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ABSTRACT

Differentiated neuroblastoma cells (SH-SY5Y) were used to study the
effects of low static magnetic fields (SMFs) and extremely low frequency
electromagnetic fields (ELF-EMFs) on the structure of DNA.

Fourier Transform Infrared (FTIR) spectroscopy analysis showed that
exposurestoaSMF at 2mT and to a50 Hz EMF at 0.7 mT produced peak’s
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centroid shift and significant decreases of the phosphate absorption bands

intheinfrared region of DNA.

The exposure also induced significant increasein reactive oxygen species
(ROS) production in comparison to control confirming this scenario.

© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

TheInternationa Agency for Research on Cancer
(IARC) formdly eva uated the effectson human hedlth
from exposureto static and ELF-EMFs, concluding
that it ispossiblethat certain cellular processes altered
by exposureto ELF-EMFs, indirectly affect the struc-
ture of DNA, causing strand breaks and other chro-
mosomal aberrations¥.

Exposureto ELF-EMFs has been proposed asa
possi ble explanationfor the association with childhood
leukaemid?, indicating changesin DNA structure.

Previousobservation®® reported increased cdll pro-
liferation, changesin cell cycleand increased DNA
damage, in HL-60 leukaemiacellsexposed to 50 Hz
magnetic fieldsat 0.5-1 mT up to 72 hours. A pos-

sible explanation isthat the exposure of organic sys-
temsto ELF-EMF caninterfere with some metabolic
processes, modifyingintracel lular enzymatic pathways
and causing anincreasein the production of freeradi-
caswhich may ater or interferewith DNA reparation
or replication mechanisms, protein and lipid-contain-
ing structures!.

Increasing freeradical concentration creates oxi-
dative stress and somebiological reactionsincluding
DNA damage occur under this condition(®,

Inparticular, it hasbeen shown that extremely low-
frequency EMF enhanced the effect of oxidative stress
on DNA damagge®.

Normal human neuronal cell cultures (FNC-B4)
wereexposedtoaSMF of 0.2 T for ashort period of
15 mint¥, It was shown achangein morphology and
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thymidineincorporation, indicating decreased DNA
synthesisand consequent inhibition of proliferation.

Theseresultsled usto use neurond-likecdlsasan
experimenta modd of living cdlstohighlight further evi-
dence of EMFseffectsonthe DNA structure.

MATERIALSAND METHODS

The human neuroblastoma cell line SH-SY5Y
(CRL-2266) (ATCC, Rockville, Maryland, US) were
used. Foetd bovineserum (FBS), antibiotics Minimum
Essential Medium (MEM) Eagle (M5650), Nutrient
Mixture F-12 Ham (M4888), all-trans retinoic acid
(RA), sodium pyruvate, phosphate buffered saline
(PBS) solution and other chemicalsof analytica grade
werefrom Sigma, Milan, Itay.

Cdll cultureand treatment

TheSH-SY5Y cdlswereculturedinal:1 mixture
of MEM and Ham’s F12 medium containing 10% (v/v)
heat inactivated FBS, L-glutamine (2 mM), sodium
pyruvate (1 mM) and maintained at 37 °C in a humidi-
fiedincubator with 5% CO, and 95% air. Neuron-like
cellswere obtained by retinoic-acid-induced differen-
tiation asprevioudy reported”.

Theexposure system consisted of two Helmholtz
coils, with polepiecesof round parallel polar faces, to
produce auniform magnetic field at the centre of the
coilsdistance.

TheHelmholtz coilsweredriven by apower am-
plifier incurrent mode (7570AE, Techron, Elkhart, IN)
and a function generator (Model 75, Wavetek,
Plainsview, NY) to provideadirect current and it was
used to generatetime-varying EM Fsat 50 Hz by means
of aACvoltage.

Cdl cultureswere placed at the centre of the uni-
formfield area, whosemagneticfid dintensity wasmoni-
tored by a GM07 Gaussmeter probe (HIRST-Mag-
netic InstrumentsLtd, Falmouth, Cornwall, UK).

Thecoilsand sampleswerelocated into aincuba-
tor (series5400-115V models, Thermo Electron Cor-
poration, Winchester, VA, USA) ina5% CO,/ 95%
air humidified at thetemperatureof 37.1°C.

Not-exposed sampleswere placed into another in-
cubator of thesamemodd at thesame physical condi-
tions.
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For FTIRanalysscellsweredisaggregatedusinga
trypsinsolutiontoform singlecel | suspensionsfor FTIR
measurementsé9.

Indeed, the absorption in the spectral region as-
signed to nucleic acids can change following
apoptosis™,

For each spectrum 128 interferogramswere col -
lected and co-added by Fourier transformed employ-
ing aHapp-Genzd apodization functionto generatea
spectrum with aspectra resolution of 4 cm™.,

Infrared (IR) spectraof water solution were sub-
tracted from acquired spectraat the corresponding tem-
perature. Each measurewas performed under vacuum
to eiminateminor spectra contributionsdueto residud
water vapour.

The IR spectrawere baseline corrected by means
of automatic basdline scattering correction function, to
subtract baselinesfrom spectra, which allowsto get
spectrawith band edges of uptothetheoretica basdine.

The spectrawere successvely areanormalized for
exposed and not-exposed samplesand vector normal-
ization was used. In addition, interactive baseline
rubberband correctionwasused to minimizewater band
contributions

M easur ement of intracdlular ROS

Intracel lular reactive oxygen species (ROS) pro-
ductionwasquantified by 22,72 -dichlorofluorescein
diacetate (H,DCF-DA). At theend of each treatment,
RA differentiated SH-SY5Y cells, grownin 25 cm?
cultureflasksat adensity of 5x10° cell/ml, wereincu-
bated with 5uM H,DCF-DA (dissolved in DM SO) for
30 minat 37 °C, and the fluorescence intensity was
anayzed as previously described.

RESULTSAND DISCUSSION

PreviousFTIR spectroscopic anaysesof neuronal -
like cellsexposed to EM Fs showed ashift down of the
amide | and Il and the appearance of a peak around
1740 com™ | indicating relevant changesintheoverdl
conformationd stateswithinthecd .

Alterationsintheamide modeswerea so observed
after exposureof proteinstolow intensities EM Fg215
giving aconclusive proof that EMFs alter proteins
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secondary structure.

FTIR spectroscopy was used hereintheinfrared
region from 1250to0 950 cm?, assigned to nucleic ac-
ids, to study theinfluence of EMFsonthe DNA struc-
ture.

Exposureto SMF

Typica spectraobtaned after exposureto SMF at
2mT for 3and 9 hareshowninFigurel(A-B).

Thevibration bands around 1230, 1080 and 984
cm! can be assigned to the phosphate bands corre-
sponding to asymmetric stretching mode*PO,, sym-
metric streching*PO, and *PO,~ symmetric stretching,

e, Fyurr PAPER

respectively16-18,

Theratio exposed/not-exposed of theintegrated area
of PO, (from 1260to 1200 cm*) and of *PO, (from
1120t0 1020 cm?) decreased significantly (P<0.01) af-
ter exposure, suggesting dterationsin DNA/RNA.

After 9 h of exposure we observed asignificant
ROS increasein comparison to control (about 12+ 2
%, p<0.05, see (TABLE 1), confirming previousre-
sultsonincreasinglevelsof oxidative DNA damagedue
to EMFs, whichled to the conclusionthat EMF can be
astimulustoinduceactivated states of thecel | enhanc-
ing freeradicalsrel easg®1929,
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Figure 1: Representative spectrafrom 1250t0 950 cm™ of SH-SY5Y neur oblastoma cellssampleafter 3h (A) and 9 h (B)
of exposureto2mT SM F (exposed sample spectraar erepresented by thedotted lines). Thedecr easein phosphatevibration
bandscan beobserved.
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TABLE 1: Reactive oxygen species (ROS) levelsin then
RA-differentiated SH-SY5Y neuroblastomacelsafter expo-
sureto SMF (* p<0.05 in comparison to controls). Values
(three-four observations) arereported asreative DCF fluo-
rescence (f/mg proteins). *p<0.05 (Student’s test) in com-
parison to controls. DCF =dichlor ofluor escein.

Time of exposure (h) DCEF fluorescence (% of control)
3h 1.7+0.2 22+0.3
%h 55+ 0.4 12.0+£2.1*

ExposuretoELF-EMF
Exposureof differentiated neuroblastomacd|sfor

3htoa50Hz EMFat 0.1 mT did not produce signifi-
cant alterationinthe DNA region (Figure 2-A)

In contrast, exposureto 50HzEMF a 0.7mT in-
duced significant decreaseinintensity (p<0.01) of the
phosphate bands PO, and *PO,; in addition, their
peak’s centroid shifted of 9 cm™ and 3 cm™, respec-
tively, after exposure, ascan beobservedin Figure 2-B.

Thes gnificant decreaseintheintensity of the phos-
phateabsorption bandsfollowing high EMFsintensity
suggeststhat EMFscan dter the DNA structurein neu-
rond-likecells.
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Figure2: Representative spectrafrom 1250 to 950 cm* of SH-SY5Y neur oblastoma cellssampleafter exposureto50Hz
EMFat 0.1mT (A) and 0.7 mT (B) (exposed samplespectraarer epresented by thedotted lines). Thedecr easein phosphate
vibration bandscan beclearly observed at theintensity of 0.7 mT.
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