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Determination of the Time of Fast Rejoining 
N i g e U a  Chromosomes  

I n  p r e v i o u s  e x p e r i m e n t s  1-a w i t h  Nigella damascena 
seeds ,  we  d e m o n s t r a t e d  t h a t  f r a c t i o n a t i o n  of  7 - r a y  
e x p o s u r e s  r e s u l t s  in  a v e r y  s i g n i f i c a n t  d e c r e a s e  of  t h e  
f r e q u e n c y  of  t h e  a b e r r a t i o n s  b e l o n g i n g  t o  t h e  c h r o m o s o m e  
c lass .  T h i s  e f f ec t  w a s  s u p p r e s s e d  o r  r e v e r s e d  w h e n  s e e d s  
we re  p r e t r e a t e d  w i t h  a s o l u t i o n  of  c h e l a t i n g  a g e n t  2,a. 
T h e  f o l l o w i n g  c h e l a t i n g  a g e n t s  s u c h  as  2 - 2 '  d i p y r i d i l ,  
8 - h y d r o x y q u i n o l i n e ,  E D T A ,  C u p f e r r o n  a n d  d i e t h y l d i -  
t h i o c a r b a m a t e  ( D I E C A )  we re  t e s t e d ,  t h i s  l a s t  s u b s t a n c e  
b e i n g  in  t h i s  r e s p e c t  t h e  m o s t  e f f i c i en t .  

T h e  d r o p  o b s e r v e d  in  t h e  c o n t r o l  a n d  i t s  s u p p r e s s i o n  o r  
r e v e r s i o n  a f t e r  t r e a t m e n t s  w i t h  c h e l a t i n g  a g e n t s  s u g g e s t e d  
p a r t i c i p a t i o n  of  ion ic  b o n d s  in  t h e  f a s t  r e j o i n i n g  p r o c e s s .  
T h i s  r e j o i n i n g  o c c u r r e d  a p p r o x i m a t e l y  b e t w e e n  3 r a in  20 
s ec  a n d  5 m i n  20 sec  a i t e r  t h e  b e g i n n i n g  of  t h e  i r r a d i a t i o n .  
T h e  p r e s e n t  e x p e r i m e n t s  a r e  d e s i g n e d  t o  b r i n g  s o m e  
p r e c i s i o n  a b o u t  t h e  t i m e  a t  w h i c h  t h i s  f a s t  r e p a i r  p r o c e s s  
o c c u r s  o r  i t s  r e v e r s a l  b y  c h e l a t i n g  a g e n t s  t a k e s  p lace .  

I t  w o u l d  h e l p  in  u n d e r s t a n d i n g  t h e  m e c h a n i s m s  b y  
w h i c h  t h e  n u c l e a r  r e a c t i o n s  i n t e r a c t  in  c h r o m o s o m e  
b r e a k a g e  a n d  r e j o i n i n g .  

Mater ia l  and methods. T h e  m a t e r i a l  (Nigella damascena 
d r y  seeds )  h a s  b e e n  p r e v i o u s l y  d e s c r i b e d  in  d e t a i l  4. D r y  
s e e d s  ( a b o u t  8 %  w a t e r  c o n t e n t )  we re  i r r a d i a t e d  in  a 
7-ce l l  b y  a 6~ ~ - sou rce .  T w o  e x p o s u r e s  of  4 K r a d s  we re  
s e l e c t e d  for  t h e  f a c i l i t y  o f  s c o r i n g  c h r o m o s o m e  a b e r r a t i o n s  
w i t h o u t  r e a c h i n g  t h e  s a t u r a t i o n  level .  T h e  d o s e  w a s  a c u t e  
(dose  r a t e  : 436, 25 K r a d / h ) ,  to  a v o i d  s o m e  o f  t h e  i n v e s t i g a t -  
e d  r e p a i r i n g  p r o c e s s e s  a p p e a r i n g  d u r i n g  t h e  i r r a d i a t i o n  
p e r i o d .  T h e  2 e x p o s u r e s  we re  s e p a r a t e d  b y  i n t e r v a l s  of  
2 t o  4 m i n  w i t h  a c o n s t a n t  i n c r e m e n t  of  10 sec  in  e a c h  
case .  T h e  t i m e  n e c e s s a r y  t o  m o v e  t h e  s a m p l e s  u p  a n d  
d o w n  to  t h e  s o u r c e  w a s  r i g o r o u s l y  c o n s t a n t  (8 sec) a n d  
c o n s i d e r e d  as  s y s t e m a t i c  e r ror .  D u r i n g  t h e  p e r i o d  of  
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i r r a d i a t i o n ,  t h e  t e m p e r a t u r e  w a s  2 6 ~  a n d  t h e  r e l a t i v e  
h u m i d i t y  4 5 % .  

S e e d s  w e r e  s o w n  i m m e d i a t e l y  a f t e r  i r r a d i a t i o n  to  a v o i d  
a f t e r - e f f e c t s .  D i e t h y l - d i t h i o c a r b a m a t e  (10 • 1 0 - ~ M / 8  h)  
w a s  s e l e c t e d  as  c h e l a t i n g  a g e n t  for  i t s  g r e a t  r e v e r s i n g  
p o w e r  of  t h e  f r a c t i o n a t i o n  e f fec t ,  a n d  a l so  i t s  l a c k  of  
t o x i c i t y  a n d  c h r o m o s o m e  b r e a k i n g  a c t i v i t y .  T h e  p a r a l l e l  
se r i e s  of  s e e d s  t r e a t e d  w i t h  t h e  c h e l a t i n g  a g e n t  w e r e  
p u t  in  t h e  s a m e  c o n t a i n e r  as  t h e  c o n t r o l  so  t h a t  t h e  e r r o r  
o n  t i m e  e s t i m a t i o n  is e x a c t l y  t h e  s a m e .  T h i s  e x p e r i m e n t  
w a s  r e p r o d u c e d  in  t h e  s a m e  e x p e r i m e n t a l  c o n d i t i o n s  
w i t h  a d i f f e r e n t  c o n c e n t r a t i o n  o f  d i e t h y l d i t h i o c a r b a m a t e  
(1 • 1 0 - 4 M / 8  h p r e t r e a t m e n t ) .  T h e  m a n i p u l a t i o n s  of  t h e  
m a t e r i a l  f o l l o w i n g  i r r a d i a t i o n  a n d  t h e  c y t o l o g i c a l  p r o -  
c e d u r e s  h a v e  b e e n  r e p o r t e d  e l s e w h e r e a .  

Results.  I n  T a b l e s  I a n d  I I  t h e m o d i f i c a t i o n s o f  f r e q u e n c y  
for  e a c h  k i n d  of  a b e r r a t i o n s  a r e  a n a l y z e d  in  d e t a i l  w i t h o u t  
a n d  w i t h  D I E C A .  

I t  c a n  be  s e e n  t h a t  in  t h e  i n t e r v a l  2 a n d  4 m i n  t h e r e  
is no  s l o p e  in  t h e  d e c r e a s e  of  t h e  a m o u n t  o f  a b e r r a t i o n s .  
O n  t h e  c o n t r a r y ,  t h e r e  is a s i g n i f i c a n t  d e c r e a s e  b e t w e e n  
2 '10"  a n d  2 '20".  T h e  d e c r e a s e  is  s u c h  t h a t  a t  t i m e  i n t e r v a l s  
l o n g e r  t h a n  2 '20"  ( th i s  i n t e r v a l  i n c l u d e d ) ,  t h e  t o t a l  e f f ec t  
is n o t  s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  e f f ec t  of  t h e  4 K r a d  
s ing le  e x p o s u r e .  Al l  t y p e s  of  a b e r r a t i o n s  a r e  i n v o l v e d  in  
t h e  d e c r e a s e .  O n  t h e  o t h e r  h a n d ,  T a b l e  I I  s h o w s  t h a t  t h e  
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Table I. Effects of fractionated exposures (2'• 4 Krads) on dry seeds (20 metaphases scored per root tip) 

Aberrations Control Control Time interval (min' and see") . 
4Krads 8 Krads 

2' 2'10" 2'20" 2'30" 2"40" 2'50" 3' 3'10" 3'20" 3'30" 3'40" 3'50" 4" 

Breaks 8 17 21 19 16 7 12 4 13 0 1 2 0 1 13 

Minutes 10 43 34 32 11 20 13 13 14 1 2 0 1 3 11 

Exchanges 12 62 56 52 25 20 26 32 28 4 0 4 0 4 24 

Totals 30 122 111 103 52 47 51 49 55 5 3 6 1 8 48 

N. of metaphases analysed 200 200 200 200 200 200 200 200 200 20 20 20  20 20 200 

Table II. Effects of fractionated exposures (2 • 4 Krads) on pretreated seeds (DIECA 1 • 10 2 M/8 h) (20 metaphases scored per root tip) 

Abberrations Control Control Time interval (min" and sec") 
4Krads 8Krads 

2' 2"10" 2'20 ~ 2'30" 2'40" 2"50" 3" 3'10" 3'20" 3'30 ~ 3'40" 3'50" 4" 

Breaks 4 13 8 8 14 16 20 8 18 2 2 3 1 1 20 

Minutes 22 14 9 10 26 23 16 18 17 3 6 4 12 7 42 

Exchanges 26 44 39 39 57 51 53 55 61 5 5 6 5 4 51 

Totals 52 71 56 57 97 90 89 81 96 10 13 13 18 12 113 

N. of metaphases analysed 200 200 200 200 200 200 200 200 200 20 20 20 20 20 200 
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Table III. Statistical analysis of the data wariance analysis) 

EXPERIENTIA 28/2 

Upper level Lower level Total Between 2'10" and 2"20 ~ 
Control-2'10" 2"20"-4' 

Control Expected 3.35 2.38 2.05 4.4i 
5.49 3.37 2.74 8.28 

Obtained F~ 2.49 F~4 0.22 FsSl 28.3 Fl18 43.3 

Significance no no highly highly 

Lower level Upper level Total Between 2"10" and 2'20" 
DIECA Control-2'10" 2"20"-4" 

Obtained F~ 1.70 F~4 1.09 F~I 10.1 F18 38.1 

Significance no no highly highly 

Table IV. Differences between the data of 3 researchers for an independent experiment (200 inetapbases analyzed in each case} 

1st 2d 3rd mean Confidence interval ~ t 0.05 

Control 2"10" 127 112 96 111.7 28.5 

2'20" 38 45 38 40.3 7.4 

DIECA 2'10" 129 101 87 105.7 39.3 

2'20" 154 158 162 158 7.4 

revers ion  of the  effect  also occurred exac t ly  be tween  
2 rain 10 sec and  2 rain 20 sec, conf i rming  the  da t a  of 
Table  I. 

The curve of revers ion due to  t he  che la t ing  agent  
paral lels  exac t ly  the  contro l  curve. The s ta t i s t ica l  t es t s  
r epor ted  in Table  I I I  show t h a t  the  differences are h ighly  
signif icant .  

To avoid differences of observed aber ra t ion  frequencies  
be tween  d i f ferent  researchers,  a k ind  of double  bl ind t es t  
was real ized respect ive ly  a t  t he  in terva ls  of 2% 2'10" and  
2'20" for t he  f i rs t  and  the  second exper iments .  The da t a  
are given in Table IV. There  is no s ignif icant  difference 
in the  resul ts  of the  3 researchers  as ev idenced in Table IV 
w i thou t  or wi th  che la t ing  agent  p r e t r e a t m e n t .  

The effects  of the  2 concen t ra t ions  (1 •  ~M and  
1 X 10-4M) are no t  s ignif icant ly  different .  These results  
have  been  reproduced.  

Discussion and conclusion. In  previous  exper iments ,  
the  rejoining per iod was located be tween  3 rain 20 sec 
and  5 rain 20 sec b u t  could no t  be def ined  more  precisely. 
I t  inc luded the  t ime  in te rva l  be tween  the  2 exposures  
plus  the  dura t ion  of t he  f i rs t  exposure,  t he  dose ra te  being 
lower t h a n  in t he  p resen t  exper iments .  If  the  to ta l  t ime  
is calcula ted in t he  same manner ,  add ing  the  f irs t  exposure  
t ime,  t he  effect  would occur be tween  2 rain 43 sec and  
3 rain 3 sec. I f  the  t ime  of the  second exposure  is t aken  
in to  account ,  t he  effect  would occur be tween  3 min  16 sec 
and  3 rain 26 sec which  is of t he  same order  of magn i tude  
as in t he  previous  exper iments ,  keeping in mind  the  
differences  of dose rate ,  t e m p e r a t u r e  and  humid i ty .  

The i m p o r t a n t  f inding is t h a t  the  decrease of t he  a m o u n t  
of ch romosome  aberra t ions ,  as well as its increase af ter  
t r e a t m e n t s  w i th  d i e thy ld i th ioca rbamate ,  is occurr ing 
wi th in  10 sec. I t  m igh t  be m u c h  shor te r  bu t  no fu r ther  
precis ion could be ob ta ined  b y  the  p re sen t  me thod .  

I t  can  be r emarked  t h a t  all k inds of aber ra t ions  could 
be inf luenced in the  same way,  b u t  i t  is l ikely t h a t  the  
d i s t r ibu t ion  of the  aber ra t ions  wi th in  t he  genome can 

v a r y  wi th  t he  t ime  in te rva l  or t he  chela t ing  agent .  The 
s l ight  difference be tween  the  effects  of the  2 concent ra-  
t ions  of d i e t h y l d i t h i o c a r b a m a t e  m a y  be due to a re la t ively  
lower up take  a t  h igher  concent ra t ions .  

New expe r imen t s  are des igned to  inves t iga te  if the  
revers ion p roduced  by  o the r  che la t ing  agents  occurs 
exac t ly  a t  t he  same t ime.  

Rdsumd. Des graines s6ches de Nigella damascena ont  
6t6 irradi6es par  les rayons  7 du ~~ ~t des doses frac- 
t ionn6es (2 •  Krads)  s6par6es par  des in terval les  de 
t e m p s  compr is  en t re  2 et  4 minu tes  et  croissant  de 10 en 
10 sec. On a prouv6 qu 'une  d iminu t ion  tr6s signif icat ive 
des t aux  d ' abe r r a t i ons  ch romosomiques  se p rodu i t  entre  
2 rain 10 sec et  2 min  20 sec. Lorsque  les graines sont  
p r6a lab lement  trai t~es par  un agent  de ch61ation (di6- 
t hy ld i th ioca rbama te ) ,  on observe au cours d ' une  exp6- 
r ience s t r i c t e m e n t  parall61e, un accro issement  h a u t e m e n t  
significat if  des t a u x  d ' abe r r a t ions  se p rodu i san t  exacte-  
m e n t  au m6me mo men t .  Ces exp6riences conf i rment  en 
les pr6cisant  les r6sul ta ts  d 'exp6r iences  ant6rieures.  
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