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ABSTRACT

This paper reports the effects of low SAR MW expsson explorative activities and anxiolytic
behaviours Sprague Dawley ra0 rats of both sexes, 6-8 weeks old, weighingl80 g were
exposed to various values of SAR from MW genenatodel ER660E from Toshiba UK.
Exploratory activity studies were carried out usibite-painted wooden board with 4 elevated
plus maze (EPM) holes 1 cm diameter and 2 cm déptkiolytic studies were carried out using
EPM and Y-maze modelShe mean number of dips in the explorative studiegawith time
after exposure from a minimum of 1.1 in female®sag to 2.39 W.kKg6 days post-exposure to
15.4. 1 h post-exposure to SAR of 0.48 W #wp number reduced from 15.6 +4.88 to 8.5 +0.58
in males and from 14.8 £ 1.51 to 8.3 = 0.44 in fé®sa In the anxiolytic activity studies, the
variation in the percentage time spent at open @nchaze models was from a minimum of 3.92
% with SAR of 2.39 W Rdn males 1 h post exposure, to 75.11 % in femdtes 45 days. 1 h
after exposure, it reduced from 79.13 to 28.45 véthales and increased gradually with time to
attain the control value after 15 days. These mssshowed thaMW exposures influence the
anxiolytic and exploratory behavioural activitigsrats.

Keywords: Microwave exposure, Anxiolytic activity, Exploraévactivity, Elevated plus maze,
Y-maze models.

INTRODUCTION
Microwaves (MW) are electromagnetic radiations raggn frequency from 300 MHz to 300
GHz and they are increasingly present in our emwitent. They are used in domestic MW
ovens, satellite communications, radio and TV tmaigsions, cellular phone transmission and
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reception, video display terminals, in occupationatofessional and medical applications
through thermotherapy, MW ablation and diathermly These technologies were designed to
maximize energy efficiency and for convenienced, judting into consideration the possible

health detrimental effects on the users and thdiqou®ased on recent studies, there is growing
evidence about the possible health risks assocwattd the uses of, and exposure to MW
radiations. This is as a result of interactions hwibiological tissues, absorption of

electromagnetic energy is due to either the fomesrted on the molecules and ions in the
biosystems or by changing their energy states. & Ir@gractions may be described in several
different ways depending on the area of interest #re conditions [2]. Performing some

vectorial algebra and integrating over the voluméhie Poynting theorem vyield the power flow
in and out of a given volume as

[s (ExH).ds = [, [J.E + Ya(V€E) + o (YmoH.H) + EYxP  + po.HYxpldv ...oo.o.... 1

where ds is the element of surface enclosing tHanwe V, E and H are the electric and
magnetic field strengths respectiveli, andp, are the free space permittivity and permeability
respectively. This treatment allows separatiorhefijower dissipated by the flow of free charges
(J.E-term) from that due to the motion of bound char@¥ P-term). In biological tissues the
dominant conduction mechanism is by ion transpowhich at low and moderate E-values, the
current density is expressed as:

J = OE = MU E o 2
and the power dissipated in the tissue as

Py = YoE? = Vs J° e 0.3
with E = Ecost. The Specific Absorption Rate (SAR) in water (tbeiversal soft tissue
equivalent medium for electromagnetic radiatioetiattions) is expressed as [3] (Mcree 1984).
SAR = AL LB AT At e e 4

where C is the specific capacity of wataf, is the temperature change and dt is the time of
heating. The SAR is determined from the slope efdinrve following egn. 4 above.

SAR (MW/Q) = 16.67 C AT/t oooiiiiieiee e e et et e 5
with C equal to 3.52 J/g given by [3,4].

The heart and brain function and are regulatednbgrnal bioelectrical signals. Environmental
exposures to artificial MW can interfare with fumgiantal biological processes in the body. In
some cases this may cause discomforts and disggsésposure to high intensity MW may

cause detrimental effects on the testis, the eykiaduce significant changes in the central
nervous system (CNS). It can also affect cardioviasc and haematopoietic systems,
uteroplacental function, cutaneus perception angeldpment through the thermal and non-
thermal actions of MW [6,7]. In animals, behavidarcontrolled by the endocrine and the
nervous systems and the complexity of the behavsrelated to the complexity of the nervous
system. Early experiments seemed to indicate that dmergy at 2.450 GHz was absorbed by
water nearly 7,000 times more strongly than at ¢cbenmonly used short-wave diathermy
frequency of 27 MHz [8]. This informed the use lostfrequency 2.45 GHz in physical medicine
based on its assumed therapeutic value. Thesesstudiwever, did not account for such factors
as geometry of the body and the depth of penetraifcenergy into the tissue, which may be
more important factors than bulk absorption coedfits alone. This study, conceived out of the
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concern for the occupationally and professionaliyosed to MW and the unsuspecting public, is
aimed at studying the effects of 2.45 GHz MW expesuon the possible exploratory and

anxiolytic behaviours of mammalian rodents usingvated plus maze, Y-maze and hole- board
models. The results hopefully will be useful in gicting the health consequences on man by
extrapolation.

MATERIALS AND METHODS

Calibration of Microwave Source

The MW generator model ER660E, Serial No MX704CQGBmMf Toshiba UK Ltd in the
Department of Radiation Biology and Radiotherapgll€ge of Medicine of the University of
Lagos was used for irradiation. The detector wasnibn-interacting thermistor RS 141, which
has a resistance of 4.Rlkat 25°C. The thermistor was calibrated in a 12 cm x 6xcncm size
water phantom with the aid of a digital readout andercury-in-glass thermometer as reference.
Details of the calibration procedures have beenrde=sd elsewhere [9].

Animal and Sample Preparations

30 Sprague Dawley rats of both sexes, 6-8 weeksveighing 90 -130 g, obtained from the
Laboratory Animal Centre of the College of Medicitumiversity of Lagos were used. Their care
was in conformity with International, National ahtstitutional guidelines for care and use of
laboratory animals in Biomedical Research accordmnthe Canadian Council of Animal Care
[10,11]. The rats were fed with standard rat chbtaimed from Livestock feeds, Ikeja, Lagos,
Nigeria and they had free access to drinking waléey were initially acclimatized to the
laboratory conditions for 5 days and maintainedh&t standard conditions of 12 h/12 h of
dark/light cycle. They were grouped in fives, 5uyps of males and 5 groups of females served
as control at various times. All the groups exdéptcontrol were exposed to whole body MW
radiation of various SARs.

Determination of Specific Absorption Rate (SAR)

Measurement of the SAR was done by inserting teentlstor probe into the animal’s rectum
during exposure following an earlier method of Gyal. [12] with slight modifications to adapt
to local requirements. The irradiation chamberaue$ were lagged with water to minimize the
reflective properties which may increase the hegatate [8]. The generator was operated at room
conditions of 25 + 2C and 56 + 4 % relative humidity. Exposures wetaltbody with the
animal at 12 cm from the MW antenna. The SARs veétained using equations. 4 and 5 with
the value of thermal capacity C as 3334K{ given by previous workers Durney et al. [13],
(1980) and Mc Ree and Davies [14] in 1984.

Explorative activity study

The rats were exposed to MW radiation of SAR Oc@strol), 0.95, 1.43, 1.91 and 2.39 Wkg
for the study of exploratory and anxiolytic behaw® Exploratory behavioural activity studies
were carried out using a white-painted wooden bddftl cm x 40 cm) with 4 equidistant
elevated plus maze holes 1 cm diameter and 2 cth.dEpe rat was placed at one corner of the
board and allowed to move about and dip its hetal time holes, which is a demonstration of
exploratory behavior [15]. The number of dips evéry mins was observed [16] for 21 days
post-exposure.

39

Scholar Research Library



Aweda M. Aetal Arch. Appl. Sci. Res., 2010, 2 (6): 37-46

Anxiolytic activity study

Anxiolytic study was carried out using elevatedsplmaze (EPM) and Y-maze (YM) models,
120 cm x 12 cm x 12 cm each arm, placed at 60 ameathe floor. The rat was placed at the
centre of the Y-shaped wooden runway. The EPM@fstime dimensions as YM was made of
wood consisting of two open and two closed armsm@ieg to Yemitan and Adeyemi [15]. The
rat was placed in the central position facing aaroprm and the cumulative time spent in each
open and closed arm for 5 mins was recorded. Measants were carried at 1 h and 1 to 21 days
after exposure to MW radiation and analyzed usimgg ANOVA and the results recorded as
mean and standard error of mean (SEM).

RESULTS AND DISCUSSION

Figures 1 and 2 present the measured number obdipgunction of time over 3 weeks for male
and female rats respectively, after exposures fierdnt SAR of MW. The variation in the
measured value was from a minimum of 1.1 in femabgsosed to 2.39 W Kg 6 days post
exposure to 15.4, while in the control groups tigloaut the study period, it ranged between 14.5
+ 0.44 and 16.2 + 0.48 for both males and femadldsafter exposure to 0.48 W-kghe number

of dips reduced from a mean value of 15.6 + 4.88.50+ 0.58 in males and then decreased till
the third day, after which it increased again gediguto attain the control value about 3 weeks
later. 1 h after exposure to 0.48 Wkthe number of dips reduced from a mean value & 4.
1.51 to 8.3 + 0.44 in females, and it decreasédh&# fourth day after which it increased again
gradually to attain the control value after abowteeks. Similar trend was observed in all other
exposed groups up to other SAR values. The vanat the number of dips with SAR showed
that the number of dips is both time- and SAR-depen
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Fig. 1: Microwave Effects on the Exploratory Behaiour in Male Rats

Figures 3 and 4 show the variation in the percentdgduration of cumulative time spent in the
open arms of the EPM with the different applied S&dRues for males and females respectively.
The overall variation was from a minimum of 3.92wWih 2.39 W kg in males 1 h post
exposure, to 75.11 % with same SAR in females affegriod of 15 days.
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Fig. 2: Microwave Effects on the Exploratory Behaiour in Female Rats
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Fig 3: Behaviour of the Male Rats in the Elevated Bs Maze

The control values ranged from 74.93 % to 75.771%ur after exposure to 0.48 W:kghe
percentage of time spent reduced from a mean &07% to 26.61 % with males, and it
increased gradually with time to attain the conualue after about 15 days. 1 h after exposure to
the same SAR, the percentage of time spent alsceedrom a mean value of 79.13 % to 28.45
% with females, and it increased gradually withetito attain the control value after 15 days.
Similar trend was observed in all other exposedigsoup to SAR value of 2.39 WkgThe
minimum percentage time spent found with males 382 % with SAR of 2.39 W ki1 h after
exposurewhile the maximum was 75.11 % with SAR 0.48 W'lag 15 days post-exposure. By
implication, longest cumulative time spent in thesed arms of the EPM was obtained in the
group exposed to 2.39 Wkd h after exposure, while the shortest time is ébimthe group
with SAR of 0.48 W.kg 15 days after exposure.

The variations in the percentage cumulative timenspn the open or closed arm of the EPM
show both time- and SAR-dependence. These obsemgatlemonstrated that MW exposures
may have caused fear and anxiety at open and eteaatas. These results correlate with those
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reported by Yamaguichi et al. [17]. Also, MW expossi altered the exploratory behaviour in
male and female rats compared with control. Thesis mo significant difference between both
sexes in the measured values, indicating thatffeete of exposures are not sex-dependent. For
a given SAR value, the number of head dips incebagth time to approach the value for the
control at the end of the third week. The samedireas observed changes in both male and
female in the exploratory behaviour in terms of S&Ml time variation over the 3-week period.
Some other reported consequences of MW exposuckglenchanges in locomotive behaviour
due to SAR as low as 1.2 W:kg18]. Reductions in conditioned behaviour due ARSof 2.5
W.kg! and such behaviour ceased at SAR of 10 W]i®]. Behavioural alterations have been
reported to be reversible with time [20]. Bornhaus&d Scheingrahen [21] did not record any
significant change in operant behaviour in ratatally exposed to a 900-MHz. Sienkiewicz et
al. [22] reported no significant effect on performa in an 8-arm radial maze in mice exposed to
a 900-MHz MW pulsed at 217 Hz with a whole body S&f®.05 WKkg'.
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Fig 4: Behaviour of Female Rats in the Elevated P&iMaze

Dubreuil et al. [23,24] found no significant changeradial maze performance and open-field
behaviour in rats with heads exposed only for 46 taia 217-Hz modulated 900 MHz MW at
SARs of 1 and 3.5 WK Yamaguichi et al. [17] reported a change in T-enperformance in
the rats only after exposure to a high whole bodRSf 25 W.kg". Lovely and Guy [25]
reported that rats that were exposed to continuase 918-MHz for 10 min at power densities
greater than 25 mW.cfand then allowed to drink saccharin solution, sibva significant
reduction in saccharin consumption when tested 2atdr. No significant effect was found in
rats exposed to 5 or 20 mW.émRudnev et al. [26] studied the behaviour of etposed to
2375-MHz RF at 0.5 mW.c) 7 h/day for 1 month. They reported decrease®dnl fintake,
balancing time in a treadmill and inclined rod, andtor activity in an open-field after 20 days
of exposure. Interestingly, the open-field actiwigs found to be increased even 3 months post-
exposure. In a long-term exposure study [27], wage exposed to pulse 2.450 GHz MW from 8
weeks to 25 months old. The average whole body 8#&td as the weight of the rats increased
and was between 0.4-0.15 WkgOpen field activity was measured in 3-min sessiofth an
electronic open-field apparatus once every 6 wekksg the first 15 months and at 12 week
intervals in the final 10 weeks of exposure. Theparted a significantly lower open field
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activity only at the first test session and a nsethe blood corticosterone level was also
observed.
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Fig. 5: Behaviour of the Male Rats in the Y-Maze
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Fig. 6: Behaviour of the Female Rats in the Y-Maze

Figures 5 and 6 show the variation in the percentdgluration of cumulative time spent in the
open arms of the YM for the different applied MW B&with males and females respectively.
The overall variation was from a minimum of 3.49th SAR of 2.39 W kg found among the
males 1 h post-exposure, to 73.94 % with same S8&ia males after 15 days. The control
values ranged from 74.22 % to 78.88 %. 1 h aftggosure to SAR of 0.48 W.Ky the
percentage of time spent reduced from a mean @&27th 25.85 in males, and it increased
gradually with time to attain the 73.94 after 15slal h after exposure to the same SAR, the
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percentage of time spent reduced from a mean \@u&8.55 to 26.75 with females, and it
increased gradually with time to attain 73.60 aft®rdays. Similar trend was observed in all the
other exposed groups up to SAR value of 2.39 WHthe shortest percentage time spent found
with males for the YM study was 3.49 % with SAR289 Wkg" 1 h after exposurayhile the
longest was 73.94 %, also among males with SAR V&g at 15 days post-exposure. By
implication, longest cumulative time spent in tHesed arms of the YM was obtained in the
group exposed to 2.39 WRd. h after exposure, while the shortest time wasidoim the group
with SAR of 0.48 Wkg 15 days after exposure. The variations in the greage cumulative
time spent in the open or closed arm of the YM sboth time- and SAR-dependence.

Absorption of MW energy may cause an increase 9sug temperature following equation 4

above. The initial rate of temperature increasgragortional to the SAR, according to Schwan
and Foster [28]. Separato et al. [29] showed ti@bdgical effects, such as the heat killing of

cells, depend on the temperature profile in timewg@ll-established athermal mechanism of
interaction at frequencies below a few tens of Mgithrough electrical stimulation of excitable

membranes of nerve and muscle cells [30,31]. Rédiean induce current sufficient to stimulate
excitable tissue for frequencies below 1 MHz. T$tisdy hereby hypothesizes that the various
interaction mechanisms of MW radiation observedthis and previous studies producing

behavioural changes may be due to any or someadbtowing:

1. Effects of MW interactions on nerve cells thaaymncrease or decrease the amount of
neurotransmitters released at the synaptic cleftiwimay also increase or decrease the rate of
generation of action potentials, increase the comalu implies greater excitability which may be
revealed in form of fear, ectasy or increase imetean from gland etc.

2. Effects on the normal synthetic and metabolit/aies of cells. Production of reactive oxygen
species and hence athermal effects having conseggi@m the nucleus; damage to organelles,
DNA and chromosomes which can lead to genetic &ffend inadequate production of
neurotransmitters by the Golgi apparatus.

3. Delition of receptors for the neurotransmitters the post synaptic membrane. This event
reduces rate of generation of impulses (actionmiati.

4. If the glial cells serving as a myelin sheath,saen in oligodendocytes-CNS and Schwann
cells-PNS get affected, it may produce a degeneratifect on those lipid coatings or even lead
to production of free radicals.

5. If the ependima cells and menange are affectete may be problem cerebrospinal fluid
production or excretion or inadequate carryingaiygroduce meningitis.

6. If some tissues in the hippocampus are damagdhebMW exposures, similar conditions
seen in Alzheimer’s disease may show up.

7. The heating effect of the radiation can raiseraadjust the biological thermostat in the
hypothalamus, thus giving the brain a higher thammal temperature. Local warming of the
interior hypothalamus triggers physiological andhdgoural heat loss mechanism. The animal
tries to loose more heat and cool its temperatey@id the normal body temperature because
the body thermostat has been readjusted. Thistsesuhypothermia. Persistent hypothermia
reduces brain metabolism.
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CONCLUSION

Exposures to MW radiation produce bioeffects whidfuence the anxiolytic and exploratory
behavioural characteristics in rats. These observaare consequences of MW radiation
interactions with the nervous systems. The re$udta this study pose a challenge and show the
dire need for critical study and understandinghaf Yarious interaction mechanisms responsible
for the observed effects. The rapidly expandingpsc@f MW devices, technology and
applications are a welcome development for theticseconomic values and convenience. The
results from this study however calls for cautionthese diverse applications while strict
adherence to the recommended safe SAR limits byaheus relevant national and international
organizations [32,33,34] on radiation protectioaiagt non-ionizing radiations.
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