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G-6-PD activity and NADP levels of red cells 

G-6-PD U/1 cells NADP I~M/1 cells 

Mean a Range Mean Range 

HbE-thalassaemia 

GSH unstable (5) 6,246 • 2,781 4,750-11,400 7.1 -[= 6.76 3.4-19 b 
GSH stable (6) 6,171 ~ 984.5 4,500- 7,300 26.2 4- 5.30 19.4-33.4 

Thalassaemia trait (2) 4,100-4,500 10.7-12.0 

Normal (7) 3,081 4- 374 2,700- 3,600 23.5 :~ 4.16 17.7-29 

a Mean -t_ Standard deviation, b Value of 19/zM was obtained in only 1 subject; all other values were below 6/~M/t of ceils. 

was q u a n t i t a t e d  by  the  m e t h o d  of KORNBERG and 
HOREKAR 6 aS modif ied  by  MARKS 7, and t h a t  of GR ac- 
cording to the  t echn ique  of RACKER s as adap t ed  for red 
cells ~ Levels  of N A D P  were e s t ima ted  by  the  technique  
of SEATER and SA~VYER using phenaz ine  me thosu lpha t e  
and 2 ,6-dichlorophenol  indopheno l  as the  i n t e rmed ia ry  
e lec t ron acceptors  x0 

On the  results  of the  GSH s tab i l i ty  test ,  H b E - t h a l a s -  
saemia  pa t i en t s  could be d iv ided in to  2 broad  groups:  
(a) Those showing ins tab i l i ty  of e ry th rocy t i c  G S H  5, and 
(b) those  wi th  a normal  p a t t e r n  of G S H  s tabi l i ty  8. 
G-6-PD and GR act ivi t ies  were normal  or e levated  in 
bo th  the  groups. The levels of N A D P  and G-6-PD ac t iv i ty  
in di f ferent  subjects  are shown in the  Table.  These da t a  
indicate  t h a t  e ry th rocy te s  of H b E - t h a l a s s a e m i a  pa t i en t s  
showing an ins tab i l i ty  of GSH (group a) are deficient  in 
N A D P .  Slight def ic iency m a y  also be p resen t  in thalas-  
saemia trai t ,  

Rdsumd. La cause de l ' ins tabi l i t6  du G S H  6ry throcy-  
taire  dans  la thalassGmie H b E  est  recherchGe. Les activitGs 

des enzymes  G-6-PD et  GR sont  normales  ou 61evGes; le 
t a u x  de N A D P  est  diminuG, d'ofi p r o b a b l e m e n t  v ien t  
l ' ins tabi l i t6  du GSH.  
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On Combined Effects of Deoxyfluorouridine 
(FUDR) with Radiations and Ethyl Methane 

Sulphonate (EMS) on Chromosomes 

The effect of f luorodeoxyur id ine  (5-fluorouracil deoxy-  
ribose, F U D R )  alone and  in combina t ion  wi th  X- rays  
has been  s tudied by  several  workers  on the  roots  of Vicia 
[aba 1 5. In  general,  the  results  showed t h a t  F U D R ,  in 
effect,  serves as an inhib i tor  of DNA synthes is  1. I t  in- 
duces chromosome breakage and  enhances  the  effect  of 
X- rays  on chromosomes .  The exac t  mechan i sm of the  
synergy  is no t  ye t  known.  There  is confl ic t ing opinion 
regard ing  the  t ime  of act ion of the  agent  and evidence 
has been obta ined to suppo r t  t he  con ten t ion  t h a t  F U D R  
produces  cytological  damage  no t  only dur ing the  syn- 
the t ic  period bu t  also af ter  i t  4 and dur ing early stages of 
mitosis.  All these s tudies  are confined to the  roots  and it 
should be seen w h e t h e r  F U D R  is equal ly incorpora ted  
in the  dry  seeds. 

Since some combina t ions  of a lkyla t ing agents  are 
known  to be more  eff icient  t h a n  the i r  individual  effect,  
as well as combina t ions  of a lkyla t ing agents  and ionizing 
radia t ions  6, it  m a y  be wor th  t es t ing  whe the r  F U D R  can 
also modi fy  the  effect  of o the r  chemicals  besides radia-  

tion. Such inves t iga t ions  are in te res t ing  since they  migh t  
u l t ima te ly  yield to a d i f ferent  m u t a t i o n  s p e c t r u m  and 
also he lp  to  specify the  effect  of one agent  if the  act ion of 
the  o the r  agent  is well known,  a t  least  in some respects .  

In  the  p resen t  expe r imen t  d ry  seeds of Nigella dama- 
scene var.  Miss Jekyl l  and bar ley  var.  Pirol ine were 
t rea ted  wi th  F U D R  (0.5 mg/100 ml) a f te r  p - i r rad ia t ion  
f rom a cobal t-60 source wi th  a dose ra te  of 43,000 rad/h .  
The doses for nigella and bar ley  were 5,500 and  10,100 rad  
respect ively .  The seeds were t r ea t ed  wi th  F U D R  for 5 h 
i m m e d i a t e l y  a f te r  i r radia t ion  and  af ter  16 and 30 h of 
pre-soaking.  

In  an o t h e r  expe r imen t  nigella seeds were i r rad ia ted  
wi th  f a s t -neu t rons  f rom I T A L  (reactor power  10 kW;  
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n e u t r o n  f l u x  8.8 • 101~ w h i c h  c o r r e s p o n d s  to  a p -  
p r o x i m a t e l y  500 r a d  w i t h  n e u t r o n  f l u x  d e n s i t y  a b o u t  
1 0 : n / c m  2 sec ;  y - c o n t a m i n a t i o n  140 t a d / h )  a n d  t r e a t e d  
w i t h  F U D R  in  t h e  s a m e  w a y .  I n  t h e  t h i r d  e x p e r i m e n t  
b a r l e y  s e e d s  we re  t r e a t e d  w i t h  F U D R  for  2 h f o l l o w e d  
b y  t r e a t m e n t  w i t h  E M S  fo r  3 h a t  0.3 g /100  m / c o n c e n -  
t r a t i o n .  T h e  t r e a t m e n t s  we re  d o n e  o n  d r y  seeds ,  a n d  a f t e r  
p r e - s o a k i n g  fo r  18 a n d  30 h .  

Table I. Effect of FUD R  withy-rays  and neutrons at different pre- 
soaking times on Nigella damascena (FUDR: 0.5 mg/100 ml/5 h). 300 
cells analysed in all t reatments  except t reatments  Nos. 4, 8 and 12 

in which 100 cells were analysed 

Treatments  % ab- % of aberrations 
normal 
ceils Bridges Frag- 

ments 

1. Control 1 0 1 
2. FUDR,  0 h 1 1 1 
3. FUDR, 16 h 3 2 3 
4. FUDR,  30 h 5 3 6 
5. y - rays  21 16 18 
6. y +  FUDR,  0 h  24 19 21 
7. y + FUDR,  16 h 27 17 29 
8. y + FUDR,  30 h 31 15 41 
9. Neutrons 15 14 20 

10. N +  FUDR,  0 h  15 15 20 
11. N + FUDR,  16 h 19 15 28 
12. N + FUDR,  30 h 25 21 28 

Table II. Effect of FUD R  wi thy- rays  at different pre-soaking times 
on harley (FUDR: 0.5 mg/100 ml[5 h). 300 cells analysed except 

t reatment  No. 8 in which 100 cells were analysed 

Treatments  % ab- % of aberrations 
normal 
cells Bridges Frag- 

nlents 

1. Control 1 0 1 1 
2. FUDR, 0 h 1 0 2 2 
3. FUDR,  16 h 2 1 3 4 
4. FUDR, 30 h 6 3 5 8 
5. y- rays  18 14 16 30 
6. y +  FUDR, 0 h  21 16 21 37 
7. y + FUDR, 16 h 26 19 26 45 
8. ~ + FUDR,  30 h 31 15 35 50 

Table III. Effect of FU DR  with EMS at different pre-soaking times 
on barley. FUDR:  0.5 mg/100 roll2 b. EMS: 0.3 g/100 ml/3 h 

Treatments  No. of % of ab- % of aberrations 
cells normal 
analysed cells Bridges Frag- 

ments  

C h r o m o s o m e  a b e r r a t i o n s  we re  i n v e s t i g a t e d  a t  a n a p h a s e  
of t h e  f i r s t  m i t o t i c  cyc le  a f t e r  g e r m i n a t i o n .  I n  a l l  t h e  
t r e a t m e n t s  o f  d r y  s e e d s  t h e  u l t i m a t e  g e r m i n a t i o n  w a s  n o t  
a f f e c t e d .  T h e  r e s u l t s  s h o w  t h a t  F U D R  e x e r t s  a s t r o n g  
m i t o t i c  i n h i b i t i o n ,  a n d  i n d u c e s  c h r o m o s o m e  a b e r r a t i o n s  
a t  a low r a t e  in  d r y  s e e d s  b u t  a t  a h i g h e r  r a t e  i n  p r e -  
s o a k e d  s eeds .  T h e  e f f ec t  is p r o n o u n c e d  w i t h  30 h p r e -  
s o a k i n g .  W h e n  F U D R  is c o m b i n e d  w i t h  y - r a y s ,  t h e r e  is  
u s u a l l y  a g r e a t e r  t o t a l  e f f ec t  t h a n  t h e  i n d i v i d u a l  e f fec t .  
T h e  r e s u l t s  a r e  p r e s e n t e d  in  T a b l e s  I a n d  I I .  I t  m a y  be  
s e e n  t h a t  t h i s  s y n e r g i c  e f f ec t  is g r e a t e r  w h e n  t o t a l  a b e r -  
r a t i o n s  a r e  c o n s i d e r e d  t h a n  t o t a l  a b e r r a n t  c e l l s .  T h i s  
e f f ec t  is a l m o s t  a b s e n t  w i t h  n e u t r o n  in  n ige l l a  w h i c h  is  
d i f f e r e n t  t o  t h a t  o b s e r v e d  in  v i c i a  u n d e r  d i f f e r e n t  ex -  
p e r i m e n t a l  c o n d i t i o n s : .  T h e  t o t a l  n u m b e r  of  b r i d g e s  is  
less  t h a n  t h e  f r a g m e n t s  b u t  n o t  so  low as  e x p e c t e d  f r o m  
p r e v i o u s  f i n d i n g s ,  s u g g e s t i n g  t h a t  a c o n s i d e r a b l e  a m o u n t  

Total o f  r e u n i o n  h a s  b e e n  p o s s i b l e  i n  t h e  p r e s e n c e  o f  F U D R .  
T h e  r e a s o n  fo r  s y n e r g i s m  m a y  be  d i f f e r e n t  to  t h a t  d u e  t o  
a n  a d d e d  e f f ec t  in  a b s e n c e  of  r e u n i o n .  A d d i t i o n a l  ev i -  
d e n c e  in  f a v o u r  of  o t h e r  i n t e r p r e t a t i o n  c o m e s  f r o m  o b s e r -  

1 v a t i o n  o n  Vicia ]aba s. 
2 

F r o m  t h e  d i f f e r e n t  p r e - s o a k i n g  t i m e s  i t  m a y  be  s e e n  5 
9 t h a t  a g r e a t e r  e f f e c t  is n o t e d  a t  t h e  l a t e r  t i m e ,  i .e.  a f t e r  

34 30 h p r e - s o a k i n g ,  of  t h e  t r e a t m e n t  w i t h  F U D R .  T h e  
40 s y n e r g i c  e f f e c t  is  a lso  h i g h e r  a t  t h a t  t i m e .  ( I t  s h o u l d  b e  
46 m e n t i o n e d  t h a t  s t r o n g  m i t o t i c  i n h i b i t i o n  a f t e r  t h i s  t r e a t -  
56 m e n t  m a k e s  i t  d i f f i c u l t  to  sco re  t h e  a b e r r a t i o n s . )  T h e r e  
34 a r e  t w o  p o s s i b l e  r e a s o n s .  O n e  b e i n g  t h e  e f fec t  o f  F U D R  
35 a t  e a r l y  p r o p h a s e  t i m e .  T h e  s e c o n d  f a c t o r  is t h e  d i f f e r e n t  
43 
49 p h y s i o l o g i c a l  c o n d i t i o n s  of  s e e d s  a f t e r  p r e - s o a k i n g .  F r o m  

t h i s  p r e l i m i n a r y  e x p e r i m e n t  n o  c o n c l u s i o n s  o n  t h i s  e f f e c t  
c a n  be  m a d e .  

F r o m  T a b l e  I I I  i t  c a n  be  s e e n  t h a t  w h e n  b a r l e y  s e e d s  
we re  p r e t r e a t e d  w i t h  F U D R  b e f o r e  E M S  a s y n e r g i c  e f f ec t  
w a s  o b s e r v e d  ( w h i c h  is less  e v i d e n t  w i t h  30 h p r e - s o a k i n g ) .  
S ince  E M S  d o e s  n o t  i n d u c e  c h r o m o s o m e  b r e a k a g e  u n d e r  
n o r m a l  c o n d i t i o n s  t h i s  i n t e r a c t i o n ,  g i v i n g  a g r e a t e r  n u m -  
b e r  o f  a b e r r a t i o n s ,  p a r t i c u l a r l y  f r a g m e n t s ,  is of  i n t e r e s t .  
T h e  r e s u l t s  o f  f u r t h e r  e x p e r i m e n t s  wi l l  be  r e p o r t e d  in  a 

Total l a t e r  c o m m u n i c a t i o n  0. 

Total 

Rdsumd. D e s  g r a i n e s  de  Nigella damascena e t  de s  g r a i n e s  
d ' o r g e  o n t  6t6  i r r ad i6 s  p a r  les  r a y o n s  y d u  Co 6~ a in s i  q u e  
p a r  d e s  n e u t r o n s  r a p i d e s .  I l s  o n t  e n s u i t e  6t6 t r a i t 6 s  p a r  
la  d 6 o x y f l u o r o u r i d i n e  ( F U D R )  ap rSs  d i f f 6 r e n t s  t e m p s  d e  
p r 6 g e r m i n a t i o n .  O n  a o b s e r v 6  q u e  F U D R  a c c r o i s s a i t  de  
m a n i ~ r e  n e t t e  les  e f f e t s  t o t a u x  de s  r a y o n s  y s u r  les c h r o m o -  
s o m e s  ( t a u x  d ' a b e r r a t i o n s  e n  a n a p h a s e ) .  P a r  c o n t r e  les 
e f f e t s  de s  n e u t r o n s  r a p i d e s  n ' o n t  6t6  q u e  f a i b l e m e n t  
m o d i f 6 s .  D e s  e f f e t s  s y n e r g i q u e s  o n t  6 g a l e m e n t  6t6 o b t e n u s  
chez  Fo rge  a p r 6 s  de s  t r a i t e m e n t s  c o n s 6 c u t i f s  F U D R -  
E M S .  
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1. Control 600 
2. EMS 600 
3. FUDR,  0 h  600 
4. FUDR,  18 h 300 
5. FUDR,  30 h 300 
6. FUDR-EMS, 0 h  600 
7. FUDR-EMS, 18 h 300 
8. FUDR-EMS, 30h 300 

0.3 0.0 0.3 0.3 
0.8 0.0 1.0 1.0 
0.7 0.2 0 .5  0.7 
1 1 1 2 
5 0 9 9 
4.3 0.7 5.2 5.9 
5 1 5 6 
8 1 8 9 
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