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ABSTRACT

Effects of electromagnetic field radiation generated by mobile phone on
blood viscosity, plasma viscosity, hemolysis, Osmotic fragility, and blood
components of rats have been investigated. Our results show that, there
are significant effects on blood components and its viscosity which af-
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fectson blood circulation due many body problems. Red blood cells, White
blood cellsand Platel ets are broken due to exposure to mobile phone. Also
blood viscosity and plasma viscosity values are increased due to exposure
to mobile phone. Osmotic fragility value is decreased due to exposure to

mobile phone.

INTRODUCTION

M obile phones transmit and receive Radio Fre-
guency (RF) signalsin order to communicate. The RF
signasfrommobile phonesfal withinthemicrowave
part of the e ectromagneti c spectrum. Blood isacom-
plex fluidwhoseflow propertiesaresignificantly affected
by thearrangement, orientation and deformability of red
blood cells. Blood viscosity isameasureof theresis-
tance of blood to flow, which isbeing deformed by
either shear stressor extensionad stress. Bloodisalig-
uid that consists of plasmaand particles, such asthe
red blood cdlls. Theviscosity of blood thusdependson
theviscosity of theplasma, in combination with the he-
matocrit. Therheol ogic propertiesof blood depend on
hematocrit and plasmacongtituents™. Bloodisashear
thinning non-Newtonian fluid, meaningitsviscosity de-
creases as the shear rate increases?. Anincreasein
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temperatureresultsin adecreaseinviscosity. Thevis-
cosity of blood thus depends on the viscosity of the
plasma, in combination with the hematocrit. Thevis-
cosity of normal blood isabout threetimesasgreat as
theviscosity of water. When the hematocrit risesto 60
or 70, whichit often doesin polycythemid?, the blood
viscosity can becomeasgreat as 10 timesthat of wa-
ter, and itsflow through blood vesselsis greatly re-
tarded because of increased resistanceto flow!. This
will lead to decreased oxygen delivery™®. Theaim of
thiswork wasto study the effect of electromagnetic
field radiation generated by mobile phoneon blood vis-
cosity, plasmaviscosty, hemolysis, Osmotic fragility,
and blood components of rats.

ANIMALSAND METHODOL OGY

Experimentswere performed on adult Wistar Al-
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bino ratsbred at the animal house of BiophysicsDe-
partment, Faculty of Science, MansouraUniversity,
Egypt, under conventiond laboratory conditions. Wistar
rats, 3 monthsold, were divided into three groups: |-
control animals (10 animals) without near source of
EMR, Il- rats constantly exposed to EMR (20 ani-
mals) for 3 monthsand I11-rats exposed to EMR (20
animals) for 6 months. Ratswere exposed to 900 MHz
continuous RF/MW fieldsfor 1 hour daily, 7 daysa
week. All animalsin control and experimental group
were housed collectively in polycarbonate cages
30x40x40 cm (WxLxH) and given ad libitumaccess
to standard laboratory food and water. The housing
room was maintained at 24 °C with 42+5% relative
humidity and had a12/12 hlight—dark cycle (light on
06:00-18:00 h). Experimental group was continually
exposed to EMR from mobile phone. The microwave
radiation was produced by amobiletest phone (model
NOKIA 3110; NokiaMobile PhonesLtd.). A 900 MHz
electromagnetic near-fidd sgna for GSM (Globd Sys-
tem for M obile communication at 900 MHz, continu-
ouswave, ana og phone) sysem wasused. Themobile
telephonewas situated in the center of the cage, while
thedistance of EMR generator from thefloor was3cm
and maximal distancefrom thefloor cornerswas28.2
cm.

Rats were anesthetized with ketamine HCI (50
mg/kg), administeredintraperitoneally (i.p.), before
sacrificing, the blood from aortawas collected in
plastic heparinised tubesfor hematol ogical and bio-
physical analyses. Determination of hematol ogical
parameters, (RBCs, WBCs, Platelets countsand he-
mogl obin concentration), by an automated hemato-
logic analyzer using whole blood sample. Thebio-
physical analyses comprised determination of blood
hemolysisand viscosity. The absorption spectrum of
oxyhemoglobin wasrecorded in thewavel ength range
from 200 to 700 nm by means of UV—visible spec-
trophotometer (2100 UV/ visible type SPECTRO
SC, madein U.S.A). Datawere analyzed using a
commercially availabl e statistics software package
(SPSS® for Windows, v. 9.0, Chicago, USA). Re-
sultswere presented as means+SD. Statistical sig-
nificance was determined at level of p<0.05 using
the Student’s t-test.

RESULTSAND DISCUSSION

From abiologica point of view, blood can be con-
sidered as atissue comprising varioustypes of cells
(RBCs, WBCsand platelets) and aliquid intercellular
materid (plasma). TABLE (1) and Figure(1) show that,
thereisasignificant effect in blood rat structure dueto
exposed to mobile phone (radiofrequency microwave
(RF/MW)) dectromagnetic radiation. Va uesof RBCs,
WBCsand platel etsare decreased withincreasing time
exposure. That ismean these componentsof blood are
broken duetoirradiated by mobile phone € ectromag-
netic radiation. Also after exposed ratsto mobile phone
radiation, thereisasignificant effect in Hemoglobin
molecule structure due to damage/or broken of it as
seeninTABLE (1).

TABLE 1: RBCs, WBCs, Plateletsand Haemoglobin before
and after exposur eto mobilephoneéectromagneticradiation

Haemo

Parameters  RBCS WBCs i Platelets
(10%u1)  (10°%/p1) %g/dl) (10%u)
Control 7214911 10344222 1643 29
group 291
Smonth 5344112 676+105 13+2° 9L
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Figurel: Haematological parametersin different animals
groupsafter 3monthsand 6 monthstreatments

Because blood isanon-Newtonian suspension,
itsfluidity cannot be described by asingle value of
viscosity. Rotational viscometersallow the measure-
ment of viscosity over arange of shear stresses (or



RRBS, 5(3), 2011

Abu Bakr.El-Bediwi et al.

115

shear rates), yielding aflow or viscosity curvefor a
blood sample. Asshownin Figure(2), normal rat blood
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Figure?2: Viscosity of blood versus sharerate before and
after exposureto mobilephonedectromagneticradiation
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Figure3: Viscosity of plasmaver sussharerate beforeand
after exposureto mobilephoneéectromagneticradiation

exhibits shear-thinning behavior. At low shear ratesor
shear stressesthe apparent viscosity ishigh, whereas
the apparent viscosity decreaseswithincreasing shear
and approaches aminimum value under high shear
forces. Also theviscosity becomesincreasingly sensi-
tiveto shear rates below 100 sec™. Thedifferencesin
viscosity at thelower and upper end of the shear rate
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range demonstrate the effects of RBC aggregation and
deformability, respectively.

Plasmaisthe suspending phasefor thecellular ele-
mentsin blood, and thusachangeinitsviscosity di-
rectly affectsblood viscosity regardless of the hemat-
ocrit and the propertiesof thecd lular dements. Plasma
isaNewtonian fluid (viscosity independent of shear
rate). Figure(3) shows plasmaviscosity before and af-
ter exposureto mobile phone

electromagneticradiation. Itisobviousthat, plasma
viscosity of rat before exposureto mobile phoneelec-
tromagneticradiationisaNewtonianfluid. Alsoitis
increased after exposure (3 month and 6 month) to mo-
bile phone el ectromagnetic radiation. That ismay be
becausetherat has a disease dueto exposure to mo-
bile phone € ectromagneti c radiation which agreed with
perviousresultg® ™.

Hemoglobin molecule is very sensitive to any
changeinitsenvironment, whereit respondsand changes
its conformation to carry oxygen and rel ease carbon
dioxideor viceversa. Exposureto mobile phoneéeec-
tromagnetic radiation wasknown to induce changesin
thebiologica molecules. The absorption spectracf he-
mogl obin moleculecan givesomeinformetion about its
conformationa changes. Figure (4) showstheUV vis-
ible spectraof hemogl obin before and after exposure
to mobile phone el ectromagnetic radiation. Mobile
phone el ectromagneti ¢ radiation may cause aconfor-
mational change on hemoglobin structure. Thiscanap-
pear from the decreasein the maximum absorption co-
efficient for the peaksrecorded at 280 (aromatic side
chains) and 340 nm. Strong absorptions (Soret band/
Soret peak/Intense peak) occur at 420 nmwhich agreed
witht® ., The Soret band is characteristic of hemato-
porphyrin proteing® 1,

TheincreaseintheA420/A280 ratio reved sdight
displacement of the porphyrin ring out fromitsglobin
pocket and that isagree with result?, Also the peak
recorded at 340 nm has special importance. It isthe
trangition of the non coval ent bond between the proxi-
mal histidineand theiron atom™. Thedisplacement of
the porphyrin ring out of its pocket may resultinin-
creaseinthelength of thisbond and itsweskness, which
affect theiron atom coordination insidethe porphyrin
ring. Thissuggestion can be supported by the observed
decreaseintheratio of A420/A580. Asthe exposure
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timeincreased the damaging effect, extend to themo-
lecular structure of thehemoglobin, significant effect, as
seenin TABLE (2) whichresulted in decreaseinthe
total of hemoglobin.

TABLE2: Theratioof Soret band tothearomaticsidechains
andtothe Qo band befor eand after exposuretomobilephone
electromagneticradiation

Samples A420/280 A420/580
Control group 1.66+0.072 3.73+0.168
3 month 1.97+0.091 3.563+0.154
6 month 1.85+0.073 3.38+0.159
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Figure4: Theabsorption spectra of hemoglobin molecules
beforeand after exposureto maobile phoneelectromagnetic
radiation

Osmotic fragility is atest to detect whether red
blood cellsaremorelikey to break down. In hemato-
logical studies, theosmoticfragility test providesanin-
dication of

theratio of surface arealvolume of theerythrocyte.
Inthe osmoticfragility test, whole blood was added to
varying concentration of buffered sodium chloride so-
lution and allowed to incubate at room temperature
(251 °c). The amount of hemolysis is nm on the spec-
trophotometer (UV/ visibletype SPECTRO SC, made
inU.S.A). Carefully transfer the supernatantsto cu-
vettes and read on a spectrophotometer at a wave-
length of 550 nm. Set theopticd density at O, using the
supernatant in test tube No 1, which represents the
blank, or 0 % hemolysis. Test tube No.14 represents

100 % hemolysis. The percent hemolysiswas cal cu-
lated for each supernatant asfollow:

Percent Hemolysis=0.D of supernatant +~O.D of
supernatant No.14x 100

Where O.D= Optica Density

The percent hemolysis(H %) wasthen plotted asa
function of the percentage of sodium chloride concen-
tration (NaCl %) as seen in Figure (5). The percent
hemolysis (H %) isdecreased with exposureto mobile
phoneé ectromagnetic radiation.
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Figure5: percent hemolysis(H %) ver susthe per centage of
sodium chloride concentration (NaCl %) beforeand after
exposur eto mobilephoneéectromagnetic radiation

CONCLUSION

Blood componentsof ratshaveasignificant affects
after exposureto mobile phone e ectromagneticradia-
tion such asdecreasing vauesof RBCs, WBCs, Plate-
letsand Haemoglobinmolecules

Blood viscosity and plasmaviscosty vauesarede-
creased after exposureto mobile phone el ectromag-
neticradiation

Hemoglobin structureiseffected dueto exposure
to mobilephoneéd ectromagnetic radiation.
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