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LETTER TO  THE  EDITOR

HYPOACTIVITY OF WISTAR RATS EXPOSED TO MOBILE PHONE
ON ELEVATED PLUS MAZE

Sir,

( Received on June 10 ,  2009 )

Fol lowing  the  enormous  increase  in
the use of wireless mobile telephony across
the   wor ld  concerns  on  hea l th  e f fec t s  o f
hand-he ld  mobi le  phone  rad ia t ions  have
induced  a  l a rge  body  of  research ,  bo th
ep idemio log ica l  and  exper imenta l .  Th is
wi re less  t echnology  uses  e lec t romagne t ic
radiation in microwave range which may be
harmful to human health. Parts of the radio
waves from the phones are absorbed by the
human head. One well  understood effect  of
microwave  rad ia t ion  i s  d ie lec t r i c  hea t ing
a l so  known as  e lec t ron ic  hea t ing  or  h igh
frequency heat ing ,  in  which  any d ie lec t r ic
material (such as living tissue) is heated by
rota t ions  of  charged molecules  induced by
the e lect romagnet ic  f ie ld .  In  mobi le  phone
users, most of the heating effect will  occur
at the surface of the head causing increased
tempera ture .  Whether  these  low f requency
puls ing  s igna ls  f rom mobi le  phones  have
biological  s ignif icance has  been subject  to
deba te .  In  the  p resen t  p re l iminary  s tudy ,
we  tes ted  whether  mobi le  phone  exposure
causes  changes  in  behavior  of  Wis ta r  ra t s
on elevated plus  maze (EPM).

Male  Albino ra ts  of  Wis tar  s t ra in ,  10–
12 weeks old were housed in plast ic  cages
of size 14”×9”×8” (3 rats in each cage) inside
a well-ventilated room at 22±2°C with a 12 h
l igh t :  da rk  cyc le .  Al l  an imals  had  f ree
access  to  s tandard  d ie t  and  wate r .  The

animal  E th ics  Commit tee ,  Manipa l
Univers i ty ,  Manipa l  approved  a l l  the
procedures used. Animals were divided into
two groups of 6 rats  each;  group I  control
and  group  I I :  were  exposed  to  50  missed
ca l l s  (wi th  15  s  in te rva l  be tween  each
missed call) per day for 4 weeks, keeping a
GSM (900/1800/MHz)  mobi le  phone  in
vibratory mode (no r ing tone)  in  the cage.
Each missed cal l  was of  the durat ion of  1
min. Animals were free to move in the cage
and the phone was kept in a 4”×2”×1” wood-
bottom cage to avoid animal’s contact with
phone .  Af te r  the  exper imenta l  per iod ,  a l l
an imals  were  tes ted  on  EPM.

Eleva ted  p lus  maze  (EPM) appara tus
was made out of black plexi-glass; with two
closed and two open arms (50×10 cm) from
an open  cen t re  (5×5  cm)  in  p lus  shape .
Closed arms were surrounded by high walls
(40×10  cm)  and  the  whole  appara tus  was
raised to a height of 50 cm above the floor.
Exper iments  were  ca r r ied  ou t  in  a  sound-
a t tenua ted ,  t empera ture  con t ro l led  room,
illuminated by a 40 W white l ight.  Animals
were brought  to  the tes t  room 1 day pr ior
to  the  exper iment .  The  observer  s tayed  in
the  same room,  1 m away f rom the  maze .
At the start of each trial, animal was placed
on  the  cen t ra l  p la t fo rm fac ing  the  c losed
arm. Over a period of 5 min, the time spent
in the open arm was recorded. The criterion
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for  an arm visi t  was considered only when
the rat  decis ively moved al l  i ts  four  l imbs
into the arms. The maze was cleaned using
70% ethanol  af ter  each t r ia l .  Three  of  the
mobi le  phone exposed animals  were  tes ted
1  hr  a f te r  the  l as t  exposure  whi le  o ther
three were tested 24 h af ter .  Controls  were
tes ted  a long  wi th  the  24 h  pos t  exposure
group .  Al l  even ts  were  recorded  by  v ideo
camera.  Stat is t ical  analysis  were performed
by  S tudents  ‘ t ’  t e s t  and  s ign i f icance  of
difference was set  a t  P<0.05.

The e levated  p lus  maze is  widely  used
to  tes t  anx ie ty  in  an imal  model  (1 ) .  The
percen tage  of  open  a rm en t r ies  and  t ime
spent  in  the  open arms has  been val idated
as a measure of anxiety (1, 2). In EPM test,
an imals  cannot  be  exposed  twice  as  p r io r
exper ience  wi l l  change  an imals  behavior .
Therefore three of the mobile phone exposed
animals  were  t es ted  1 h  a f te r  the  l as t
exposure while other three were tested 24 h
af te r .  Exposure  to  mobi le  phone  modi f ied
the rat behavior on the elevated plus maze,
decreasing the exploration of open arms and
i t  remained  even  24 h  a f te r  the  l as t
exposure .  In  compar i son  to  con t ro l s ,  t ime
spent in the open arms was ~3 and ~6 times
less in animals tested 24 hr and 1 hr after
the last phone exposure respectively. During
EPM test, defecation pellets were found with
phone  exposed  an imals  whi le  they  were
absent  in  the  case  of  cont ro ls .  Defeca t ion
pellets are commonly used as a sign of fear
s ince  emot iona l  sub jec t s  a re  l ike ly  to
defeca te  in  mi ld ly  s t ress fu l  s i tua t ion  (3 )
resu l t ing  f rom the  emot iona l  induced
parasympathe t ic  ac t iv i ty .  This  mobi le
exposure  induced  modi f ica t ion  of  ra t
behavior  cou ld  be  due  to  microwave
radiat ion f rom the phone or  i t s  v ibrat ions ,

Fig. 1 : Elevated  p lus -maze  explorat ion :  A .
Percentage  of  t ime spent  on  open arms/ to ta l
t ime ( in  minutes)  by  the  ra ts .  Mobi le  phone
exposed rats spent significantly  less t ime on
open arms than controls.  *P<0.05. B. Number
of defecat ion pel lets .  Defecat ion pel lets  were
found with phone exposed animals while it was
absen t  in  case  o f  con t ro l s .  Resu l t s  a re
expressed  as  means±SD.
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or  may be a cumulat ive effect  of  both.  To
de te rmine  which  one  i s  impor tan t  fu r ther
s tudy  i s  war ran ted .

Prev ious  s tud ies  have  conf i rmed
de le te r ious  e f fec t s  o f  v ib ra t ion  on  bra in
functions.  Whole body vibrat ions of  20 Hz
resu l ted  in  e leva ted  p lasma cor t i cos te rone
and brain 5-hydroxy-tryptamine (5-HT) and
5-hydroxy-indole-acetic-acid (5-HIAA) levels
(4) in rats.  In some other study, vibrations
of  20  Hz  increased  gamma-amino-butyr ic -
acid (GABA) level,  glutamate decarboxylase
enzyme ac t iv i ty  and  decreased  bra in
noradrena l ine  in  the  l a rge  hemispheres ,
ce rebe l lum and  bra in  s tem of  adu l t  male
rats (5).  The postero-ventro-lateral thalamus
(PVLT) exposed to the exposed to vibration
of  low f requency  induced  mi ld  a l te ra t ions
of PVLT such as shortening of active zone,
as t rocy te  muff  p resence ,  over load ing  wi th
vesicles in synapses (6).

Even though there is no direct evidence
to  p rove  the  behaviora l  changes  induced
by  the  microwave  rad ia t ion  f rom mobi le
phone ,  we  cannot  comple te ly  exc lude  th i s
poss ib i l i ty .  Exposure  o f  adu l t  Sprague-
Dawley rats  to regular cell  phones resulted
in mRNA up regulation of calcium ATPase,
neura l  ce l l  adhes ion  molecu le ,  neura l
growth  fac tor ,  and  vascu la r  endothe l ia l
factor  (7) .  Radiofrequency (RF) 1950 MHz

signif icant ly decreased the protein level  of
phosphory la ted  HSP27 (78  se r )  in  human
glioma MO54 cells (8). Study in guinea pigs
has  shown increase  in  malondia ldehyde
(MDA) and  decrease  in  g lu ta th ione  (GSH)
leve l  and  ca ta lase  ac t iv i ty  in  b ra in  t i s sue
on exposure to 890-915 MHz RF of a cellular
phone  (9) .  In  ra t  b ra in ,  mobi le  phone
exposure  induced  g l ia l  r eac t iv i ty  (10)
probably due to a hypertrophy of glial cells.
Prolonged exposure to mobile telephone-type
radiation produced disruption to blood-brain
bar r ie r  in tegr i ty  (11) .  In  roden ts  low
frequency  voca l iza t ions  induces  avo idance
and  index  anxie ty .  S tudy  in  Wis ta r  ra t s
demonstrates  presence of  background noise
d i f fe ren t ia l ly  ac t iva te  aud i to ry  a reas  wi th
a  f requency-dependant  ac t iva t ion  in  the
audi to ry  cor tex ,  and  spec i f ic  fo rebra in ,
tha lamic ,  hypotha lamic  and  bra in  s tem
areas (12).  Noise stress inhibits  the central
nuc leus  o f  the  amygdala  which  i s  major
ou tpu t  nuc leus  o f  the  amygdala  and  i s
involved  in  responses  to  s t ress ,  f ea r  and
anxiety (13) .

In  conc lus ion ,  our  p re l iminary  resu l t s
ind ica te  mobi le  phone  exposure  induced
behaviora l  changes  in  ra ts ,  expressed as  a
deficit  in open arm exploration on elevated
plus-maze.  The s tudy needs to  be repeated
with  larger  group of  animals  genera ted  by
select ive  b idi rec t ional  breeding.
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