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In this study, the effects of occupational exposure to X-rays were evaluated by using micronucleus (MN) frequency assay in peripher
al lymphocyte culture. The study was carried out in 10 radiology technicians (group 1) and 10 healthy volunteers (group 2). The MN 
assay was performed according to the cytokinesis blocked method. The comparison of mean values of MN showed that there was not 
significantly differences between the two groups. [Turk J Med Res 1997; 15(2):56-59] 
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T h e m i c r o n u c l e u s tes t i s an e f fec t ive m e t h o d for the 
e v a l u a t i o n o f g e n o t o x i c o r c l a s t o g e n i c ef fects o f p h y s i 
ca l a n d c h e m i c a l a g e n t s s i n c e the m ic ronuc le i ( M N ) a r e 
f o r m e d f rom the c o n d e n s a t i o n o f l agg ing acen t r i c ch ro 
m o s o m e s , c h r o m a t i d f r a g m e n t s o r ent i re c h r o m o s o m e s 
(1 , 2) . T h e r e h a s b e e n a g rea t d e a l o f in terest s h o w n in 
th is p h e n o m e n o n but a ma jo r d r a w b a c k of the s y s t e m 
h a s b e e n unce r ta in l y r ega rd i ng the ce l l c y c l e h is tory o f 
the ce l l s c h o s e n for a n a l y s i s . T h i s s h o r t c o m i n g h a s n o w 
b e e n o v e r c o m e , f i rs t ly b y the b r o m o d e o x y u r i d i n e / 
G i e m s a s ta in ing m e t h o d o f P i n c u e t a l . (3) a n d more re
cen t l y by the d e v e l o p m e n t o f the c y t o k i n e s i s - b l o c k e d 
MN t e c h n i q u e w h i c h e m p l o y s c y t o c h a l a s i n B to s top d i 
v id ing ce l l s be fo re pe r fo rm ing cy tok i nes i s a n d thus a l 
l o w s c e l l s that h a v e c o m p l e t e d o n e n u c l e a r d i v i s ion t o 
be r e c o g n i s e d by the i r b i n u c l e a t e d a p p e a r a n c e (4, 5) . 
A s a c o n s e q u e n c e , the c y t o k i n e s i s - b l o c k e d M N a s s a y 
h a s b e e n s h o w n t o b e m o r e a c c u r a t e a n d m o r e s e n s i 
t ive t han c o n v e n t i o n a l m e t h o d s w h i c h do not d i s t i ngu ish 
b e t w e e n d iv id ing a n d non-d i v id ing ce l l s {5, 6) . T h i s 
t e c h n i q u e h a s b e e n u s e d t o quant i fy the f r e q u e n c i e s o f 
rad ia t ion i n d u c e d M N i n h u m a n pe r iphe ra l b l ood l ym
p h o c y t e s (4, 7) . I n c r e a s e s i n M N f r e q u e n c i e s w e r e m o s t 
s t rong ly co r re l a ted with the d o s e o f i on is ing rad ia t ion , 
but a g e , a l c o h o l c o n s u m p t i o n a n d s m o k i n g a l s o af fect
e d M N f r e q u e n c i e s . D e s p i t e t h e s e add i t iona l i n f l uences , 
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M N f r e q u e n c i e s c a n b e use fu l a s b io l og i ca l d o s i m e t e r s 

(8). 

T h e p resen t s tudy w a s car r ied out to obta in an in 
s ight into the c l as togen i c ef fects of rad iat ion to the l ym
phocy tes o f rad io logy t echn i c i ans w h o had b e e n o c c u p a -
t ional ly e x p o s e d to X - r a y s . 

MATERIALS AND METHODS 
T h e study w a s car r ied out in ten m a l e n o n - s m o k e r rad i 
o logy techn ic ians (group 1 ) a n d ten m a l e n o n - s m o k e r 
heal thy vo lun teers (group 2) . G r o u p 1 sub jec ts a g e d b e 
t w e e n 2 5 and 35 , h a d b e e n o c c u p a t i o n a l ^ e x p o s e d t o X -
rays dur ing the last s ix y e a r s . G r o u p 2 sub jec ts w e r e s e 
lec ted a m o n g heal thy vo lun tee rs w h o h a d the s a m e a g e 
distr ibut ion as the wo rke rs . H e p a r i n i z e d b lood s a m p l e s 
we re ob ta ined f rom the sub jec ts o f both g r o u p s a n d s t a n 
da rd l ymphocy te cu l tures w e r e pe r f o rmed . F o r the M N 
a s s a y , cy tocha las in B at a f inal concen t ra t ion of 3 mg /m l 
w a s a d d e d to 44th o f the cul ture o f l y m p h o c y t e s , a c c o r d 
ing to the me thod o f F e n e c h a n d M o r l e y (4). C y t o c h a l a s i n 
B is an inhibitor of m ic ro f lament a s s e m b l y a n d p reven ts 
c y t o p ' a s m i c d iv is ion after n u c l e a r d iv is ion occu r red a n d 
d o e s r ot itself p roduce MN (4, 5). To protect the cu l tu res 
f rom the photolyt ic effect o f the light, they w e r e c o v e r e d 
with a lumin ium folio. At the e n d o f incubat ion per iphera l 
b lood l ymphocy te cu l tu res w e r e cent r i fuged (1000 rpm, 
10 min) a t room tempera tu re . T h e n ce l l s w e r e f ixed in 
f resh f ixative (methano l : ace t i c a c i d , 3:1). T h i s p r o c e d u r e 
w a s repea ted twice. T h e ce l l s u s p e n s i o n w a s d r o p p e d 
onto co ld s l i des a n d s ta ined i n 5% G i e m s a so lu t ion for 5 -
7 m inu tes . S l i des we re c o d e d a n d s c o r e d bl ind under a 
magni f ica t ion o f 2 0 0 X. A total o f 1000 b inuc lea ted l ym-
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p h o c y t e s with p r e s e r v e d c y t o p l a s m were s c o r e d for both 
g r o u p s . S c o r i n g o f M N f r equenc ies w a s per fo rmed a c 
co rd ing to the cr i ter ia of C o u n t r y m a n and H e d d l e (9). 
Sta t is t ica l eva lua t ion w a s m a d e us ing the S tuden t ' s t 
test. 

RESULTS 
MN a s s a y w a s c o n d u c t e d on the l ymphocy tes o f 10 ma le 
n o n - s m o k e r rad io logy t e c h n i c i a n s w h o had been o c c u 
p a t i o n a l ^ e x p o s e d to X - r a y s dur ing the last s ix y e a r s 
and 10 ma le n o n - s m o k e r hea l thy vo lun teers , acco rd ing 
t o the F e n e c h a n d M o r l e y ' s cy tok ines i s b l ocked M N 
m e t h o d . 1000 cy tok ines i s b l ocked b inuc lea ted ce l ls o f 
e a c h c a s e s s c o r e d for MN a s s a y . A b inuc lea ted ce l l with 
MN ob ta ined f rom l ymphocy te cu l tures w a s s h o w n in f ig
ure 1 . T h e f r equency o f b inuc lea ted ce l ls with MN ob 
ta ined f rom c a s e s w e r e g i ven in table 1 . T h e m e a n va lue 
o f M N / c e l l in rad io logy t echn i c i ans a n d heal ty vo lun teers 
w a s 0 .0089±0 .0020 a n d 0 .0082±0 .0016 , respect ive ly . 
T h e c o m p a r i s o n o f m e a n v a l u e s o f M N / c e l l s h o w e d that 
there w a s not a s ign i f icant stat is t ical d i f ference be tween 
the two g r o u p s (P>0.05) . 

Figure 1. A binucleate lymphocyte with a micronucleus. 

DISCUSSION 
T h e f r equenc ies o f i nduced MN have b e e n u s e d as a 
quant i tat ive ind ica tor o f X - r a y s i nduced c h r o m o s o m e 
d a m a g e in ear ly s tud ies with p lant m e r i s t e m s (10). MN 
induct ion in po l ych romat i c ery throcy tes of t reated m i c e 
a re u s e d to s c r e e n c h e m i c a l s for genotox ic i ty in v ivo (11). 
I n h u m a n per iphera l b lood l y m p h o c y t e s , i nduced MN 
have been u s e d for quant i tat ive c o m p a r i s o n o f f r e q u e n 
c i es o f X - r a y s i nduced c h r o m o s o m a l aber ra t ions in nor
ma l a n d D o w n s y n d r o m e ind iv iduals (9). T h o u g h there 
a p p e a r s to be a g o o d re la t ionsh ip b e t w e e n i n d u c e d ch ro 
m o s o m a l aber ra t ions a n d MN i n expe r imen ts invo lv ing. 
R a m a l h o e t a l . (12) repor ted their recent work on MN in 
duc t ion in h u m a n l ymphocy tes us ing b romodeoxyu r i d i ne 
(B rdU) techn ique , a n d a l s o with c y t o c h a l a s i n B inhibit ion 
o f cy tok ines is . T h e y o b s e r v e d that the y ie ld o f c h r o m o 
s o m a l aber ra t ions fo l lowing i r radiat ion with different d o s 
es o f X - r a y s w a s de te rm ined para l le l t o the y ie ld o f MN in 
b inuc lea ted ce l l s . 

Table 1 s h o w s the b a c k g r o u n d MN leve ls m e a s u r e d 
in a s a m p l e of 10 ind iv idua ls (control g roup) a n d 10 e x 
per imenta l g roup ( radio logy techn ic ians ) . T h e f r equency 
ranged from 0 .005 to 0 .010/ce l l in cont ro l g roup a n d 
0.006 to 0 .013/ce l l in expe r imen ta l g roup w h i c h is nar
rower than the range of 0 .002 -0 .032 /ce l l pub l i shed by 
F e n e c h a n d Mor ley (5) for d o n o r s a g e d b e t w e e n 20 a n d 
4 0 . Other typ ica l a v e r a g e b a c k g r o u n d v a l u e s ob ta ined 
us ing the ear l ier t echn ique of f ixat ion at a s ing le cul ture 
t ime or a t a t ime w h i c h g i v e s m a x i m u m MN y ie ld with no 
se lec t ion for s e c o n d in te rphase ce l l s a re 0 .014 -0 .022 /ce l l 
(13). T h e var ia t ion in t h e s e f igures p robab ly ref lects the 
k inet ics o f MN loss f rom ce l l s unde rgo ing s u c c e s s i v e d i 
v i s ions in cul ture. On the other h a n d , u n k n o w n factors 
c a n in f luence M N f r equenc ies s u c h that the accumu la t i on 
o f MN f rom non- rad ia t ion re la ted c a u s e s may, with t ime, 
o b s c u r e the radiat ion i nduced f r equenc ies . A s M N result 
f rom c h r o m o s o m e b r e a k a g e o r aneup lo i dy i nduced M N 
tend to d e c r e a s e in f r e q u e n c y with t ime as c h r o m o s o m a l 

Table 1. Y ie ld of m ic ronuc le i in contro l a n d rad io logy t echn i c i ans ' l ymphocy tes de te rm ined with the cy tok ines is -
b l o c k e d m e t h o d . 

Control Group Radiology Technicians 
No Number of Cells Number of Micronuclei Micronuclei/Cell Number of Micronuclei Micronuclei/Cell 
1 1000 7 0.007 8 0.008 
2 1000 7 0.007 11 0.011 
3 1000 9 0.009 7 0.007 
4 1000 10 0.010 9 0.009 
5 1000 9 0.009 10 0.010 
6 1000 9 0.009 6 0.006 
7 1000 10 0.010 8 0.008 
8 1000 7 0.007 8 0.008 
9 1000 5 0.005 13 0.013 
10 1000 9 0.009 9 0.009 

T O T A L 82 0.0082 89 0.0089 
Mean Value±SD 0.0082±0.0016* 0.0089+0.0020* 
*P>0.05 
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d a m a g e l e a d s to cel l dea th or MN are lost dur ing cel l d i 
v i s ion (14, 15). I t s e e m s l ikely that ce l ls with more chro
m o s o m a l d a m a g e , a n d h e n c e more M N . A s a result o f 
the p o s s i b l e app l ica t ion o f the cy tok ines i s -b l ocked MN 
a s s a y in b io log ica l dos ime t ry fo l lowing radiat ion a c c i 
den ts , s e v e r a l labora tor ies a round the wor ld have n o w 
e s t a b l i s h e d d o s e - r e s p o n s e pa rame te rs fo l lowing e x p o 
su re to va r ious s o u r c e s of ion is ing radiat ion (12, 15, 16, 
17, 18, 19, 20 ) . In addi t ion F e n e c h (8) s u g g e s t e d that 
s p o n t a n e o u s MN f requency i n ind iv iduals w a s par t icu
larly impor tant in a con t i nuous moni tor ing p r o g r a m m e 
of ind iv idua ls w h o w e r e o c c u p a t i o n a l ^ a t risk of e x p o s u r e 
to a power fu l env i ronmen ta l mu tagen s u c h as radiat ion. 
In this c a s e , ind iv idua ls ac ted as their own cont ro ls ; their 
MN f r e q u e n c i e s we re m e a s u r e d before a n d a t regu lar in
tervals dur ing their o c c u p a t i o n . Th i s si tuat ion w a s ideal 
s i n c e d i f fe rences in l i fe-style fac tors shou ld not be a c o n 
found ing factor. H o w e v e r , the va lue o f this a p p r o a c h a l so 
d e p e n d s on the reproducib i l i ty o f the a s s a y ; in other 
w o r d s the a s s a y shou ld p rov ide s imi lar resul ts w h e n 
m e a s u r e m e n t s we re m a d e on the s a m e indiv idual on dif
ferent o c c a s i o n s s e p a r a t e d by no known s igni f icant ex 
posu re to m u t a g e n i c agen ts . 

P r o s s e r et a l . (7) have repor ted , by us ing the 
F e n e c h ' s c y t o k i n e s i s - b l o c k e d m e t h o d , that a c c u r a t e 
d o s e es t imat ion by m e a n s o f MN induct ion w a s prac t i ca
ble for i o w - L E T radiat ion d o s e s a b o v e abou t 0.1 Gy . In 
our expe r imen ta l g roup, w h e n the l ymphocy te cu l tures o f 
rad io logy t echn i c i ans w h o had b e e n o c c u p a t i o n a l ^ ex 
pos ing to X - r a y s dur ing the last s ix y e a r s a n d heal thy vo l 
un teers w e r e c o m p a r e d , i t w a s s e e n that occupa t iona l X -
rays e x p o s u r e d o e s not p lay an important role in MN in 
d u c t i o n . T h i s p r o v e d that m e m b e r s o f R a d i o l o g y 
Depa r tmen t w e r e under the eff icient protect ion. 
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Radyoloji teknisyenlerinin lenfositlerinde 
X-ışınlarının uyardığı mikronükleusların 
incelenmesi 
Bu çalışmada, X ışınlarına mesleki maruzatın insan periferal 
kan lenfosit kültürlerinde MN frekansını etkileyip etkilemediği 
araştırılmıştır. Radyoloji bölümünde çalışan teknisyenlerden 
bir deney ve gönüllüler arasından da bir kontrol grubu oluş
turularak her iki gruptan elde edilen periferik kan lenfosit 
kültürlerinde sitokinezi blok metodu ile MN frekansı tesbit 
edilmiştir. İstatistiksel analizlerde deney grubundan elde 
edilen ortalama MN değeri ile kontrol grubundan elde edilen 
ortalama MN değeri arasında anlamlı bir farklılık 
görülmemiştir. [T Klin Araştırma 1997; 15(2):56-59] 
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