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Abstract  :  The f ie ld  of  radiat ion biochemistry has  provided t remendous
impact in recent years as extensive research on free radicals has implicated
them in radiation damage. An important offshoot of this field is the branch
dealing with radiological protection in medical applications like diagnostic
rad io logy .  Hence ,  we  dec ided  to  inves t iga te  the  r e l a t ionsh ip  be tween
ox ida t ive  s t r e s s  and  low dose  ion iz ing  rad ia t ion  (x - rays )  in  the  work
environment of x-ray technicians (radiographers),  by comparing their RBC
malondialdehyde, % hemolysis,  catalase and plasma vitamin E levels with
those of controls. There was a significant increase in the susceptibility of
RBCs to hemolysis in radiographers compared to controls. Malondialdehyde
and catalase levels  were sl ightly increased in the radiographers,  but  this
did not  disturb the steady state concentrat ion of their  plasma vitamin E.
These findings go in favour of theories stating that exposure to low dose
ionizing radiat ion does  cause a  greater  amount  of  oxidat ive s t ress ,  than
that  caused during normal  rout ine metabol ic  processes .
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INTRODUCTION

X-rays belong to the indirectly ionizing
electromagnetic group of radiations (1) and
they  have  a  very  h igh  pene t ra t ing  power
because of  their  low l inear  energy transfer
(LET) (2) .  Exposure of  eukaryot ic  cel ls  to
ioniz ing radia t ion resul ts  in  the  immediate
format ion  of  f ree  rad ica l s  tha t  l as t  a
matter of milliseconds (3) and cause oxidative
stress through the radiolysis  of  body water
which  i s  o f ten  re fe r red  to  as  the  ind i rec t
e f fec t  o f  rad ia t ion  (1) .  Th is  coupled  wi th

the  ‘oxygen  e f fec t ’  (1 )  enhances  t i s sue
in jury  th rough  the  p rocess  o f  l ip id
peroxidation (4). Both these effects are more
pronounced  for  low LET rad ia t ions  (5 ) ,
accounting for more than 70% of molecular
d a m a g e .

Daniel Billen (6) stated that free radical
damage  induced  by  low dose  ion iz ing
radiation was no greater than the free radical
damage  caused  dur ing  rou t ine  metabol ic
chemistry itself, while J. F. Ward (7), argued
against  this  concept .
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This  a rgument  and  the  pauc i ty  of  da ta
s tudying  the  e f fec t s  o f  low dose  ion iz ing
radiation in humans in vivo ,  when compared
to  l i t e ra tu re  dea l ing  wi th  the  d i f fe ren t
aspec t s  o f  non- ion iz ing  and  h igh  dose
ionizing radiations, formed the basis of this
work .  S tud ies  such  as  th i s  a re  impor tan t
because  in  deve lop ing  count ry  l ike  ours ,
where  b io log ica l  secur i ty  con t ro l s  a re  no t
strict  and extended work days are common,
this type of monitoring may be useful as an
indicator to detect early damage in order to
demand more  con t ro l s  in  rad ia t ion
pro tec t ion .

Oxida t ive  s t ress  in  th i s  work  has
been  s tud ied  by  es t imat ing  the  l eve l s
of  malondia ldehyde  (MDA),  percen tage
hemolysis of RBCs, catalase and vitamin E
in medical radiographers and comparing them
with those of controls.

MATERIALS AND METHODS

The tes t  group for  th is  s tudy consis ted
of 40 radiographers from different hospitals
of Mangalore.

Inc lus ion  c r i t e r ia :  The  rad iographers
were pr imari ly  x-ray technicians,  but  some
were also involved in other radiodiagnostic
procedures like angiogram, CT scan and MRI.
They were between the age group of 22–38
years  o f  bo th  sexes .  They  were  fu r ther
categorized as follows :

Group I : Consisted of 12 subjects with an
occupational exposure of 5 years
and below.

Group II : Consisted of 12 subjects with an
occupat ional  exposure  of  5 .1  to
10 years .

Group III : Consisted of 16 subjects with an
occupa t iona l  exposure  o f  more
than 10 years .

The  con t ro l  g roup  inc luded  40  hea l thy
individuals, age and sex matched to the test
group,  who had no his tory of  occupat ional
exposure to low dose ionizing radiation.

Exclusion criteria : For both the test and
control groups,  care was taken to eliminate
those  wi th  hab i t s  l ike  smoking ,  tobacco
chewing, alcohol consumption and also those
wi th  a  h i s tory  of  tuberculos i s ,  rheumato id
arthrit is  and diabetes melli tus,  all  of which
play a vital role in contributing to oxidative
s t ress  in ju ry .

Sample  co l lec t ion :  Venous  b lood  was
collected in EDTA containers and centrifuged
at 3000 rpm for 10 mins, within 3 hours of
col lec t ion .  P lasma was  separa ted  and used
for  the  es t imat ion  of  v i tamin  E .  The
separated cel ls  were washed and suspended
in  an  equa l  vo lume of  0 .9% co ld  normal
saline.  This RBC suspension was then used
for  the  assay  of  percen tage  hemolys i s ,
malonaldehyde,  cata lase  and hemoglobin.

Red cel l  l ipid  peroxidat ion was s tudied
as  th iobarb i tu r ic  ac id  (TBA)  reac t ion
produc ts  by  the  method  of  S tocks  and
Dormandy (8) .  Oxida t ive  hemolys i s  was
measured  by  the  method  of  Kar tha  and
Krishnamurthy (9) .  Catalase act ivi ty of  the
hemolysa te  was  de termined  by  the  method
of  Brannan  e t  a l  (10) .  The  hemoglobin
content  of  erythrocytes  was  determined by
the cyanmethemoglobin method and plasma
vitamin E was measured using the Emmorie
Engel reaction (11).

S ta t i s t ica l  ana lys is  was  done  by  t - tes t ,
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hemolysis  before  incubat ion with  hydrogen
perox ide  wi th  the  years  o f  occupa t iona l
exposure (Table II) .  Susceptibil i ty of RBCs
to  hemolys i s  showed a  s ta t i s t i ca l ly
signif icant  increase in test  group compared
to the controls (P<0.001).

DISCUSSION

Increase in RBC MDA and catalase levels
sugges ted  tha t  con t inued  exposure  to  low
dose ionizing radiation does induce a higher
level  of  oxidative stress,  as is  seen by the
increasing trend which is consistent with the
f ind ings  o f  Deger  e t  a l  in  exper imenta l
an imals  (12) .  The  incons i s tency  in  the
increase  in  levels  of  ca ta lase  in  group I I I
cou ld  be  a t t r ibu ted  to  increas ing  age ,  as
ca ta lase  ac t iv i t i es  were  seen  to  dec l ine
considerably as a function of cell age in older
animals (13), although the exact age at which
such  a  dec l ine  s ta r t s  has  no t  been
ascertained.  This reasoning is  supported by
documenta t ion  s ta t ing  tha t  ca ta lase  l eve l s
show a negative correlat ion with Life span
energy potential  (LEP) (14).

Analysis of repeated measures and One way
analysis of variants depending on the nature
of  da ta .  The  tes t s  used  for  d i f fe ren t
paramete rs  a re  ind ica ted  under  Tables  I
and II .

RESULTS

RBC MDA leve ls  were  h igher  in
radiographers ( tests)  when compared to the
cont ro l s  (Table  I ) .  Th is  i s  fu r ther
strengthened by the fact that catalase levels
were also higher in the radiographers (Table
I ) .  However  the  s ta t i s t i ca l ly  s ign i f ican t
(P=0.049) increase for catalase (Table II) was
consistent with the above, only upto 10 years
of  occupat ional  exposure ,  beyond which i t
became inconsistent.  Mean vitamin E levels
were higher in radiographers than controls .
(Table I). A statistically significant increase
(P=0.006) was seen on comparing the percent
hemolys i s  be tween  cont ro l  and  tes t  g roup
before  incubat ion  wi th  H2O 2 (Table  I ) .  An
stat is t ical ly  insignif icant  increase was seen
in the l ine graph comparing the percentage

T A B L E I : Leve l s  o f  va r ious  pa ramete r s  in
rad iographers  and  con t ro l s .

T e s t Control
Parameter (n=40) (n=40)

Mean±SD Mean±SD

RBC Catalase 418976± 219944 313167± 117415
(units/g Hb)
RBC MDA (nmoles/ 565.98± 116.86 552.82± 113.36
100 ml RBC)
Plasma Vit E (mg/L) 8.38± 2.16 7.68± 1.58
% hemolysis before 3.2± 1.4* 4.65± 1.89
incubation with H2O2

% hemolysis after 5.9± 2.35 6.43± 2.01
incubation with H2O2

Susceptibility to 2.7± 0.9** 1.78± 0.12
hemolysis

* P<0.05; **P<0.001.
Percentage hemolysis (before and after) intragroup
comparison done by paired ‘t’ test.
Test and control group compared with student ‘t’ test.

T A B L E I I : Compar i son  o f  l eve l s  o f  va r ious
paramete r s  and  yea r s  o f  occupa t iona l
exposure  in  r ad iographers .

Parameter Group I Group II Group III
Mean±SD Mean±SD Mean±SD

RBC MDA 536.47 542.4 605.77
(nmoles/100 ml ± ± ±
R B C ) 89.36 124.74 131.33

RBC Catalase 354057 597723 333604
(units/g Hb) ± ± ±

110115 292521* 148982

% hemolysis 2.37 2.87 3.56
before incubation ± ± ±
with H2O 2 1.54 0.07 1.38

n 12 12 16

Name of the test used : One way analysis of variance.
* P=0.049 (significant between groups I and II).
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The apparent increase in vitamin E level
was  probably  because  produc t ion  of  f ree
radicals would need to be extensive for the
s teady  s ta te  l eve l s  o f  an t iox idan ts  to  be
d is tu rbed  in  v ivo  (15) .  Cont ra ry  to  the
popular  f inding that  vi tamin E is  inversely
related to the respective tissue MDA levels,
the  v i tamin  E  leve l  inc reased  probably  to
overcome the effect of increased free radicals.

The statistically significant increase seen
on  compar ing  percen tage  hemolys i s  o f
rad iographers  wi th  con t ro l s  was  p robably
because gross  or  increased t issue injury in
v ivo  can  be  de tec ted  on ly  when  repea ted
smal l  doses  or  dose  f rac t ions  of  rad ia t ion
are given at intervals such that any adaptive

response  t r iggered by each smal l  dose  has
already decayed away in the interval between
the fractions (16).  This was more l ikely to
occur as the number of years of occupational
exposure  increased in  the  tes t  group.

Thus  we  conc lude  by  say ing  tha t  the
trends seen in  this  s tudy s t rongly suggests
that there is a possibility of a mild increase
in oxidative stress occurring as a  result  of
chronic  occupat ional  exposure  to  low dose
ioniz ing radia t ion.  Hence,  more  s tudies  on
the effects  of  both  ioniz ing radia t ions  and
spontaneous events on DNA decay and repair
need  to  be  conducted  to  be t te r  unders tand
the practical health consequences of low and
protracted doses of  radiat ion.
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