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b ia rmed  chromosomes ,  those  wi th  1 b i a rmed  and  1 
acrocentr ic  chromosome,  and those  wi th  2 acrocentr ic  
chromosomes .  In  3 cases, a four th  t y p e  was no ted  in 
which  the re  were  2 b i a rmed  ch romosomes  bu t  one (a sub- 
telocentric) h a d  a d is t inc t ly  shor te r  second a rm t h a n  
the  o ther  (a submetacent r ic ) .  The ch romosome  wi th  t he  
shor te r  second a rm appa ren t l y  arose f rom a deletion,  
since the  missing he t e roch roma t in  was no t  found  t rans -  
located  to  any  o ther  ch romosome  of the  complemen t .  

G-bands  revealed d is t inc t  homologies  be tween  the  2 
largest  au tosomes  in every  case. The only regions no t  
m a t c h i n g  band - fo r -band  were those  regions t h a t  had  
s ta ined pos i t ive  for cons t i tu t ive  he te rochromat in .  Figure  
b i l Iustrates  the  G-band  p a t t e r n s  of the  sex chromosomes  
and  the  4 conf igura t ions  of the  po lymorph ic  pai r  t h a t  
were observed  by  us. 

We in t e rp re t  the  C-band and G-band  p a t t e r n s  of t he  
he t e romorph ic  au tosomal  pai r  as clear indica t ions  t h a t  
t he  large submetacen t r i c  and  the  large acrocentr ic  
ch romosomes  are homologous  except  t h a t  one has sus- 
t a ined  a per icentr ic  invers ion in the  region conta in ing  
cons t i tu t ive  he t e rochromat in .  G-bands  and  C-bands  
themse lves  give no indica t ion  as to which form gave rise 
to  the  o ther  bu t  cer ta in  bi ts  of c i rcumstan t ia l  evidence 
indica te  t h a t  the  ances t ra l  form is the  submetacen t r i c  
form. First ,  the  fact  t h a t  in Peromyscus, 2VIesoericetus, 
Dipodomys 5,~~ to ta l ly  he te rochromat i c  shor t  a rms are 
a b u n d a n t  w i thou t  any  evidence for per icent r ic  invers ions  
suggests  t h a t  the  ma jo r i t y  of even ts  involving hetero-  
ch roma t in  are addi t ions /de le t ions  or poss ibly  t rans loca-  
t ions.  Second, one of us ( JWW) has examined  over  
400 N. micropus karyological ly and  found  t h a t  the  n u m b e r  
of individuals  homozygous  for t he  submetacen t r i c  form 
of the  po lymorph ic  ch romosome  was grea ter  (by over  
20%) t h a n  the  n u m b e r  of he te rozygous  individuals  and 
more  t h a n  3 t imes  as grea t  as t he  n u m b e r  of individuals  
homozygous  for t h e  acrocentr ic  form. This indica tes  t h a t  
the  acrocentr ic  form m a y  be less desirable and  would be 

expected,  if t he  p l acemen t  of h e t e ro ch ro ma t i n  nex t  to 
genes in t he  euch roma t in  has  induced  adverse  posi t ion 
effects. Third,  N. micropus and  N./loridana appear  to be 
ve ry  closely re la ted  (morphological ly  and karyologicMly) 
and p ro b ab l y  have  had  a common  ances tor  3,u,1~. Since 
the  ka ryo types  of N. floridana and  individuals  of N. mi- 
cropus with  the  two large submetaeen t r i c  au tosomes  are 
identical ,  i t  seems logical to  infer t h a t  t he  submetacen t r i c  
is the  ances t ra l  form and t h a t  the  subte locent r ic  and 
acrocentr ic  forms are recent  der iva t ives  of it. 

Rdsumd. Les bandes  C et  G des f ivroblas tes  en cul ture 
de Neotoma micropus, Baird  (le Plains  Woodra t ) ,  
i nd iquen t  que la base de la var ia t ion  ch romosomique  
de ce t te  esp6ce est  une invers ion p6r icent r ique  compre-  
n a n t  un bloc d ' h6%rochroma t ine  const i tu t ive .  On t rouve  
aussi  ehez ce t te  espgce une ra ture  encore non-d6cri te  
a f f ec tan t  une par t i e  de ce m~me bloc. 
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A Sequential Caffeine-Cystein Treatment and Enhanced Radioprotection of Vicia faba Chromosomes 

Recen t  s tudies  reveal  tha t ,  in add i t ion  to  radical  scav- 
enging, cys te in  has a more  i m p o r t a n t  b iochemical  com- 
p o n e n t  to its p a t h w a y  of r ad iopro tec t ion  1-3. Caffeine 
(1.3, 7 t r i m e t h y l x a n t h i n e )  is cur ren t ly  gaining impor t ance  
as a radiosens i t izer  of y- and x - ray- induced  damage  in a 
wide range of ac t ively  metabol iz ing  tes t  sys tems  4, 5; how- 
ever, in d ry  bar ley  seeds KESAVAN et al. 6 have  recent ly  
found  t h a t  i t  e f fect ively  decreases  the  m a g n i t u d e  of pos t -  
i r rad ia t ion  o x y g e n - d e p e n d e n t  damage.  There  are also a 
few repor t s  to  t he  effect  t h a t  caffeine has ne i ther  a sensi- 
t iz ing nor  a p ro tec t ive  act ion ~, s. The radiosensi t iz ing ac- 
t ion  of caffeine has  been in t e rp re t ed  as due to  its inhibi-  
t ion  of e i ther  t h e  repa i r  repl ica t ion"  or a repair  process 
confined to the  repl ica t ive  synthes is  10, 11. 

Since metabol ic  effects of a r ad iopro tec to r  m a y  be ex- 
pec ted  to be an t i the t i c  to  t h a t  of a radiosensi t izer ,  we ini- 
t i a t ed  a series of s tudies  to inves t iga te  t he  mode  and  
magn i tude  of modu la t ion  of g a m m a  ray- induced  chromo-  
somal  aber ra t ions  in Vicia/aba pre- and pos t - t r ea t ed  wi th  
cys te in  and caffeine separate ly ,  sequent ia l ly  or b o t h  si- 
mul taneous ly .  The resul ts  p resen ted  here show t h a t  a 
t r e a t m e n t  w i th  caffeine appl ied  before i r radia t ion,  and 
cys te in  i m m e d i a t e l y  af terwards ,  gives grea te r  p ro tec t ion  
t h a n  cys te in  alone to chromosomes  i r r ad ia ted  at  the  G 1 
stage of in terphase .  

Materials and methods. Solut ions (5 X 10-3M) of caffeine 
and  cys te in  separa te ly ,  as well as a m ix tu r e  of these  in 

equimolar  concent ra t ion ,  were used for t r ea t ing  the  act ive-  
ly growing secondary  roots  of Vicia/aba at  25 ~ for 2 h. 
The roots  were sub jec ted  to a to ta l  dose of 200 R 7-rays 
(3680 Ci6~ at  a dose-ra te  of 38.5 R/sec.  The p re - t r ea t -  
merit  solut ion were r emoved  immed ia t e ly  af ter  i rradia-  
t ion and the  roots  were washed  in runn ing  wa te r  before 
placing t h e m  in the  respect ive  p o s t - t r e a t m e n t  solut ions 
for 2 h. The t ime  elapsed be tween  i r rad ia t ion  and  pos t -  
t r e a t m e n t  was less t h a n  10 min. Roots  following all t rea t -  
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Influence of caffeine and cystein on the frequency of ~,-ray-induced chromosomal aberrations in Vicia [aba 

]~XPERIENTIA 30/1 

Treatments No. of cells analysed Cells with breaks, bridges Modulation of index of 
and mieronuelei (per cent • SE} aberration j)er cent 

O R; Cystein 2856 
O R; Caffeine 2937 
200 R; Distilled water 2734 
Caffeine pre-treatment; 200 R 3096 
200 R; Caffeine post-treatment 3655 
Cystein pre-treatment; 200 R 4585 
200 R; Cystein post-treatment 4364 
(Caffeine + Cystein) pre-treatment; 200 R 3739 
200 R; (Caffeine + Cystein) post-treatment 3209 
Caffeine pre-200 R; Cystein post-treatment 2928 
Cystein pre-200 R; Caffeine post-treatment 3155 

2.88 ~: 0.32 
11.53 -4- 0.61 4.00 
5.85 4. 0.40 2.03 
1.99 4- 0.21 0.69 
0.59 4- 0.12 0.20 
3.04 -4- 0.29 1.06 
2.78 -- 0.29 0.97 
0.07 4- 0.05 0.02 
1.01 i 0.18 0.35 

Modulation index: defined as the ratio of the percent of cells affected by 200 R; distilled water to that irradiated with any pre- or post- 
treatment under comparison. When the value is about 1 = no modulation; when the value is significantly less than 1 -- protection; when the 
value is significantly more than 1 = sensitization. 

m e n t s  were al lowed to recover  for 16 h before f ixa t ion  in a 
1 : 3 acetic-alcohol.  This allowed scoring of cells which were 
app rox ima te ly  in the  G1 stage of in te rphase  12 at  the  t ime  
of i r radiat ion.  5 slides per  t r e a t m e n t  were p repa red  by  
Feulgen dyeing  and f rom each of these  10 fields were ana-  
lysed under  h igh power.  Ceils wi th  chromosomal  aberra-  
t ions  a t  me taphase  and  anaphase  and micronuclei  a t  inter-  
phase  were scored (Table). ApproPr ia te  non- i r rad ia ted  
controls  were also s tudied  bu t  there  were no s ignif icant  
effects. 

Results and discussion. Our da ta  show tha t ,  under  condi- 
t ions of exper iment ,  cys te in  affords grea ter  p ro tec t ion  
when  appl ied  immed ia t e ly  af ter  i r radiat ion.  If  radical  
scavenging is the  major  mechan i sm of radioprotec t ion ,  
cys te in  should be more  p o t e n t  when  p resen t  dur ing  irra- 
diat ion.  As judged  f rom our results,  it  appears  t h a t  pos t -  
i r radia t ive ly  added  cys te in  might ,  in some manner ,  in- 
fluellce a p a t h w a y  by  which the  rad ia t ion- induced  initial  
lesions a t  G 1 are t r ans fo rmed  into  maj or ch romosome  break-  
age. 

Caffeine admin is te red  before i r rad ia t ion  is more  effec- 
t ive  in po ten t i a t i ng  the  damage  t h a n  when  appl ied as a 
pos t - t r ea tmen t .  Fur the rmore ,  its radiosensi t iz ing act ion 
gradual ly  diminishes  and  f inal ly d isappears  wi th  increas- 
ing in te rva l  be tween  i r rad ia t ion  and  its p o s t - t r e a t m e n t  ~. 
These observa t ions  seem to suppor t  the  con ten t ion  t h a t  
caffeine blocks some of t he  rapid  recovery  s teps  involving 
e i ther  repair  repl icat ion 9 or repl icat ive syn thes i s  10,11 The 
fo rmat ion  of cer ta in  complexes  be tween  caffeine and  the  
rad ia t ion- induced  lesions may,  however ,  be the  f i rs t  s tep  ~3. 
The observa t ion  of enhanced  rad iopro tec t ion  following a 
sequent ia l  t r e a t m e n t  w i th  caffeine pre- and  cys te in  post-  
i r radia t ion  can also be expla ined  on the  basis  t h a t  caffeine 
f irs t  forms cer ta in  complexes  w i th  the  rad ia t ion- induced  
lesions which  are t h e n  more  effect ively r emoved  by  cys- 
tein.  If  cys te in  is no t  admin i s t e red  to  the  sys t em imme-  
d ia te ly  af ter  i r radiat ion,  sens i t iza t ion  results.  W h e n  the  
sequence of t r e a t m e n t  is reversed (i.e.) cys te in  pre- and 

caffeine pos t - i r radia t ion ,  the  level of rad iopro tec t ion  is 
reduced  by  abou t  90% ; however,  i t  is still  ap p ro x i ma te ly  
50% more  t h a n  the  cys te in  p o s t - t r e a t m e n t  alone. This 
m a y  be due to  a reduc t ion  of abou t  50% of the  complexes  
formed if caffeine is no t  p resen t  in the  sys tem dur ing irra- 
diat ion.  

W h e n  equimolar  concen t ra t ions  of b o t h  caffeine and 
cys te in  are applied,  there  is ne i ther  sensi t iza t ion nor  pro- 
t ec t ion ;  i t  is no t  known w h e t h e r  one counte rac t s  the  ef- 
fects of the  other.  

Since these  results  are largely conf ined to cells irradia- 
t ed  a t  the  g l  stage, there  is need to inves t iga te  the  modi-  
fying effects of caffeine and  cys te in  on cells i r radia ted  at  
the i r  S and G 2 stages as well. 

Rdsumd. Tandis  que l ' emploi  de cafgine a v a n t  l ' i r radia-  
t ion t e n d  g augmen te r  le d o mmag e  fai t  aux chromosomes,  
l ' appl ica t ion  de cystgine i m m 6 d i a t e m e n t  apr@s l ' i r radia-  
t ion  d iminue  ce dommage .  Par  consgquent ,  un t r a i t e m e n t  
de caf6ine a v a n t  e t  de cys%ine apr@s l ' i r rad ia t ion  offre le 
m a x i m u m  de protec t ion .  
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P l a s t i d  D i f f e r e n t i a t i o n  on  6 - A z a u r a c i l  M e d i a  

The an t ime tabo l i t e  6-azauracil  received a t t en t i on  in 
medic ine  because its canceros ta t ic  ac t iv i ty  1 and its bene-  
ficial effect  on cell cul tures  der ived f rom pa t i en t s  af- 
f l ic ted by  he red i t a ry  orotic aciduria 2. The base is slowly, 
and its nucleoside is efficiently,  me tabo l i zed  by  m a m m a l i a n  

cells to 6 -azaur id ine -5 ' -monophospha te  b u t  di- and  tr i-  
phospha t e s  are appa ren t l y  no t  fo rmed a, 4 and the  analog 
is no t  incorpora ted  in subs tan t i a l  amo u n t s  in to  nucleic 
acids ~, 6. The p r i ma ry  biochemical  effect  of the  drug is 
bel ieved to  be the  inhibi t ion of t he  ac t iv i ty  of orot idyl ic  


