain 

Res. 2001 Aug 31;912(1):33-46. http://www.ncbi.nlm.nih.gov/pubmed/11520491 Abstract: The 

widespread use of cellular phones raises the problem of interaction of electromagnetic fields with the 

central nervous system (CNS). In order to measure these effects on neurotransmitter content in the CNS, 

we developed a protocol of neurotransmitter detection based on immunohistochemistry and image 

analysis. Gamma-vinyl-GABA (GVG), an inhibitor of the GABA-transaminase was injected in rats to 

increase GABA concentration in the CNS. The cellular GABA contents were then revealed by 

immunohistochemistry and semi-quantified by image analysis thanks to three parameters: optical density 

(O.D.), staining area, and number of positive cells. The increase in cerebellar GABA content induced by 

GVG 1200 mg/kg was reflected in these three parameters in the molecular and the granular layers. 

Therefore, control of immunohistochemistry parameters, together with appropriate image analysis, 

allowed both the location and the detection of variations in cellular neurotransmitter content. This 

protocol was used to investigate the effects of exposure to 900 MHz radiofrequencies on cerebellar 

GABA content. Both pulsed emission with a specific absorption rate (SAR) of 4 W/kg and continuous 

emission with high SAR (32 W/kg) were tested. We observed a selective diminution of the stained 

processes area in the Purkinje cell layer after exposure to pulsed radiofrequency and, in addition, a 
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decrease in O.D. in the three cell layers after exposure to continuous waves. Whether this effect is, at least 

partly, due to a local heating of the tissues is not known. Overall, it appears that high energetic 

radiofrequency exposure induces a diminution in cellular GABA content in the cerebellum. 

 

100 Meral I, Mert H, Mert N, Deger Y, Yoruk I, Yetkin A, Keskin S. Effects of 900-MHz electromagnetic 

field emitted from cellular phone on brain oxidative stress and some vitamin levels of guinea pigs. 

Brain Res. 1169:120-124, 2007. http://www.ncbi.nlm.nih.gov/pubmed/17674954 Abstract: This study 

was designed to demonstrate the effects of 900-MHz electromagnetic field (EMF) emitted from cellular 

phone on brain tissue and also blood malondialdehyde (MDA), glutathione (GSH), retinol (vitamin A), 

vitamin D(3) and tocopherol (vitamin E) levels, and catalase (CAT) enzyme activity of guinea pigs. 

Fourteen male guinea pigs, weighing 500-800 g were randomly divided into one of two experimental 

groups: control and treatment (EMF-exposed), each containing seven animals. Animals in treatment 

group were exposed to 890- to 915-MHz EMF (217-Hz pulse rate, 2-W maximum peak power, SAR 0.95 

w/kg) of a cellular phone for 12 h/day (11-h 45-min stand-by and 15-min spiking mode) for 30 days. 

Control guinea pigs were housed in a separate room without exposing EMF of a cellular phone. Blood 

samples were collected through a cardiac puncture and brains were removed after decapitation for the 

biochemical analysis at the end of the 30 days of experimental period. It was found that the MDA level 

increased (P<0.05), GSH level and CAT enzyme activity decreased (P<0.05), and vitamins A, E and D(3) 

levels did not change (P>0.05) in the brain tissues of EMF-exposed guinea pigs. In addition, MDA, 

vitamins A, D(3) and E levels, and CAT enzyme activity increased (P<0.05), and GSH level decreased 

(P<0.05) in the blood of EMF-exposed guinea pigs. It was concluded that electromagnetic field emitted 

from cellular phone might produce oxidative stress in brain tissue of guinea pigs. However, more studies 

are needed to demonstrate whether these effects are harmful or/and affect the neural functions.  

 

 

101 *Narayanan SN, Kumar RS, Potu BK, Nayak S, Mailankot M. Spatial Memory Perfomance of Wistar 

Rats Exposed to Mobile Phone. Clinics. 2009 March; 64(3): 231–234.  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2666459/pdf/cln64_3p0231.pdf  Abstract: 

INTRODUCTION: With the tremendous increase in number of mobile phone users world wide, the 

possible risks of this technology have become a serious concern. OBJECTIVE: We tested the effects of 

mobile phone exposure on spatial memory performance. MATERIALS AND METHODS: Male Wistar 

rats (10-12 weeks old) were exposed to 50 missed calls/day for 4 weeks from a GSM (900/1800MHz) 

mobile phone in vibratory mode (no ring tone). After the experimental period, the animals were tested for 

spatial memory performance using the Morris water maze test. RESULTS: Both phone exposed and 

control animals showed a significant decrease in escape time with training. Phone exposed animals had 

significantly (~3 times) higher mean latency to reach the target quadrant and spent significantly (~2 

times) less time in the target quadrant than age- and sex-matched controls. CONCLUSION: Mobile 

phone exposure affected the acquisition of learned responses in Wistar rats. This in turn points to the 

poor spatial navigation and the object place configurations of the phone-exposed animals. 

 

102 *Narayanan SN, Kumar RS, Potu BK, Nayak S, Bhat PG, Mailankot M. Effect of radio-frequency 

electromagnetic radiations (RF-EMR) on passive avoidance behaviour and hippocampal morphology 
in Wistar rats. Ups J Med Sci. 115(2):91-96, 2010. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2853785/pdf/UPS-0300-9734-115-091.pdf  Abstract: 

INTRODUCTION: The interaction of mobile phone radio-frequency electromagnetic radiation (RF-

EMR) with the brain is a serious concern of our society. OBJECTIVE: We evaluated the effect of RF-

EMR from mobile phones on passive avoidance behaviour and hippocampal morphology in rats. 

MATERIALS AND METHODS: Healthy male albino Wistar rats were exposed to RF-EMR by giving 

50 missed calls (within 1 hour) per day for 4 weeks, keeping a GSM (0.9 GHz/1.8 GHz) mobile phone in 

vibratory mode (no ring tone) in the cage. After the experimental period, passive avoidance behaviour and 
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hippocampal morphology were studied. RESULTS: Passive avoidance behaviour was significantly 

affected in mobile phone RF-EMR-exposed rats demonstrated as shorter entrance latency to the dark 

compartment when compared to the control rats. Marked morphological changes were also observed in 

the CA(3) region of the hippocampus of the mobile phone-exposed rats in comparison to the control rats. 

CONCLUSION: Mobile phone RF-EMR exposure significantly altered the passive avoidance behaviour 

and hippocampal morphology in rats.  

 

103 Navakatikian MA, Nikitina NG, Zotov SV. [Behavioral effects of the combined chronic action of 9375 

and 1765 MHz microwaves]. Gig Sanit. 1991 Aug;(8):52 http://www.ncbi.nlm.nih.gov/pubmed/1937100 

Abstract :Combined pulse-discrete microwave irradiation (9375 and 1765 MHz, irradiance flux density 

to 375 microW/cm2, by 12 h/day for 4 months) caused faint inhibition of CNS in locomotion activity and 

defensive reflex parameters. 

 

104 Navakatikian MA, and Tomashevskaya LA, Phasic behavioral and endocrine effects of microwaves of 

nonthermal intensity. 1994, In: “Biological Effects of Electric and Magnetic Fields, vol. 1”, D.O. 

Carpenter, ed., Academic Press, San Diego, CA. Described a complex series of experiments in which they 

observed disruption of a behavior (active avoidance) by RFR. In the study, rats were first trained to 

perform the behavior and then exposed to either CW 2450-MHz RFR or pulsed 3000-MHz RFR (400-Hz 

modulation, pulse duration 2 ms, and simulation of radar rotation of 3, 6, and 29rotations/min) for 0.5-12 

hrs or 15-80 days (7-12 hr/day). Behavioral disruption was observed at a power density as low as 0.1 

mW.cm-2 (0.027 W.kg-1). 

 

105 *Neubauer C, Phelan AM, H. Kues H, Lange DG. Microwave irradiation of rats at 2.45 GHz activates 

pinocytotic-like uptake of tracer by capillary endothelial cells of cerebral cortex. Bioelectromagnetics. 

11:261-268 (1990). http://www.ncbi.nlm.nih.gov/pubmed/2285411 Abstract: Far-field exposures of male 

albino rats to 2.45-GHz microwaves (10-microseconds pulses, 100 pps) at a low average power density 

(10 mW/cm2; SAR approximately 2 W/kg) and short durations (30-120 min) resulted in increased 

uptakes of tracer through the blood-brain barrier (BBB). The uptake of systemically administered 

rhodamine-ferritin complex by capillary endothelial cells (CECs) of the cerebral cortex was dependent on 

power density and on duration of exposure. At 5 mW/cm2, for example, a 15-min exposure had no effect. 

Near-complete blockade of uptake resulted when rats were treated before exposure to microwaves with a 

single dose of colchicine, which inhibits microtubular function. A pinocytotic-like mechanism is 

presumed responsible for the microwave-induced increase in BBB permeability. 

 

106 Nittby H, Grafström G, Tian DP, Malmgren L, Brun A, Persson BR, Salford LG, Eberhardt J Cognitive 

impairment in rats after long-term exposure to GSM-900 mobile phone radiation. Bioelectromagnetics.  

2008 Apr;29(3):219-32. http://www.ncbi.nlm.nih.gov/pubmed/18044737 Abstract: Considering the 

frequent use of mobile phones, we have directed attention to possible implications on cognitive functions. 

In this study we investigated in a rat model the long-term effects of protracted exposure to Global System 

for Mobile Communication-900 MHz (GSM-900) radiation. Out of a total of 56 rats, 32 were exposed for 

2 h each week for 55 weeks to radio-frequency electromagnetic radiation at different SAR levels (0.6 and 

60 mW/kg at the initiation of the experimental period) emitted by a (GSM-900) test phone. Sixteen 

animals were sham exposed and eight animals were cage controls, which never left the animal house. 

After this protracted exposure, GSM-900 exposed rats were compared to sham exposed controls. Effects 

on exploratory behaviour were evaluated in the open-field test, in which no difference was seen. Effects 

on cognitive functions were evaluated in the episodic-like memory test. In our study, GSM exposed rats 

had impaired memory for objects and their temporal order of presentation, compared to sham exposed 

controls (P = 0.02). Detecting the place in which an object was presented was not affected by GSM 
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exposure. Detecting the place in which an object was presented was not affected by GSM exposure. Our 

results suggest significantly reduced memory functions in rats after GSM microwave exposure (P = 0.02). 

 

107 *Nittby H, Brun A, Eberhardt J, Malmgren L, Persson BR, Salford LG. Increased blood-brain barrier 

permeability in mammalian brain 7 days after exposure to the radiation from a GSM-900 mobile 
phone. Pathophysiology. 2009 Aug;16(2-3):103-12. Review 

http://www.ncbi.nlm.nih.gov/pubmed/19345073 Abstract; Microwaves were for the first time produced 

by humans in 1886 when radio waves were broadcasted and received. Until then microwaves had only 

existed as a part of the cosmic background radiation since the birth of universe. By the following 

utilization of microwaves in telegraph communication, radars, television and above all, in the modern 

mobile phone technology, mankind is today exposed to microwaves at a level up to 10(20) times the 

original background radiation since the birth of universe. Our group has earlier shown that the 

electromagnetic radiation emitted by mobile phones alters the permeability of the blood-brain barrier 

(BBB), resulting in albumin extravasation immediately and 14 days after 2h of exposure. In the 

background section of this report, we present a thorough review of the literature on the demonstrated 

effects (or lack of effects) of microwave exposure upon the BBB. Furthermore, we have continued our 

own studies by investigating the effects of GSM mobile phone radiation upon the blood-brain barrier 

permeability of rats 7 days after one occasion of 2h of exposure. Forty-eight rats were exposed in TEM-

cells for 2h at non-thermal specific absorption rates (SARs) of 0mW/kg, 0.12mW/kg, 1.2mW/kg, 

12mW/kg and 120mW/kg. Albumin extravasation over the BBB, neuronal albumin uptake and neuronal 

damage were assessed. Albumin extravasation was enhanced in the mobile phone exposed rats as 

compared to sham controls after this 7-day recovery period (Fisher's exact probability test, p=0.04 and 

Kruskal-Wallis, p=0.012), at the SAR-value of 12mW/kg (Mann-Whitney, p=0.007) and with a trend of 

increased albumin extravasation also at the SAR-values of 0.12mW/kg and 120mW/kg. There was a low, 

but significant correlation between the exposure level (SAR-value) and occurrence of focal albumin 

extravasation (r(s)=0.33; p=0.04). The present findings are in agreement with our earlier studies where 

we have seen increased BBB permeability immediately and 14 days after exposure. We here discuss the 

present findings as well as the previous results of altered BBB permeability from our and other 

laboratories. 

 

108 Nittby H. Salford LG, Brun A, Grafström G, Eberhardt J, Malmgren L, Persson BRR. Non-thermal 

effects of EMF upon the mammalian brain: the Lund experience. Environmentalist:493–500 (2007).  

 

109 Nittby H, Moghadam MK, Sun W, Malmgren L, Eberhardt J, Persson BR, Salford LG. Analgetic effects 

of non-thermal GSM-1900 radiofrequency electromagnetic fields in the land snail Helix pomatia. Int J 

Radiat Biol. 88(3):245-252, 2012. http://www.ncbi.nlm.nih.gov/pubmed/22124250 Abstract:PURPOSE: 

To investigate whether mobile phone radiation might affect snail nociception, employing radiofrequency 

(RF) electromagnetic fields (EMF) which, to our knowledge, have hitherto not been studied in a snail 

model. Exposure to extremely low frequency (ELF) magnetic fields has however been shown to 

significantly affect nociceptive responses. MATERIALS AND METHODS: In the present study, we 

exposed 29 land snails of the strain Helix pomatia to global system for mobile communications (GSM) 

EMF at 1900 MHz at the non-thermal level 48 mW/kg for 1 hour each and 29 snails were sham controls. 

The experiments took place during the onset of summer, with all snails being well out of hibernation. 

Before and after GSM or sham exposure, the snails were subjected to thermal pain by being placed on a 

hot plate. The reaction time for retraction from the hot plate was measured by two blinded observers. 

RESULTS: Comparing the reaction pattern of each snail before and after exposure, the GSM-exposed 

snails were less sensitive to thermal pain as compared to the sham controls, indicating that RF exposure 

induces a significant analgesia (Mann-Whitney p < 0.001). CONCLUSION: This study might support 

earlier findings, describing beneficial effects of EMF exposure upon nociception.  
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110 Noonan CW, Reif JS, Yost M et al,  Occupational exposure to magnetic fields in case-referent studies 

of neurodegenerative diseases. Scand J Work Environ Health 2002;28:42–8. Review 

http://www.ncbi.nlm.nih.gov/pubmed/11871851   Abstract: OBJECTIVES:  Case-referent studies of 

Alzheimer's disease, amyotrophic lateral sclerosis, and Parkinson's disease were conducted to explore the 

relationship between these neurodegenerative diseases and occupational exposure to magnetic fields. 

Three methods of exposure assessment were used for the comparison, and the consistency of findings 

between these approaches was evaluated. METHODS:  Separate case-referent sets were formed from 

among recorded deaths of males in the state of Colorado for the years 1987 through 1996. The following 

three methods of exposure assessment were used: a dichotomous grouping of electrical versus 

nonelectrical occupations, a three-tiered grouping of potential magnetic-field exposure based on a 

combination of job title and industry, and categories of exposure based on the means of the magnetic 

fields estimated from a job-exposure matrix. RESULTS:  A positive association was observed for 

Parkinson's disease with all the methods of magnetic-field exposure assessment, the odds ratio (OR) for 

the highest category in the job-exposure matrix being 1.50 [95% confidence interval (95% CI) 1.02-2.19]. 

Amyotrophic lateral sclerosis was associated with a history of electrical occupations (OR 2.30, 95% CI 

1.29-4.09) but not with magnetic-field exposure as estimated by the job-exposure matrix. No consistent 

associations with magnetic fields were observed for Alzheimer's disease. CONCLUSIONS:  This study 

provides some support for an association between occupational magnetic-field exposure and Parkinson's 

disease, but the findings are novel and require replication. Associations with the other neurodegenerative 

diseases were inconsistent and dependent on the method of exposure assessment. 

 

111 Noor NA, Mohammed HS, Ahmed NA, Radwan NM. Variations in amino acid neurotransmitters in 

some brain areas of adult and young male albino rats due to exposure to mobile phone radiation. Eur 

Rev Med Pharmacol Sci. 15(7):729-742, 2011. http://www.ncbi.nlm.nih.gov/pubmed/21780540 

Abstract: BACKGROUND AND OBJECTIVES: Mobile phone radiation and health concerns have 

been raised, especially following the enormous increase in the use of wireless mobile telephony 

throughout the world. The present study aims to investigate the effect of one hour daily exposure to 

electromagnetic radiation (EMR) with frequency of 900 Mz (SAR 1.165 w/kg, power density 0.02 

mW/cm2) on the levels of amino acid neurotransmitters in the midbrain, cerebellum and medulla of adult 

and young male albino rats. MATERIALS AND METHODS: Adult and young rats were divided into 

two main groups (treated and control). The treated group of both adult and young rats was exposed to 

EMR for 1 hour daily. The other group of both adult and young animals was served as control. The 

determination of amino acid levels was carried out after 1 hour, 1 month, 2 months and 4 months of EMR 

exposure as well as after stopping radiation. RESULTS: Data of the present study showed a significant 

increase in both excitatory and inhibitory amino acids in the cerebellum of adult and young rats and 

midbrain of adult animals after 1 hour of EMR exposure. In the midbrain of adult animals, there was a 

significant increase in glycine level after 1 month followed by significant increase in GABA after 4 

months. Young rats showed significant decreases in the midbrain excitatory amino acids. In the medulla, 

the equilibrium ratio percent (ER%) calculations showed a state of neurochemical inhibition after 4 

months in case of adult animals, whereas in young animals, the neurochemical inhibitory state was 

observed after 1 month of exposure due to significant decrease in glutamate and aspartate levels. This 

state was converted to excitation after 4 months due to the increase in glutamate level. CONCLUSION: 

The present changes in amino acid concentrations may underlie the reported adverse effects of using 

mobile phones.  

 

112 *Ntzouni MP, Stamatakis A, Stylianopoulou F, Margaritis LH. Short-term memory in mice is affected by 

mobile phone radiation. Pathophysiology. 18(3):193-199, 2011. 

http://www.ncbi.nlm.nih.gov/pubmed/21112192 Abstract: The effects of mobile phone electromagnetic 

fields (EMFs) were studied on a non-spatial memory task (Object Recognition Task - ORT) that requires 

entorhinal cortex function. The task was applied to three groups of mice Mus musculus C57BL/6 

(exposed, sham-exposed and control) combined with 3 different radiation exposure protocols. In the first 
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protocol designated "acute exposure", mice 45 days old (PND45 - postnatal day 45) were exposed to 

mobile phone (MP) radiation (SAR value 0.22W/kg) during the habituation, the training and the test 

sessions of the ORT, but not during the 10min inter-trial interval (ITI) where consolidation of stored 

object information takes place. On the second protocol designated "chronic exposure-I", the same mice 

were exposed for 17 days for 90min/per day starting at PND55 to the same MP radiation. ORT 

recognition memory was performed at PND72 with radiation present only during the ITI phase. In the 

third protocol designated "chronic exposure-II", mice continued to be exposed daily under the same 

conditions up to PND86 having received radiation for 31 days. One day later the ORT test was performed 

without irradiation present in any of the sessions. The ORT-derived discrimination indices in all three 

exposure protocols revealed a major effect on the "chronic exposure-I" suggesting a possible severe 

interaction of EMF with the consolidation phase of recognition memory processes. This may imply that 

the primary EMF target may be the information transfer pathway connecting the entorhinal-

parahippocampal regions which participate in the ORT memory task.  

 

113 *Orendácová J, Raceková E, Orendác M, Martoncíková M, Saganová K, Lievajová K, Abdiová H, Labun 

J, Gálik J. Immunohistochemical study of postnatal neurogenesis after whole-body exposure to 

electromagnetic fields: evaluation of age- and dose-related changes in rats. Cell Mol Neurobiol. 2009 

Sep;29(6-7):981-90. http://www.ncbi.nlm.nih.gov/pubmed/19305951 Abstract: It is well established that 

strong electromagnetic fields (EMFs) can give rise to acute health effects, such as burns, which can be 

effectively prevented by respecting exposure guidelines and regulations. Current concerns are instead 

directed toward the possibility that long-term exposure to weak EMF might have detrimental health 

effects due to some biological mechanism, to date unknown. (1) The possible risk due to pulsed EMF at 

frequency 2.45 GHz and mean power density 2.8 mW/cm(2) on rat postnatal neurogenesis was studied in 

relation to the animal's age, duration of the exposure dose, and post-irradiation survival. (2) Proliferating 

cells marker, BrdU, was used to map age- and dose-related immunohistochemical changes within the 

rostral migratory stream (RMS) after whole-body exposure of newborn (P7) and senescent (24 months) 

rats. (3) Two dose-related exposure patterns were performed to clarify the cumulative effect of EMF: 

short-term exposure dose, 2 days irradiation (4 h/day), versus long-term exposure dose, 3 days irradiation 

(8 h/day), both followed by acute (24 h) and chronic (1-4 weeks) post-irradiation survival. (4) We found 

that the EMF induces significant age- and dose-dependent changes in proliferating cell numbers within 

the RMS. Our results indicate that the concerns about the possible risk of EMF generated in connection 

with production, transmission, distribution, and the use of electrical equipment and communication sets 

are justified at least with regard to early postnatal neurogenesis. 

114 *Orendáčová J, Orendáč M, Mojžiš M, Labun J, Martončíková M, Saganová K, Lievajová K, Blaško J, 

Abdiová H, Gálik J, Račeková E. Effects of short-duration electromagnetic radiation on early postnatal 

neurogenesis in rats: Fos and NADPH-d histochemical studies. Acta Histochem. 2011 Nov;113(7):723-

8 http://www.ncbi.nlm.nih.gov/pubmed/20950843   Abstract: The immediate effects of whole body 

electromagnetic radiation (EMR) were used to study postnatal neurogenesis in the subventricular zone 

(SVZ) and rostral migratory stream (RMS) of Wistar rats of both sexes. Newborn postnatal day 7 (P7) 

and young adult rats (P28) were exposed to pulsed electromagnetic fields (EMF) at a frequency of 2.45 

GHz and mean power density of 2.8 mW/cm(2) for 2 h. Post-irradiation changes were studied using 

immunohistochemical localization of Fos and NADPH-d. We found that short-duration exposure induces 

increased Fos immunoreactivity selectively in cells of the SVZ of P7 and P28 rats. There were no Fos 

positive cells visible within the RMS of irradiated rats. These findings indicate that some differences exist 

in prerequisites of proliferating cells between the SVZ and RMS regardless of the age of the rats. Short-

duration exposure also caused praecox maturation of NADPH-d positive cells within the RMS of P7 rats. 

The NADPH-d positive cells appeared several days earlier than in age-matched controls, and their 

number and morphology showed characteristics of adult rats. On the other hand, in the young adult P28 

rats, EMR induced morphological signs typical of early postnatal age. These findings indicate that EMR 
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causes age-related changes in the production of nitric oxide (NO), which may lead to different courses of 

the proliferation cascade in newborn and young adult neurogenesis. 

 

115 Okano T, Terao Y, Furubayashi T, Yugeta A, Hanajima R, Ugawa Y. The effect of electromagnetic field 

emitted by a mobile phone on the inhibitory control of saccades. Clin Neurophysiol. 121(4):603-611, 

2010. http://www.ncbi.nlm.nih.gov/pubmed/20083428 Abstract:OBJECTIVE: To investigate whether 

exposure to a pulsed high-frequency electromagnetic field (pulsed EMF) emitted by a mobile phone has 

short-term effects on the inhibitory control of saccades. METHODS: A double-blind, counterbalanced 

crossover study design was employed. We assessed the performance of 10 normal subjects on antisaccade 

(AS) and cued saccade (CUED) tasks as well as two types of overlap saccade (OL1, OL2) task before and 

after 30 min of exposure to EMF emitted by a mobile phone or sham exposure. RESULTS: After EMF or 

sham exposure, we observed a slight but significant shortening of latency in the CUED and OL2 tasks. 

AS amplitude decreased as well as the saccade velocities in the AS, CUED, and OL1 tasks after exposure. 

These changes occurred regardless of whether exposure was real or sham. The frequencies of pro-

saccades in the AS task, saccades to cue in the CUED task, and prematurely initiated saccades in the 

overlap (OL2) task did not change significantly after real or sham EMF exposure. CONCLUSIONS: 

Thirty minutes of mobile phone exposure has no significant short-term effect on the inhibitory control of 

saccades. SIGNIFICANCE: The cortical processing responsible for saccade inhibition is not affected by 

exposure to EMF emitted by a mobile phone. 

 

116 Panda NK, Modi R, Munjal S, Virk RS. Auditory changes in mobile users: is evidence forthcoming? 

Otolaryngol Head Neck Surg. 144(4):581-585, 2011. http://www.ncbi.nlm.nih.gov/pubmed/21493239 

Abstract: OBJECTIVE: Genuine concerns are being raised as to the potential health risks posed by 

electromagnetic frequency exposure secondary to mobile phone usage. This study was undertaken to 

assess and compare potential changes in hearing function at the level of the inner ear and central auditory 

pathway due to chronic exposure to electromagnetic waves from both global system for mobile 

communications (GSM) and code division multiple access (CDMA) mobile phone usage. DESIGN: 

Cohort study. SETTING: Tertiary referral center. SUBJECTS AND METHODS: One hundred twenty-

five subjects who were long-term mobile phone users (more than 1 year; 63 GSM and 62 CDMA) and 58 

controls who had never used mobile phones underwent audiological investigations including pure tone 

audiometry (250-12 kHz), tympanometry, distortion product otoacoustic emissions (DPOAE), auditory 

brain responses (ABR), and middle latency responses (MLRs). The changes in various parameters were 

studied in mobile-using and non-mobile-using ears of both GSM and CDMA subjects and corresponding 

ears of the controls to ascertain the effects of electromagnetic exposure. RESULTS: GSM and CDMA 

users were found to be at a significantly higher risk of having DPOAE absent as compared with controls 

(P < .05). They were found to have higher speech frequency thresholds and lower MLR wave and Na and 

Pa amplitudes. More than 3 years of mobile phone usage emerged as a risk factor (P < .05). The damage 

done was bilateral, with the quantum of damage being the same for both GSM and CDMA. 

CONCLUSION: Long-term and intensive GSM and CDMA mobile phone use may cause damage to 

cochlea as well as the auditory cortex.  

 
117 Panda NK, Jain R, Bakshi J, Munjal S. Audiologic disturbances in long-term mobile phone users. J 

Otolaryngol Head Neck Surg. 39(1):5-11, 2010. http://www.ncbi.nlm.nih.gov/pubmed/20122338 

Abstract; INTRODUCTION: There is general concern regarding the possible hazardous health effects 

of exposure to radiofrequency electromagnetic radiation emitted from mobile phones. This study aimed to 

assess the effects of chronic exposure to electromagnetic waves emitted from Global System for Mobile 

Communication (GSM) mobile phones on auditory functions. MATERIAL AND METHODS: A 

retrospective, cross-sectional, randomized, case control study was carried out in a tertiary care hospital. 

One hundred twelve subjects who were long-term mobile phone users (more than 1 year) and 50 controls 

who had never used a mobile phone underwent a battery of audiologic investigations including pure-tone 
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audiometry (both speech and high frequency), tympanometry, distortion product otoacoustic emissions, 

auditory brain responses, and middle latency responses. Changes in the various parameters were studied 

in the mobile phone- and non-mobile phone-using ears of subjects and corresponding ears of the controls 

to ascertain the effects of electromagnetic exposure. RESULTS: There was no significant difference 

between users and controls for any of the audiologic parameters. However, trends for audiologic 

abnormalities were seen within the users. High-frequency loss and absent distortion product otoacoustic 

emissions were observed with an increase in the duration of mobile phone use, excessive use of mobile 

phones, and age more than 30 years. Additionally, users with some complaints during mobile phone use 

demonstrated absent distortion product otoacoustic emissions and abnormalities in auditory brainstem 

response. CONCLUSION: Long-term and intensive mobile phone use may cause inner ear damage. A 

large sample size would be required to reach definitive conclusions. 

 

118 Papageorgiou  CC, Nanou E D, Tsiafakis,V G, Gender related differenceson the EEG during a 

simulated mobile phone signal. Neuroreport. 2004 Nov 15;15(16):2557-60. 

http://www.ncbi.nlm.nih.gov/pubmed/15538195  Abstract: The present study investigated the gender-

related influence of electromagnetic fields (EMF), similar to that emitted by mobile phones, on brain 

activity. Ten women and nine men performed a short memory task (Wechsler test), both without 

(baseline) and with exposure to a 900 MHz signal. The EEG energy of the total waveform and the alpha, 

beta, delta and theta; rhythms were calculated from the recordings of 15 scalp electrodes. Baseline EEG 

energy of males was greater than that of females, while exposure to EMF decreased EEG energy of males 

and increased that of females. Memory performance was invariant to EMF exposure and gender 

influences. These findings indicate that EMF may exert a gender-related nfluence on brain activity 

 

119 *Papageorgiou, C. C., Nanou, E. D., Tsiafakis, V. G., et al. (2006). Acute mobile phone effectson pre-

attentive operation. Neurosci. Lett. 397:99–103. http://www.ncbi.nlm.nih.gov/pubmed/16406308 

Abstract: There is a debate whether electromagnetic field (EMF) emitted by mobile phones (MP) have 

an effect on cognitive functions. Since the auditory P50 component of event-related potentials (ERPs) 

reflects pre-attentive processing and working memory (WM) operation, the present study was designed to 

investigate whether the exposure to MP-EMF affects the patterns of the P50 component of ERPs elicited 

during a WM test. The P50 elicited during a WM task and evoked by two warning stimuli low and high 

frequency (500 and 3000 Hz) has been assessed in 19 normal subjects (10 women and 9 men) both 

without and with exposure to a 900 MHz signal, emitted by a dipole antenna placed near the subjects. 

Results showed that the presence of MP-EMFs induced statistically significant increase in the amplitude 

of P50 evoked by the low frequency stimuli, at Fp1 and O1 electrode leads as compared to themselves 

without MP-EMF exposure. In contrast the exposure to MP-EMFs revealed statistically significant 

decrease of the amplitude of P50 evoked by the high frequency stimuli, at Fp1 electrode lead as compared 

to themselves without MP-EMF exposure. These findings provide evidence that the MP-EMF emitted by 

mobile phone affect pre-attentive information processing as it is reflected in P50 evoked potential. The 

basis of such an effect is unclear, although several possibilities exist and call for potential directions of 

future research. 

 

120 Papageorgiou CC, Hountala CD, Maganioti AE, Kyprianou MA, Rabavilas AD, Papadimitriou GN, 

Capsalis CN. Effects of wi-fi signals on the p300 component of event-related potentials during an 

auditory hayling task. J Integr Neurosci. 2011 Jun;10(2):189-202. 

http://www.ncbi.nlm.nih.gov/pubmed/21714138 Abstract: The P300 component of event-related 

potentials (ERPs) is believed to index attention and working memory (WM) operation of the brain. The 

present study focused on the possible gender-related effects of Wi-Fi (Wireless Fidelity) electromagnetic 

fields (EMF) on these processes. Fifteen male and fifteen female subjects, matched for age and education 

level, were investigated while performing a modified version of the Hayling Sentence Completion test 
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adjusted to induce WM. ERPs were recorded at 30 scalp electrodes, both without and with the exposure to 

a Wi-Fi signal. P300 amplitude values at 18 electrodes were found to be significantly lower in the 

response inhibition condition than in the response initiation and baseline conditions. Independent of the 

above effect, within the response inhibition condition there was also a significant gender X radiation 

interaction effect manifested at 15 leads by decreased P300 amplitudes of males in comparison to female 

subjects only at the presence of EMF. In conclusion, the present findings suggest that Wi-Fi exposure 

may exert gender-related alterations on neural activity associated with the amount of attentional resources 

engaged during a linguistic test adjusted to induce WM. 

 

121 Partsvania B, Sulaberidze T, Shoshiashvili L, Modebadze Z. Acute effect of exposure of mollusk single 

neuron to 900-MHz mobile phone radiation. Electromagn Biol Med. 30(3):170-179, 2011. 

http://www.ncbi.nlm.nih.gov/pubmed/21861695  Abstract: The goal of the present work was to explore 

the influence of commercially available cell phone irradiation on the single neuron excitability and 

memory processes. A Transverse Electromagnetic Cell (TEM Cell) was used to expose single neurons of 

mollusk to the electromagnetic field. Finite-Difference Time-Domain (FDTD) method was used for 

modeling the TEM Cell and the electromagnetic field interactions with living nerve ganglion and neurons. 

Neuron electrophysiology was investigated using standard microelectrode technique. The specific 

absorption rate (SAR) deposited into the single neuron was calculated to be 0.63 W/kg with a temperature 

increment of 0.1°C. After acute exposure, average firing threshold of the action potentials was not 

changed. However, the average latent period was significantly decreased. This indicates that together with 

latent period the threshold and the time of habituation might be altered during exposure. However, these 

alterations are transient and only latent period remains on the changed level. 

 

122 Prato FS, Frappier JR, Shivers RR, Kavaliers M, Zabel P, Drost D, Lee TY. Magnetic resonance 

imaging increases the blood-brain barrier permeability to 153-gadolinium 
diethylenetriaminepentaacetic acid in rats. Brain research. 523:301-304 (1990). 

http://www.ncbi.nlm.nih.gov/pubmed/2400915 Abstract: In a qualitative electron microscopy study we 

initially reported that exposure of rats to a standard clinical magnetic resonance imaging (MRI) procedure 

temporarily increased the blood-brain barrier (BBB) permeability to horseradish peroxidase. In this study, 

we quantitatively support our initial finding. Rats were injected intracardially with radio-labelled 

diethylenetriaminepentaacetic acid [( 153Gd]DTPA) in the middle of two sequential 23.2 min MRI 

exposures. Exposed rats (n = 21) showed significantly greater (29%, P = 0.006) retention of [153 

Gd]DTPA than sham-exposed rats (n = 22) 1 h after the end of the last 23.2 min exposure. These findings 

suggest that magnetic fields may alter BBB permeability. 

 

 

123 Prato FS, Wills JM, Roger J, Frappier H, Drost DJ, Lee TY, Shivers RR, Zabel P. Blood-brain barrier 

permeability in rats is altered by exposure to magnetic fields associated with magnetic resonance 
imaging at 1.5 T. Microscopy research and technique. 27:528-534 (1994). 

http://www.ncbi.nlm.nih.gov/pubmed/8012055  Abstract: We have previously reported that exposure of 

rats to low-field (0.15 T) magnetic resonance imaging (MRI) increases blood-brain barrier (BBB) 

permeability. However, a number of investigators have failed to observe this effect when high-field MRI 

(1.5 T or higher) is used. Therefore, we investigated whether or not we would observe changes using our 

technique at these higher fields. Adult male Sprague-Dawley rats were anaesthetised and then exposed to 

a 22.5 min imaging or sham procedure. Immediately following exposure, rats were injected with 1 MBq 

of 153Gd-DTPA intracardially and then immediately re-exposed for an additional 22.5 min. The rats were 

killed 1h following the second MRI exposure, at which time the brain was resected and 3 ml of venous 

blood collected. The ratio of radioactivity per gram of brain to radioactivity per milliliter of blood, known 

as the brain-blood partition coefficient, was determined and used as a measure of BBB permeability. 

Groups of animals had different exposures. Group 1 (n = 9) was exposed to a clinically relevant MRI 

procedure. Group 2 (n = 20) was exposed to the same procedure except the rf specific absorption rate 
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(SAR) was reduced to 25% and the animals were positioned 15 cm from imager centre to increase the 

time-varying magnetic field from 0.4 to 2.8 T/s. For the sham exposures (n = 21), the animals were placed 

in the imager with the static field ramped down to zero and exposed to a sound recording simulating a 

MRI examination.(ABSTRACT TRUNCATED AT 250 WORDS) 

 

 

124 *Rao VS, Titushkin IA, Moros EG, Pickard WF, Thatte HS, Cho MR. Nonthermal effects of 

radiofrequency-field exposure on calcium dynamics in stem cell-derived neuronal cells: elucidation of 

calcium pathways. Radiat Res. 2008 Mar; 169(3):319-29. [PubMed] Abstract: Intracellular Ca(2+) 

spikes trigger cell proliferation, differentiation and cytoskeletal reorganization. In addition to Ca(2+) 

spiking that can be initiated by a ligand binding to its receptor, exposure to electromagnetic stimuli has 

also been shown to alter Ca(2+) dynamics. Using neuronal cells differentiated from a mouse embryonic 

stem cell line and a custom-built, frequency-tunable applicator, we examined in real time the altered 

Ca(2+) dynamics and observed increases in the cytosolic Ca(2+) in response to nonthermal 

radiofrequency (RF)-radiation exposure of cells from 700 to 1100 MHz. While about 60% of control cells 

(not exposed to RF radiation) were observed to exhibit about five spontaneous Ca(2+) spikes per cell in 

60 min, exposure of cells to an 800 MHz, 0.5 W/kg RF radiation, for example, significantly increased the 

number of Ca(2+) spikes to 15.7+/-0.8 (P<0.05). The increase in the Ca(2+) spiking activities was 

dependent on the frequency but not on the SAR between 0.5 to 5 W/kg. Using pharmacological agents, it 

was found that both the N-type Ca(2+) channels and phospholipase C enzymes appear to be involved in 

mediating increased Ca(2+) spiking. Interestingly, microfilament disruption also prevented the Ca(2+) 

spikes. Regulation of Ca(2+) dynamics by external physical stimulation such as RF radiation may provide 

a noninvasive and useful tool for modulating the Ca(2+)-dependent cellular and molecular activities of 

cells seeded in a 3D environment for which only a few techniques are currently available to influence the 

cells. 

 

125 *Rağbetli MC, Aydinlioğlu A, Koyun N, Rağbetli C, Bektas S, Ozdemir S. The effect of mobile phone 

on the number of Purkinje cells: a stereological study. Int J Radiat Biol. 86(7):548-554, 2010. 

http://www.ncbi.nlm.nih.gov/pubmed/20545571 Abstract: PURPOSE: The World Health Organisation 

proposed an investigation concerning the exposure of animals to radiofrequency fields because of the 

possible risk factor for health. At power frequencies there is evidence to associate both childhood 

leukaemia and brain tumours with magnetic field exposures. There is also evidence of the effect of mobile 

phone exposure on both cognitive functions and the cerebellum. Purkinje cells of the cerebellum are also 

sensitive to high dose microwave exposure in rats. The present study investigated the effect of exposure 

to mobile phone on the number of Purkinje and granule neurons in the developing cerebellum. 

MATERIAL AND METHODS: Male and female Swiss albino mice were housed as control and mobile 

phone-exposed groups. Pregnant animals in the experimental group were exposed to Global System for 

Mobile Communication (GSM) mobile phone radiation at 890-915 MHz at 0.95 W/Kg specific 

absorption rate (SAR). The cerebella were processed by frozen microtome. The sections obtained were 

stained with Haematoxylin-eosin and cresyl violet. For cell counting by the optical fractionator method, a 

pilot study was firstly performed. Cerebellar areas were analysed by using Axiovision software running 

on a personal computer. The optical dissectors were systematically spaced at random, and focused to the 

widest profile of the neuron cell nucleus. RESULTS: A significant decrease in the number of Purkinje 

cells and a tendency for granule cells to increase in cerebellum was found. CONCLUSION: Further 

studies in this area are needed due to the popular use of mobile telephones and relatively high exposure on 

developing brain 

  

126 *Regel SJ, Tinguely G, Schuderer J, Adam M, Kuster N, Landolt HP, Achermann P. Pulsed radio-

frequency electromagnetic fields: dose-dependent effects on sleep, the sleep EEG and cognitive 
performance. J Sleep Res. 16(3):253-258, 2007. http://www.ncbi.nlm.nih.gov/pubmed/17716273  

Abstract: To establish a dose-response relationship between the strength of electromagnetic fields (EMF) 
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and previously reported effects on the brain, we investigated the influence of EMF exposure by varying 

the signal intensity in three experimental sessions. The head of 15 healthy male subjects was unilaterally 

exposed for 30 min prior to sleep to a pulse-modulated EMF (GSM handset like signal) with a 10 g-

averaged peak spatial specific absorption rate of (1) 0.2 W kg(-1), (2) 5 W kg(-1), or (3) sham exposed in 

a double-blind, crossover design. During exposure, subjects performed two series of three computerized 

cognitive tasks, each presented in a fixed order [simple reaction time task, two-choice reaction time task 

(CRT), 1-, 2-, 3-back task]. Immediately after exposure, night-time sleep was polysomnographically 

recorded for 8 h. Sleep architecture was not affected by EMF exposure. Analysis of the sleep 

electroencephalogram (EEG) revealed a dose-dependent increase of power in the spindle frequency range 

in non-REM sleep. Reaction speed decelerated with increasing field intensity in the 1-back task, while 

accuracy in the CRT and N-back task were not affected in a dose-dependent manner. In summary, this 

study reveals first indications of a dose-response relationship between EMF field intensity and its effects 

on brain physiology as demonstrated by changes in the sleep EEG and in cognitive performance. 

 

127 Rudnev M, Bokina A, Eksler N, and Navakatikyan M, 1978, The use of evoked potential and behavioral 

measures in the assessment of environmental insult. In: "Multidisciplinary Perspectives in Event-
Related Brain Potential Research," D.A. Otto, ed., EPA-600/9-77-043,U.S. Environmental Protection 

Agency, Research Triangle Park, NC.  Studied the behavior of rats exposed to CW 2375-MHz RFR at 0.5 

mW.cm-2 (SAR 0.1 W.kg-1), 7 h/day for 1 month. They reported a decrease in balancing time in a 

treadmill and inclined rod and motor activity in an open-field after 20 days of exposure. The open-field 

motor activity was found to be increased at 3 months post-exposure.  

 

128 Salford, L. G., H. Nittby, and B. R. Persson. A Rationale for a Biologically-based Public Exposure 

Standard for Electromagnetic Fields (ELF and RF) Section-10 Effects of Electromagnetic Fields 

From Wireless Communication upon the Blood-Brain Barrier.  BioInitiative Working Group, 

BioInitiative Report, 2012. Review [Copy filed in Docket] Excerpt (Pg. 44 ): Based upon what has 

been presented here, we feel that the WHO IARC classification of RFR at the level 2B is adequate at 

present.  The question whether existing FCC/IEE and/or ICNIRP public safety limits and reference 

levels are adequate to protect the public is not easily answered. The reported studies on EMF induced 

BBB disruption have shown partially contradictory results from different laboratories. However, the 

fact that an abundance of studies do show effects is an important warning. This is true even if it can 

be summarized that the effects most often are weak and are seen in about 40% of the exposed 

animals.  Excerpt (Pg. 45): However, we have stressed the following opinion in several 

publications during the past years: - “The intense use of mobile phones, not least by youngsters, is a 

serious memento. A neuronal damage may not have immediately demonstrable consequences, even if 

repeated. It may, however, in the long run, result in reduced brain reserve capacity that might be 

unveiled by other later neuronal disease or even the wear and tear of ageing. We can not exclude 

that after some decades of (often), daily use, a whole generation of users, may suffer negative effects 

such as autoimmune and neuro-degenerative diseases maybe already in their middle age”.  One 

remarkable observation, which we have made in our studies throughout the years, is that exposure 

with whole-body average power densities below 10 mW/kg gives rise to a more pronounced albumin 

leakage than higher power densities, all at non-thermal levels. These very low SAR-values, such as 1 

mW/kg, exist at a distance of more than one meter away from the mobile phone antenna and at a 

distance of about 150–200 m from a base station. Further, when a mobile phone operating at 915 

MHz (and its antenna) is held 1.4 cm from the human head, the very low SAR levels of 10 mW/kg 

exist in deep-lying parts of the human brain such as the basal ganglia, and the power density of 1 

mW/kg and less is absorbed in thalamus bilaterally. With this information as a background, it is 

difficult to recommend safety limits as the function of existing mobile systems might not allow for 
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limits that produce SAR levels below 1 or 0,1 mW/kg in the human brain, which are reported to cause 

a pathological leakage of the BBB and to neuronal damage. 
 

129 *Salford LG, Brun AE, Eberhardt JL, Malmgren L, Persson BR. Nerve cell damage in mammalian brain 

after exposure to microwaves from GSM mobile phones. Environ Health Perspect. 2003 Jun;111(7):881-

3; discussion A408. Free PMC Article http://www.ncbi.nlm.nih.gov/pubmed/12782486f Abstract: The 

possible risks of radio-frequency electromagnetic fields for the human body is a growing concern for our 

society. We have previously shown that weak pulsed microwaves give rise to a significant leakage of 

albumin through the blood-brain barrier. In this study we investigated whether a pathologic leakage 

across the blood-brain barrier might be combined with damage to the neurons. Three groups each of eight 

rats were exposed for 2 hr to Global System for Mobile Communications (GSM) mobile phone 

electromagnetic fields of different strengths. We found highly significant (p< 0.002) evidence for 

neuronal damage in the cortex, hippocampus, and basal ganglia in the brains of exposed rats. 

 

130 *Salford LG, Brun A, Sturesson K, Eberhardt JL, Persson BR. Permeability of the blood-brain barrier 

induced by 915 MHz electromagnetic radiation, continuous wave and modulated at 8, 16, 50, and 200 
Hz. Microsc Res Tech. 1994 Apr 15;27(6):535-42. http://www.ncbi.nlm.nih.gov/pubmed/8012056 

Abstract: Biological effects of electromagnetic fields (EMF) on the blood-brain barrier (BBB) can be 

studied in sensitive and specific models. In a previous investigation of the permeability of the blood-brain 

barrier after exposure to the various EMF-components of proton magnetic resonance imaging (MRI), we 

found that the exposure to MRI induced leakage of Evans Blue labeled proteins normally not passing the 

BBB of rats [Salford et al. (1992), in: Resonance Phenomena in Biology, Oxford University Press, pp. 87-

91]. In the present investigation we exposed male and female Fischer 344 rats in a transverse 

electromagnetic transmission line chamber to microwaves of 915 MHz as continuous wave (CW) and 

pulse-modulated with repetition rates of 8, 16, 50, and 200 s-1. The specific energy absorption rate (SAR) 

varied between 0.016 and 5 W/kg. The rats were not anesthetized during the 2-hour exposure. All animals 

were sacrificed by perfusion-fixation of the brains under chloral hydrate anesthesia about 1 hour after the 

exposure. The brains were perfused with saline for 3-4 minutes, and thereafter fixed in 4% formaldehyde 

for 5-6 minutes. Central coronal sections of the brains were dehydrated and embedded in paraffin and 

sectioned at 5 microns. Albumin and fibrinogen were demonstrated immunohistochemically. The results 

show albumin leakage in 5 of 62 of the controls and in 56 of 184 of the animals exposed to 915 MHz 

microwaves. Continuous wave resulted in 14 positive findings of 35, which differ significantly from the 

controls (P = 0.002).(ABSTRACT TRUNCATED AT 250 WORDS) 

 

131 Salford LG, Brun A, Eberhardt J, Malmgren L, Persson B. Electromagnetic field-induced permeability 

of the blood-brain barrier shown by immunohistochemical methods. In B. Nordénand C. Ramel (eds.), 
Interaction Mechanism of Low-Level Electromagnetic Fields in Living Systems, Oxford University 

Press, Oxford, 1992, pp. 251-258.  

 

132 Shandala MG, Dumanskiĭ UD, Rudnev MI, Ershova LK, Los IP. Study of nonionizing microwave 

radiation effects upon the central nervous system and behavior reactions. Environ Health Perspect. 

1979 Jun;30:115-21. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637696/pdf/envhper00475-

0111.pdf Abstract: The biologic effect of an electromagnetic field of a frequency of 2375 +/- 50 MHz 

was studied in rats and rabbits in specially constructed absorbant chambers. The results of the 

investigations have shown that microwave radiation of 10, 50, 500 mu W/cm2 for 30 days, 7 hr/day, 

causes a number of changes in bioelectric brain activity and also in behavioral immunological, and 

cytochemical reactions. It was found that levels of 10 and 50 mu W/cm2 stimulate the electric brain 

activity at the initial stage of irradiation, while a level of 500 mu W/cm2 causes its suppression, as seen 

from the increase of slow, high amplitude delta-waves. At 500 mu W/cm2 a decrease in capacity of work, 

in value of unconditioned feeding stimulus, in investigating activity, electronic irradiation threshold, and 

in inhibition of cellular and humoral immunity were also observed. [500 mu/Wcm2 = .05 mW/cm2] 
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133 Shivers RR, Kavaliers M, Teskey GC, Prato FS, Pelletier RM. Magnetic resonance imaging temporarily 

alters blood-brain barrier permeability in the rat. Neuroscience letters. 76:25-31 (1987). 

http://www.ncbi.nlm.nih.gov/pubmed/3587744 Abstract: Exposure to a short (23.2 min) standard clinical 

magnetic resonance imaging (MRI) procedure elicits a temporary dysfunction of the blood-brain barrier 

in rats. Monitoring of the increased permeability of rat brain frontal cortex microvessels with the protein 

tracer horseradish peroxidase and freeze-fracture electron microscopy, revealed an amplified vesicle-

mediated transport of tracer across the microvessel endothelium to the albuminal basal lamina and 

extracellular compartment of the brain parenchyma. Recovery of normal blood-brain function, as 

evidenced by exclusion of protein tracer from subendothelial basal lamina and neuropil extracellular 

milieu, was complete 15-30 min following cessation of the MRI exposure. These findings raise the 

possibility that exposure to clinical MRI procedures may also temporarily alter central blood-brain 

permeability in human subjects. 
 

134 Schmid MR, Murbach M, Lustenberger C, Maire M, Kuster N, Achermann P, Loughran SP. Sleep EEG 

alterations: effects of pulsed magnetic fields versus pulse-modulated radio frequency electromagnetic 
fields. J Sleep Res. 2012 Dec;21(6):620-9. http://www.ncbi.nlm.nih.gov/pubmed/22724534  Abstract: 

Studies have repeatedly shown that electroencephalographic power during sleep is enhanced in the 

spindle frequency range following radio frequency electromagnetic field exposures pulse-modulated with 

fundamental frequency components of 2, 8, 14 or 217 Hz and combinations of these. However, signals 

used in previous studies also had significant harmonic components above 20 Hz. The current study aimed: 

(i) to determine if modulation components above 20 Hz, in combination with radio frequency, are 

necessary to alter the electroencephalogram; and (ii) to test the demodulation hypothesis, if the same 

effects occur after magnetic field exposure with the same pulse sequence used in the pulse-modulated 

radio frequency exposure. In a randomized double-blind crossover design, 25 young healthy men were 

exposed at weekly intervals to three different conditions for 30 min before sleep. Cognitive tasks were 

also performed during exposure. The conditions were a 2-Hz pulse-modulated radio frequency field, a 2-

Hz pulsed magnetic field, and sham. Radio frequency exposure increased electroencephalogram power in 

the spindle frequency range. Furthermore, delta and theta activity (non-rapid eye movement sleep), and 

alpha and delta activity (rapid eye movement sleep) were affected following both exposure conditions. No 

effect on sleep architecture and no clear impact of exposure on cognition was observed. These results 

demonstrate that both pulse-modulated radio frequency and pulsed magnetic fields affect brain 

physiology, and the presence of significant frequency components above 20 Hz are not fundamental for 

these effects to occur. Because responses were not identical for all exposures, the study does not support 

the hypothesis that effects of radio frequency exposure are based on demodulation of the signal only. 

 

135 Schmid MR, Loughran SP, Regel SJ, Murbach M, Bratic Grunauer A, Rusterholz T, Bersagliere A, 

Kuster N, Achermann P. Sleep EEG alterations: effects of different pulse-modulated radio frequency 

electromagnetic fields. J Sleep Res. 21(1):50-58, 2012a. http://www.ncbi.nlm.nih.gov/pubmed/21489004 

Abstract: Previous studies have observed increases in electroencephalographic power during sleep in the 

spindle frequency range (approximately 11-15 Hz) after exposure to mobile phone-like radio frequency 

electromagnetic fields (RF EMF). Results also suggest that pulse modulation of the signal is crucial to 

induce these effects. Nevertheless, it remains unclear which specific elements of the field are responsible 

for the observed changes. We investigated whether pulse-modulation frequency components in the range 

of sleep spindles may be involved in mediating these effects. Thirty young healthy men were exposed, at 

weekly intervals, to three different conditions for 30 min directly prior to an 8-h sleep period. Exposure 

consisted of a 900-MHz RF EMF, pulse modulated at 14 Hz or 217 Hz, and a sham control condition. 

Both active conditions had a peak spatial specific absorption rate of 2 W kg(-1) . During exposure 

subjects performed three different cognitive tasks (measuring attention, reaction speed and working 

memory), which were presented in a fixed order. Electroencephalographic power in the spindle frequency 

range was increased during non-rapid eye movement sleep (2nd episode) following the 14-Hz pulse-
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modulated condition. A similar but non-significant increase was also observed following the 217-Hz 

pulse-modulated condition. Importantly, this exposure-induced effect showed considerable individual 

variability. Regarding cognitive performance, no clear exposure-related effects were seen. Consistent with 

previous findings, our results provide further evidence that pulse-modulated RF EMF alter brain 

physiology, although the time-course of the effect remains variable across studies. Additionally, we 

demonstrated that modulation frequency components within a physiological range may be sufficient to 

induce these effects.  

 

136 Sirav B, Seyhan N. Effects of radiofrequency radiation exposure on blood-brain barrier permeability in 

male and female rats. Electromagn Biol Med. 30(4):253-260, 2011. 

http://www.ncbi.nlm.nih.gov/pubmed/22047463 Abstract: During the last several decades, numerous 

studies have been performed aiming at the question of whether or not exposure to radiofrequency 

radiation (RFR) influences the permeability of the blood-brain barrier (BBB). The objective of this study 

was to investigate the effect of RFR on the permeability of BBB in male and female Wistar albino rats. 

Right brain, left brain, cerebellum, and total brain were analyzed separately in the study. Rats were 

exposed to 0.9 and 1.8 GHz continuous-wave (CW) RFR for 20 min (at SARs of 4.26 mW/kg and 1.46 

mW/kg, respectively) while under anesthesia. Control rats were sham-exposed. Disruption of BBB 

integrity was detected spectrophotometrically using the Evans-blue dye, which has been used as a BBB 

tracer and is known to be bound to serum albumin. Right brain, left brain, cerebellum, and total brain 

were evaluated for BBB permeability. In female rats, no albumin extravasation was found in in the brain 

after RFR exposure. A significant increase in albumin was found in the brains of the RF-exposed male 

rats when compared to sham-exposed male brains. These results suggest that exposure to 0.9 and 1.8 GHz 

CW RFR at levels below the international limits can affect the vascular permeability in the brain of male 

rats. The possible risk of RFR exposure in humans is a major concern for the society. Thus, this topic 

should be investigated more thoroughly in the future.  

 

137 *Sirav B, Seyhan N. Blood-brain barrier disruption by continuous-wave radio frequency radiation. 

Electromagn Biol Med. 2009;28(2):215-22 http://www.ncbi.nlm.nih.gov/pubmed/19811403 Abstract: 

The increasing use of cellular phones and the increasing number of associated base stations are becoming 

a widespread source of non ionizing electromagnetic radiation. Some biological effects are likely to occur 

even at low-level EM fields. This study was designed to investigate the effects of 900 and 1,800 MHz 

Continuous Wave Radio Frequency Radiation (CW RFR) on the permeability of Blood Brain Barrier 

(BBB) of rats. Results have shown that 20 min RFR exposure of 900 and 1,800 MHz induces an effect 

and increases the permeability of BBB of male rats. There was no change in female rats. The scientific 

evidence on RFR safety or harm remains inconclusive. More studies are needed to demonstrate the effects 

of RFR on the permeability of BBB and the mechanisms of that breakdown 

 

138 Söderqvist F, Carlberg M, Hardell L. Mobile and cordless telephones, serum transthyretin and the 

blood-cerebrospinal fluid barrier: a cross-sectional study. Environ Health. 21; 8:19, 2009.  

http://www.ncbi.nlm.nih.gov/pubmed/19383125   Abstract: BACKGROUND: Whether low-intensity 

radiofrequency radiation damages the blood-brain barrier has long been debated, but little or no 

consideration has been given to the blood-cerebrospinal fluid barrier. In this cross-sectional study we 

tested whether long-term and/or short-term use of wireless telephones was associated with changes in the 

serum transthyretin level, indicating altered transthyretin concentration in the cerebrospinal fluid, possibly 

reflecting an effect of radiation. METHODS: One thousand subjects, 500 of each sex aged 18-65 years, 

were randomly recruited using the population registry. Data on wireless telephone use were assessed by a 

postal questionnaire and blood samples were analyzed for serum transthyretin concentrations determined 

by standard immunonephelometric techniques on a BN Prospec instrument. RESULTS: The response 

rate was 31.4%. Logistic regression of dichotomized TTR serum levels with a cut-point of 0.31 g/l on 

wireless telephone use yielded increased odds ratios that were statistically not significant. Linear 

regression of time since first use overall and on the day that blood was withdrawn gave different results 
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for males and females: for men significantly higher serum concentrations of TTR were seen the longer an 

analogue telephone or a mobile and cordless desktop telephone combined had been used, and in contrast, 

significantly lower serum levels were seen the longer an UMTS telephone had been used. Adjustment for 

fractions of use of the different telephone types did not modify the effect for cumulative use or years since 

first use for mobile telephone and DECT, combined. For women, linear regression gave a significant 

association for short-term use of mobile and cordless telephones combined, indicating that the sooner 

blood was withdrawn after the most recent telephone call, the higher the expected transthyretin 

concentration. CONCLUSION: In this hypothesis-generating descriptive study time since first use of 

mobile telephones and DECT combined was significantly associated with higher TTR levels regardless of 

how much each telephone type had been used. Regarding short-term use, significantly higher TTR 

concentrations were seen in women the sooner blood was withdrawn after the most recent telephone call 

on that day.  

 

 

139 Söderqvist F, Carlberg M, Hansson Mild K, Hardell L. Exposure to an 890-MHz mobile phone-like 

signal and serum levels of S100B and transthyretin in volunteers. Toxicol Lett. 189(1):63-66, 2009. 

http://www.ncbi.nlm.nih.gov/pubmed/19427372  Abstract: Whether low-intensity non-thermal 

microwave radiation alters the integrity of the blood-brain barrier has been debated since the late 1970s, 

yet no experimental study has been carried out on humans. The aim of this study was to test, using 

peripheral markers, whether exposure to a mobile phone-like signal alters the integrity of the human 

blood-brain and blood-cerebrospinal fluid barriers. A provocation study was carried out that exposed 41 

volunteers to a 30 min GSM 890 MHz signal with an average specific energy absorption rate distribution 

of 1.0 W/kg in the temporal area of the head as measured over any 1g of contiguous tissue. The outcome 

was assessed by changes in serum concentrations of two putative markers of brain barrier integrity, 

S100B and transthyretin. Repeated blood sampling before and after the provocation showed no 

statistically significant increase in the serum levels of S100B, while for transthyretin a statistically 

significant increase was seen in the final blood sample 60 min after the end of the provocation as 

compared to the prior sample taken immediately after provocation (p=0.02). The clinical significance of 

this finding, if any, is unknown. Further randomized studies with use of additional more brain specific 

markers are needed. 

 

140 Söderqvist F, Hardell L, Carlberg M, Mild KH. Radiofrequency fields, transthyretin, and Alzheimer's 

disease. J Alzheimers Dis. 20(2):599-606, 2010. http://www.ncbi.nlm.nih.gov/pubmed/20164553  

Abstract: Radiofrequency field (RF) exposure provided cognitive benefits in an animal study. In 

Alzheimer's disease (AD) mice, exposure reduced brain amyloid-beta (Abeta) deposition through 

decreased aggregation of Abeta and increase in soluble Abeta levels. Based on our studies on humans on 

RF from wireless phones, we propose that transthyretin (TTR) might explain the findings. In a cross-

sectional study on 313 subjects, we used serum TTR as a marker of cerebrospinal fluid TTR. We found a 

statistically significantly positive beta coefficient for TTR for time since first use of mobile phones and 

desktop cordless phones combined (P=0.03). The electromagnetic field parameters were similar for the 

phone types. In a provocation study on 41 persons exposed for 30 min to an 890-MHz GSM signal with 

specific absorption rate of 1.0 Watt/kg to the temporal area of the brain, we found statistically 

significantly increased serum TTR 60 min after exposure. In our cross-sectional study, use of oral snuff 

also yielded statistically significantly increased serum TTR concentrations and nicotine has been 

associated with decreased risk for AD and to upregulate the TTR gene in choroid plexus but not in the 

liver, another source of serum TTR. TTR sequesters Abeta, thereby preventing the formation of Abeta 

plaques in the brain. Studies have shown that patients with AD have lowered TTR concentrations in the 

cerebrospinal fluid and have attributed the onset of AD to 60 insufficient sequestering of Abeta by TTR. 

We propose that TTR might be involved in the findings of RF exposure benefit in AD mice.  
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141 *Sokolovic D, Djindjic B, Nikolic J, Bjelakovic G, Pavlovic D, Kocic G, Krstic D, Cvetkovic T, Pavlovic 

V. Melatonin reduces oxidative stress induced by chronic exposure of microwave radiation from 

mobile phones in rat brain. J Radiat Res. 49(6):579-586, 2008. 

http://www.ncbi.nlm.nih.gov/pubmed/18827438    Abstract: PURPOSE: The aim of the study was to 

evaluate the intensity of oxidative stress in the brain of animals chronically exposed to mobile phones and 

potential protective effects of melatonin in reducing oxidative stress and brain injury. MATERIALS 

AND METHODS: Experiments were performed on Wistar rats exposed to microwave radiation during 

20, 40 and 60 days. Four groups were formed: I group (control)- animals treated by saline, 

intraperitoneally (i.p.) applied daily during follow up, II group (Mel)- rats treated daily with melatonin (2 

mg kg(-1) body weight i.p.), III group (MWs)- microwave exposed rats, IV group (MWs + Mel)- MWs 

exposed rats treated with melatonin (2 mg kg(-1) body weight i.p.). The microwave radiation was 

produced by a mobile test phone (SAR = 0.043-0.135 W/kg). RESULTS: A significant increase in the 

brain tissue malondialdehyde (MDA) and carbonyl group concentration was registered during exposure. 

Decreased activity of catalase (CAT) and increased activity of xanthine oxidase (XO) remained after 40 

and 60 days of exposure to mobile phones. Melatonin treatment significantly prevented the increase in the 

MDA content and XO activity in the brain tissue after 40 days of exposure while it was unable to prevent 

the decrease of CAT activity and increase of carbonyl group contents. CONCLUSION: We 

demonstrated two important findings; that mobile phones caused oxidative damage biochemically by 

increasing the levels of MDA, carbonyl groups, XO activity and decreasing CAT activity; and that 

treatment with the melatonin significantly prevented oxidative damage in the brain.  

 

142 Sokolovic D, Djordjevic B, Kocic G, Babovic P, Ristic G, Stanojkovic Z, Sokolovic DM, Veljkovic A, 

Jankovic A, Radovanovic Z. The effect of melatonin on body mass and behaviour of rats during an 

exposure to microwave radiation from mobile phone. Bratisl Lek Listy. 113(5):265-269, 2012. 

http://www.ncbi.nlm.nih.gov/pubmed/22616582  Abstract: BACKGROUND: Microwave radiation 

(MW) produced by wireless telecommunications and a number of electrical devices used in household or 

in healthcare institutions may cause various disorders in human organism. On the other hand, melatonin is 

a potent antioxidant, immunostimulator and neuromodulator. The aim of this research was to determine 

body mass and behaviour changes in rats after a chronic microwave exposure, as well as to determine the 

effects of melatonin on body mass and behaviour in irradiated rats. METHODS: Wistar rats were divided 

into the four experimental groups: I group (control) - rats treated with 0,9 % saline, II group (Mel) - rats 

treated with melatonin (2 mg/kg), III group (MW) - rats exposed to MW radiation (4 h/day), IV group 

(MW+Mel) - rats, which were both exposed to MW radiation and received melatonin premedication (2 

mg/kg). RESULTS: A significant body mass reduction was noted in animals exposed to MW radiation 

when compared to controls after 20, 40 and 60 days (p<0.001). Furthermore, body weight was 

significantly increased (p<0.05) in irradiated rats, which received melatonin pretreatment (MW+Mel) in 

comparison to irradiated group (MW) after 20 days. Microwave radiation exposed animals showed an 

anxiety related behaviour (agitation, irritability) after 10 days of exposure. After the radiation source 

removal, changes in behaviour were less noticeable. Melatonin administration to irradiated rats caused a 

decrease in the stress induced behaviour. CONCLUSION: Microwave radiation causes body mass 

decrease and anxiety related behaviour in rats, however melatonin causes a reverse of those effects on 

both body weight and behaviour of irradiated animals (Fig. 2, Ref. 32).  

 

143 *Sonmez OF, Odaci E, Bas O, Kaplan S. Purkinje cell number decreases in the adult female rat 

cerebellum following exposure to 900 MHz electromagnetic field. Brain Res. 1356:95-101, 2010. 

http://www.ncbi.nlm.nih.gov/pubmed/20691167 Abstract: The biological effects of electromagnetic field 

(EMF) exposure from mobile phones have growing concern among scientists since there are some reports 

showing increased risk for human health, especially in the use 61 of mobile phones for a long duration. In 

the presented study, the effects on the number of Purkinje cells in the cerebellum of 16-week (16 weeks) 

old female rats were investigated following exposure to 900 MHz EMF. Three groups of rats, a control 

group (CG), sham exposed group (SG) and an electromagnetic field exposed group (EMFG) were used in 
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this study. While EMFG group rats were exposed to 900 MHz EMF (1h/day for 28 days) in an exposure 

tube, SG was placed in the exposure tube but not exposed to EMF (1h/day for 28 days). The specific 

energy absorption rate (SAR) varied between 0.016 (whole body) and 2 W/kg (locally in the head). The 

CG was not placed into the exposure tube nor was it exposed to EMF during the study period. At the end 

of the experiment, all of the female rats were sacrificed and the number of Purkinje cells was estimated 

using a stereological counting technique. Histopathological evaluations were also done on sections of the 

cerebellum. Results showed that the total number of Purkinje cells in the cerebellum of the EMFG was 

significantly lower than those of CG (p<0.004) and SG (p<0.002). In addition, there was no significant 

difference at the 0.05 level between the rats' body and brain weights in the EMFG and CG or SG. 

Therefore, it is suggested that long duration exposure to 900 MHz EMF leads to decreases of Purkinje 

cell numbers in the female rat cerebellum.  

 

144 Spichtig S, Scholkmann F, Chin L, Lehmann H, Wolf M. Assessment of intermittent UMTS 

electromagnetic field effects on blood circulation in the human auditory region using a near-infrared 
system. Bioelectromagnetics. 33(1):40-54, 2012. http://www.ncbi.nlm.nih.gov/pubmed/21695708 

Abstract:The aim of the present study was to assess the potential effects of intermittent Universal Mobile 

Telecommunications System electromagnetic fields (UMTS-EMF) on blood circulation in the human 

head (auditory region) using near-infrared spectroscopy (NIRS) on two different timescales: short-term 

(effects occurring within 80 s) and medium-term (effects occurring within 80 s to 30 min). For the first 

time, we measured potential immediate effects of UMTS-EMF in real-time without any interference 

during exposure. Three different exposures (sham, 0.18 W/kg, and 1.8 W/kg) were applied in a 

controlled, randomized, crossover, and double-blind paradigm on 16 healthy volunteers. In addition to 

oxy-, deoxy-, and total haemoglobin concentrations ([O(2) Hb], [HHb], and [tHb], respectively), the heart 

rate (HR), subjective well-being, tiredness, and counting speed were recorded. During exposure to 0.18 

W/kg, we found a significant short-term increase in ∆[O(2) Hb] and ∆[tHb], which is small (≈17%) 

compared to a functional brain activation. A significant decrease in the medium-term response of ∆[HHb] 

at 0.18 and 1.8 W/kg exposures was detected, which is in the range of physiological fluctuations. The 

medium-term ∆HR was significantly higher (+1.84 bpm) at 1.8 W/kg than for sham exposure. The other 

parameters showed no significant effects. Our results suggest that intermittent exposure to UMTS-EMF 

has small short- and medium-term effects on cerebral blood circulation and HR.  

 

 

145 *Thomas S, Heinrich S, von Kries R, Radon K. Exposure to radio-frequency electromagnetic fields and 

behavioural problems in Bavarian children and adolescents. Eur J Epidemiol. 25(2):135-141, 2010b. 

http://www.ncbi.nlm.nih.gov/pubmed/19960235 Abstract: Only few studies have so far investigated 

possible health effects of radio-frequency electromagnetic fields (RF EMF) in children and adolescents, 

although experts discuss a potential higher vulnerability to such fields. We aimed to investigate a possible 

association between measured exposure to RF EMF fields and behavioural problems in children and 

adolescents. 1,498 children and 1,524 adolescents were randomly selected from the population registries 

of four Bavarian (South of Germany) cities. During an Interview data on participants' mental health, 

socio-demographic characteristics and potential confounders were collected. Mental health behaviour was 

assessed using the German version of the Strengths and Difficulties Questionnaire (SDQ). Using a 

personal dosimeter, we obtained radio-frequency EMF exposure profiles over 24 h. Exposure levels over 

waking hours were expressed as mean percentage of the reference level. Overall, exposure to 

radiofrequency electromagnetic fields was far below the reference level. Seven percent of the children 

and 5% of the adolescents showed an abnormal mental behaviour. In the multiple logistic regression 

analyses measured exposure to RF fields in the highest quartile was associated to overall behavioural 

problems for adolescents (OR 2.2; 95% CI 1.1-4.5) but not for children (1.3; 0.7-2.6). These results are 

mainly driven by one subscale, as the results showed an association between exposure and conduct 

problems for adolescents (3.7; 1.6-8.4) and children (2.9; 1.4-5.9). As this is one of the first studies that 
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investigated an association between exposure to mobile telecommunication networks and mental health 

behaviour more studies using personal dosimetry are warranted to confirm these findings.  

 

146 Tombini M, Pellegrino G, Pasqualetti P, Assenza G, Benvenga A, Fabrizio E, Rossini PM Mobile phone 

emissions modulate brain excitability in patients with focal epilepsy. Brain Stimul. 2012 Aug 9. 

http://www.ncbi.nlm.nih.gov/pubmed/22889717 Abstract: BACKGROUND: Electromagnetic fields 

(EMFs) emitted by mobile phones had been shown to increase cortical excitability in healthy subjects 

following 45 min of continuous exposure on the ipsilateral hemisphere. OBJECTIVE: Using Transcranial 

Magnetic Stimulation (TMS), the current study assessed the effects of acute exposure to mobile phone 

EMFs on the cortical excitability in patients with focal epilepsy. METHODS: Ten patients with 

cryptogenic focal epilepsy originating outside the primary motor area (M1) were studied. Paired-pulse 

TMS were applied to the M1 of both the hemisphere ipsilateral (IH) and contralateral (CH) to the 

epileptic focus before and immediately after real/sham exposure to the GSM-EMFs (45 min). The TMS 

study was carried out in all subjects in three different experimental sessions (IH and CH exposure, sham), 

1 week apart, according to a crossover, double-blind and counter-balanced paradigm. RESULTS: The 

present study clearly demonstrated that an acute and relatively prolonged exposure to GSM-EMFs 

modulates cortical excitability in patients affected by focal epilepsy; however, in contrast to healthy 

subjects, these effects were evident only after EMFs exposure over the hemisphere contralateral to the 

epileptic focus (CH). They were characterized by a significant cortical excitability increase in the 

exposed hemisphere paired with slight excitability decrease in the other one (IH). Both sham and real 

EMFs exposure of the IH did not affect brain excitability. CONCLUSION: Present results suggest a 

significant interaction between the brain excitability changes induced by EMFs and the epileptic focus, 

which eliminated the excitability enhancing effects of EMFs evident only in the CH.  

 

147 Töre F, Dulou PE, Haro E, Veyret, B, Aubineau P. Two-hour exposure to 2-W/kg, 900-MHZ GSM 

microwaves induces plasma protein extravasation in rat brain and dura mater., Proceedings of the 5th 

International congress of the EBEA, Helsinki, Finland, 2001, pp. 43-45.  

 

148 Töre F, Dulou PE, Haro E, Veyret, B, Aubineau P. Effect of 2 h GSM-900 microwave exposures at 2.0, 

0.5 and 0.12 W/kg on plasma protein extravasation in rat brain and dura mater., Proceedings of the 24th 

annual meeting of the BEMS 2002, pp. 61-62. 

 

149 Trosić I, Pavicić I, Milković-Kraus S, Mladinić M, Zeljezić D. Effect of electromagnetic radiofrequency 

radiation on the rats' brain, liver and kidney cells measured by comet assay. Coll Antropol. 35(4):1259-

1264, 2011. http://www.ncbi.nlm.nih.gov/pubmed/22397269 Abstract; The goal of study was to evaluate 

DNA damage in rat's renal, liver and brain cells after in vivo exposure to radiofrequency/microwave 

(Rf/Mw) radiation of cellular phone frequencies range. To determine DNA damage, a single cell gel 

electrophoresis/comet assay was used. Wistar rats (male, 12 week old, approximate body weight 350 g) 

(N = 9) were exposed to the carrier frequency of 915 MHz with Global System Mobile signal modulation 

(GSM), power density of 2.4 W/m2, whole body average specific absorption rate SAR of 0.6 W/kg. The 

animals were irradiated for one hour/day, seven days/week during two weeks period. The exposure set-up 

was Gigahertz Transversal Electromagnetic Mode Cell (GTEM--cell). Sham irradiated controls (N = 9) 

were apart of the study. The body temperature was measured before and after exposure. There were no 

differences in temperature in between control and treated animals. Comet assay parameters such as the 

tail length and tail intensity were evaluated. In comparison with tail length in controls (13.5 +/- 0.7 

microm), the tail was slightly elongated in brain cells of irradiated animals (14.0 +/- 0.3 microm). The 

tail length obtained for liver (14.5 +/- 0.3 microm) and kidney (13.9 +/- 0.5 microm) homogenates 

notably differs in comparison with matched sham controls (13.6 +/- 0.3 microm) and (12.9 +/- 0.9 

microm). Differences in tail intensity between control and exposed animals were not significant. The 

results of this study suggest that, under the experimental conditions applied, repeated 915 MHz 
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irradiation could be a cause of DNA breaks in renal and liver cells, but not affect the cell genome at the 

higher extent compared to the basal damage. 

 

150 *Testylier G, Tonduli L, Malabiau R, Debouzy JC. Effects of exposure to low level radiofrequency fields 

on acetylcholine release in hippocampus of freely moving rats. Bioelectromagnetics. 2002 

May;23(4):249-55. http://www.ncbi.nlm.nih.gov/pubmed/11948603 Abstract: ...We studied 

acetylcholine (ACh) release in the brain of freely moving rats exposed for 1 h during the day to a 2.45 

GHz continuous wave radiofrequency field (RF) (2 or 4 mW/cm(2)) or exposed for 1 or 14 h during the 

night to a 800 MHz field modulated at 32 Hz (AM 200 mW/cm(2))…This work indicates that 

neurochemical modification of the hippocampal cholinergic system can be observed during and after an 

exposure to low intensity RF. 

151 Vecchio F, Babiloni C, Ferreri F, Curcio G, Fini R, Del Percio C, Rossini PM. Mobile phone emission 

modulates interhemispheric functional coupling of EEG alpha rhythms. Eur J Neurosci. 2007 

Mar;25(6):1908-13. http://www.ncbi.nlm.nih.gov/pubmed/17432975 Abstract: We tested the working 

hypothesis that electromagnetic fields from mobile phones (EMFs) affect interhemispheric 

synchronization of cerebral rhythms, an important physiological feature of information transfer into the 

brain. Ten subjects underwent two electroencephalographic (EEG) recordings, separated by 1 week, 

following a crossover double-blind paradigm in which they were exposed to a mobile phone signal 

(global system for mobile communications; GSM). The mobile phone was held on the left side of the 

subject head by a modified helmet, and orientated in the normal position for use over the ear. The 

microphone was orientated towards the corner of the mouth, and the antenna was near the head in the 

parietotemporal area. In addition, we positioned another similar phone (but without battery) on the right 

side of the helmet, to balance the weight and to prevent the subject localizing the side of GSM stimulation 

(and consequently lateralizing attention). In one session the exposure was real (GSM) while in the other it 

was Sham; both sessions lasted 45 min. Functional interhemispheric connectivity was modelled using the 

analysis of EEG spectral coherence between frontal, central and parietal electrode pairs. Individual EEG 

rhythms of interest were delta (about 2-4 Hz), theta (about 4-6 Hz), alpha 1 (about 6-8 Hz), alpha 2 (about 

8-10 Hz) and alpha 3 (about 10-12 Hz). Results showed that, compared to Sham stimulation, GSM 

stimulation modulated the interhemispheric frontal and temporal coherence at alpha 2 and alpha 3 bands. 

The present results suggest that prolonged mobile phone emission affects not only the cortical activity but 

also the spread of neural synchronization conveyed by interhemispherical functional coupling of EEG 

rhythms. 

 

152 Vecchio F, Buffo P, Sergio S, Iacoviello D, Rossini PM, Babiloni C. Mobile phone emission modulates 

event-related desynchronization of α rhythms and cognitive-motor performance in healthy humans. 
Clin Neurophysiol. 123(1):121-128, 2012a. http://www.ncbi.nlm.nih.gov/pubmed/21873111 Abstract: 

OBJECTIVES: It has been shown that electromagnetic fields of Global System for Mobile 

Communications phone (GSM-EMFs) affect human brain rhythms (Vecchio et al., 2007, 2010), but it is 

not yet clear whether these effects are related to alterations of cognitive functions. METHODS: Eleven 

healthy adults underwent two electroencephalographic (EEG) sessions separated by 1 week, following a 

cross-over, placebo-controlled, double-blind paradigm. In both sessions, they performed a visual go/no-go 

task before real exposure to GSM-EMFs or after a sham condition with no EMF exposure. In the GSM 

real session, temporal cortex was continuously exposed to GSM-EMFs for 45 min. In the sham session, 

the subjects were not aware that the EMFs had been switched off for the duration of the experiment. In 

the go/no-go task, a central fixation stimulus was followed by a green (50% of probability) or red visual 

stimulus. Subjects had to press the mouse button after the green stimuli (go trials). With reference to a 

baseline period, power decrease of low- (about 8-10 Hz) and high-frequency (about 10-12 Hz) alpha 

rhythms indexed the cortical activity. RESULTS: It was found less power decrease of widely distributed 

high-frequency alpha rhythms and faster reaction time to go stimuli in the post- than pre-exposure period 
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of the GSM session. No effect was found in the sham session. CONCLUSIONS: These results suggest 

that the peak amplitude of alpha ERD and the reaction time to the go stimuli are modulated by the effect 

of the GSM-EMFs on the cortical activity. SIGNIFICANCE: Exposure to GSM-EMFs for 45 min may 

enhance human cortical neural efficiency and simple cognitive-motor processes in healthy adults. 

 

153 Vecchio F, Tombini M, Buffo P, Assenza G, Pellegrino G, Benvenga A, Babiloni C, Rossini PM. Mobile 

phone emission increases inter-hemispheric functional coupling of electroencephalographic alpha 
rhythms in epileptic patients. Int J Psychophysiol. 84(2):164-171, 2012b. 

http://www.ncbi.nlm.nih.gov/pubmed/22326594 Abstract: It has been reported that GSM 

electromagnetic fields (GSM-EMFs) of mobile phones modulate - after a prolonged exposure - inter-

hemispheric synchronization of temporal and frontal resting electroencephalographic (EEG) rhythms in 

normal young and elderly subjects (Vecchio et al., 2007, 2010). Here we tested the hypothesis that this 

can be even more evident in epileptic patients, who typically suffer from abnormal mechanisms 

governing synchronization of rhythmic firing of cortical neurons. Eyes-closed resting EEG data were 

recorded in ten patients affected by focal epilepsy in real and sham exposure conditions. These data were 

compared with those obtained from 15 age-matched normal subjects of the previous reference studies. 

The GSM device was turned on (45 min) in the "GSM" condition and was turned off (45 min) in the other 

condition ("sham"). The mobile phone was always positioned on the left side in both patients and control 

subjects. Spectral coherence evaluated the inter-hemispheric synchronization of EEG rhythms at the 

following frequency bands: delta (about 2-4 Hz), theta (about 4-6 Hz), alpha1 (about 6-8 Hz), alpha2 

(about 8-10 Hz), and alpha3 (about 10-12 Hz). The effects on the patients were investigated comparing 

the inter-hemispheric EEG coherence in the epileptic patients with the control group of subjects evaluated 

in the previous reference studies. Compared with the control subjects, epileptic patients showed a 

statistically significant higher inter-hemispheric coherence of temporal and frontal alpha rhythms (about 

8-12 Hz) in the GSM than "Sham" condition. These results suggest that GSM-EMFs of mobile phone may 

affect inter-hemispheric synchronization of the dominant (alpha) EEG rhythms in epileptic patients. If 

confirmed by future studies on a larger group of epilepsy patients, the modulation of the inter-

hemispheric alpha coherence due to the GSM-EMFs could have clinical implications and be related to 

changes in cognitive-motor function.  

 

154 *Vecchio F, Babiloni C, Ferreri F, Buffo P, Cibelli G, Curcio G, van Dijkman S, Melgari JM, 

Giambattistelli F, Rossini PM. Mobile phone emission modulates inter-hemispheric functional coupling 

of EEG alpha rhythms in elderly compared to young subjects. Clin Neurophysiol. 121(2):163-171, 

2010. http://www.ncbi.nlm.nih.gov/pubmed/20005167 Abstract: OBJECTIVE: It has been reported that 

GSM electromagnetic fields (GSM-EMFs) of mobile phones modulate--after a prolonged exposure--inter-

hemispheric synchronization of temporal and frontal resting electroencephalographic (EEG) rhythms in 

normal young subjects [Vecchio et al., 2007]. Here we tested the hypothesis that this effect can vary on 

physiological aging as a sign of changes in the functional organization of cortical neural synchronization. 

METHODS: Eyes-closed resting EEG data were recorded in 16 healthy elderly subjects and 5 young 

subjects in the two conditions of the previous reference study. The GSM device was turned on (45 min) in 

one condition and was turned off (45 min) in the other condition. Spectral coherence evaluated the inter-

hemispheric synchronization of EEG rhythms at the following bands: delta (about 2-4 Hz), theta (about 4-

6 Hz), alpha 1 (about 6-8 Hz), alpha 2 (about 8-10 Hz), and alpha 3 (about 10-12 Hz). The aging effects 

were investigated comparing the inter-hemispheric EEG coherence in the elderly subjects vs. a young 

group formed by 15 young subjects (10 young subjects of the reference study; Vecchio et al., 2007). 

RESULTS: Compared with the young subjects, the elderly subjects showed a statistically significant 

(p<0.001) increment of the inter-hemispheric coherence of frontal and temporal alpha rhythms (about 8-

12 Hz) during the GSM condition. CONCLUSIONS: These results suggest that GSM-EMFs of a mobile 

phone affect inter-hemispheric synchronization of the dominant (alpha) EEG rhythms as a function of the 

physiological aging. SIGNIFICANCE: This study provides further evidence that physiological aging is 

related to changes in the functional organization of cortical neural synchronization.  
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155 Volkow ND, Tomasi D, Wang GJ, Vaska P, Fowler JS, Telang F, Alexoff D, Logan J, Wong C. Effects 

of cell phone radiofrequency signal exposure on brain glucose metabolism. JAMA. 305(8):808-813, 

2011.  http://www.ncbi.nlm.nih.gov/pubmed/21343580 Abstract: CONTEXT: The dramatic increase in 

use of cellular telephones has generated concern about possible negative effects of radiofrequency signals 

delivered to the brain. However, whether acute cell phone exposure affects the human brain is unclear. 

OBJECTIVE: To evaluate if acute cell phone exposure affects brain glucose metabolism, a marker of 

brain activity. DESIGN, SETTING, AND PARTICIPANTS: Randomized crossover study conducted 

between January 1 and December 31, 2009, at a single US laboratory among 47 healthy participants 

recruited from the community. Cell phones were placed on the left and right ears and positron emission 

tomography with ((18)F)fluorodeoxyglucose injection was used to measure brain glucose metabolism 

twice, once with the right cell phone activated (sound muted) for 50 minutes ("on" condition) and once 

with both cell phones deactivated ("off" condition). Statistical parametric mapping was used to compare 

metabolism between on and off conditions using paired t tests, and Pearson linear correlations were used 

to verify the association of metabolism and estimated amplitude of radiofrequency-modulated 

electromagnetic waves emitted by the cell phone. Clusters with at least 1000 voxels (volume >8 cm(3)) 

and P < .05 (corrected for multiple comparisons) were considered significant. MAIN OUTCOME 

MEASURE: Brain glucose metabolism computed as absolute metabolism (µmol/100 g per minute) and 

as normalized metabolism (region/whole brain). RESULTS: Whole-brain metabolism did not differ 

between on and off conditions. In contrast, metabolism in the region closest to the antenna (orbitofrontal 

cortex and temporal pole) was significantly higher for on than off conditions (35.7 vs 33.3 µmol/100 g per 

minute; mean difference, 2.4 [95% confidence interval, 0.67-4.2]; P = .004). The increases were 

significantly correlated with the estimated electromagnetic field amplitudes both for absolute metabolism 

(R = 0.95, P < .001) and normalized metabolism (R = 0.89; P < .001). CONCLUSIONS: In healthy 

participants and compared with no exposure, 50-minute cell phone exposure was associated with 

increased brain glucose metabolism in the region closest to the antenna. This finding is of unknown 

clinical significance.  

 

156 *Wang B, Lai H. Acute exposure to pulsed 2450-MHz microwaves affects watermaze performance of 

rats. Bioelectromagnetics 2000, 21:52-56. http://www.ncbi.nlm.nih.gov/pubmed/10615092 Abstract:  

Rats were trained in six sessions to locate a submerged platform in a circular water maze. They were 

exposed to pulsed 2450-MHz microwaves (pulse width 2 micros, 500 128;pulses/s, average power density 

2 mW/cm(2), average whole body specific absorption rate 1.2 W/kg) for 1 h in a circular waveguide 

system immediately before each training session. One hour after the last training session, they were tested 

in a probe trial during which the platform was removed and the time spent in the quadrant of the maze in 

which the platform had been located during the 1-min trial was scored. Three groups of animals, 

microwave-exposed, sham-exposed, and cage control, were studied. Microwave-exposed rats were slower 

than sham-exposed and cage control rats in learning to locate the platform. However, there was no 

significant difference in swim speed among the three groups of animals, indicating that the difference in 

learning was not due to a change in motor functions or motivation. During the probe trial, microwave-

exposed animals spent significantly less time in the quadrant that had contained the platform, and their 

swim patterns were different from those of the sham-exposed and cage control animals. The latter 

observation indicates that microwave-exposed rats used a different strategy in learning the location of the 

platform. These results show that acute exposure to pulsed microwaves caused a deficit in spatial 

"reference" memory in the rat. 

 

157 Westerman R, Hocking B. Diseases of modern living: neurological changes associated with mobile 

phones and radiofrequency radiation in humans. Neurosci Lett. 2004 May 6;361(1-3):13-6. 

http://www.ncbi.nlm.nih.gov/pubmed/15135881 Review. Abstract: Health effects of radiofrequency 

radiations (RFR) including mobile phone technology and the adequacy of their safety standards remain 

uncertain. Case reports of peripheral neurological effects of RFR describe mainly disturbances of noxious 
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sensation (dysaesthesia). Cases associated with other RFR sources as well as mobile phone technology 

are examined seeking insights into neurophysiological mechanisms and safety levels. Cases have arisen 

after exposure to much of the frequency range (low MHz to GHz). In some instances symptoms are 

transitory, but may be lasting in others. After very high intensity exposures nerves may be grossly injured. 

However, after lower intensity exposures which may result in dysaesthesia, ordinary nerve conduction 

studies demonstrate no abnormality although current perception threshold studies may. Only a small 

proportion of similarly exposed persons develop symptoms. The role of modulations (e.g. pulses) needs 

clarification. Some of these observations are not consistent with the prevailing hypothesis that all health 

effects of RFR arise from thermal mechanisms. It is concluded that RFR from mobile phones can cause 

peripheral neurophysiological changes in some persons. The effects occur at exposure levels below the 

present safety levels for RFR. Possible non-thermal mechanisms are discussed and may point to future 

directions of research. 

 

 

158 *Wiholm C, Lowden A, Kuster N, Hillert L, Arnetz BB, Akerstedt T, Moffat SD. Mobile phone 

exposure and spatial memory. Bioelectromagnetics. 30(1):59-65, 2009. 

http://www.ncbi.nlm.nih.gov/pubmed/18792947 Abstract: Radiofrequency (RF) emission during mobile 

phone use has been suggested to impair cognitive functions, that is, working memory. This study 

investigated the effects of a 2 1/2 h RF exposure (884 MHz) on spatial memory and learning, using a 

double-blind repeated measures design. The exposure was designed to mimic  that experienced during a 

real-life mobile phone conversation. The design maximized the exposure to the left hemisphere. The 

average exposure was peak spatial specific absorption rate (psSAR10g) of 1.4 W/kg. The primary 

outcome measure was a "virtual" spatial navigation task modeled after the commonly used and validated 

Morris Water Maze. The distance traveled on each trial and the amount of improvement across trials (i.e., 

learning) were used as dependent variables. The participants were daily mobile phone users, with and 

without symptoms attributed to regular mobile phone use. Results revealed a main effect of RF exposure 

and a significant RF exposure by group effect on distance traveled during the trials. The symptomatic 

group improved their performance during RF exposure while there was no such effect in the non-

symptomatic group. Until this new finding is further investigated, we can only speculate about the cause.  

 
159 Xu S, Zhou Z, Zhang L, Yu Z, Zhang W, Wang Y, Wang X, Li M, Chen Y, Chen C, He M, Zhang G, 

Zhong M. Exposure to 1800 MHz radiofrequency radiation induces oxidative damage to mitochondrial 

DNA in primary cultured neurons. Brain Res. 1311:189-196, 2010. 

http://www.ncbi.nlm.nih.gov/pubmed/19879861 Abstract: Increasing evidence indicates that oxidative 

stress may be involved in the adverse effects of radiofrequency (RF) radiation on the brain. Because 

mitochondrial DNA (mtDNA) defects are closely associated with various nervous system diseases and 

mtDNA is particularly susceptible to oxidative stress, the purpose of this study was to determine whether 

radiofrequency radiation can cause oxidative damage to mtDNA. In this study, we exposed primary 

cultured cortical neurons to pulsed RF electromagnetic fields at a frequency of 1800 MHz modulated by 

217 Hz at an average special absorption rate (SAR) of 2 W/kg. At 24 h after exposure, we found that RF 

radiation induced a significant increase in the levels of 8-hydroxyguanine (8-OHdG), a common 

biomarker of DNA oxidative damage, in the mitochondria of neurons. Concomitant with this finding, the 

copy number of mtDNA and the levels of mitochondrial RNA (mtRNA) transcripts showed an obvious 

reduction after RF exposure. Each of these mtDNA disturbances could be reversed by pretreatment with 

melatonin, which is known to be an efficient antioxidant in the brain. Together, these results suggested 

that 1800 MHz RF radiation could cause oxidative damage to mtDNA in primary cultured neurons. 

Oxidative damage to mtDNA may account for the neurotoxicity of RF radiation in the brain.  

 

160 *Yan JG, Agresti M, Zhang LL, Yan Y, Matloub HS. Upregulation of specific mRNA levels in rat brain 

after cell phone exposure. Electromagn Biol Med. 27(2):147-154, 2008. 

http://www.ncbi.nlm.nih.gov/pubmed/18568932 Abstract: Adult Sprague-Dawley rats were exposed to 
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regular cell phones for 6 h per day for 126 days (18 weeks). RT-PCR was used to investigate the changes 

in levels of mRNA synthesis of several injury-associated proteins. Calcium ATPase, Neural Cell 

Adhesion Molecule, Neural Growth Factor, and Vascular Endothelial Growth Factor were evaluated. The 

results showed statistically significant mRNA up-regulation of these proteins in the brains of rats exposed 

to cell phone radiation. These results indicate that relative chronic exposure to cell phone microwave 

radiation may result in cumulative injuries that could eventually lead to clinically significant neurological 

damage.  

 

161 Zareen N, Khan MY, Ali Minhas L. Derangement of chick embryo retinal differentiation caused by 

radiofrequency electromagnetic fields. Congenit Anom (Kyoto). 49(1):15-19, 2009. 

http://www.ncbi.nlm.nih.gov/pubmed/19243412  Abstract: The possible adverse effects of 

radiofrequency electromagnetic fields (EMF) emitted from mobile phones present a major public concern. 

Biological electrical activities of the human body are vulnerable to interference from oscillatory aspects 

of EMF, which affect fundamental cellular activities, in particular, the highly active development process 

of embryos. Some studies highlight the possible health hazards of EMF, while others contest the 

hypothesis of biological impact of EMF. The present study was designed to observe the 

histomorphological effects of EMF emitted by a mobile phone on the retinae of developing chicken 

embryos. Fertilized chicken eggs were exposed to a ringing mobile set on silent tone placed in the 

incubator at different ages of development. After exposure for the scheduled duration the retinae of the 

embryos were dissected out and processed for histological examination. The control and experimental 

embryos were statistically compared for retinal thickness and epithelial pigmentation grades. Contrasting 

effects of EMF on the retinal histomorphology were noticed, depending on the duration of exposure. The 

embryos exposed for 10 post-incubation days exhibited decreased retinal growth and mild pigmentation 

of the epithelium. Growth retardation reallocated to growth enhancement on increasing EMF exposure for 

15 post-incubation days, with a shift of pigmentation grade from mild to intense. We conclude that EMF 

emitted by a mobile phone cause derangement of chicken embryo retinal differentiation.  

 
162 Zhang SZ, Yao GD, Lu DQ, Chiang H, Xu ZP. [Effect of 1.8 GHz radiofrequency electromagnetic fields 

on gene expression of rat neurons]. Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi. 26(8):449-

452, 2008. [Article in Chinese] http://www.ncbi.nlm.nih.gov/pubmed/19358751 Abstract: OBJECTIVE: 

To investigate the changes of gene expression in rat neuron induced by 1.8 GHz radiofrequency 

electromagnetic fields (RF EMF) to screen for RF EMF-responsive genes and the effect of different 

exposure times and modes on the gene expression in neuron. METHODS: Total RNA was extracted 

immediately and purified from the primary culture of neurons after intermittent exposed or sham-exposed 

to a frequency of 1.8 GHz RF EMF for 24 hours at an average special absorption rate (SAR) of 2 W/kg. 

Affymetrix Rat Neurobiology U34 array was applied to investigate the changes of gene expression in rat 

neuron. Differentially expressed genes (Egr-1, Mbp and Plp) were further confirmed by semi-quantitative 

revere transcription polymerase chain reaction (RT PCR). The expression levels of Egr-1, Mbp and Plp 

were observed at different exposure times (6, 24 h) and modes (intermittent and continuous exposure). 

RESULTS: Among 1200 candidate genes, 24 up-regulated and 10 down-regulated genes were found by 

using Affymetrix microarray suite software 5.0 which are associated with multiple cellular functions 

(cytoskeleton, signal transduction pathway, metabolism, etc.) after functional classification. Under 24 h 

and 6 h intermittent exposure, Egr-1 and Plp in experiment groups showed statistic significance (P < 0.05) 

compared with the control groups, while expression of Mbp did not change significantly (P > 0.05). After 

24 h continuous exposure, Egr-1 and Mbp in experiment groups showed statistic significance (P < 0.05) 

compared with the control group, while expression of Plp did not change significantly (P > 0.05). Under 

the same exposure mode 6 h, expression of all the 3 genes did not change significantly. Different times (6, 

24 h) and modes (intermittent and continuous exposure) of exposure exerted remarkable different 

influences on the expression of Egr-1, Mbp, Plp genes (P < 0.01). CONCLUSION: The changes of many 

genes transcription were involved in the effect of 1.8 GHz RF EMF on rat neurons; Down-regulation of 

Egr-1 and up-regulation of Mbp, Plp indicated the negative effects of RF EMF on neurons; The effect of 
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RF intermittent exposure on gene expression was more obvious than that of continuous exposure; The 

effect of 24 h RF exposure (both intermittent and continuous) on gene expression was more obvious than 

that of 6 h (both intermittent and continuous).  

 

163 *Zhao R, Zhang S, Xu Z, Ju L, Lu D, Yao G. Studying gene expression profile of rat neuron exposed to 

1800MHz radiofrequency electromagnetic fields with cDNA microassay. Toxicology. 235(3):167-175, 

2007. http://www.ncbi.nlm.nih.gov/pubmed/17449163  Abstract: A widespread use of mobile phone 

(MP) evokes a growing concern for their possible adverse effects on human, especially the brain. Gene 

expression is a unique way of characterizing how cells and organism adapt to changes in the external 

environment, so the aim of this investigation was to determine whether 1800 MHz radiofrequency 

electromagnetic fields (RF EMF) can influence the gene expression of neuron. Affymetrix Rat 

Neurobiology U34 array was applied to investigate the changes of gene expression in rat neuron after 

exposed to the pulsed RF EMF at a frequency of 1800 MHz modulated by 217 Hz which is commonly 

used in MP. Among 1200 candidate genes, 24 up-regulated genes and 10 down-regulated genes were 

identified after 24-h intermittent exposure at an average special absorption rate (SAR) of 2 W/kg, which 

are associated with multiple cellular functions (cytoskeleton, signal transduction pathway, metabolism, 

etc.) after functional classification. The results were further confirmed by quantitative real-time 

polymerase chain reaction (RT PCR). The present results indicated that the gene expression of rat neuron 

could be altered by exposure to RF EMF under our experimental conditions.  

 

164 *Zhao TY, Zou SP, Knapp PE. Exposure to cell phone radiation up-regulates apoptosis genes in 

primary cultures of neurons and astrocytes. Neurosci Lett. 412(1):34-38, 2007. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2713174/pdf/nihms16917.pdf  Abstract: The health 

effects of cell phone radiation exposure are a growing public concern. This study investigated whether 

expression of genes related to cell death pathways are dysregulated in primary cultured neurons and 

astrocytes by exposure to a working Global System for Mobile Communication (GSM) cell phone rated at 

a frequency of 1900MHz. Primary cultures were exposed to cell phone emissions for 2h. We used array 

analysis and real-time RT-PCR to show up-regulation of caspase-2, caspase-6 and Asc (apoptosis 

associated speck-like protein containing a card) gene expression in neurons and astrocytes. Up-regulation 

occurred in both "on" and "stand-by" modes in neurons, but only in "on" mode in astrocytes. 

Additionally, astrocytes showed up-regulation of the Bax gene. The effects are specific since up-

regulation was not seen for other genes associated with apoptosis, such as caspase-9 in either neurons or 

astrocytes, or Bax in neurons. The results show that even relatively short-term exposure to cell phone 

radiofrequency emissions can up-regulate elements of apoptotic pathways in cells derived from the brain, 

and that neurons appear to be more sensitive to this effect than astrocytes. 

 

 

Corrections to Part 6A of Revision filed 3/4/13: 
 

165  [formally 6.A.48] Frey A. Effects of Micorwaves And Radio Frequency Energy on the Central 

Nervous System. US Department of Commerce; National Bureau of Standards, 1969.  Review 

(link to full copy provided ) http://www.dtic.mil/cgi-

bin/GetTRDoc?Location=U2&doc=GetTRDoc.pdf&AD=AD0698195 

 

166 [formally 6.A.101] Mitchell CL, McRee DI, Peterson NJ, Tilson HA. Some behavioral effects of 

short-term exposure of rats to 2.45 GHz microwave radiation. Bioelectromagnetics. 

1988;9(3):259-68. http://www.ncbi.nlm.nih.gov/pubmed/3178900 Abstract: Rats were tested for 

neurobehavioral alterations immediately after exposure to 2.45-GHz (CW) microwave radiation 

at 10 mW/cm2 for 7 h. Behavioral tests used were locomotor activity, startle to an acoustic 
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stimulus and acquisition and retention of a shock-motivated passive avoidance task. Both 

horizontal and vertical components of locomotor activity were assessed in 5-min epochs for a 

period of 30 min using photoelectric detectors. Microwave-exposed animals exhibited less 

activity than sham-exposed animals. This was most evident during the last 10-15 min of the 30-

min test session. Twenty identical acoustical stimuli (8 KHz, 110 dB) were delivered to each rat 

at 40-s intervals. The microwave-exposed animals were less responsive to the stimuli than sham-

exposed animals. Microwave exposure had no effect on the retention of a passive avoidance 

procedure when tested at 1 week after training. Both the locomotor activity and acoustic startle 

data demonstrate that, under the conditions of this experiment, microwave exposure may alter 

responsiveness of rats to novel environmental conditions or stimuli. 

 

167 [formally 6.A.102] Mitchell CL, McRee DI, Peterson NJ, Tilson HA, Shandala MG, Rudnev MI, 

Varetskii VV, Navakatikyan MI.  Results of a United States and Soviet Union joint project on 

nervous system effects of microwave radiation. Environ Health Perspect. 1989 May;81:201-9.  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1567540/   2.4 GHz 10 mW/cm2. Abstract: The 

U.S. group, but not the USSR group, found significantly less Na+,K+-ATPase activity in the 

microwave-exposed animals compared to the sham exposed animals. Both groups found 

incidences of statistically significant effects in the power spectral analysis of EEG frequency, but 

not at the same frequency.  
 

 

6.B  Relevant studies found on this topic that have not been reviewed by any 

scientific groups named above: 

 
168 Ding GR, Qiu LB, Wang XW, Li KC, Zhou YC, Zhou Y, Zhang J, Zhou JX, Li YR, Guo GZ. EMP-

induced alterations of tight junction protein expression and disruption of the blood-brain 
barrier.Toxicol Lett. 2010 Jul 15;196(3):154-60. http://www.ncbi.nlm.nih.gov/pubmed/20412840 

Abstract: The blood-brain barrier (BBB) is critical to maintain cerebral homeostasis. In this study, we 

examined the effects of exposure to electromagnetic pulse (EMP) on the functional integrity of BBB and, 

on the localization and expression of tight junction (TJ) proteins (occludin and ZO-1) in rats. Animals 

were sham or whole-body exposed to EMP at 200 kV/m for 400 pulses. The permeability of BBB in rat 

cerebral cortex was examined by using Evans Blue (EB) and lanthanum nitrate as vascular tracers. The 

localization and expression of TJ proteins were assessed by western blot and immunofluorescence 

analysis, respectively. The data indicated that EMP exposure caused: (i) increased permeability of BBB, 

and (ii) altered localization as well as decreased levels of TJ protein ZO-1. These results suggested that 

the alteration of ZO-1 may play an important role in the disruption of tight junctions, which may lead to 

dysfunction of BBB after EMP exposure. 

 

169 Ding GR, Li KC, Wang XW, Zhou YC, Qiu LB, Tan J, Xu SL, Guo GZ. Effect of electromagnetic pulse 

exposure on brain micro vascular permeability in rats. Biomed Environ Sci. 2009 Jun;22(3):265-8. 

http://www.ncbi.nlm.nih.gov/pubmed/19725471 Abstract: OBJECTIVE:  To observe the effect of 

electromagnetic pulse (EMP) exposure on cerebral micro vascular permeability in rats. METHODS:  The 

whole-body of male Sprague-Dawley rats were exposed or sham exposed to 200 pulses or 400 pulses (1 

Hz) of EMP at 200 kV/m. At 0.5, 1, 3, 6, and 12 h after EMP exposure, the permeability of cerebral micro 

vascular was detected by transmission electron microscopy and immunohistochemistry using lanthanum 

nitrate and endogenous albumin as vascular tracers, respectively. RESULTS:  The lanthanum nitrate 

tracer was limited to the micro vascular lumen with no lanthanum nitrate or albumin tracer extravasation 
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in control rat brain. After EMP exposure, the lanthanum nitrate ions reached the tight junction, basal 

lamina and pericapillary tissue. Similarly, the albumin immunopositive staining was identified in 

pericapillary tissue. The changes in brain micro vascular permeability were transient, the leakage of micro 

vascular vessels appeared at 1 h, and reached its peak at 3 h, and nearly recovered at 12 h, after EMP 

exposure. In addition, the leakage of micro vascular was more obvious after exposure of EMP at 400 

pulses than after exposure of EMP at 200 pulses. CONCLUSION:  Exposure to 200 and 400 pulses (1 

Hz) of EMP at 200 kV/m can increase cerebral micro vascular permeability in rats, which is recoverable. 

 

170 Ding GR, Guo GZ. Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi.[Effect of electromagnetic 

radiation on blood-brain barrier and its mechanism]. 2009 Sep;27(9):562-5. Review. No abstract 

available.  

 

171 Kesari KK, Kumar S, Behari J. Pathophysiology of microwave radiation: effect on rat brain. 

Appl Biochem Biotechnol. 2012 Jan;166(2):379-88. 

http://www.ncbi.nlm.nih.gov/pubmed/22134878 Abstract: The study aims to investigate the 

effect of 2.45 GHz microwave radiation on Wistar rats. Rats of 35 days old with 130 ± 10 g body 

weight were selected for this study. Animals were divided into two groups: sham exposed and 

experimental (six animals each). Animals were exposed for 2 h a day for 45 days at 2.45 GHz 

frequency (power density, 0.21 mW/cm(2)). The whole body specific absorption rate was 

estimated to be 0.14 W/kg. Exposure took place in a ventilated plexiglas cage and kept in an 

anechoic chamber under a horn antenna. After completion of the exposure period, rats were 

killed, and pineal gland and whole brain tissues were isolated for the estimation of melatonin, 

creatine kinase, caspase 3, and calcium ion concentration. Experiments were performed in a 

blind manner and repeated. A significant decrease (P < 0.05) was recorded in the level of pineal 

melatonin of exposed group as compared with sham exposed. A significant increase (P < 0.05) in 

creatine kinase, caspase 3, and calcium ion concentration was observed in whole brain of 

exposed group of animals as compared to sham exposed. One-way analysis of variance method 

was adopted for statistical analysis. The study concludes that a reduction in melatonin or an 

increase in caspase-3, creatine kinase, and calcium ion may cause significant damage in brain 

due to chronic exposure of these radiations. These biomarkers clearly indicate possible health 

implications of such exposures. 
 

 

172 Qiu LB, Ding GR, Zhang YM, Zhou Y, Wang XW, Li KC, Xu SL, Tan J, Zhou JX, Guo GZ [Effects of 

electromagnetic pulse on blood-brain barrier permeability and tight junction proteins in rats]. 

http://www.ncbi.nlm.nih.gov/pubmed/20137299   Abstract: OBJECTIVE: To study the effect of 

electromagnetic pulse (EMP) on the permeability of blood-brain barrier, tight junction (TJ)-associated 

protein expression and localization in rats. METHODS: 66 male SD rats, weighing (200 approximately 

250) g, were sham or whole-body exposed to EMP at 200 kV/m for 200 pulses. The repetition rate was 1 

Hz. The permeability of the blood-brain barrier in rats was assessed by albumin immunohistochemistry. 

The expression of typical tight junction protein ZO-1 and occludin in both cerebral cortex homogenate 

and cerebral cortex microvessel homogenate was analyzed by the Western blotting and the distribution of 

ZO-1 and occludin was examined by immunofluorescence microscopy. RESULTS: In the sham exposure 

rats, no brain capillaries showed albumin leakage, at 0.5 h after 200 kV/m EMP exposure for 200 pulses; 

a few brain capillaries with extravasated serum albumin was found, with the time extended, the number of 

brain capillaries with extravasated serum albumin increased, and reached the peak at 3 h, then began to 

recover at 6 h. In addition, no change in the distribution of the occludin was found after EMP exposure. 

Total occludin expression had no significant change compared with the control. However, the expression 

level of ZO-1 significantly decreased at 1 h and 3 h after EMP exposure in both cerebral cortex 
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homogenate and cerebral cortex microvessel homogenate. Furthermore, immunofluorescence studies also 

showed alterations in ZO-1 protein localization in cerebral cortex microvessel. CONCLUSION: The EMP 

exposure (200 kV/m, 200 pulses) could increase blood-brain barrier permeability in rat, and this change is 

associated with specific alterations in tight junction protein ZO-1. 

173 Qiu LB, Ding GR, Li KC, Wang XW, Zhou Y, Zhou YC, Li YR, Guo GZ. The role of protein kinase C 

in the opening of blood-brain barrier induced by electromagnetic pulse. Toxicology. 2010 Jun 

29;273(1-3):29-34.  http://www.ncbi.nlm.nih.gov/pubmed/20435084 Abstract: The aim of this study was 

to determine the role of protein kinase C signaling in electromagnetic pulse (EMP)-induced blood-brain 

barrier (BBB) permeability change in rats. The protein level of total PKC and two PKC isoforms (PKC-

alpha, and PKC-beta II) were determined in brain cerebral cortex microvessels by Western blot after 

exposing rats to EMP at 200kV/m for 200 pulses with 1Hz repetition rate. It was found that the protein 

level of PKC and PKC-betaII (but not PKC-alpha) in cerebral cortex microvessels increased significantly 

at 0.5h and 1h after EMP exposure compared with sham-exposed animals and then recovered at 3h. A 

specific PKC antagonist (H7) almost blocked EMP-induced BBB permeability change. EMP-induced 

BBB tight junction protein ZO-1 translocation was also inhibited. Our data indicated that PKC signaling 

was involved in EMP-induced BBB permeability change and ZO-1 translocation in rat. 

 

174 Qiu LB, Zhou Y, Wang Q, Yang LL, Liu HQ, Xu SL, Qi YH, Ding GR, Guo GZ. Synthetic gelatinases 

inhibitor attenuates electromagnetic pulse-induced blood-brain barrier disruption by inhibiting 
gelatinases-mediated ZO-1 degradation in rats  Toxicology. 2011 Jul 11;285(1-2):31-8. 

http://www.ncbi.nlm.nih.gov/pubmed/21501651  Abstract: Previously we found that exposure to 

electromagnetic pulse (EMP) induced an increase in blood-brain-barrier (BBB) permeability and the 

degradation of tight junction protein ZO-1 in rats. Matrix metalloproteinases (MMPs), in particular 

gelatinases (MMP-2 and MMP-9), play a key role in degradation of tight junction proteins, are known 

mediators of BBB compromise. We hypothesized that the degradation of ZO-1 by gelatinases contributed 

to EMP-induced BBB opening. To test this hypothesis, the mRNA level of ZO-1, protein levels of MMP-

2, MMP-9 and tissue inhibitor of metalloproteinases (TIMP-1 and TIMP-2) were detected in rat cerebral 

cortex after exposing rats to EMP at 200 kV/m for 200 pulses. It was found that the mRNA level of ZO-1 

was unaltered at different time points after EMP exposure. The protein levels of MMP-2 and MMP-9 

significantly increased at 3 h and 0.5 h, respectively. However, TIMP-1 (inhibitor of MMP-9) and TIMP-

2 (inhibitor of MMP-2) only moderately increased after EMP exposure. In addition, in situ zymography 

results showed that the gelatinase activity increased in cerebral microvessels at 3 h after EMP exposure. 

When rats were treated with gelatinases inhibitor (SB-3CT) before EMP exposure, the EMP-induced 

BBB opening was attenuated and the ZO-1 degradation was reversed. Our results suggested that EMP-

induced BBB opening was related to gelatinase mediated ZO-1 degradation 

 

175 Zhao L, Peng RY, Wang SM, Wang LF, Gao YB, Dong J, Li X, Su ZT. Relationship between cognition 

function and hippocampus structure after long-term microwave exposure. Biomed Environ Sci. 2012 

Apr;25(2):182-8. 

http://www.besjournal.com/Articles/Archive/archive/No2/201205/t20120510_60675.html Abstract: To 

analyze the effects of long-term microwave exposure on hippocampal structure and function in the 

rat.Experiments were performed on 184 male Wistar rats (three exposure groups and a sham group). 

Microwaves were applied daily for 6 min over 1 month at average power densities of 2.5, 5, and 10 

mW/cm2. Learning and memory abilities were assessed by Morris water maze. High performance liquid 

chromatography was used to detect neurotransmitter concentrations in the hippocampus. Hippocampal 

structures were observed by histopathological analysis. RESULTS: Following long-term microwave 

exposure there was a significant decrease in learning and memory activity in the 7 d, 14 d, and 1 m in all 

three microwave exposure groups. Neurotransmitter concentrations of four amino acids (glutamate, 

aspartic acid, glycine, and gamma-aminobutyric acid) in hippocampus were increased in the 2.5 and 5 

mW/cm2 groups and decreased in the 10 mW/cm2 group. There was evidence of neuronal degeneration 
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and enlarged perivascular spaces in the hippocampus in the microwave exposure groups. Further, 

mitochondria became swollen and cristae were disordered. The rough endoplasmic reticulum exhibited 

sacculated distension and there was a decrease in the quantity of synaptic vesicles. CONCLUSION: 

These data suggest that the hippocampus can be injured by long-term microwave exposure, which 
might result in impairment of cognitive function due to neurotransmitter disruption. 

 

176 Zhang YM, Zhou Y, Qiu LB, Ding GR, Pang XF. Altered expression of matrix metalloproteinases and 

tight junction proteins in rats following PEMF-induced BBB permeability change. Biomed Environ 

Sci. 2012 Apr;25(2):197-202. http://www.ncbi.nlm.nih.gov/pubmed/22998827 . Abstract: OBJECTIVE:  

To investigate the expression of occludin, ZO-1, MMP-2, and MMP-9 in cerebral microvasculature 

following Pulse Electromagnetic Field (PEMF) induced BBB permeability change. METHODS:  

Sprague-Dawley rats were randomized into PEMF and sham exposed groups (n = 8). After exposure to 

PEMF at 0.5, 1, 3, 6, and 12 h, BBB permeability was measured by Evans-Blue extravasation. The 

expression of occludin, ZO-1, MMP-2, and MMP-9 were detected by real-time quantitative reverse 

transcriptase PCR and western blotting. MMP-2 and MMP-9 activity were detected by EnzChek 

gelatinase assay. RESULTS:  Compared with the sham group, PEMF exposure led to increased 

permeability of the BBB to EB, which was prolonged after exposure. BBB permeability became 

progressively more severe, and recovered at 6 h. The gene and protein expression of occludin and ZO-1 

were significantly decreased, while MMP-2 and MMP-9 expression were significantly increased after 

exposure to PEMF. All levels of expression recovered 12 h following PEMF. CONCLUSION:  Changes 

to BBB permeability were related to the alteration expression of tight junction proteins and matrix 

metalloproteinase after exposure to PEMF. 
 

 

177 Zhou JX, Ding GR, Zhang J, Zhou YC, Zhang YJ, Guo GZ. Detrimental Effect of Electromagnetic 

Pulse Exposure on Permeability of In Vitro Blood-brain-barrier Model. Biomed Environ Sci. 2013 

Feb;26(2):128- 37 http://www.ncbi.nlm.nih.gov/pubmed/23336136   Abstract: OBJECTIVE:  To study 

the effect of electromagnetic pulse (EMP) exposure on permeability of in vitro blood-brain-barrier (BBB) 

model. METHODS:  An in vitro BBB model, established by co-culturing brain microvascular 

endothelial cells (BMVEC) and astroglial cells (AC) isolated from rat brain, was exposed to EMP at 100 

kV/m and 400 kV/m, respectively. Permeability of the model was assayed by measuring the 

transendothelial electrical resistance (TEER) and the horseradish peroxidase (HRP) transmission at 

different time points. Levels of BBB tight junction-related proteins were measured at 0, 1, 2, 4, 8, 12, 16, 

20, 24 h after EMP exposure by Western blotting. RESULTS:  The TEER level was lower in BBB model 

group than in control group at 12 h after EMP, exposure which returned to its normal level at 24 h. The 24 

h recovery process was triphasic and biphasic respectively after EMP exposure at 100 kV/m and 400 

kV/m. Following exposure to 400 kV/m EMP, the HRP permeability increased at 1-12 h and returned to 

its normal level at 24 h. Western blotting showed that the claudin-5 and ZO-1 protein levels were changed 

after EMP exposure. CONCLUSION:  EMP exposure at 100 kV/m and 400 kV/m can increase the 

permeability of in vitro BBB model and BBB tight junction-related proteins such as ZO-1 and claudin-5 

may change EMP-induced BBB permeability. 

 

178 Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi. 2009 Sep;27(9):562-5. [Effect of electromagnetic 

radiation on blood-brain barrier and its mechanism].Review. No abstract available. 

http://www.ncbi.nlm.nih.gov/pubmed/20166255 
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6.C  Evidence has been presented to show that the recognized research bias 

known as the “funding effect” has been found within EMF radiation research 

conducted to determine Genotoxic effects & cancer and  below is evidence that it 

also exists within research of EMF on neurological effects. 

179 Marino AA, Carrubba S. The effects of mobile-phone electromagnetic fields on brain electrical activity: 

a critical analysis of the literature. Electromagn Biol Med. 2009;28(3):250-74.  

http://www.ncbi.nlm.nih.gov/pubmed/20001702 [PDF file] Review Abstract: We analyzed the reports in 

which human brain electrical activity was compared between the presence and absence of radio-frequency 

and low-frequency electromagnetic fields (EMFs) from mobile phones, or between pre- and post-

exposure to the EMFs. Of 55 reports, 37 claimed and 18 denied an EMF-induced effect on either the 

baseline electro encephalogram (EEG), or on cognitive processing of visual or auditory stimuli as 

reflected in changes in event-related potentials. The positive reports did not adequately consider the 

family-wise error rate, the presence of spike artifacts in the EEG, or the confounding role of the two 

different EMFs. The negative reports contained neither positive controls nor power analyses. Almost all 

reports were based on the incorrect assumption that the brain was in equilibrium with its surroundings. 

Overall, the doubt regarding the existence of reproducible mobile-phone EMFs on brain activity created 

by the reports appeared to legitimate the knowledge claims of the mobile-phone industry. However, it 

funded, partly or wholly, at least 87% of the reports. From an analysis of their cognitive framework, the 

common use of disclaimers, the absence of information concerning conflicts of interest, and the industry's 

donations to the principal EMF journal, we inferred that the doubt was manufactured by the industry. The 

crucial scientific question of the pathophysiology of mobile-phone EMFs as reflected in measurements of 

brain electrical activity remains unanswered, and essentially unaddressed. 

 


