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Abstract:

Background:

Previous studies have shown that exposure to high frequency electromagnetic fields induces alterations in simple organic systems
such as proteins in bidistilled water solution.

Objective:

The aim of this study was to test the shielding action of sodium chloride in bidistilled water solution against exposure to a high
frequency electromagnetic field, in order to evaluate if the addition of NaCl in proteins aqueous solution can be considered a valuable
bioprotector against electromagnetic fields.

Method:

Samples of 250 μl of different hemoglobin aqueous solutions, in the absence or presence of sodium-chloride, were exposed for 3
hours to an electromagnetic field at 1750 MHz at a power density around 1 W/m2 emitted by an operational mobile phone. Fourier
Transform Infrared Spectroscopy was used to study the effects of exposure on the secondary structure of hemoglobin also in the
presence of sodium-chloride.

Results:

Spectral analysis evidenced that significant increase in intensity of the Amide I and II vibration bands in hemoglobin bidistilled water
solution occurred after exposure to the electromagnetic field. This result can be due to the increase of dipole moment of the protein
due to the alignment of α-helix towards the direction of the field. In contrast, no appreciable change was observed in hemoglobin in
sodium-chloride water solution after exposure.
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Conclusion:

This protective effect of sodium-chloride can be explained by the orientation of water molecules due to the strong electric field
around each ion that reduces the possibility of rotation of the protein in response to an applied electromagnetic field.

Keywords: Electromagnetic field, Hemoglobin, Sodium-chloride, Amide I, FTIR spectroscopy, Bidistilled water solution.

1. INTRODUCTION

Previous studies on the effects of high frequency electromagnetic fields (HF-EMFs) on human health have been
carried up to now due to the enormous achievement of radio and TV transmitter stations, home wireless devices and
mobile telephony, in order to clarify if exposure to these devices can affect human health.

Some epidemiological  studies  have  evidenced  a  possible  correlation  between  an  increase  of  risk  of  cancer  and
exposure to HF-EMFs [1, 2]. In addition, an assessment which was published in 2007 regarding the effects of mobile
phone radiation on human health concluded that further study on the effects of radio-frequency (RF) and microwave
(MW) radiations on livings are needed [3].

In  vitro  studies  showed  that  RF-MWs can  be  carcinogens  [4]  and  can  induce  DNA damage  and  chromosomes
aberrations [5 - 7]. Furthermore, it was observed that mobile phone MWs alter blood-brain barrier permeability [8],
produce oxidative damage in brains tissues [9] and induce increasing of heat shock proteins levels in neuronal-like cells
[10].

In view of these results, national radiation advisory authorities have suggested to carry out measurements in order to
minimize  exposure  of  humans  and  exposure  limits  to  electromagnetic  fields  have  been  recommended  by  the
International  Commission  on  Non-Ionizing  Radiation  Protection  (I.C.N.I.R.P.)  [11].

Nevertheless, previous studies have largely demonstrated that also exposure to HF-EMF within those recommended
exposure limits induces alterations in simple organic systems such as cells and proteins [10, 12 - 18]. Following these
results, the effects of the use of disaccharides as bioprotectors against EMFs were investigated [17, 19 - 21].

In this study, the shielding action of sodium chloride (NaCl) against exposure of hemoglobin (Hb) to HF-EMF was
shown.

The main reason of this choice depends on the circumstance that proteins are fundamentals in organic metabolism of
livings. In particular Hb is a tetrameric protein, i.e. it has a quaternary structure with four identical subunits that are
linked by non-covalent interactions such as hydrogen bonding and electrostatic interactions. This delicate equilibrium
can be changed by exposure to HF-EMFs, such as it was shown in previous research [12, 14, 16, 17].

NaCl  is  a  molecule  with  sodium  and  chloride  replacement  capabilities,  whose  presence  in  the  human  body  is
fundamental  for  many  physiological  functions  such  as  intracellular  osmolarity,  nerve  conduction  and  muscle
contraction.  Furthermore,  “normal  saline”  (NaCl  0.9%)  is  the  most  frequently  prescribed  balanced  salt  solution  in
clinical  practice,  which deserve  consideration as  infusates  of  first  choice  [22,  23].  Therefore,  the  use  of  NaCl  as  a
bioprotector against HF-EMFs would not contravene any contraindications.

To this aim, the effects of exposure on the secondary structure of Hb bidistilled water solution, also in the presence
of NaCl, were studied by means of Fourier Transform Infrared (FTIR) spectroscopy. Indeed, previous research has
shown that FTIR spectroscopy is a valuable tool for analyzing protein structure in H2O or D2O solution [24 - 26].

2. MATERIALS AND METHODS

2.1. Haemoglobin Samples

Samples of blood were obtained by venipuncture from healthy human subjects that were recruited for this study.
Blood samples were treated as described in [19, 20] in order to obtain Hb solution.

Twenty  samples  of  Hb  solutions  were  prepared  at  150  mg/ml  concentration  in  bidistilled  water  and  50  mg/ml
sodium chloride was added to an half of these samples.

2.2. Experimental Design

The experimental setup consisted of an operational mobile phone, model Samsung GT-E1270, with Vodafone as the
signal provider and the micro-cell was located in the area of the Department of Mathematics and Informatics Sciences,
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Physics Sciences and Earth Sciences, University of Messina (Italy).

This exposure source provided MWs at 1750 MHz frequency at the average power density of 950 mW/m2. Each
sample of 250 µL of Hb solutions, in the absence and in presence of NaCl, was placed at a distance of three centimeters
from the operational mobile phone. Analogue unexposed samples at the same room temperature were located away
from the exposure system and used as  the control.  The average intensity  of  the power density  was monitored by a
SRM-3000 device of Narda Safety Test Solutions. It was linked through a cable to a Narda three axis antenna covering
the  frequency  range  from  75  MHz  to  3  GHz.  A  preliminary  analysis  was  carried  out  in  order  to  detect  the  MWs
frequencies values impinging the three axis antenna as accurately described in [14 - 16]. Moreover, time analysis mode
was continuously used in order to monitor the power density emitted by the operational mobile phone.

2.3. Infrared Spectroscopy

FTIR spectroscopy measurements were carried out using a spectrometer Vertex 80v of Bruker Optics.

Hb aqueous solution samples (150 mg/ml), in absence or presence of sodium-chloride at 50 mg/ml concentration,
were  placed  between  a  pair  of  CaF2  windows  separated  with  a  25  μm  Teflon  spacer.  For  each  spectrum  64
interferograms  were  collected  with  a  spectral  resolution  of  4  cm-1.

IR spectrum of water solution was subtracted from the spectra of Hb solutions at the corresponding temperature.
Measurements were performed under vacuum in order to eliminate minor spectral contributions of residual water vapor.
In addition, smoothing correction for atmospheric water background and baseline correction for exposed and unexposed
Hb solutions were performed.

Furthermore,  vector  normalization  was  used.  This  procedure  calculates  the  average  value  of  the  spectrum  and
subtracts the mid-spectrum from the spectrum decreasing. Thus, the sum of the squares of all values was calculated and
the spectrum was divided by the square root of this sum.

Finally, interactive baseline rubber band correction was used. This procedure uses a rubber band which is stretched
from one spectrum to the other. The band is pressed onto the spectrum from the bottom up with varying intensity [27].
This algorithm performs iteratively, which depends on the number of iterations of the procedure so that the resulting
spectrum is the original spectrum subtracted by the baselines points manually set and a subsequent concave rubber band
correction. The value of n = 85 baseline points and 50 iterations were used.

In  order  to  enhance  fine  spectral  features,  Fourier  self-deconvolution  (FSD)  analyses  of  infrared  spectra  were
performed,  because the interpretation of  spectral  data  is  often impeded by the effect  of  overlapping bands.  Indeed,
deconvolution is the process of compensating for the intrinsic line widths of bands in order to resolve overlapping bands
[28]. This technique is based on the assumption that a spectrum of single narrow bands can be broadened in the liquid
or solid state so that it cannot be distinguished in the amide envelope. Hence, a curve fitting procedure can be applied to
estimate quantitatively the area of each component representing a type of secondary structure. This technique can be
successfully applied to the spectra of solutions, where vibration bands are widened in the liquid or solid state because of
intermolecular interactions and cannot be distinguished in the amide envelope. Spectral ranges comprising broad and
overlapping lines can thus be separated into sharp single lines [29].

3. RESULTS AND DISCUSSION

FTIR spectroscopy analysis was used to investigate structural changes of vibration bands of human Hb aqueous
solutions in the absence or presence of NaCl induced by exposure to MWs at 1750 MHz at 950 mW/m2.

Samples of 250 μl of Hb solutions were exposed for 3 h following the protocol described in the preceding section.
Typical transmittance spectra in the mid-infrared region from 3500 to 1350 cm-1 of Hb in bidistilled water and NaCl
solutions are represented in Fig. (1) and Fig. (2), respectively.

An intense Amide I vibration band centered at 1654 cm-1 and the Amide II band at 1545 cm-1, can be observed in the
exposed and unexposed spectra of both solutions. These bands correspond to the α-helix structure, mainly due to C=O
stretching  vibration  and  N-H  bending  mode,  and  to  coupling  of  the  N-H  bending  and  C-N  stretching  modes,
respectively  [30  -  33].
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Fig. (1). Representative IR spectra from 3500 to 1350 cm-1 of hemoglobin in bidistilled water solution after 3 h of exposure to 1750
MHz mobile phone MWs at the power density of 950 mW/m2 (red line refers to exposed sample). Significant increase in intensity of
Amide I vibration band (p < 0.05) is indicated by an arrow.

Fig. (2). Representative IR spectra from 3500 to 1350 cm-1 of hemoglobin in NaCl water solution after 3 h of exposure to 1750 MHz
mobile phone MWs at the power density of 950 mW/m2 (red line refers to exposed sample). No appreciable change was observed
after exposure of hemoglobin samples in NaCl water solution.

 



76   The Open Biotechnology Journal, 2017, Volume 11 Calabrò and Magazù

Also, the Amide A band, centered at 3293 cm-1 appeared in the spectra. It derives from an overtone of Amide II or a
combination of Amide I and Amide II that interacts with the strong NH s fundamental through a cubic anharmonic
potential, acquiring enough intensity to be observable through a Fermi resonance [34, 35].

Finally, low intensities vibration bands at 2961, 2871, 2925, 2853 cm-1 can be observed in the spectra; these bands
originate, from the asymmetric stretching asCH3,  the symmetric stretching sCH3  vibrations of CH3  methyl group, the
asymmetric stretching asCH2 and the symmetric stretching sCH2 of the methylene group, respectively [36 - 38].

Amide I and Amide II vibration bands in Hb in bidistilled water solution increased in intensity after exposure, as
can be observed in Fig. (1), whereas no appreciable change was detected after exposure in the exposed spectra of Hb in
NaCl bidistilled water solution (Fig. 2).

Moreover,  Fourier  self  deconvolution  (FSD)  analysis  was  applied  to  acquired  spectra  in  order  to  highlight
alterations occurred in the Amide I and II regions. In this study, FSD analysis was applied to exposed and unexposed
spectra using a Lorentzian shape, with bandwidth = 23.07, deconvolution factor = 2.5, smoothing 5 points.

A representative FSD analysis of Hb in bidistilled water solution, which was calculated from 1700 to 1500 cm-1, is
represented in Fig. (3). Also this analysis confirmed that Amide I and Amide II vibration bands increased after exposure
to MWs. In particular, applying t-test student to a set of twelve spectra, calculating the integrated area of exposed and
unexposed vibration bands, it was found that the increasing in intensity of the Amide I band was significant with p <
0.05.

Fig.  (3).  FSD  representative  spectra  of  Amide  I  and  Amide  II  regions  of  hemoglobin  in  bidistilled  water  solution  after  3  h  of
exposure to 1750 MHz mobile phone MWs at the power density of 950 mW/m2 (red line refers to exposed sample). FSD analysis
evidenced  that  both  Amide  I  and  Amide  II  vibration  bands  (indicated  by  arrows)  increased  significantly  after  exposure  of
Hemoglobin in bidistilled water solution (p<0.05).

In contrast, no significant alteration occurred after exposure of Hb in NaCl bidistilled water solution, as represented
in Fig. (4). These results can be explained as follows.
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Fig. (4). FSD representative spectra of Amide I and Amide II regions of hemoglobin in NaCl water solution after 3 h of exposure to
1750 MHz mobile phone MWs at the power density of 950 mW/m2 (red line refers to exposed sample). No appreciable change was
observed in this analysis after exposure of hemoglobin samples in NaCl water solution.

The C=O stretch  is  particularly  intense  due  to  its  large  dipole  moment,  giving  rise  to  the  Amide  I  band  which
increases during the stretch, depending on change in the dipole moment.

Indeed, the dipole moment of the single peptide units and their arrangement in helices produces a large net dipole
moment from one end of the helix to the other, whose amount depends on the type of protein and is typically of the
order of several hundred Debye.

Hence, because a helix possesses a large dipole moment, it will attempt to align itself with the EMF by a rotation.
The dipole can rotate in phase with the oscillating EMF under low frequency irradiation, but under HF-EMF the dipole
cannot follow the oscillating field. As a result, each α-helix of the protein will place itself at an average position towards
the direction of the applied field, inducing an increase of total amount of dipole moment and the consequent increasing
in intensity of the Amide I and II vibrations. Furthermore, the absence of significant change in the secondary structure
of Hb in NaCl bidistilled water solution can be explained, as well.

In fact, when the NaCl ions are dissolved in water, the permittivity of water is reduced and polar water molecules
are replaced by charged but non-polar ionic particles, producing the formation of a strong electric field around each ion
[39]. This field generated by each ion dissolved in water induces random orientation of water molecules. In addition,
each α-helix structure of the protein is linked to water molecules by hydrogen bonding. As a result, the way in which
the α-helices of the protein can rotate in a NaCl water solution should be reduced in response to the applied HF-EMF. In
view of these facts, the addition of NaCl in proteins aqueous solution can be considered a valuable bioprotector against
HF-EMFs.

CONCLUSION

FTIR spectroscopy was used to study the effects of 1750 MHz mobile phone MWs at the power density around 1
W/m2 on the secondary structure of hemoglobin in bidistilled water solution, in the absence or presence of sodium-
chloride.

FTIR spectroscopy and FSD analysis evidenced significant increase in intensity of the Amide I vibration band of
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hemoglobin  after  3  h  of  exposure.  This  result  can  be  explained  assuming  that  the  interaction  between  the  α-helix
structure of the protein and the applied HF-EMF induces the alignment of the α-helices with the direction of the field
increasing  the  total  amount  of  the  dipole  moment  and  the  consequent  increases  in  intensity  of  the  Amide  I  and  II
vibration bands, particularly of the Amide I, whose major contribution derives from the α-helix content.

In contrast, no significant change was observed after 3 h of exposure of hemoglobin in sodium-chloride aqueous
solutions,  because  of  the  replacing  polar  water  molecules  by  charged  but  non-polar  ionic  particles,  impeding  the
alignment of the α-helices towards the direction of the field.

In view of these results, we can assume that the addition of sodium chloride in proteins in bidistilled water solution
induces a shielding action against exposure to high frequency electromagnetic fields, so that it  can be considered a
valuable bioprotector against radio frequencies and microwaves emitted by electronic devices usually used by humans.
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