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3.A  Only twenty three (23) of the positive studies (marked with an *) in the list below 

have been included by AGNIR (2012 & 2003) or SCENIHR (2007 & 2009) in their reviews 

of the evidence for biological effects of EMF radiation on these topics, even though many 

of the remaining eighty nine (89) positive studies were published during the same time 

period covered by their reviews.   This list of studies was compiled from the reviews of 

evidence by AGNIR, SCENIHR, and the reviews listed below.  Other groups of scientists 

(see below) have reviewed evidence on these topics and have concluded that there is 

evidence to support the conclusion that exposure to low level, nonthermal EMF/RF 

radiation can cause adverse biological effects.  
 

1. *Agarwal A, Desai NR, Makker K, Varghese A, Mouradi R, Sabanegh E, Sharma R. Effects of 

radiofrequency electromagnetic waves (RF-EMW) from cellular phones on human jaculated semen: 
an in vitro pilot study. Fertil Steril. 2009 Oct;92(4):1318-25. Epub 2008 Sep 20.    

http://www.ncbi.nlm.nih.gov/pubmed/18804757  Abstract: RESULTS: Samples exposed to RF-EMW 

showed a significant decrease in sperm motility and viability, increase in ROS level, and decrease in 

ROS-TAC score.  

 

2. *Agarwal A, Deepinder F, Sharma RK, Ranga G, Li J. Effect of cell phone usage on semen analysis 

in men attending infertility clinic: an observational study. Fertil Steril. 2008 Jan;89(1):124-8. Epub 

2007 May 4. http://www.ncbi.nlm.nih.gov/pubmed/17482179 Abstract:  RESULTS:  The 

comparisons of mean sperm count, motility, viability, and normal morphology among four different 

cell phone user groups were statistically significant. Mean sperm motility, viability, and normal 

morphology were significantly different in cell phone user groups within two sperm count groups. The 

laboratory values of the above four sperm parameters decreased in all four cell phone user groups as the 

duration of daily exposure to cell phones increased. 

3. *Aitken RJ, Bennetts LE, Sawyer D, Wiklendt AM, King BV. Impact of radio frequency 

electromagnetic radiation on DNA integrity in the male germline.  Int J Andrology 2005; 28:171-179  

http://www.ncbi.nlm.nih.gov/pubmed/15910543  Abstract: Concern has arisen over human exposures 

to radio frequency electromagnetic radiation (RFEMR), including a recent report indicating that regular 

mobile phone use can negatively impact upon human semen quality…However, a detailed analysis of 

DNA integrity using QPCR revealed statistically significant damage to both the mitochondrial genome 

(p < 0.05) and the nuclear beta-globin locus (p < 0.01). This study suggests that while RFEMR does not 

have a dramatic impact on male germ cell development, a significant genotoxic effect on epididymal 

spermatozoa is evident and deserves further investigation. 

 

4. Al-Damegh MA. Rat testicular impairment induced by electromagnetic radiation from a 

conventional cellular telephone and the protective effects of the antioxidants vitamins C and E. 
Clinics (Sao Paulo). 2012 Jul;67(7):785-92. http://www.ncbi.nlm.nih.gov/pubmed/22892924 Abstract:  

OBJECTIVE:  The aim of this study was to investigate the possible effects of electromagnetic radiation 

from conventional cellular phone use on the oxidant and antioxidant status in rat blood and testicular 
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tissue and determine the possible protective role of vitamins C and E in preventing the detrimental 

effects of electromagnetic radiation on the testes. RESULTS:  There was a significant increase in the 

diameter of the seminiferous tubules with a disorganized seminiferous tubule sperm cycle interruption 

in the electromagnetism-exposed group. The serum and testicular tissue conjugated diene, lipid 

hydroperoxide, and catalase activities increased 3-fold, whereas the total serum and testicular tissue 

glutathione and glutathione peroxidase levels decreased 3-5 fold in the electromagnetism-exposed 

animals. CONCLUSION:  Our results indicate that the adverse effect of the generated electromagnetic 

frequency had a negative impact on testicular architecture and enzymatic activity. This finding also 

indicated the possible role of vitamins C and E in mitigating the oxidative stress imposed on the testes 

and restoring normality to the testes. 

 

5. Amara S, Abdelmelek H, Garrel C, Guiraud P, Douki Travant JL, et al. Effects of subchronic exposure 

to static magnetic field on testicular function in rats. Arch Med Res. 2006;37(8):947-52. 

http://www.ncbi.nlm.nih.gov/pubmed/17045109  Abstract: BACKGROUND: The aim of this study 

was to investigate the effect of static magnetic field (SMF) exposure on testicular function, antioxidant 

status and DNA oxidation in rats…CONCLUSIONS: Subchronic exposure to SMF failed to alter 

spermatogenesis in rat testis. In contrast, the same treatment decreased testosterone levels and induced 

DNA oxidation. 

 

6. Atasoy HI, Gunal MY, Atasoy P, Elgun S, Bugdayci G. Immunohistopathologic demonstration of 

deleterious effects on growing rat testes of radiofrequency waves emitted from conventional Wi-Fi 
devices. J Pediatr Urol. 2012 Mar 30: http://www.ncbi.nlm.nih.gov/pubmed/22465825 Abstract: The 

relationship between radiofrequency electromagnetic fields emitted from mobile phone and infertility is 

a matter of continuing debate. It is postulated that these radiations may affect the reproduction pattern 

spell by targeting biochemistry of sperm. In an attempt to expedite the issue, 70 days old Wistar rats (n 

= 6) were exposed to mobile phone radiofrequency (RF) radiation for 2 h per day for 45 days and data 

compared with sham exposed (n = 6) group. A significant decrease (P < 0.05) in the level of 

testosterone and an increase in caspase-3 activity were found in the RF-exposed animals. Distortions in 

sperm head and mid piece of sperm mitochondrial sheath were also observed as captured by 

Transmission Electron Microscope (TEM). In addition, progeny from RF-exposed rats showed 

significant decreases in number and weight as compared with that of sham-exposed animals. A 

reduction in testosterone, an increase in caspase-3, and distortion in spermatozoa could be caused by 

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 of repeated 

exposure to mobile phone radiation. 

7. Avendano C, Mata A, Sanchez Sarmiento CA, Doncel GF. Use of laptop computers connected to 

internet through Wi-Fi decreases human sperm motility and increases sperm DNA fragmentation. 
Fertility Sterlity 2012;97(1):39-45. http://www.ncbi.nlm.nih.gov/pubmed/22112647   Abstract: 

RESULT(S): Donor sperm samples, mostly normozoospermic, exposed ex vivo during 4 hours to a 

wireless internet-connected laptop showed a significant decrease in progressive sperm motility and an 

increase in sperm DNA fragmentation… 

 

8. *Bas O, Odaci E, Mollaoglu H, Ucok K, Kaplan S. Chronic prenatal exposure to the 900 megahertz 

electromagnetic field induces pyramidal cell loss in the hippocampus of newborn rats.Toxicol Ind 

Health. 2009 Jul;25(6):377-84. doi: 10.1177/0748233709106442. 

http://www.ncbi.nlm.nih.gov/pubmed/19671630 Abstract: Widespread use of mobile phones which 

are a major source of electromagnetic fields might affect living organisms. However, there has been no 

investigation concerning prenatal exposure to electromagnetic fields or their roles in the development 
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of the pyramidal cells of the cornu ammonis in postnatal life…It was found that 900 megahertz of 

electromagnetic field significantly reduced the total pyramidal cell number in the cornu ammonis of the 

electromagnetic field group (P < 0.001). Therefore, although its exact mechanism is not clear, it is 

suggested that pyramidal cell loss in the cornu ammonis could be due to the 900 megahertz 

electromagnetic field exposure in the prenatal period. 

 

9. *Baste V, Riise T, Moen BE. Radiofrequency electromagnetic fields; male infertility and sex ratio of 

offspring. Eur J Epidemiol. 2008;23:369–77. doi: 10.1007/s10654-008-9236-4. [PubMed] 

http://www.ncbi.nlm.nih.gov/pubmed/18415687  Abstract: Concern is growing about exposure to 

electromagnetic fields and male reproductive health. The authors performed a cross-sectional study 

among military men employed in the Royal Norwegian Navy, including information about work close 

to equipment emitting radiofrequency electromagnetic fields, one-year infertility, children and sex of 

the offspring. Among 10,497 respondents, 22% had worked close to high-frequency aerials to a "high" 

or "very high" degree. Infertility increased significantly along with increasing self-reported exposure to 

radiofrequency electromagnetic fields. In a logistic regression, odds ratio (OR) for infertility among 

those who had worked closer than 10 m from high-frequency aerials to a "very high" degree relative to 

those who reported no work near high-frequency aerials was 1.86 (95% confidence interval (CI): 1.46-

2.37), adjusted for age, smoking habits, alcohol consumption and exposure to organic solvents, welding 

and lead. Similar adjusted OR for those exposed to a "high", "some" and "low" degree were 1.93 (95% 

CI: 1.55-2.40), 1.52 (95% CI: 1.25-1.84), and 1.39 (95% CI: 1.15-1.68), respectively. In all age groups 

there were significant linear trends with higher prevalence of involuntary childlessness with higher self-

reported exposure to radiofrequency fields…  

 

10. Behari J, Paulraj R. A Rationale for a Biologically-based Public Exposure Standard for 

Electromagnetic Fields (ELF and RF) Section 18 – Electromagnetic Field Exposure Effects (ELF-
EMF and RFR) on Fertility and Reproduction. BioInitiative Working Group, BioInitiative Report, 

2012. Review [Copy filed in Docket] Excerpt (pg. 29): Conclusion: Though causal evidence of one or 

more mechanism(s) are not yet fully refined, it is generally accepted that oxidative stress and free 

radical action may be responsible for the recorded genotoxic effects of EMFs which may lead to 

impairments in fertility and reproduction. Free radical action and/or hydrolytic enzymes like DNAase 

induced by exposure to EMFs may constitute the biochemical actions leading to adverse changes in 

hormones essential in males and female reproduction, DNA damage, which in turn causes damage to 

sperm motility, viability, and sperm morphology. Such exposures are now common in men who use 

and who wear wireless devices on their body, or use wireless-mode laptop computers. It may also 

account for damage to ovarian cells and female fertility, and miscarriage in women (ELF-EMF at 16 

mG intermittent exposure). 

 

11. Belyaev I, Markova E, Malmgren L. Microwaves from Mobile Phones Inhibit 53BP1 Focus 

Formation in Human Stem Cells More Strongly Than in Differentiated Cells: Possible Mechanistic 
Link to Cancer Risk. Environ Health Perspect. 2009 Oct 22. 

http://www.healthandenvironment.org/uploads/docs/Belyaev_Cellphones_Stem_Cells_with_Link_to_C

ancer_3-10.pdf  Abstract:  Results: Microwaves from mobile phones inhibited formation of 53BP1 

foci in human primary fibroblasts and mesenchymal stem cells. These data parallel our previous 

findings for human lymphocytes. Importantly, the same GSM carrier frequency (915 MHz) and UMTS 

frequency band (1947.4 MHz) were effective for all cell types. Exposure at 905 MHz did not inhibit 

53BP1 foci in differentiated cells, either fibroblasts or lymphocytes, whereas some effects were seen in 

stem cells at 905 MHz. Contrary to fibroblasts, stem cells did not adapt to chronic exposure during 2 

weeks. Conclusions: The strongest microwave effects were always observed in stem cells. This result 

may suggest both significant misbalance in DSB repair and severe stress response. Our findings that 
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stem cells are most sensitive to microwave exposure and react to more frequencies than do 

differentiated cells may be important for cancer risk assessment and indicate that stem cells are the 

most relevant cellular model for validating safe mobile communication signals. 

12. Bernabo N, Tettamant E, Pistilli MG, Nardinocchi D, Beradinelli P, Mattioli M, Barboni B. Effects of 

50 Hz extremely low frequency magnetic field on the morphology and function of boar spermatozoa 
capacitated in vitro. Theriogenology. 2007;67(4):801-815. 

http://www.ncbi.nlm.nih.gov/pubmed/17196643 Abstract: The aim of this study was to evaluate the 

effect of an acute exposure to a sinusoidal MF-ELF (50 Hz, 1mT) on the ability of boar mature 

spermatozoa to acquire the fertilizing competence in vitro…As a consequence, after 1h of incubation 

MF-ELF exposed cells displayed a reduced motility, a modest reactivity when coincubated with 

solubilized zonae pellucidae and a reduction in oocyte penetrating ability. After 2 or 4h of incubation, 

in addition, signs of morphological damage appeared on plasma membrane and at acrosomal level. In 

conclusion, MF-ELF influence negatively spermatozoa first by impairing cell Ca(2+) homeostasis then 

by dramatically affecting sperm morphology and function. 

13. Bernabo N, Tettamant E, Pistilli MG, Nardinocchi D, Beradinelli P, Mattioli M, et al. Extremely low 

frequency electromagnetic field exposure affects fertilization outcome in swine animal model. 
Theriogenology. 2010;73(9):1293-1305. http://www.ncbi.nlm.nih.gov/pubmed/20176397  Abstract: 

Modern society continuously exposes the population to electromagnetic radiation, the effects of which 

on human health, in particular reproduction, are still unknown. The aim of this research was to assess 

the effect of acute (1h) exposure of boar spermatozoa to a 50 Hz extremely low frequency 

electromagnetic field (ELF-EMF) on early fertility outcome...It was found that in vitro ELF-EMF > 0.5 

mT induced a progressive acrosome damage, thus compromising the ability of spermatozoa to undergo 

acrosomal reaction after zona pellucida stimulation and reducing the in vitro fertilization outcome. 

These effects became evident at 0.75 mT and reached the plateau at 1 mT. Under in vivo conditions, the 

ELF-EMF intensity of 1 mT was able to compromise sperm function, significantly reducing the 

fertilization rate. In addition, the exposure of oviducts to fields > or = 0.75 mT in the absence of 

spermatozoa was able to negatively affect early embryo development. In fact, it was found to cause a 

slowdown in the embryo cleavage. In conclusion, it was demonstrated how and at which intensities 

ELF-EMF negatively affect early fertility outcome in a highly predictive animal model. 

 

14. Cao XW, Zhao TD, Wang CH, Zhou Q, Li LQ, Yao HG, Zhang SQ, Tang, JT, Wei W. Alternating 

magnetic field damages the reproductive function of murine testes. Zhonghua Nan Ke Xue. 

2009;15(6):530-533. Abstract: OBJECTIVE: To explore the relationship between physical and 

biological effects of alternating magnetic field and study the influence of the magnetic field on the 

reproductive function of murine testes… CONCLUSION: Magnetic field, either strong or weak, may 

damage the testis function by inducing injury to seminiferous tubules and Leydig cells, thickening of 

the basal membrane, derangement, exfoliation, massive apoptosis and necrosis of spermatogenic cells 

in the lumen, situation of the epididymis, and consequently the absence of sperm. 

 

15. Chavdoula ED, Panagopoulos DJ, Margaritis LH. Comparison of biological effects between 

continuous and intermittent exposure to GSM-900-MHz mobile phone radiation: Detection of 

apoptotic cell-death features. Mutat Res. 2010 Jul 19;700(1-2):51-61. doi: 

10.1016/j.mrgentox.2010.05.008. Epub 2010 May 21. http://www.ncbi.nlm.nih.gov/pubmed/20472095  

Abstract: In the present study we used a 6-min daily exposure of dipteran flies, Drosophila 

melanogaster, to GSM-900MHz (Global System for Mobile Telecommunications) mobile phone 

electromagnetic radiation (EMR), to compare the effects between the continuous and four different 

intermittent exposures of 6min total duration, and also to test whether intermittent exposure provides 

any cumulative effects on the insect's reproductive capacity as well as on the induction of apoptotic cell 
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death. According to our previous experiments, a 6-min continuous exposure per day for 5 days to 

GSM-900MHz and DCS-1800MHz (Digital Cellular System) mobile phone radiation, brought about a 

large decrease in the insect's reproductive capacity, as defined by the number of F(1) pupae. This 

decrease was found to be non-thermal and correlated with an increased percentage of induced 

fragmented DNA in the egg chambers' cells at early- and mid-oogenesis. In the present experiments we 

show that intermittent exposure also decreases the reproductive capacity and alters the actin-

cytoskeleton network of the egg chambers, another known aspect of cell death that was not investigated 

in previous experiments, and that the effect is also due to DNA fragmentation. Intermittent exposures 

with 10-min intervals between exposure sessions proved to be almost equally effective as continuous 

exposure of the same total duration, whereas longer intervals between the exposures seemed to allow 

the organism the time required to recover and partly overcome the above-mentioned effects of the GSM 

exposure. 

 

16. Chen HY, Wang SM, Peng RY, Gao YB, Wang LF, Zhao L, Zuo HY, Dong J, Su ZT. [Long-term 

microwave radiation affects male reproduction in rats]. Zhonghua Nan Ke Xue. 2011 Mar;17(3):214-

8. http://www.ncbi.nlm.nih.gov/pubmed/21485541 Abstract: There was a significant decrease in 

serum testosterone concentration at 28 d after microwave radiation at 2.5, 5 and 10 mW/cm2 ([10.20 

+/- 4.31] ng/ml, [5.56 +/- 3.47] ng/ml and [7.53 +/- 4.54] ng/ml) and at 60 d at 10 mW/cm2 ( [15.95 +/- 

9.54] ng/ml), as compared with the control group ([23.35 +/- 8.06] ng/ml and [31.40 +/- 9.56] ng/ml) (P 

< 0.05 or P < 0.01). Different degrees of degeneration, necrosis and shedding of spermatogenic cells, 

thinning of spermatogenic epithelia, and decrease or deletion of spermatozoa were observed along with 

swelling and cavitation of mitochondria in all spermatogenic cells, agglutination and margin 

translocation of nuclear chromatin in the spermatogonial and Leydig cells. The rate of teratospermia of 

the epididymis was increased, CONCLUSION: Long-term microwave radiation may cause injury to 

male reproduction, which is positively correlated with the radiation dose, and has an obvious late effect. 

 

17. *De Iuliis GN, Newey RJ, King BV, Aitken RJ. Mobile phone radiation induces reactive oxygen 

species production and DNA damage in human spermatozoa in vitro. PLoS One 2009; 4:e6446. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2714176/  Abstract: PRINCIPAL FINDINGS:  

Purified human spermatozoa were exposed to radio-frequency electromagnetic radiation (RF-EMR) 

tuned to 1.8 GHz and covering a range of specific absorption rates (SAR) from 0.4 W/kg to 27.5 W/kg. 

In step with increasing SAR, motility and vitality were significantly reduced after RF-EMR exposure, 

while the mitochondrial generation of reactive oxygen species and DNA fragmentation were 

significantly elevated (P<0.001). Furthermore, we also observed highly significant relationships 

between SAR, the oxidative DNA damage bio-marker, 8-OH-dG, and DNA fragmentation after RF-

EMR exposure. CONCLUSIONS: RF-EMR in both the power density and frequency range of mobile 

phones enhances mitochondrial reactive oxygen species generation by human spermatozoa, decreasing 

the motility and vitality of these cells while stimulating DNA base adduct formation and, ultimately 

DNA fragmentation. These findings have clear implications for the safety of extensive mobile phone 

use by males of reproductive age, potentially affecting both their fertility and the health and wellbeing 

of their offspring. 

 

18. Dasdag S, Ketani, M. A., Akdag, Z., et al. (1999). Whole-body microwave exposure emitted by 

cellular phones and testicular function of rats. Urological Research, 27, 219–223. 

http://www.ncbi.nlm.nih.gov/pubmed/10422825 Abstract: This study investigated whether there are 

adverse effects due to microwave exposure emitted by cellular phones in male rats. Eighteen Wistar 

Albino rats were separated into three groups, a sham group and two experimental groups. The rats were 

confined in Plexiglas cages and cellular phones were placed 0.5 cm under the cages. In the first 

experimental group, cellular phones were in standby position for 2 h. In the second experimental group, 

phones were turned to the speech position three times each for 1 min duration over 2 h. Rats in the first 
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and second experimental groups were exposed to microwaves emitted by phones for 2 h/day for a 

duration of 1 month. After the last exposure the rats were killed. Brain, eyes, ears, liver, heart, lungs, 

stomach, kidneys, testes, small and large intestines and skin of the rats were observed histologically. 

The decrease of epididymal sperm counts in the speech groups were not found to be significant (P > 

0.05). Differences in terms of normal and abnormal sperm forms were not observed (P > 0.05). 

Histological changes were especially observed in the testes of rats of the speech groups. Seminiferous 

tubular diameter of rat testes in the standby and speech groups was found to be lower than the sham 

group (P < 0.05). Rectal temperatures of rats in the speech group were found to be higher than the sham 

and standby groups (P < 0.05). The rectal temperatures of rats before and after exposure were also 

found to be significantly higher in the speech group (P < 0.05). Specific absorption rate (SAR) was 

determined as 0.141 W/kg. 

 

19. Desai NR, Kesari KK, Agarwal A. Pathophysiology of cell phone radiation: oxidative stress and 

carcinogenesis with focus on male reproductive system. Reprod Biol Endocrinol. 2009 Oct 22;7:114. 

Review. [Copy filed in Docket] http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2776019/  Excerpt: 

Conclusion: We have reviewed the literature to better understand the effects of cell phone radiation on 

human health, especially on fertility and in relation to cancer. Commercially available cellular phones 

might affect cell function via non-thermal effects. We hypothesized that the plasma membrane might be 

the target of cell phone radiation. RF-EMW can increase ROS formation by increasing the activity of 

plasma membrane NADH oxidase. Prolonged exposure to RF-EMW can also cause DNA damage (by 

prolonged OS), which may accelerates neuronal and spermatozoal cell death and promote 

neurodegenerative processes as well as promote brain and testicular carcinogenesis. Any tumor 

promoting effects of RF-EMW might be due to the effect it has on PKC, ODC, intra cellular calcium 

spikes and stimulation of stress kinase. Stimulation of plasma membrane NADH oxidase might play 

central role in above mentioned effects. OS and changes in PKC activity might lead to the RF-EMW 

related infertility observed in numerous studies. Hence, RF-EMW from commercially available cell 

phones might affect the fertilizing potential of spermatozoa. However, more studies are necessary to 

provide definitive evidence against cell phone radiation, which can be provided by in vitro studies 

combined with computational biomodeling. Therefore, the SAR limit (maximum acceptable exposure 

limit) should be lowered for cellular phones.  

 

20. *Erogul et al. Effects of electromagnetic radiation from a cellular phone on human spermmotility: 

an in vitro study. Arch Med Res. 2006 37(7):840-3 http://www.ncbi.nlm.nih.gov/pubmed/16971222 

Abstract: RESULTS:  Statistically significant changes were observed in the rapid progressive, slow 

progressive and no-motility categories of sperm movement. EMR exposure caused a subtle decrease in 

the rapid progressive and slow progressive sperm movement. It also caused an increase in the no-

motility category of sperm movement. There was no statistically significant difference in the sperm 

concentration between two groups. CONCLUSIONS:  These data suggest that EMR emitted by cellular 

phone influences human sperm motility. In addition to these acute adverse effects of EMR on sperm 

motility, long-term EMR exposure may lead to behavioral or structural changes of the male germ cell. 

These effects may be observed later in life, and they are to be investigated more seriously. 

21. *Falzone N, Huyser C, Becker P, Leszczynski D, Franken DR. The effect of pulsed 900-MHz GSM 

mobile phone radiation on the acrosome reaction, head morphometry and zona binding of human 
spermatozoa, Int J Androl. 2011 Feb;34(1):20-6. doi: 10.1111/j.1365-2605.2010.01054.x. 

http://www.ncbi.nlm.nih.gov/pubmed/20236367 Abstract: This study evaluated the effect of RF-EMF 

on sperm-specific characteristics to assess the fertilizing competence of sperm. Highly motile human 

spermatozoa were exposed for 1 h to 900-MHz mobile phone radiation at a specific absorption rate of 

2.0 W/kg and examined at various times after exposure. The acrosome reaction was evaluated using 

flow cytometry. The radiation did not affect sperm propensity for the acrosome reaction. Morphometric 
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parameters were assessed using computer-assisted sperm analysis. Significant reduction in sperm head 

area (9.2 ± 0.7 µm² vs. 18.8 ± 1.4 µm²) and acrosome percentage of the head area (21.5 ± 4% vs. 35.5 

± 11.4%) was reported among exposed sperm compared with unexposed controls. Sperm-zona binding 

was assessed directly after exposure using the hemizona assay. The mean number of zona-bound sperm 

of the test hemizona and controls was 22.8 ± 12.4 and 31.8 ± 12.8 (p < 0.05), respectively. This study 

concludes that although RF-EMF exposure did not adversely affect the acrosome reaction, it had a 

significant effect on sperm morphometry. In addition, a significant decrease in sperm binding to the 

hemizona was observed. These results could indicate a significant effect of RF-EMF on sperm 

fertilization potential. 

22. Fang HH, Zeng GY, Nie Q, Kang JB, Ren DQ, Zhou JX, Li YM. Effects on structure and secretion of 

pituitary gland in rats after electromagnetic pulse exposure]. Zhonghua Yi Xue Za Zhi. 2010 Dec 

7;90(45):3231-4. http://www.ncbi.nlm.nih.gov/pubmed/21223775  Abstract:  OBJECTIVE:  To 

investigate the exposure effect of electromagnetic pulse (EMP) on the structure and secretion of 

pituitary gland in rats...RESULTS: At 12 h post-exposure, swollen mitochondria with cristae loss, 

dilatation of Golgi complex and diffusive lysosomes were found in endocrine cells of pituitary gland. 

The above changes became gradually worse. Mitochondrial vacuolization, the formation of myelin 

figures, distinct dilatation of endoplasmic reticulum, the occurrence of numerous secondary lysosomes 

and the clustering of heterochromatin under the nuclear membranes could be observed at 48 h. These 

lesions were alleviated to some degree at 96 h. The serum levels of PRL and ACTH both increased 

significantly at 12 h (P < 0.01, P < 0.05) and returned to normal at 24 h. The level of GH decreased 

significantly at 12 h and then returned gradually to normal at 48 h. The level of TSH decreased at 12 h 

and reached the lowest point at 24 h, then returned to normal at 96 h. LH increased significantly from 

24 h to 96 h. CONCLUSION:  The EMP exposure of 200 kV/m may induce the changes of the 

structure and secretion of pituitary gland in rats. 

 

23. *Fejes et al. Is there a relationship between cell phone use and semen quality? Arch Androl. 2005 

51(5):385-93. http://www.ncbi.nlm.nih.gov/pubmed/16087567 Abstract: This study was conducted to 

determine a possible relationship between regular cell phone use and different human semen attributes. 

The history-taking of men in our university clinic was supplemented with questions concerning cell 

phone use habits, including possession, daily standby position and daily transmission times. Semen 

analyses were performed by conventional methods. Statistics were calculated with SPSS statistical 

software. A total of 371 were included in the study. The duration of possession and the daily 

transmission time correlated negatively with the proportion of rapid progressive motile sperm (r = -0.12 

and r = -0.19, respectively), and positively with the proportion of slow progressive motile sperm (r = 

0.12 and r = 0.28, respectively). The low and high transmitter groups also differed in the proportion of 

rapid progressive motile sperm (48.7% vs. 40.6%). The prolonged use of cell phones may have 

negative effects on the sperm motility characteristics 

24. Forgacs Z, Somosy Z, Kubinyi G, Bakos J, Hudak A, Surjan A, et al. Effect of whole-body 1800MHz 

GSM-like microwave exposure on testicular steroidogenesis and histology in mice. Reprod Toxicol 

2006; 22: 111-117. http://www.ncbi.nlm.nih.gov/pubmed/16434166 Abstract: The aim of our study 

was to evaluate the possible effects of whole-body 1800 MHz GSM-like microwave exposure on male 

reproduction. After repeated exposure of mice to microwaves at 0.018-0.023 W/kg whole-body specific 

energy absorption rate (SAR) an elevated serum testosterone level was measured, but no microwave 

exposure related histopathological alteration could be detected in the reproductive organs. The in vitro 

steroidogenic response of 48 h Leydig cell cultures obtained from exposed animals did not differ from 

the controls, suggesting that Leydig cells were not the primary targets of the applied microwave 

exposure or direct action of microwaves on Leydig cells was temporary only. In exposed animals the 

red blood cell count and volume of packed red cells were also increased. Further investigations are 



Page 8 of 25 

 

required to clarify the mechanism of action of the applied microwave exposure on male mice, as well as 

to establish the biological significance of the observed phenomena. 

25. Gul A, Celebi H, Ugras S. The effects of microwaves emitted by cellular phones on ovarian follicles 

in rats. Archives of Gynecology and Obstetrics 2009;280(5): 729-33. 

http://www.ncbi.nlm.nih.gov/pubmed/19241083  Abstract: OBJECTIVE:  The aim of this study was 

to investigate whether there were any toxic effects of microwaves of cellular phones on ovaries in 

rats… RESULTS:  The analysis revealed that in the study group, the number of follicles was lower than 

that in the control group. The decreased number of follicles in pups exposed to mobile phone 

microwaves suggest that intrauterine exposure has toxic effects on ovaries. CONCLUSION:  We 

suggest that the microwaves of mobile phones might decrease the number of follicles in rats by several 

known and, no doubt, countless unknown mechanisms. 

 

26. Güler G, Tomruk A, Ozgur E, Sahin D, Sepici A, Altan N, Seyhan N. The effect of radiofrequency 

radiation on DNA and lipid damage in female and male infant rabbits. Int J Radiat Biol. 2012 

Apr;88(4):367-73. doi: 10.3109/09553002.2012.646349. 

http://www.ncbi.nlm.nih.gov/pubmed/22145622  Abstract:  PURPOSE:  We aimed to design a 

prolonged radiofrequency (RF) radiation exposure and investigate in an animal model, possible bio-

effects of RF radiation on the ongoing developmental stages of children from conception to 

childhood… RESULTS:  Lipid peroxidation levels in the liver tissues of female and male infant rabbits 

increased under RF radiation exposure. Liver 8-hydroxy-2'-deoxyguanosine (8-OHdG) levels of female 

rabbits exposed to RF radiation were also found to increase when compared with the levels of non-

exposed infants. However, there were no changes in liver 8-OHdG levels of male rabbits under RF 

exposure. CONCLUSION:  Consequently, it can be concluded that GSM-like RF radiation may induce 

biochemical changes by increasing free radical attacks to structural biomolecules in the rabbit as an 

experimental animal model. 

27. *Guler G, Tomruk A, Ozgur E, Seyhan N. The Effect of radiofrequency radiation on DNA and lipid 

damage in non-pregnant and pregnant rabbits and their newborns. General Physiology and 

Biophysics, 2010, 29(1), 59-66. http://www.ncbi.nlm.nih.gov/pubmed/20371881  Abstract:.. MDA and 

8-OHdG levels of non-pregnant and pregnant-RFR exposed animals significantly increased with 

respect to controls (p < 0.001, Mann-Whitney test). There exist very few experimental studies on the 

effects of RFR during pregnancy. It would be beneficial to increase the number of these studies in order 

to establish international standards for the protection of pregnant women from RFR. 

28. Gutschi T, AI-Ali BM, Shamloul R, Pummer K, Trummer H. Impact of cell phone use on men’s 

semen parameters. Andrologia. 2011;43, 5, 312–316. http://www.ncbi.nlm.nih.gov/pubmed/21951197 

Abstract: The objective of the present retrospective study was to report our experience concerning the 

effects of cell phone usage on semen parameters. We examined 2110 men attending our infertility 

clinic from 1993 to October 2007. Semen analysis was performed in all patients. Serum free 

testosterone (T), follicle stimulating hormone (FSH), luteinising hormone (LH) and prolactin (PRL) 

were collected from all patients. The information on cell phone use of the patients was recorded and the 

subjects were divided into two groups according to their cell phone use: group A: cell phone use (n = 

991); group B: no use (n = 1119). Significant difference was observed in sperm morphology 

between the two groups. In the patients of group A, 68.0% of the spermatozoa featured a pathological 

morphology compared to only 58.1% in the subjects of group B. Patients with cell phone usage showed 

significantly higher T and lower LH levels than those who did not use cell phone. No significant 

difference between the two groups was observed regarding FSH and PRL values. Our results showed 

that cell phone use negatively affects sperm quality in men. Further studies with a careful design are 

needed to determine the effect of cell phone use on male fertility. 
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29. Myung Chan Gye, Chan Jin Park, Effect of electromagnetic field exposure on the reproductive 

system. Clin Exp Reprod Med. 2012 March; 39(1): 1–9. Published online 2012 March 31. doi: 

10.5653/cerm.2012.39.1.1 Review [Copy filed in Docket] AbstractFull TextPDF–509K  Abstract: The 

safety of human exposure to an ever-increasing number and diversity of electromagnetic field (EMF) 

sources both at work and at home has become a public health issue… Reproductive parameters reported 

to be altered by EMF exposure include male germ cell death, the estrous cycle, reproductive endocrine 

hormones, reproductive organ weights, sperm motility, early embryonic development, and pregnancy 

success. At the cellular level, an increase in free radicals and [Ca
2+

]i may mediate the effect of EMFs 

and lead to cell growth inhibition, protein misfolding, and DNA breaks…Excerpt (Conclusions and 

perspectives): Through in vitro and in vivo studies, EMF exposure was found to alter the reproductive 

endocrine hormones, gonadal function, embryonic development, pregnancy, and fetal development 

These effects were different according to the frequency, duration of exposure, and strength of EMFs. 

Humans in modern society cannot avoid various kinds of EMFs during household and occupational 

activities, but should be aware of the biological hazard of EMFs. The effort to avoid EMF exposure and 

techniques to protect or relieve EMF radiation are required to preserve our reproductive potential. 

 

30. Hong R, Liu Y, Yu YM, Hu K, Weng EQ. Effects of extremely low frequency electro magnetic fields 

on male reproduction in mice. Zhonghua Lao dong Wei Sheng, Zhi Ye Bing Za Zhi. 2003;21(5):342-

345. http://www.ncbi.nlm.nih.gov/pubmed/14761395  Abstract: OBJECTIVE: To investigate the 

effects of extremely low frequency electromagnetic fields (ELF EMFs) on male reproduction in 

mice…RESULTS: The testicular weight of the mice exposed to 6.4 mT for 4 weeks [(76.06 +/- 32.25) 

mg] was significantly lower than that of the control [(111.44 +/- 19.99) mg, P < 0.05]; no significant 

histopathological changes were observed on the testis in EMFs exposed mice;the sperm amount was 

decreased after EMFs exposure for 4 weeks, and those of the mice exposed to 0.2 mT and 6.4 mT for 4 

weeks [(4.87 +/- 0.94) x 10(6)/ml and (4.30 +/- 1.89) x 10(6)/ml respectively] were significantly lower 

than that of the control [(6.67 +/- 0.70) x 10(6)/ml, P < 0.05]; the rates of sperm motility also showed a 

decline. After 0.2, 3.2 or 6.4 mT EMFs exposure for 2 weeks, the deformity rates of sperm [(7.416 +/- 

3.352)%, (6.862 +/- 2.947)% and (8.112 +/- 4.615)% respectively] were significantly higher than that 

of the control [(4.098 +/- 2.028)%, P < 0.01]. Similarly, those of the mice exposed for 4 weeks [(10.267 

+/- 3.836)%, (11.027 +/- 7.059)%, (8.814 +/- 3.678)% respectively] were higher than that of the control 

[(3.714 +/- 1.830)%]. After 6.4 mT exposure for 2 weeks, the percentages of 1C testis cells [(69.56 +/- 

4.07)%] was significantly lower than that of the control [(73.45 +/- 3.10)%, P < 0.05]. There were not 

any remarkable changes in those of 2C, 4C cells. DNA content in different ploidy cells of the mice 

exposed to 6.4 mT was decreased. Moreover, the cell percentage in S phase was increased significantly 

(P < 0.01).CONCLUSION: ELF EMFs exposure may have some adverse effects on reproduction in 

mice. 

 

31. Hong R, Zhang V, Liu Y, Weng EQ. Effects of extremely low frequency electromagnetic fields on 

DNA of testicular cells and sperm chromatin structure in mice. Zhonghua Lao Dong Wei Sheng Zhi 

Ye Bing Za Zhi. 2005;23(6):414-417. http://www.ncbi.nlm.nih.gov/pubmed/16405771  

 

32. Hu P Y, Chu, X. L., Li, J. Y., et al. (1985). Effect of microwave contraception on human serum 

testosterone and luteinizing hormone. Shengzhi Yu Biyun, 5, 32–34. 

http://www.ncbi.nlm.nih.gov/pubmed/12313957 Abstract: Using home-made match kits and 

radioimmunoassay, both serum luteinizing hormone (LH) and testosterone (T) were measured in 53 

healthy adult males using microwave contraception and 76 normal fertility males as control. The results 

showed that in contraceptive group the serum T level was significantly decreased (p 0.0001), while 

serum LH was apparently elevated (p 0.01) as compared with the normal controls. Furthermore, the 

longer exposure duration the lower serum T declined and the higher serum LH increased (p 0.001). The 

present study suggests that the microwave dose used for contraception seems to cause damage in 
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Leydig cell function in terms of T production, and then influence endocrine function of testis. The 

progressively increased LH level also indicates certain degree damage of the Leydig cells. However, 

the damage might be reversible. The results may be useful for further clinical investigation. 

 

33. Infante-Rivard C, Deadman JE. 2003. Maternal occupational exposure to extremely low frequency 

magnetic fields during pregnancy and childhood leukemia. Epidemiology. 14(4):437-41. 

http://www.ncbi.nlm.nih.gov/pubmed/12843769 Abstract:  CONCLUSIONS:  Our results are 

compatible with an increased risk of childhood leukemia among children whose mothers were exposed 

to the highest occupational levels of ELF-MF during pregnancy. 

 

34. Kesari KK, Behari J. Evidence for mobile phone radiation exposure effects on reproductive pattern of 

male rats: role of ROS. Electromagn Biol Med. 2012 Sep;31(3):213-22. doi: 

10.3109/15368378.2012.700292. http://www.ncbi.nlm.nih.gov/pubmed/22897402  Abstract: The 

relationship between radiofrequency electromagnetic fields emitted from mobile phone and infertility is 

a matter of continuing debate. It is postulated that these radiations may affect the reproduction pattern 

spell by targeting biochemistry of sperm. In an attempt to expedite the issue, 70 days old Wistar rats (n 

= 6) were exposed to mobile phone radiofrequency (RF) radiation for 2 h per day for 45 days and data 

compared with sham exposed (n = 6) group. A significant decrease (P < 0.05) in the level of 

testosterone and an increase in caspase-3 activity were found in the RF-exposed animals. Distortions in 

sperm head and mid piece of sperm mitochondrial sheath were also observed as captured by 

Transmission Electron Microscope (TEM). In addition, progeny from RF-exposed rats showed 

significant decreases in number and weight as compared with that of sham-exposed animals. A 

reduction in testosterone, an increase in caspase-3, and distortion in spermatozoa could be caused by 

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 of repeated 

exposure to mobile phone radiation. 

 

35. Kesari KK, Kumar S, Nirala J, Siddiqui MH, Behari J. Biophysical Evaluation of Radiofrequency 

Electromagnetic Field Effects on Male Reproductive Pattern. Cell Biochem Biophys. 2012 Aug 29 

http://www.ncbi.nlm.nih.gov/pubmed/22926544  Review [Full copy filed in Docket] Abstract:..Present 

review examines the possible concern on radio frequency radiation interaction and biological effects 

such as enzyme induction, and toxicological effects, including genotoxicity and carcinogenicity, 

testicular cancer, and reproductive outcomes. Testicular infertility or testicular cancer due to mobile 

phone or microwave radiations suggests an increased level of reactive oxygen species (ROS). Though 

generation of ROS in testis has been responsible for possible toxic effects on physiology of 

reproduction, the reviews of last few decades have well established that these radiations are very 

harmful and cause mutagenic changes in reproductive pattern and leads to infertility…Conclusion: The 

above study concludes that EMF initiates an iron mediated process (Fenton reaction) that increases 

hydroxyl free radical formation in cells, leading to DNA strand break and cell death. Furthermore, free 

radicals play a role in thegenetic and enzymatic effect of RFR. If free radicals are involved in the RFR-

induced DNA strand break, changes occur in antioxidant enzymes and hormonal level in sperm cells. 

Results from this study could have an important implication on the health effects of RFR exposure. As 

a consequence of increase in free radicals or reactive oxygen species, various cellular and physiological 

processes can be affected including gene expression, release of calcium from intracellular storage sites, 

cell growth, DNA damage, and apoptosis. Effects of RFR exposure on free radical formation in cells 

could affect these cellular functions. 

 

36. Kesari KK, Kumar S, Behari J. Effects of radiofrequency electromagnetic wave exposure from cellular 

phones on the reproductive pattern in male Wistar rats. Appl Biochem Biotechnol. 2011 
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Jun;164(4):546-59. doi: 10.1007/s12010-010-9156-0. Epub 2011 Jan 15. 

http://www.ncbi.nlm.nih.gov/pubmed/21240569 Abstract: The present study investigates the effect of 

free radical formation due to mobile phone exposure and effect on fertility pattern in 70-day-old male 

Wistar rats (sham exposed and exposed). Exposure took place in Plexiglas cages for 2 h a day for 35 

days to mobile phone frequency. The specific absorption rate was estimated to be 0.9 W/kg. An 

analysis of antioxidant enzymes glutathione peroxidase (P < 0.001) and superoxide dismutase 

(P < 0.007) showed a decrease, while an increase in catalase (P < 0.005) was observed. 

Malondialdehyde (P < 0.003) showed an increase and histone kinase (P = 0.006) showed a significant 

decrease in the exposed group. Micronuclei also show a significant decrease (P < 0.002) in the exposed 

group. A significant change in sperm cell cycle of G(0)-G(1) (P = 0.042) and G(2)/M (P = 0.022) were 

recorded. Generation of free radicals was recorded to be significantly increased (P = 0.035). Our 

findings on antioxidant, malondialdehyde, histone kinase, micronuclei, and sperm cell cycle are clear 

indications of an infertility pattern, initiated due to an overproduction of reactive oxygen species. It is 

concluded that radiofrequency electromagnetic wave from commercially available cell phones might 

affect the fertilizing potential of spermatozoa. 

 

37. *Kesari KK, Kumar S, Behari J. Mobile phone usage and male infertility in Wistar rats. Indian J Exp 

Biol. 2010 Oct;48(10):987-92. Abstract: A significant decrease in protein kinase C and total sperm 

count along with increased apoptosis were observed in male Wistar rats exposed to mobile phone 

frequencies (2 h/day x 35 days at 0.9 W/kg specific absorption rate). The results suggest that a 

reduction in protein kinase activity may be related to overproduction of reactive oxygen species (ROS) 

under microwave field exposure. Decrease in sperm count and an increase in apoptosis may be 

causative factor due to mobile radiation exposure leading to infertility. 

 

38. *Kesari KK, Behari J. Microwave exposure affecting reproductive system in male rats. Appl Biochem 

Biotechnol. 2010 Sep;162(2):416-28. Epub 2009 Sep 19. 

http://www.ncbi.nlm.nih.gov/pubmed/19768389 Abstract: The object of present study is to investigate 

the effects of 50 GHz microwave frequency electromagnetic fields on reproductive system of male 

rats…Result shows a significant decrease in the level of sperm GPx and SOD activity (p < or = 0.05), 

whereas catalase shows significant increase in exposed group of sperm samples as compared with 

control (p < 0.02). We observed a statistically significant decrease in mean activity of histone kinase as 

compared to the control (p < 0.016). The percentage of cells dividing in a spermatogenesis was 

estimated by analyzing DNA per cell by flow cytometry. The percentage of apoptosis in 

electromagnetic field exposed group shows increased ratio as compared to sham exposed (p < 0.004). 

There were no significant differences in the G(0)/G(1) phase; however, a significant decrease (p < 

0.026) in S phase was obtained. Results also indicate a decrease in percentage of G(2)/M transition 

phase of cell cycle in exposed group as compared to sham exposed (p < 0.019). We conclude that these 

radiations may have a significant effect on reproductive system of male rats, which may be an 

indication of male infertility. 

 

39. Kesari KK, Behari J. Comparative study of 900MHz and 2. 45 GHz radiation effect on reproductive 

system of male rats. In: Recent Advances and Challenges in Reproductive Health Research. (RS 

Sharma, A Rajanna, M Rajalakshmi. Proceedings of the conference on “Recent Advances and 

Challenges in Reproductive Health Research (Feb 19-21, 2007 New Delhi) ICMR Publication, 2008. 

40. Kim YW, Kim HS, Lee JS, Kim YJ, Lee SK, Seo JN, Jung KC, Kim N, Gimm YM. Effects of 60 Hz 

14 T magnetic field on the apopotosis of testicular cell in mice. Bioelectromagnetics 2009;30(1):66-

72. http://www.ncbi.nlm.nih.gov/pubmed/18839413 Abstract: We recently reported that continuous 

exposure, for 8 weeks, of extremely low frequency (ELF) magnetic field (MF) of 0.1 or 0.5 mT might 

induce testicular germ cell apoptosis in BALB/c mice. In that report, the ELF MF exposure did not 
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significantly affect the body weight or testicular weight, but significantly increased the incidence of 

testicular germ cell death. In the present study, we aimed to further characterize the effect of a 16-week 

continuous exposure to ELF MF of 14 or 200 microT on testicular germ cell apoptosis in mice. There 

were no significant effects of MF on body weight and testosterone levels in mice. In TUNEL staining 

(In situ terminal deoxynucleotidyl transferase-mediated deoxy-UTP nick end labeling), germ cells 

showed a significantly higher apoptotic rate in exposed mice than in sham controls (P < 0.001). 

TUNEL-positive cells were mainly spermatogonia. In an electron microscopic study, degenerating 

spermatogonia showed condensation of nuclear chromatin similar to apoptosis. These results indicate 

that apoptosis may be induced in spermatogenic cells in mice by continuous exposure to 60 Hz MF of 

14 microT. 

 

41. Kowalczuk CI, Saunders RD, Stapleton HR. Sperm count and sperm abnormality in male mice after 

exposure to 2.45 GHz microwave radiation. Mutat Res. 1983 Nov;122(2):155-61. 

http://www.ncbi.nlm.nih.gov/pubmed/6656806 Abstract: Microwaves clearly induced abnormally 

shaped sperm, those which achieved fertilization cannot have possessed a dominant mutation which 

would result in the post-implantation death of the embryo. 

42. Kumar S, Behari J, Sisodia R. Influence of electromagnetic Fields on reproductive system of male 

rats. Int J Radiat Biol. 2012 Oct 19. http://www.ncbi.nlm.nih.gov/pubmed/23078358 Abstract: 

Purpose: Reports of declining male fertility have renewed interest in the role of environmental and 

occupational exposures in the etiology of human infertility. The aim of the present work was to 

investigate the effect of 10 GHz exposure on the male Wistar rat's reproductive system and to find out 

the possible causative factors. Materials and methods: The study was divided into sham-exposed and 

exposed groups. Seventy day-old rats were exposed to 10 GHz microwave radiation for 2 h per day for 

45 days at power density 0.21 mW/cm(2) and specific absorption rate (SAR) of 0.014 W/kg. After the 

end of the experiment, blood samples were collected for the estimation of in vivo chromosomal 

aberration damage and micronucleus test. Spermatozoa were taken out for estimation of Caspase-3, 

comet assay, testosterone and electron microscopy and compared with sham-exposed. Results: The 

study of scanning electron microscopic revealed shrinkage of the lumen of the seminiferous tubules. 

Apoptotic bodies were found in exposed group. A flow cytometry examination showed formation of 

micronuclei body in lymphocytes of exposed group. Comet assay confirmed DNA (deoxyribonucleic 

acid) strand break. Testosterone level was found significantly decreased with the shrinkage of testicular 

size. Conclusions: 10 GHz field has an injurious effect on fertility potential of male-exposed animals. 

43. Kumar S, Behari J, Sisodia R. Impact of microwave at X-band in the aetiology of male infertility. 

Electromagn Biol Med. 2012 Sep;31(3):223-32. doi: 10.3109/15368378.2012.700293. 

http://www.ncbi.nlm.nih.gov/pubmed/22897403 Abstract: Reports of declining male fertility have 

renewed interest in assessing the role of environmental and occupational exposures to electromagnetic 

fields (EMFs) in the aetiology of human infertility. Testicular functions are particularly susceptible to 

electromagnetic fields. The aim of the present work was to investigate the effect of 10-GHz EMF on 

male albino rat's reproductive system and to investigate the possible causative factor for such effect of 

exposure. The study was carried out in two groups of 70-day old adult male albino rats: a sham-

exposed and a 10-GHz-exposed group (2 h a day for 45 days). Immediately after completion of the 

exposure, animals were sacrificed and sperms were extracted from the cauda and caput part of testis for 

the analysis of MDA, melatonin, and creatine kinase. Creatine kinase results revealed an increased level 

of phosphorylation that converts creatine to creatine phosphate in sperms after EMF exposure. EMF 

exposure also reduced the level of melatonin and MDA. It is concluded that microwave exposure could 

adversely affect male fertility by reducing availability of the above parameters. These results are 

indications of deleterious effects of these radiations on reproductive pattern of male rats. 
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44. *Kumar S, Kesari KK, Behari J. Influence of microwave exposure on fertility of male rats. Fertil 

Steril. 2011 Mar 15;95(4):1500-2. Epub 2010 Jun 18. Abstract: The present study investigates the 

effect of 10-GHz microwave radiation on the fertility pattern of 70-day-old male rats (sham exposed 

and exposed), which were exposed for 2 h/d for 45 days continuously at a specific absorption rate of 

0.014 W/kg and a power density of 0.21 mW/cm(2). Results show a significant change in the level of 

reactive oxygen species, histone kinase, apoptotic cells, and percentage of G(2)/M transition phase of 

cell cycle in the exposed group compared with the sham-exposed group. The study concludes that there 

is a significant effect of microwave radiations on the reproductive pattern in male rats, which is a 

causative factor of male infertility. 

 

45. La Vignera S, Condorelli RA, Vicari E, D'Agata R, Calogero AE. Effects of the exposure to mobile 

phones on male reproduction: a review of the literature. J Androl. 2012 May-Jun;33(3):350-6. doi: 

10.2164/jandrol.111.014373. Epub 2011 Jul 28. Review 

http://www.ncbi.nlm.nih.gov/pubmed/21799142  [Copy filed in Docket] Abstract:  Results:  These 

studies have shown that RF-EMR decreases sperm count and motility and increases oxidative stress. In 

humans, 2 different experimental approaches have been followed: one has explored the effects of RF-

EMR directly on spermatozoa and the other has evaluated the sperm parameters in men using or not 

using mobile phones. The results showed that human spermatozoa exposed to RF-EMR have decreased 

motility, morphometric abnormalities, and increased oxidative stress, whereas men using mobile 

phones have decreased sperm concentration, decreased motility (particularly rapid progressive 

motility), normal morphology, and decreased viability. These abnormalities seem to be directly related 

to the duration of mobile phone use. 

46. Lee GM, Neutra RR, Hristova L, Yost M, Hatt RA. A nested case-control study of residential and 

personal magnetic field measures and miscarriages. Epidemiology 2001;13:21-31. 

http://www.ncbi.nlm.nih.gov/pubmed/11805582 Abstract: We conducted a nested case-control study 

(177 cases, 550 controls) to assess the relation between retrospective magnetic field measures and 

clinical miscarriage among members of the northern California Kaiser Permanente medical care 

system. We also conducted a prospective substudy of 219 participants of the same parent cohort to 

determine whether 12-week and 30-week exposure assessments were similar. We evaluated wire codes, 

area measures, and three personal meter metrics: (1) the average difference between consecutive levels 

(a rate-of-change metric), (2) the maximum level, and (3) the time-weighted average. For wire codes 

and area measures we found little association. For the personal metrics (30 weeks after last menstrual 

period), we found positive associations. Each exposure was divided into quartiles, with the lowest 

quartile as referent. Starting with the highest quartile, adjusted odds ratios and 95% confidence 

intervals were 3.1 (95% CI = 1.6-6.0), 2.3 (95% CI = 1.2-4.4), and 1.5 (95% CI = 0.8-3.1) for the rate-

of-change metric; 2.3 (95% CI = 1.2-4.4), 1.9 (95% CI = 1.0-3.5), and 1.4 (95% CI = 0.7-2.8) for the 

maximum value; and 1.7 (95% CI = 0.9-3.3), 1.7 (95% CI = 0.9-3.3), and 1.7 (95% CI = 0.9-3.3) for 

the time-weighted average. The odds ratio conveyed by being above a 24-hour time-weighted average 

of 2 milligauss was 1.0 (95% CI = 0.5-2.1). Exposure assessment measurements at 12 weeks were 

poorly correlated with those taken at 30 weeks. Nonetheless, the prospective substudy results regarding 

miscarriage risk were consistent with the nested study results. 

47. Lee JS, Ahn SS, Jung KC, et al. Effects of 60 Hz electromagnetic field exposure on testicular germ 

cell apoptosis in mice. Asian J Androl 2004; 6: 29-34. http://www.ncbi.nlm.nih.gov/pubmed/15064831 

Abstract: AIM:  To evaluate the effects of 60 Hz extremely low frequency (ELF) elelctromagnetic 

field (EMF) exposure on germ cell apoptosis in the testis of mice. RESULTS:  EMF exposure did not 

significantly affect the body and testis weights, but significantly increased the incidence of germ cell 

death. The distinguishing morphological feature of EMF exposure was a decrement in the number of 

well organized seminiferous tubules. Quantitative analysis of TUNEL-positive germ cells showed a 
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significantly higher apoptotic rate in the 0.5 mT exposed mice than that in the sham controls (P<0.05), 

while the difference between the two exposed groups was insignificant. The TUNEL-positive cells 

were mainly spermatogonia. In flow cytometry analysis, the percentage of live cells [forward scatter 

count (FSC)(high)7-AAD(-)] was lower in the exposed groups than that in the controls (Figure 5A), but 

the decrease in viability was not statistically significant. CONCLUSION:  Continuous exposure to ELF 

EMF may induce testicular germ cell apoptosis in mice. 

48. Leszczynski D, Franken DR, Falzone N, Huyser C, Becker P. The effect of pulsed 900-MHz GSM 

mobile phone radiation on the acrosome reaction, head morphometry and zona binding of human 
spermatozoa. Int J Androl.  2011 Feb;34(1):20-6. doi: 10.1111/j.1365-2605.2010.01054.x. 

ABSTRACT: Several recent studies have indicated that radiofrequency electromagnetic fields (RF-

EMF) have an adverse effect on human sperm quality, which could translate into an effect on 

fertilization potential. This study evaluated the effect of RF-EMF on sperm-specific characteristics to 

assess the fertilizing competence of sperm…Significant reduction in sperm head area (9.2 ± 0.7 µm² vs. 

18.8 ± 1.4 µm²) and acrosome percentage of the head area (21.5 ± 4% vs. 35.5 ± 11.4%) was reported 

among exposed sperm compared with unexposed controls. Sperm-zona binding was assessed directly 

after exposure using the hemizona assay. The mean number of zona-bound sperm of the test hemizona 

and controls was 22.8 ± 12.4 and 31.8 ± 12.8 (p < 0.05), respectively. This study concludes that 

although RF-EMF exposure did not adversely affect the acrosome reaction, it had a significant effect on 

sperm morphometry. In addition, a significant decrease in sperm binding to the hemizona was 

observed. These results could indicate a significant effect of RF-EMF on sperm fertilization potential. 

 

49. Li DK, Yan B, Li Z, Gao E, Miao M, Gong D, Weng X, Ferber JR, Yuan W. Exposure to magnetic 

fields and the risk of poor sperm quality. Reprod Toxicol. 2010 Jan;29(1):86-92. Epub 2009 Nov 6: 

http://www.ncbi.nlm.nih.gov/pubmed/19910156 Abstract:  We conducted a population-based case-

control study among healthy sperm donors to study exposure to magnetic fields (MFs) and poor sperm 

quality. All participants wore a meter to capture daily MF exposure. After controlling for confounders, 

compared to those with lower MF exposure, those whose 90th percentile MF level > or = 1.6mG had a 

two-fold increased risk of abnormal sperm motility and morphology (odds ratio (OR): 2.0, 95% 

confidence interval (CI): 1.0-3.9). Increasing duration of MF exposure above 1.6 mG further increased 

the risk (p=0.03 for trend test). Importantly, the association and dose-response relationship were 

strengthened when restricted to those whose measurement day reflected their typical day of the 

previous 3 months (a likely period of spermatogenesis). Age-adjusted Spearman Rank Order 

Correlations showed an inverse correlation between MF exposure and all semen parameters. Our study 

provides some evidence for the first time that MF exposure may have an adverse effect on sperm 

quality. 

 

50. Li DK, Chen H, Odouli R. Maternal exposure to magnetic fields during pregnancy in relation to the 

risk of asthma in offspring. Arch Pediatr Adolesc Med. 2011; 165(10):945-50. 

http://www.ncbi.nlm.nih.gov/pubmed/21810627 Abstract: OBJECTIVE:  To determine whether 

maternal exposure to high levels of magnetic fields (MFs) during pregnancy is associated with the risk 

of asthma in offspring. MAIN OUTCOME MEASURES:  Asthma was clinically diagnosed among 626 

children who were followed up for as long as 13 years. All participants carried a meter to measure their 

MF levels during pregnancy. RESULTS:  After adjustment for potential confounders, a statistically 

significant linear dose-response relationship was observed between increasing maternal median daily 

MF exposure level in pregnancy and an increased risk of asthma in offspring: every 1-mG increase of 

maternal MF level during pregnancy was associated with a 15% increased rate of asthma in offspring 

(adjusted hazard ratio [aHR], 1.15; 95% confidence interval [CI], 1.04-1.27). Using the categorical MF 

level, the results showed a similar dose-response relationship: compared with the children whose 

mothers had a low MF level (median 24-hour MF level, ≤0.3 mG) during pregnancy, children whose 

mothers had a high MF level (>2.0 mG) had more than a 3.5-fold increased rate of asthma (aHR, 3.52; 
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95% CI, 1.68-7.35), while children whose mothers had a medium MF level (>0.3-2.0 mG) had a 74% 

increased rate of asthma (aHR, 1.74; 95% CI, 0.93-3.25). A statistically significant synergistic 

interaction was observed between the MF effect and a maternal history of asthma and birth order 

(firstborn). CONCLUSION:  Our findings provide new epidemiological evidence that high maternal 

MF levels in pregnancy may increase the risk of asthma in offspring. 

51. Liu C, Duan W, Xu S, Chen C, He M, Zhang L, Yu Z, Zhou Z. Exposure to 1800MHz radiofrequency 

electromagnetic radiation induces oxidative DNA base damage in a mouse spermatocyte-derived cell 
line. Toxicology Letters 2013;doi:10.1016/j.toxlet.2013.01.003 

http://www.ncbi.nlm.nih.gov/pubmed/23333639 Abstract: Whether exposure to radiofrequency 

electromagnetic radiation (RF-EMR) emitted from mobile phones can induce DNA damage in male 

germ cells remains unclear. In this study, we conducted a 24h intermittent exposure (5min on and 

10min off) of a mouse spermatocyte-derived GC-2 cell line to 1800MHz Global System for Mobile 

Communication (GSM) signals in GSM-Talk mode at specific absorption rates (SAR) of 1W/kg, 

2W/kg or 4W/kg. Subsequently, through the use of formamidopyrimidine DNA glycosylase (FPG) in a 

modified comet assay, we determined that the extent of DNA migration was significantly increased at a 

SAR of 4W/kg. Flow cytometry analysis demonstrated that levels of the DNA adduct 8-oxoguanine (8-

oxoG) were also increased at a SAR of 4W/kg. These increases were concomitant with similar 

increases in the generation of reactive oxygen species (ROS); these phenomena were mitigated by co-

treatment with the antioxidant α-tocopherol. However, no detectable DNA strand breakage was 

observed by the alkaline comet assay. Taking together, these findings may imply the novel possibility 

that RF-EMR with insufficient energy for the direct induction of DNA strand breaks may produce 

genotoxicity through oxidative DNA base damage in male germ cells. 

52. Lorio R, Scrimaglio R. Rantucci E, Delle Monache S, Di Gateano A, Finetti N, et al. A preliminary 

study of oscillating electromagnetic field effects on human spermatozoon motility. 
Bioelectromagnetics 2007;28(1): 72-75. Ahttp://www.ncbi.nlm.nih.gov/pubmed/17019728  Abstract: 

Some effects of extremely low frequency electromagnetic fields (ELF-EMFs) on human spermatozoa 

are reported. Significant increases in the values of the motility and of the other kinematic parameters 

have been observed when spermatozoa were exposed to an ELF-EMF with a square waveform of 5 mT 

amplitude and frequency of 50 Hz. By contrast, a 5 mT sine wave (50 Hz) and a 2.5 mT square wave 

(50 Hz) exposure did not produce any significant effect on sperm motility. The effects induced by ELF-

EMF (50 Hz; 5 mT) during the first 3 h of exposure persisted for 21 h after the end of the treatment. 

These results indicate that ELF-EMF exposure can improve spermatozoa motility and that this effect 

depends on the field characteristics. 

53. Lorio R, Delle Monache S, Bennato F, Di Bartolomeo C, Scrimaglio R, Cinque B, et al. Involvement of 

mitochondrial activity in mediating ELF-EMF stimulatory effect on human sperm motility. 
Bioelectromagnetics 2011;32 (1):15-7  http://www.ncbi.nlm.nih.gov/pubmed/20690107 Abstract: It 

has recently been reported that the exposure of human spermatozoa to an extremely low frequency 

(ELF) electromagnetic field (EMF) with a square waveform of 5 mT amplitude and frequency of 50 Hz 

improves sperm motility. The functional relationship between the energy metabolism and the 

enhancement of human sperm motility induced by ELF-EMF was investigated. Sperm exposure to 

ELF-EMF resulted in a progressive and significant increase of mitochondrial membrane potential and 

levels of ATP, ADP and NAD(+) that was associated with a progressive and significant increase in the 

sperm kinematic parameters… We concluded that the key role in mediating the stimulatory effects 

exerted by ELF-EMF on human sperm motility is played by mitochondrial oxidative phosphorylation 

rather than glycolysis. 
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54. Mahfouz R, Sharma R, Thiyagarajan A, Kale V, Gupta S, Sabanegh E, Agarwal A. Semen 

characteristics and sperm DNA fragmentation in infertile men with low and high levels of seminal 
reactive oxygen species. Fertil Steril. 2010 Nov;94(6):2141-6. doi: 10.1016/j.fertnstert.2009.12.030. 

Epub 2010 Feb 1. Abstract:  OBJECTIVE:  To examine sperm motility, total antioxidant level (TAC), 

DNA fragmentation, and medical history in infertile men with high seminal high reactive oxygen 

species (ROS). RESULT(S):  Group II had a high incidence of sperm DNA fragmentation than group I. 

The odds ratio of 1.25 for elevated ROS levels corresponded to >10% greater DNA fragmentation in 

our patients (95% confidence interval 1.01-1.53). Group II showed poor motility, a higher incidence of 

leukocytospermia, and higher ROS-TAC scores compared with group I. ROS was negatively correlated 

with sperm curvilinear velocity (r=-.24), linearity (r=-.24), and sperm motility (r=-.31). Sperm motility 

was correlated with %TUNEL(+ve) sperm (r=-.39). CONCLUSION(S):  An increase in seminal ROS 

levels by 25% was associated with a 10% increase in sperm DNA fragmentation. Sperm motility was 

affected by seminal ROS and sperm DNA fragmentation. 

 

55. *Mailankot M, Kunnath AP, Jayalekshmi H, Koduru B, Valsalan R. Radio frequency electromagnetic 

radiation (RF-EMR) from GSM (0.9/1.8GHz) mobile phones induces oxidative stress and reduces 
sperm motility in rats. Clinics (Sao Paulo). 2009;64(6):561-5: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705159/  Abstract: OBJECTIVE: The present study 

was designed to evaluate the effects of RF-EMR from mobile phones on free radical metabolism and 

sperm quality. RESULTS: One hour of exposure to the phone did not significantly change facial 

temperature in either group of rats. No significant difference was observed in total sperm count 

between controls and RF-EMR exposed groups. However, rats exposed to RF-EMR exhibited a 

significantly reduced percentage of motile sperm. Moreover, RF-EMR exposure resulted in a 

significant increase in lipid peroxidation and low GSH content in the testis and epididymis. 

CONCLUSION:Given the results of the present study, we speculate that RF-EMR from mobile phones 

negatively affects semen quality and may impair male fertility. 

 

56. *Magras and Xenos. RF Radiation-Induced Changes in the Prenatal Development ofMice. 

Bioelectromagnetics 1997, 18:455-461. http://www.ncbi.nlm.nih.gov/pubmed/9261543  Abstract: The 

possible effects of radiofrequency (RF) radiation on prenatal development has been investigated in 

mice. This study consisted of RF level measurements and in vivo experiments at several places around 

an "antenna park." At these locations RF power densities between 168 nW/cm2 and 1053 nW/cm2 

were measured. Twelve pairs of mice, divided in two groups, were placed in locations of different 

power densities and were repeatedly mated five times. One hundred eighteen newborns were collected. 

They were measured, weighed, and examined macro- and microscopically. A progressive decrease in 

the number of newborns per dam was observed, which ended in irreversible infertility… 

57. *Meo SA, Al-Drees AM, Husain S. (2010). Effect of mobile phone on serum testosterone in Wistar 

Albino rats. Saudi Medical Journal, 31(8), 869–873. http://www.ncbi.nlm.nih.gov/pubmed/20714683 

Abstract: OBJECTIVE: To investigate the effects of electromagnetic field radiation generated by 

mobile phones on serum testosterone levels in Wistar albino rats. RESULTS: Exposure to mobile 

phone radiation for 60 minutes/day for the total period of 3 months significantly decrease the serum 

testosterone level [p=0.028] in Wistar Albino rats compared to their matched control. CONCLUSION: 

Long-term exposure to mobile phone radiation leads to reduction in serum testosterone levels. 

Testosterone is a primary male gender hormone and any change in the normal levels may be 

devastating for reproductive and general health. 

58. Milan PB, Nejad DM, Ghanbari AA, Rad JS, Nasrabadi HT, Roudkenar MH, et al. Effects of 

Polygonum aviculare herbal extract on sperm parameters after EMF exposure in mouse. Pak J Biol 

Sci. 2011;1;14(13):720-4. http://www.ncbi.nlm.nih.gov/pubmed/22308654 Abstract: Electromagnetic 
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fields with high energy same as ionizing radiation inserts their destructive effects via free radical 

production. Using antioxidants or herbal plants with antioxidants components could diminish hazardous 

effects of EMF. Polygonum aviculare has a high amount of phenolic and flavonoid and proved that has 

antioxidants effects. The aim of this study was to evaluate the effects of Polygonum aviculare herbal 

extract on sperm parameters after EMF exposure in mouse…Sperm analysis results showed that in 

group with Polygonum aviculare, morphology and motility of sperm developed (p < 0.05). Present 

results showed that EMF can reduce motility of sperm and treatment of Polygonum aviculare after 

EMF exposure developed sperm quality after EMF exposure. 

 

59. Mortavazi et al. 2009. Alterations in TSH and Thyroid Hormones following Mobile Phone Use. 
Oman Med J. 2009 October; 24(4): 274–278. http://www.ncbi.nlm.nih.gov/pubmed/22216380 

Abstract: CONCLUSION:  As far as the study is concerned, this is the first human study to assess the 

associations between mobile phone use and alterations in the levels of TSH and thyroid hormones. 

Based on the findings, a higher than normal TSH level, low mean T4 and normal T3 concentrations in 

mobile users were observed. It seems that minor degrees of thyroid dysfunction with a compensatory 

rise in TSH may occur following excessive use of mobile phones. It may be concluded that possible 

deleterious effects of mobile microwaves on hypothalamic-pituitary-thyroid axis affects the levels of 

these hormones. 

 

60. *Odaci E, Bas O, Kaplan S. Effects of prenatal exposure to a 900 MHz electromagnetic field on the 

dentate gyrus of rats: a stereological and histopathological study. Brain Res. 2008 Oct 31;1238:224-9. 

doi: 10.1016/j.brainres.2008.08.013. Epub 2008 Aug 16. 

http://www.ncbi.nlm.nih.gov/pubmed/18761003  Abstract: Electromagnetic fields (EMFs) inhibit the 

formation and differentiation of neural stem cells during embryonic development. In this study, the 

effects of prenatal exposure to EMF on the number of granule cells in the dentate gyrus of 4-week-old 

rats were investigated…results showed that prenatal EMF exposure caused a decrease in the number of 

granule cells in the dentate gyrus of the rats (P<0.01). This suggests that prenatal exposure to a 900 

MHz EMF affects the development of the dentate gyrus granule cells in the rat hippocampus. Cell loss 

might be caused by an inhibition of granule cell neurogenesis in the dentate gyrus. 

 

61. Oral B, Guney M, Ozguner F, Karahan N, Mungan T, Comlekci S, Cesur G. Endometrial apoptosis 

induced by a 900-MHz mobile phone: preventive effects of vitamins E and C. Adv Ther. 2006 Nov-

Dec;23(6):957-73.  http://www.ncbi.nlm.nih.gov/pubmed/17276964 Abstract: Numerous reports have 

described the effects induced by an electromagnetic field (EMF) in various cellular systems. The 

purposes of this study were to examine oxidative stress that promotes production of reactive oxygen 

species induced by a 900-megahertz (MHz) mobile phone and the possible ameliorating effects of 

vitamins E and C on endometrial tissue against EMF-induced endometrial impairment and apoptosis in 

rats…In this study, increased malondialdehyde levels in endometrial tissue and apoptosis illustrated the 

role of the oxidative mechanism induced by exposure to a 900-MHz mobile phone-like device and 

vitamins E and C; via free radical scavenging and antioxidant properties, oxidative tissue injury and 

apoptosis were ameliorated in rat endometrium. In conclusion, exposure to 900-MHz radiation emitted 

by mobile phones may cause endometrial apoptosis and oxidative stress, but treatment with vitamins E 

and C can diminish these changes and may have a beneficial effect in preventing endometrial changes 

in rats. 

 

62. *Otitoloju AA, Obe IA, Adewale OA, Otubanjo OA, Osunkalu VO. Preliminary study on the 

reduction of sperm head abnormalities in mice, Mus musculus, exposed to radiofrequency radiations 
from global system for mobile communication base stations. Bull Environ Contamin Toxicol 

2010;84(1):51-4. http://www.ncbi.nlm.nih.gov/pubmed/19816647 Abstract: The exposure of male mice 

to radiofrequency radiations from mobile phone (GSM) base stations at a workplace complex and 
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residential quarters caused 39.78 and 46.03%, respectively, in sperm head abnormalities compared to 

2.13% in control group. Statistical analysis of sperm head abnormality score showed that there was a 

significant (p < 0.05) difference in occurrence of sperm head abnormalities in test animals. The major 

abnormalities observed were knobbed hook, pin-head and banana-shaped sperm head. The occurrence 

of the sperm head abnormalities was also found to be dose dependent. The implications of the observed 

increase occurrence of sperm head abnormalities on the reproductive health of humans living in close 

proximity to GSM base stations were discussed. 

 

63. *Ozguner M, Koyu A, Cesur G, Ural M, Ozguner F, Gokcimen A, Delibas N.  Biological and 

morphological effects on the reproductive organ of rats after exposure to electromagnetic field. Saudi 

Med J 2005; 26 (3): 405 - 410. http://www.ncbi.nlm.nih.gov/pubmed/15806208 Abstract: RESULTS: 

The weight of testes, testicular biopsy score count and the percentage of interstitial tissue to the entire 

testicular tissue were not significantly different in EMF group compared to the control group. However, 

the diameter of the seminiferous tubules and the mean height of the germinal epithelium were 

significantly decreased in EMF group (p<0.05). There was a significant decrease in serum total 

testosterone level in EMF group (p<0.05). Therefore, there was an insignificant decrease in plasma LH 

and FSH levels in EMF group compared to the control group (p>0.05). CONCLUSION:  The 

biological and morphological effects resulting from 900 MHz RF EMF exposure lends no support to 

suggestions of adverse effect on spermatogenesis, and on germinal epithelium. Therefore, testicular 

morphologic alterations may possibly be due to hormonal changes. 

64. Panagopoulos DJ. Effect of microwave exposure on the ovarian development of Drosophila 

melanogaster. Cell Biochem Biophys. 2012 Jun;63(2):121-32. 

http://www.ncbi.nlm.nih.gov/pubmed/22367734 Abstract: In the present experiments the effect of 

GSM radiation on ovarian development of virgin Drosophila melanogaster female insects was 

studied…The study showed that the ovarian size of the exposed insects is significantly smaller than that 

of the corresponding sham-exposed insects, due to destruction of egg chambers by the GSM radiation, 

after DNA damage and consequent cell death induction in the egg chamber cells of the virgin females 

as shown in previous experiments on inseminated females. The difference in ovarian size between 

sham-exposed and exposed virgin female flies becomes most evident 39-45 h after eclosion when the 

first eggs within the ovaries are at the late vitellogenic and post-vitellogenic stages (mid-late 

oogenesis). More than 45 h after eclosion, the difference in ovarian size decreases, as the first mature 

eggs of the sham-exposed insects are leaving the ovaries and are laid. 

 

65. Panagopoulos DJ, Chavdoula ED, Margaritis LH. Bioeffects of mobile telephony radiation in relation 

to its intensity or distance from the antenna. Int J Radiat Biol. 2010 May;86(5):345-57. 

http://www.ncbi.nlm.nih.gov/pubmed/20397839 Partial Abstract:  PURPOSE:  To examine the 

bioactivity of GSM 900 and 1800 (Global System for Mobile Telecommunications) radiations, in 

relation to the distance from the antenna or to the radiation-field intensities… RESULTS:  These 

radiations/fields decreased the reproductive capacity by cell death induction, at all the different 

distances tested. The effect diminished with the distance/decreasing intensities. An increased 

bioactivity 'window' was revealed at distances of 20-30 cm from the mobile phone antenna, (radiation 

intensity around 10 microW/cm(2)) where the effect became highest, in relation to smaller or longer 

distances. The effect diminished considerably for distances longer than 40-50 cm and became not 

evident for distances longer than 1 m or radiation intensities smaller than 1 microW/cm(2). 

CONCLUSIONS:  GSM bioactivity is highest for intensities down to less than 10 microW/cm(2) and 

still evident until 1 microW/cm(2) exhibiting 'window' effects. 
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66. Panagopoulos DJ, Margaritis LH.The effect of exposure duration on the biological activity of mobile 

telephony radiation. Mutat Res. 2010 Jun 17;699(1-2):17-22. doi: 10.1016/j.mrgentox.2010.04.010. 

Epub 2010 Apr 23. http://www.ncbi.nlm.nih.gov/pubmed/20399887 Abstract: In the present 

experiments we studied the effects of different durations of a single (continuous), daily exposure, 

ranging from 1 min up to 21 min, to the two established systems of digital mobile telephony radiation 

that are commonly used in Europe, viz. GSM 900 MHz (Global System for Mobile 

telecommunications) and DCS 1800 MHz (Digital Cellular System-referred to also as GSM 1800 

MHz), on a well-tested biological model, the reproductive capacity of the insect Drosophila 

melanogaster…The results show that the reproductive capacity decreases almost linearly with 

increasing exposure duration to both GSM 900 and DCS 1800 radiation, suggesting that short-term 

exposures to these radiations have cumulative effects on living organisms. Additionally, our results 

show again that GSM 900 MHz radiation is slightly more bioactive than DCS 1800 MHz radiation, at 

the same exposure durations and under equal radiation intensities, as shown in our previous 

experiments. 

67. Panagopoulos DJ, Margaritis LH.The identification of an intensity 'window' on the bioeffects of 

mobile telephony radiation. Int J Radiat Biol. 2010 May;86(5):358-66. doi: 

10.3109/09553000903567979. http://www.ncbi.nlm.nih.gov/pubmed/20397840  Abstract: PURPOSE:  

The increased bioactivity 'windows' of GSM 900 and 1800 MHz radiations, (Global System for Mobile 

telecommunications) revealed recently by us and published in this issue, manifesting themselves as a 

maximum decrease in the reproductive capacity of the insect Drosophila melanogaster, were examined 

to discover whether they depend on the intensity of radiation-fields. RESULTS:   The decrease in the 

reproductive capacity did not differ significantly between the two groups. CONCLUSIONS:  The 

bioactivity window seems to be due to the intensity of radiation-field (10 microW/cm(2), 0.6-0.7 V/m) 

at 30 or 20 cm from the GSM 900 or 1800 mobile phone antenna, respectively. 

 

68. *Panagopoulos DJ, Chavdoula ED, Karabarbounis A, Margaritis LH. Comparison of bioactivity 

between GSM 900 MHz and DCS 1800 MHz mobile telephony radiation. Electromagn Biol Med. 

2007; 26:33-44. http://www.ncbi.nlm.nih.gov/pubmed/17454081 Abstract: An increasing number of 

studies find that pulsed Radio Frequency (RF), electromagnetic radiation of both systems of digital 

mobile telephony, established and commonly used in Europe during the last years, GSM 900 MHz 

(Global System for Mobile telecommunications) and DCS 1800 MHz (Digital Cellular System), exert 

intense biological action on different organisms and cells (Hardell et al., 2006; Hyland, 2000; Kundi, 

2004; Panagopoulos et al., 2004, 2007). The two types of cellular telephony radiation use different 

carrier frequencies and give different frequency spectra, but they usually also differ in intensity, as 

GSM 900 MHz antennas operate at about double the power output than the corresponding DCS 1800 

MHz ones. In our present experiments, we used a model biological system, the reproductive capacity of 

Drosophila melanogaster, to compare the biological activity between the two systems of cellular mobile 

telephony radiation. Both types of radiation were found to decrease significantly and non thermally the 

insect's reproductive capacity, but GSM 900 MHz seems to be even more bioactive than DCS 1800 

MHz. The difference seems to be dependent mostly on field intensity and less on carrier frequency. 

69. Panagopoulos DJ, Chavdoula ED, Nezis IP, Margaritis LH. Cell death induced by GSM 900-MHz and 

DCS 1800-MHz mobile telephony radiation. Mutat Res. 2007 Jan 10;626(1-2):69-78. Epub 2006 Oct 

11. http://www.ncbi.nlm.nih.gov/pubmed/17045516 Abstract: In the present study, the TUNEL 

(Terminal deoxynucleotide transferase dUTP Nick End Labeling) assay--a well known technique 

widely used for detecting fragmented DNA in various types of cells--was used to detect cell death 

(DNA fragmentation) in a biological model, the early and mid stages of oogenesis of the insect 

Drosophila melanogaster…Our present results suggest that the decrease in oviposition previously 
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reported, is due to degeneration of large numbers of egg chambers after DNA fragmentation of their 

constituent cells, induced by both types of mobile telephony radiation. Induced cell death is recorded 

for the first time, in all types of cells constituting an egg chamber (follicle cells, nurse cells and the 

oocyte) and in all stages of the early and mid-oogenesis, from germarium to stage 10, during which 

programmed cell death does not physiologically occur. Germarium and stages 7-8 were found to be the 

most sensitive developmental stages also in response to electromagnetic stress induced by the GSM and 

DCS fields and, moreover, germarium was found to be even more sensitive than stages 7-8. 

 

70. Panagopoulos DJ, Messini N, Karabarbounis A, Philippetis AL, Margaritis LH, Radio frequency 

electromagnetic radiation within "safety levels" alters the physiological function of insects, in: P. 

Kostarakis, P. Stavroulakis (Eds.), Proceedings of the Millennium International Workshop on 

Biological Effects of Electromagnetic Fields, Heraklion, Crete, Greece, October 17-20, 2000, pp. 169-

175, ISBN: 960-86733-0-5 

71. Rajaei F, Borhani N, Sabbagh-Ziarani F, Mashayekhi F. Effects of extremely low-frequency 

electromagnetic field on fertility and heights of epithelial cells in pre-implantation stage 
endometrium and fallopian tube in mice. Zhong Xi Yi Jie He Xue Bao. 2010;8(1):56-60. 

http://www.ncbi.nlm.nih.gov/pubmed/20082760 Abstract: OBJECTIVE:  To investigate the effects of 

extremely low-frequency electromagnetic field (ELF-EMF) on fertility and heights of epithelial cells in 

pre-implantation stage endometrium and fallopian tube in mice. CONCLUSION:The results indicate 

that ELF-EMF has detrimental effect on female reproductive system in mice by decreasing the number 

of flushed blastocysts and increasing the height of fallopian tube epithelial cells. 

72. Roychoudhury S, Jedicka S, Parkanyl V, Rafay J, Ondruska L, Massanyl P, et al. Influence of a 50 Hz 

extremely low frequency electromagnetic field on spermatozoa motility and fertilization rats in 
rabbits. J Environ Sci Health A Tox Hazard subst Environ Eng. 2009;44(10):1041-1047. 

http://www.ncbi.nlm.nih.gov/pubmed/19827497 Abstract: Effects of a 50 Hz extra-low frequency 

electromagnetic field (ELF EMF) on in vitro rabbit spermatozoa motility were analyzed, as well as the 

effect on fertilization rates after insemination…EMF induced alterations of spermatozoa motility and 

kindling rate in rabbits, therefore influencing fertility. 

73. Sarkar S, Ali S, Behari J. Effect of low power microwave on the mouse genome: a 

direct DNA analysis. Mutation Research, 320(1-2):141-147, 1994. 

http://www.ncbi.nlm.nih.gov/pubmed/7506381 Mice testis Abstract: The potential mutagenic effect of 

low power microwave at the DNA sequence level in the mouse genome was evaluated by direct DNA 

analysis. Animals were exposed to microwave at a power density of 1 mW/cm2 for 2 h/day at a 

frequency of 2.45 GHz over a period of 120, 150 and 200 days. HinfI digested DNA samples from testis 

and brain of control and exposed animals were hybridized with a synthetic oligo probe (OAT 36) 

comprising nine repeats of 5'-GACA-3'. As compared to control animals, band patterns in exposed 

animals were found to be distinctly altered in the range of 7-8 kb which was also substantiated by 

densitometric analysis. Though the mechanism of this rearrangement is not yet clear, the results obtained 

at the present dose are of significance. This dose, which has been set as the safe limit for general public 

exposure by the Non-Ionizing Radiation Committee of the International Radiation Protection 

Association, may imply a need for (re)evaluation of the mutagenic potential of microwaves at the 

prescribed safe limit for the personnel and people who are being exposed. 

 

74. Sarookhani et al. The influence of 950 MHz magnetic field (mobile phone radiation) on sex organ 

and adrenal functions of male rabbits. African Journal of Biochemistry Research Vol. 5(2), pp. 65-68. 

Results of this study suggest that testosterone and FSH levels were disturbed as a result of mobile 

phone EMF exposure which can possibly affect reproductive functions. 
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75. Saygin M, Caliskan S, Karahan N, Koyu A, Gumral N, Uguz A. Testicular apoptosis and 

histopathological changes induced by a 2.45 GHz electromagnetic field. Toxicol Ind Health. 2011 

Jun;27(5):455-63. Epub 2011 Feb 10. http://www.ncbi.nlm.nih.gov/pubmed/21310776?dopt=Abstract 

Abstract: … The objective of this study is to investigate the effects of 2450 Mhz electromagnetic field 

on apoptosis and histopathological changes on rat testis tissue. Twelve-week-old male Wistar Albino 

rats were used in this study. Eighteen rats equally divided into three different groups which were named 

group I, II and III. Cage control (group I), sham control (group II) and 2.45 GHz EMR (group III) 

groups were formed. Group III were exposed to 2.45 GHz EMR, at 3.21 W/kg specific absorption rate 

for 60 minutes/ day for 28 days. There was no difference among the groups for the diameter of the 

seminiferous tubules, pyknotic, karyolectic and karyotic cells. However, the number of Leydig cells of 

testis tissue of the rats in group III was significantly reduced comparing with the group I (p < 0.05). 

Estimation of spermatogenesis using the Johnsen testicular biopsy score revealed that the difference 

between groups is statistically significant. The level of TNF-α, Caspase-3 and Bcl-2 were compared, 

and no significant difference was found between the groups. When Bax apoptosis genes and Caspase-8 

apoptosis enzyme were compared, there were significant differences between the groups (p < 0.05). 

Electromagnetic field affects spermatogenesis and causes to apoptosis due to the heat and other stress-

related events in testis tissue. 

 

76. Shahin S,  Singh VP,  Shukla RK, Dhawan A, Gangwar RK, Singh SP, Chaturvedi CM. 2.45 GHz 

Microwave Irradiation-Induced Oxidative Stress Affects Implantation or Pregnancy in Mice. Mus 

musculus. Appl Biochem Biotechnol 2013 http://www.ncbi.nlm.nih.gov/pubmed/23334843 Abstract: 

The present experiment was designed to study the 2.45 GHz low-level microwave (MW) irradiation-

induced stress response and its effect on implantation or pregnancy in female mice…We observed that 

implantation sites were affected significantly in MW-irradiated mice as compared to control. Further, in 

addition to a significant increase in ROS, hemoglobin (p<0.001), RBC and WBC counts (p<0.001), 

N/L ratio (p<0.01), DNA damage (p<0.001) in brain cells, and plasma estradiol concentration (p<0.05), 

a significant decrease was observed in NO level (p<0.05) and antioxidant enzyme activities of MW-

exposed mice. Our findings led us to conclude that a low level of MW irradiation-induced oxidative 

stress not only suppresses implantation, but it may also lead to deformity of the embryo in case 

pregnancy continues. We also suggest that MW radiation-induced oxidative stress by increasing ROS 

production in the body may lead to DNA strand breakage in the brain cells and implantation 

failure/resorption or abnormal pregnancy in mice. 

77. Subbotina TI, Tereshkina OV, Khadartsev AA, Yashin AA. Effect of low-intensity extremely high 

frequency radiation on reproductive function in wistar rats. Bull Exp Biol Med. 2006 

Aug;142(2):189-90. http://www.ncbi.nlm.nih.gov/pubmed/17369936 Abstract: The exposure to low-

intensity extremely high frequency electromagnetic radiation during spermatogenesis was accompanied 

by pathological changes, which resulted in degeneration and polymorphism of spermatozoa. The 

number of newborn rats increased in the progeny of irradiated animals. 

 

78. Sulak O, Ozguner G, Sahin O, Bas O. An investigation on lung tissue damage and morphological 

changes in newborns of pregnant rats exposed to methidathion. Protective effects of caffeic acid 
phenethyl ester. Saudi Med J. 2010 Oct;31(10):1095-100. 

http://www.ncbi.nlm.nih.gov/pubmed/20953523 Abstract: OBJECTIVE:  To investigate 

histopathological changes in the lungs and morphological changes of newborn rats whose mothers are 

exposed to methidathion (MD) during their pregnancy, and also the effects of caffeic acid phenethyl 

ester (CAPE) on these changes. RESULTS:  Tremors, agitation, and spasm of extremities were 

observed in pregnant rats after administration of MD. Histopathological examination of lung tissues 

revealed peribronchial inflammation, alveolar and bronchoalveolar hemorrhage, intraparenchymal 
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vascular congestion and thrombosis, alveolar destruction, and intraparenchymal infiltration. 

CONCLUSION:  Methidathion causes low weight gain and deaths among pregnant rats, increases 

intrauterine fetus deaths, causes low birth weights in the newborns, and histopathological changes in 

the lung tissues of newborn rats. The CAPE has an ameliorating effect on these histopathological 

alterations. 

 

79. *Tomruk A, Guler G, Dincel AS. The Influence of 1800 MHz GSM-like signals on hepatic oxidative 

DNA and lipid damage in nonpregnant, pregnant, and newly born rabbits. Cell Biochem Biophys 

(2010) 56:39–47. Abstract:  Group II and Group IV malondialdehyde (MDA) and ferrous oxidation in 

xylenol orange (FOX) levels were increased compared to Group I (P < 0.05, Mann-Whitney). FOX 

levels were found significantly increased in Group VI with respect to Group V (P < 0.05, Mann-

Whitney). Consequently, the whole-body 1800 MHz GSM-like RF radiation exposure may lead to 

oxidative destruction as being indicators of subsequent reactions that occur to form oxygen toxicity in 

tissues. 

 

80. Wang XW, Ding GR, Shi CH, Zeng, LH, Liu JY, Li J, et al. Mechanism involved in the blood-testis 

barrier increased permeability induced by EMP. Toxicology 2010;276:58-63. 

http://www.ncbi.nlm.nih.gov/pubmed/20633596  Abstract: The blood-testis barrier (BTB) plays an 

important role in male reproductive system. Lots of environmental stimulations can increase the 

permeability of BTB and then result in antisperm antibody (AsAb) generation, which is a key step in 

male immune infertility. Here we reported the results of male mice exposed to electromagnetic pulse 

(EMP) by measuring the expression of tight-junction-associated proteins (ZO-1 and Occludin), 

vimentin microfilaments, and transforming growth factor-beta (TGF-beta3) as well as AsAb level in 

serum…Compared with sham group, the expression of ZO-1 and TGF-beta3 significantly decreased 

accompanied with unevenly stained vimentin microfilaments and increased serum AsAb levels in 

EMP-exposed mice. These results suggest a potential BTB injury and immune infertility in male mice 

exposed to a certain intensity of EMP. 

 

81. Wang SM, Wang DW, Peng RY, Gao YB, Yang Y, Hu WH, Chen HY, Zhang YR, Gao Y. [Effect of 

electromagnetic pulse irradiation on structure and function of Leydig cells in mice]. Zhonghua Nan 

Ke Xue. 2003 Aug;9(5):327-30. http://www.ncbi.nlm.nih.gov/pubmed/14513635 Abstract:  

OBJECTIVE:  To explore the effect of electromagnetic pulse (EMP) irradiation on structure and 

function of Leydig cells in mice. RESULTS:  Main pathological changes were edema and vacuolation, 

swelling of cytoplasmic mitochondria, reduce of lipid droplets, pale staining of most of lipid droplets, 

and partial or complete cavitation of lipid droplets in Leydig cells within 28 days after EMP radiation. 

Compared with normal controls, serum T decreased in all in different degrees within 28 days, and 

dropped significantly at 6 h-14 d, 6 h-7 d and 1 d-28 d after 8 x 10(3) V/m, 2 x 10(4) V/m and 6 x 10(4) 

V/m EMP irradiation(P < 0.05 or P < 0.01). EMP irradiation caused no significant changes in serum 

LH and E2. CONCLUSIONS:  Leydig cells are among those that are the most susceptible to EMP 

irradiation. EMP irradiation may cause significant injury in structure and function of Leydig cells in 

mice, whose earlier and continuous effect is bound to affect sexual function and sperm production. 

 

82. Zhou Z. Exposure to 1800MHz Radiofrequency Electromagnetic Radiation Induces Oxidative DNA 

Base Damage in a Mouse Spermatocyte-Derived Cell Line, Toxicology Letters (2010), 

doi:10.1016/j.toxlet.2013.01.003 http://www.sciencedirect.com/science/article/pii/S0378427413000167  

Abstract: Whether exposure to radiofrequency electromagnetic radiation (RF-EMR) emitted from 

mobile phones can induce DNA damage in male germ cells remains unclear. In this study, we 

conducted a 24 h intermittent exposure (5 min on and 10 min off) of a mouse spermatocyte-derived 

GC-2 cell line to 1800 MHz Global System for Mobile Communication (GSM) signals in GSM-Talk 
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mode at specific absorption rates (SAR) of 1 W/kg, 2 W/kg or 4 W/kg. Subsequently, through the use 

of formamidopyrimidine DNA glycosylase (FPG) in a modified comet assay, we determined that the 

extent of DNA migration was significantly increased at a SAR of 4 W/kg. Flow cytometry analysis 

demonstrated that levels of the DNA adduct 8-oxoguanine (8-oxoG) were also increased at a SAR of 4 

W/kg. These increases were concomitant with similar increases in the generation of reactive oxygen 

species (ROS); these phenomena were mitigated by co-treatment with the antioxidant α-tocopherol. 

However, no detectable DNA strand breakage was observed by the alkaline comet assay. Taking 

together, these findings may imply the novel possibility that RF-EMR with insufficient energy for the 

direct induction of DNA strand breaks may produce genotoxicity through oxidative DNA base damage 

in male germ cells. 

 

83. Zhou W, Wang XB, Yang JQ, Liu Y, Zhang GB. [Influence of electromagnetic irradiation on 

P450scc mRNA expression in rat testis tissues and protective effect of the shield]. Zhonghua Nan Ke 

Xue. 2005 Apr;11(4):269-71. http://www.ncbi.nlm.nih.gov/pubmed/15921256 Abstract: OBJECTIVE: 

To study the influence of electromagnetic irradiation on cytochrome P450 cholesterol side chain lyase 

(P450scc) in adult rat testis tissues and to assess the protective effect of the copper shield. RESULTS: 

The contents of testosterone and the P450scc mRNA level in the irradiated group were significantly 

lower than in the control rats, decreased by 83.9% and 56.9% at 3 hours (P < 0.01), 54.8% and 27.3% 

at 6 hours (P < 0.01), restored to normal at 24 hours, but again reduced by 60.1% and 56.1% 

respectively (P < 0.01). While in the shielded group, no significant change was observed either in the 

testosterone of the serum or in the P450scc mRNA expression in the testis tissues. CONCLUSION: 

Electromagnetic irradiation may affect the transcription of P450scc in adult rat Leydig cells and thereby 

decrease the testosterone synthesis. Whole-body shielding with the copper net may achieve satisfactory 

effect. 

84. *Wdowiak A, Wdowiak L, Wiktor H. Evaluation of the effect of using mobile phones on male 

fertility. Ann Agric Environ Med. 2007;14:169–172. [PubMed] Abstract: … The objective of the 

study was the determination of the effect of the usage of cellular phones on the fertility of males 

subjected to marital infertility therapy. The following groups were selected from among 304 males 

covered by the study: Group A: 99 patients who did not use mobile phones, Group B: 157 males who 

have used GSM equipment sporadically for the period of 1-2 years, and Group C: 48 people who have 

been regularly using mobile phone for more than 2 years. In the analysis of the effect of GSM 

equipment on the semen it was noted that an increase in the percentage of sperm cells of abnormal 

morphology is associated with the duration of exposure to the waves emitted by the GSM phone. It was 

also confirmed that a decrease in the percentage of sperm cells in vital progressing motility in the 

semen is correlated with the frequency of using mobile phones. 

85. *Yan JG, Agresti M, Bruce t, Yan YH, Granlund A, Matloubn HS. Effects of cellular phone emissions 

on sperm motility in rats. Fertil Steril. 88(4):957-64. Epub 2007 Jul 12. Abstract: OBJECTIVE: To  

evaluate the effects of cellular phone emissions on rat sperm cells. RESULT(S): Rats exposed to 6 

hours of daily cellular phone emissions for 18 weeks exhibited a significantly higher incidence of 

sperm cell death than control group rats through chi-squared analysis. In addition, abnormal clumping 

of sperm cells was present in rats exposed to cellular phone emissions and was not present in control 

group rats. CONCLUSION(S): These results suggest that carrying cell phones near reproductive organs 

could negatively affect male fertility. 
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3.B  Relevant studies found on these topics that have not been reviewed by any scientific 

groups named above: 

 
86. Wang XW, Ding GR, Shi CH, Zeng LH, Liu JY, Li J, Zhao T, Chen YB, Guo GZ. Mechanisms 

involved in the blood-testis barrier increased permeability induced by EMP. Toxicology. 
2010 Sep 30;276(1):58-63 http://www.ncbi.nlm.nih.gov/pubmed/20633596 Abstract: The blood-

testis barrier (BTB) plays an important role in male reproductive system. Lots of environmental 

stimulations can increase the permeability of BTB and then result in antisperm antibody (AsAb) 

generation, which is a key step in male immune infertility. Here we reported the results of male mice 

exposed to electromagnetic pulse (EMP) by measuring the expression of tight-junction-associated 

proteins (ZO-1 and Occludin), vimentin microfilaments, and transforming growth factor-beta (TGF-

beta3) as well as AsAb level in serum. Male BALB/c mice were sham exposed or exposed to EMP at 

two different intensities (200kV/m and 400kV/m) for 200 pulses. The testes were collected at different 

time points after EMP exposure. Immunofluorescence histocytochemistry, western blotting, laser 

confocal microscopy and RT-PCR were used in this study. Compared with sham group, the expression 

of ZO-1 and TGF-beta3 significantly decreased accompanied with unevenly stained vimentin 

microfilaments and increased serum AsAb levels in EMP-exposed mice. These results suggest a 

potential BTB injury and immune infertility in male mice exposed to a certain intensity of EMP. 

 

87. Wang XW, Ding GR, Shi CH, Zhao T, Zhang J, Zeng LH, Guo GZ .Effect of electromagnetic pulse 

exposure on permeability of blood-testicle barrier in mice. Biomed Environ Sci. 2008 Jun;21(3):218-

21. http://www.ncbi.nlm.nih.gov/pubmed/18714819   Abstract: OBJECTIVE: To study the effect of 

electromagnetic pulse (EMP) exposure on the permeability of blood-testicle barrier (BTB) in mice. 

METHODS: Adult male BALB/c mice were exposed to EMP at 200 kV/m for 200 pulses with 2 

seconds interval. The mice were injected with 2% Evans Blue solution through caudal vein at different 

time points after exposure, and the permeability of BTB was monitored using a fluorescence 

microscope. The testis sample for the transmission electron microscopy was prepared at 2 h after EMP 

exposure. The permeability of BTB in mice was observed by using Evans Blue tracer and lanthanum 

nitrate tracer. RESULTS:  After exposure, cloudy Evans Blue was found in the testicle convoluted 

seminiferous tubule of mice. Lanthanum nitrate was observed not only between testicle spermatogonia 

near seminiferous tubule wall and sertoli cells, but also between sertoli cells and primary spermatocyte 

or secondary spermatocyte. In contrast, lanthanum nitrate in control group was only found in the 

testicle sertoli cells between seminiferous tubule and near seminiferous tubule wall. CONCLUSION:  

EMP exposure could increase the permeability of BTB in the mice. 

 

Other relevant reviews on these topics: 
 

88. Guiliani, L, Soffritti M, ed., Non thermal effects and mechanisms of interaction between EMF and 

living matter, ICEMS Monograph, National Institute for the Study and Control of Cancer and 

Environmental Diseases, Ramazzini Institute, Eur. J. of  Oncol.- Library, Vol. 5, 2010; Review [ Copy 

Filed in Docket] http://www.icems.eu/papers/ramazzini_library5_part1.pdf   & 

http://www.icems.eu/papers/ramazzini_library5_part2.pdf   Excerpt (Part 1, pg. 208):  The quantum-

mechanical physical model for primary interaction of MW with DNA has been proposed149.We 

hypothesized that genomic DNA contain two different codes1The first one is the well-known genetic 

triplet code for coding the genes. The second one is a “physical code” that determine the spectrum of 

natural oscillations in chromosomal DNA including electromagnetic, mechanical and acoustic 

oscillations, which are hypothetically responsible for regulation of gene expression at different stages 

of ontogenesis and for genomic rearrangements in evolution109. The physical model describing these 

coupled oscillations in chromosomal DNA has been proposed92. This model helps toresolve the so-

called C-paradox that addresses the issue of a genome size, so-called Cvalue. Only few percent of DNA 
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encodes genes in almost all eukaryotic genomes. The same amount of DNA is involved in regulation of 

gene expression by known biochemical mechanisms. 

 

89. Agarwal A, Aponte-Mellado A, Premkumar BJ, Shaman A, Gupta S. The effects of oxidative stress on 

female reproduction: a review. Agarwal A, Aponte-Mellado A, Premkumar BJ, Shaman A, Gupta S. 

Reprod Biol Endocrinol. 2012 Jun 29;10(1):49 Review 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3527168/pdf/1477-7827-10-49.pdf  Abstract: Male 

factor accounts for almost 50% cases of infertility. The exact mechanism of sperm dysfunction is not 

known in many cases. Extensive research in the last decade has led to the identification of free radicals 

(reactive oxygen species) as mediators of sperm dysfunction in both specific diagnoses and idiopathic 

cases of male infertility. Elevated levels of reactive oxygen species are seen in up to 30-80% of men 

with male infertility. The role of free radicals has been studied extensively in the process of human 

reproduction. We know now that a certain level of free radicals is necessary for normal sperm function, 

whereas an excessive level of free radicals can cause detrimental effect on sperm function and 

subsequent fertilisation and offspring health. Oxidative stress develops when there is an imbalance 

between generation of free radicals and scavenging capacity of anti-oxidants in reproductive tract. 

Oxidative stress has been shown to affect both standard semen parameters and fertilizing capacity. In 

addition, high levels of free radicals have been associated with lack of or poor fertility outcome after 

natural conception or assisted reproduction. Diagnostic techniques to quantify free radicals in infertile 

patients can assist physicians treating patients with infertility to plan for proper treatment strategies. In 

vivo anti-oxidants can be used against oxidative stress in male reproductive tract. Supplementation of 

in vitro anti-oxidants can help prevent the oxidative stress during sperm preparation techniques in 

assisted reproduction. 

 

 


