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Supplementary Table S5.
Involvement of Reactive Oxygen (ROS) and Reactive Nitrogen (RNS) Species

Type of cell/tis- response to MF Range of Duration Methods/Cell types Results Ref.
sue/organ MFs
Blood platelets Effects f MF from dis- 1 kHz, 150 30, 60 min. human blood platelets; activity =~ exposure to electromagnetic radiation of 1 kHz [1]
play screens on cell oxy-  V/m, 220 of superoxide dismutase, catalase = frequency and 150 V/m and 220 V/m intensity
gen metabolism V/m) and malondialdehyde concentra-  may cause adverse effects within blood plate-
tion; lets' oxygen metabolism and thus may lead to
physiological dysfunction of the organism
Brain Effects on the antioxi- 60 Hz 3h Balb/c mouse; SOD activity; MF significantly increased brain SOD activity. [2]
dant defense system in 1.2 mT chemiluminescence from brain ~ MF could deteriorate antioxidant defensive sys-
the brain homogenates tem by ROS, other than superoxide radicals
Breast cancer cells  LF-MFs inhibit prolifer-  50-275Hz 6,12, 24, or Cell Viability Assay, Apoptosis LF-MF effectively increases the level of ROS, [3]
ation by triggering 1mT 36 h Assays, Western Blotting, Intra- suppresses the PI3K/AKT signaling pathway,
apoptosis and altering cellular ROS Level and activates glycogen synthase kinase-3(3
cell cycle distribution (GSK-3p).
Breast cancer cells Selenium reduces mo- 900 MHz 1,2,6,and 24 MDA-MB-231 cells, cell viability, = 900 MHz EMR appears to induce apoptosis ef- [4]
bile phone (900 MHz)- with 217 h intracellular ROS production, mi-  fects through oxidative stress and mitochon-
induced oxidative Hz pulses tochondrial membrane depolari-  drial depolarization although incubation of se-
stress, mitochondrial 12 pW/cm? zation, cell apoptosis, and lenium seems to counteract the effects on apop-
function, and apoptosis caspase-3 and caspase-9 values. tosis and oxidative stress.
Carcinoma mu- Influence on antioxida- 3 Hz-3 kHz 16 min AT478 murine squamous cell Application of ELF-MF on treated cells caused [5]
rine squamous tive melatonin proper- 0.11mT carcinoma; enzyme activity of ~ an increase of both superoxide dismutase activ-
cell ties MnSOD, Cu/ZnSOD, GSH-Px; ity and MDA level, but influence of ELF-MF on
MDA levels GSH-Px activity was negligible
Carcinomarenal  Influence on Clear Cell 50 Hz 30 min/day EK293, 786-0O, 769-P, and Cakil =~ EMF could serve as a potential tool to manipu- [6]
Renal Carcinoma 45mT for 5 days cells; Cells Viability; Hanging late cell viability through the involvement of

cell

Drop Assay; Migration and Inva-
sion Assay; Apoptosis and Cell
Cycle Analysis; ROS Generation

ROS. ELF-EMF can be considered a factor that
inhibits the progression of clear cell
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Type of cell/tis- response to MF Range of Duration Methods/Cell types Results Ref.
sue/organ MFs
Carcinosarcoma Effects on growth and 50 Hz 80 min. every ~ SOD, CAT, GSH content, gluta- Treatment can inhibit Walker-256 carcinosar- [7]
hepatic redox state otherday 5  thione peroxidase (GP) and thio- coma growth and result in less pronounced oxi-
times in total barbituric acid reactive sub- dative stress damage to the liver of tumor-bear-
stances (TBARS) ing rats. Non-ionizing EMF can be used to in-
fluence the hepatic redox state and combat can-
cer with reduced side effects.
Embryonic stem Differential effects on 0.04 puT 20 days female BALB/c mice; Embryonic Vascular endothelial growth factor is an im- [8]
cells embryonic development stem cell culture and inhibitor portant mediator during embryonic develop-
and vasculogenesis treatment; Measurement of ROS ment that can be influenced by high strength
generation; Immunofluorescence = MFs, which in consequence leads to severe ab-
normalities in fetus organs and blood vessel
formation
Erythro-leukemic  Effects on catalase, cyto- 50 Hz 1,3,6,9, 12, Human erythro-leukemic cell LF-EMF triggers protein activation mediated by [9]
cells chrome P450 and nitric 1mT 18,24 h line K562; CAT activity; determi- ligands activating NADH oxidase that alters
oxide synthase nation of superoxide anion; iNOS ROS-regulated pathways, particularly pro-pro-
activity; Western blot analysis; liferative and/or survival pathways. ELF-EMF
affects not only the ROS product but also the
enzymatic activity. Effects on oxidative metabo-
lism and ROS signaling may be particularly im-
portant in hematologic malignancies.
Frontal cortex and  Effects on antioxidative 128 mT 1h/day for = GPx, CuZn-SOD, CAT activities; = Exposure decreases antioxidant enzyme activ- [10]
hippocampus enzymes activity and 30 days malondialdehyde (MDA) con- ity in frontal cortex and hippocampus, but glu-
DNA in brain centration; DNA oxidation tathione levels remained unchanged in the both
brain structures. Exposure significant increase
of metallothioneins level in frontal cortex indi-
cating the absence of DNA oxidation
Keratinocyte Effect on antioxidant ac- 50 Hz 1,2,or4dh human keratinocyte cell line ELF-EMF induces a slight oxidative stress that [11]
tivity 25-200 uT NCTC 2544; ROS production does not overwhelm the metabolic capacity of

with dihydrorhodamine (DHR);
fluorescence microscopy;

the cells or have a cytotoxic effect
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Type of cell/tis- response to MF Range of Duration Methods/Cell types Results Ref.
sue/organ MFs
hemocytometry; GSH content;
SOD activity; Lipid peroxidation;
Liver Effects of Long-term ex- 50Hz, ImT  4h/day for 45  Wistar-Albino female and male =~ Long-term ELF-MF exposure may enhance the [12]
posure of extremely low days rats, MDA and 3-nitrotyrosine (3- oxidative/nitrosative stress in liver tissue of the
frequency magnetic NT) detection female rats and could have a deteriorative ef-
field on oxidative/ni- fect on cellular proteins rather than lipids by
trosative stress enhancing 3-NT formation.
Liver and kidney Influence MF on cad- 128 mT 1 h/day for Wistar male rats; Cadmium de- The association between SMF and Cd failed to [13]
mium toxicity: study of 30 days termination; Blood analysis; alter transaminases, MDA and 8-oxodGuo con-
oxidative stress and MDA assay; GPx, CAT and SOD  centration. Cd treatment altered antioxidant en-
DNA damage activities; DNA and 8-oxodGuo zymes and DNA in liver and kidney of rats.
analysis Moreover, SMF associated to Cd disrupt this
antioxidant response in liver compared to Cd-
treated rats
Myelogenic leuke- ~ MF exposure on super- 50 Hz 1h Human chronic myelogenic leu- An early response to ELF MF in K562 cells [14]
mia cells oxide radical anion for-  0.025, 0.050, kemia cells (K562), Cell prolifera- seems to be an increased amount of oxygen
mation and HSP70 in- 0.10 mT tion and cell cycle analysis, Pro-  radicals, leading to HSP70 induction. Further-
duction tein isolation and HSP70 analy- more, the results suggest that there is a flux
sis, Western blot analysis and density threshold where 50-Hz MF exerts its ef-
Flow cytometric measurements fects on K562 cells, at or below 0.025 mT, and
of HSP70, Superoxide radical an-  also that it is the MF, and not the induced elec-
ion analysis tric field, which is the active parameter
Neuroblastoma Induction of micronu- 50 Hz 24h Micronucleus assay, Mitochon-  For cytosolic superoxide, the effect size was un- [15]
and glioma cell ~ clei and superoxide pro- 10, 30 mT drial and cytosolic superoxide expectedly large at 10 uT. The results indicate
lines duction in cells exposed production that the threshold for biological effects of ELF
to weak MFs MFs is 10 uT or less.
Neuroblastoma Oxidative Stress and 50-Hz upto24h  neuroblastoma cell line SH-SY5Y;  ELF-EMF exposure elevated the expression of [16]
cell Neurodegeneration 1mT NOS activity; superoxide anion NOS and Oz, which were countered by com-

measurement; CAT activity; Cell
viability

pensatory changes in antioxidant CAT activity
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Type of cell/tis- response to MF Range of Duration Methods/Cell types Results Ref.
sue/organ MFs
and enzymatic kinetic parameters related to
CYP-450 and CAT activity
Neuroblastoma Induction of genomic ~ 50-Hz, 100- 24h Micronucleus frequency, Mito- ~ MF exposure disturbs oxidative balance imme- [17]
cells instability, oxidative uT chondrial and cytosolic superox-  diately after the exposure, which might explain
processes, and mito- ide production, ROS production, our previous findings on MF altered cellular re-
chondrial activity by 50 and reduced glutathione level, sponses to menadione-induced DNA damage
Hz magnetic fields Lipid peroxidation. Mitochon-
drial activity by 3-[4,5-dime-
thythiazol-2-yl]-2,5-diphenyl te-
trazolium bromide (MTT)
Neuroblastoma Cellular detection of 50 Hz 24h Responses to menadione, Micro- The results are consistent with MF effects on [18]
cells MFs and effects on su- 100 uT nuclei, proliferation, viability, cy- light-independent radical reactions.
peroxide levels and gen- tosolic and mitochondrial O2*
otoxicity levels.
Osteosarcoma Effect on self-renewal 0.2-04T 1,3,and 5 Murine osteosarcoma cell line Prolonged exposure to SMF induced the prolif- [19]
cells ability through au- days K7M2 and humanosteosarcoma  eration and tumor sphere formation. Moreover,
tophagic degradation of cell line MG63; Cell Counting; SMF promoted the release of ferrous iron (Fe?")
ferritin detection of ROS with dichloro- and provoked ROS
dihydrofluorescein diacetate
(DCFH-DA); Western Blot;
siRNA Transfection; Immuno-
histochemistry; Immunofluores-
cence; Transmission Electron Mi-
croscopy; Fe? Detection Assay
Prostate cancer Effect on apoptosis 60-Hz si- various tim- DU145, PC3, and LNCaP cells;  60-Hz sinusoidal MF-activated cell growth inhi- [20]
cells through reactive oxygen = nusoidal ing cell counting; trypan blue exclu-  bition of prostate cancer in vitro. Apoptosis to-
species MF sion assay; Western blot analysis;  gether with cell cycle arrest were the dominant

flow cytometry; ELISA; RT-PCR;
fluorescence microscopy; spec-
trofluorimetry

causes of the MF-elicited cell growth inhibition,
mediated by MF-induced ROS
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Type of cell/tis- response to MF Range of Duration Methods/Cell types Results Ref.
sue/organ MFs
Squamous cell Influence of ELF-EMF 0.11mT 16 min Antioxidant enzyme activity ELF-EMF alters antioxidative activities of vita- [21]
carcinoma on antioxidative vita- (manganese- and copper-zinc- min E in AT478 tumor cells. Confirms the role
min E Properties in containing SOD and GPx) and li- of vitamin E in decreasing susceptibility to lipid
AT478 murine cells cul- pid peroxidation (level of MDA) peroxidation in AT478 tumor cells
ture in vitro
Squamous cell Short-term exposure to 50 Hz, 16 min SOD and GSH-Px activity assay. =~ ELF-EMF lessened the effects of oxidative stress [22]
carcinoma ELF-EMF alters the cis- 1mT MDA Assay. Alkaline Comet As- and DNA damage that were induced by cispla-
platin-induced oxida- say tin; however, ELF-EMF alone was a mild oxida-
tive response tive stressor and DNA damage inducer. We
speculate that ELF-EMF exerts differential ef-
fects depending on the exogenous conditions.
This information may be of value for apprais-
ing the pathophysiologic consequences of expo-
sure to ELF-EMF.
THP1 cells Influence on the antioxi- 250 mT 1,2and 3 h THP1 cells (monocyte line); SMEF exposure did not cause oxidative stress [23]

dant response and DNA
integrity

MDA concentration; GPx, CAT,
SOD activities; DNA analysis, la-
bile zinc analysis

and DNA damage in THP1 cells. However,
SMF could alter the intracellular labile zinc
fraction
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