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Polyploidy and Aneuploidy in Au 198 Irradiated 
Rat Liver 

T h e  a p p e a r a n c e  of  g i a n t  cel ls  in  i r r a d i a t e d  s o m a t i c  
a n i m a l  t i s s u e  a n d  t i s s u e  c u l t u r e  of  v a r i e d  s o u r c e s  is a f a c t  
t h a t  h a s  b e e n  s y s t e m a t i c a l l y  o b s e r v e d  a n d  r e p o r t e d 1  9. 
S o m e  e x p e r i m e n t a l  e v i d e n c e  b r o u g h t  t o  l i g h t  in  r e c e n t  
y e a r s  s e e m s  to  s u p p o r t  t h e  g e n e r a l  v i e w  t h a t  t h i s  p h e n o -  
m e n o n  is d u e  t o  a n  i r r e p a r a b l e  d a m a g e  t o  t h e  cel l  m i t o t i c  
m e c h a n i s m  w i t h o u t  a c o n c o m i t a n t  a l t e r a t i o n  in  t h e  
s y n t h e s i s  of  D N A  a n d  p r o t e i n  6,~~ 

H e r e  we  r e p o r t  a n d  c o m m e n t  o n  s o m e  q u a n t i t a t i v e  
d a t a  o b t a i n e d  b y  m e a s u r e m e n t s  a n d  c o u n t i n g s  in  l i ve r s  
of  A u 1 9 8  t r e a t e d  r a t s .  I n b r e d  m a l e  r a t s  of  t h e  A u g u s t  
s t r a i n  we re  i n j e c t e d  i n t r a v e n o u s l y  w i t h  15 /~c/g o f  a col-  
lo ida l  s o l u t i o n  of  A u 1 9 8 .  T h e  a n i m a l s  w e r e  k i l l ed  o r  d i ed  
a f t e r  v a r i o u s  t i m e s  f o l l o w i n g  t h e  i n j e c t i o n  a n d  t h e  l i ve r s  
we re  r e m o v e d  a n d  p r o c e s s e d  for  e x a m i n a t i o n .  I n  s e c t i o n s  
5 m i c r a  t h i c k  a n d  s t a i n e d  b y  t h e  F e u l g e n  m e t h o d ,  t h e  
n u c l e a r  d i a m e t e r s  we re  m e a s u r e d  d i r e c t l y  u n d e r  oil  i m -  
m e r s i o n  lens ,  w i t h  a m i c r o m e t e r  eyep iece .  O n l y  s p h e r i c a l  
o r  n e a r  s p h e r i c a l  n u c l e i  we re  m e a s u r e d  in  m i c r o s c o p i c  
f ie lds  s e l e c t e d  a s  a r o w  of  one  f ie ld  w i d t h  f r o m  e a c h  o t h e r .  
100 n u c l e i  we re  s e l e c t e d  fo r  m e a s u r e m e n t s .  500 n u c l e i  
we re  c o u n t e d  fo r  c a l c u l a t i n g  t h e  % of  b i n u c l e a t e s ,  m i c r o -  
n u c l e i  a n d  m i t o s i s .  T h e  h i s t o g r a m  a n d  T a b l e s  I a n d  I I  
r e p r e s e n t  c o u n t i n g s  a n d  m e a s u r e m e n t s  in  5 a n i m a l s .  

T h e  a n a l y s i s  of  t h e  h i s t o g r a m  s h o w n  in  t h e  F i g u r e  
r e v e a l s  s o m e  i n t e r e s t i n g  f a c t s  o c c u r r i n g  in  t h e  i r r a d i a t e d  
l ivers .  W e  o b s e r v e  (1) a p r o l o n g e d  l a t e n t  p e r i o d  b e t w e e n  
i n j e c t i o n s  a n d  t h e  a p p e a r a n c e  of  p a r e n c h y m a l  c h a n g e s ,  

"Fable I. % of polyploids and aneuploids taken together, binucleates 
and mitosis in Au198 irradiated livers (see references in the text) 

Rat Killed Nuclear Bi- Micro- Mitosis 
(days after vohimes nucleates nuclei (%) 
injection) 2> 8n (%) (%) (%) 

Normal 1 8 0 0 
B.190 30 3 10.6 0 0 
B.192 64 84.2 12 3.2 0 
B.194 74 85.7 8.2 3.4 0 
B.205 84 87 10.2 2 0 
B.207 93 87 8.2 3.8 0 

Table II. Voluinetric series observed in livers exanfined from the 
second month  on after the administration of Au198 

(2) a s t r i k i n g  l a t e r a l  s p r e a d  of t h e  h i s t o g r a m  t o w a r d s  
h i g h e r  c l a s s e s  o f  p l o i d y  t h a t  c o n t i n u e  to  t a k e  p l a c e  e v e n  
a t  a t i m e  w h e n  t h e  r a d i o a c t i v i t y  p r e s e n t  s h o u l d  b e  
neg l ig ib l e ,  (3) a c o m p l e t e  d i s a p p e a r a n c e  of 2n  n u c l e i  in  
t h e  i r r a d i a t e d  l i ve r s  e x a m i n e d  2 m o n t h s  f o l l o w i n g  t h e  
i n j e c t i o n  a n d  a p r o g r e s s i v e  r e d u c t i o n  in  t h e  f r e q u e n c y  of  
4n  nuc le i ,  (4) a r e m a r k a b l e  d e g r e e  of  a n e u p l o i d y .  

A m e a s u r a b l e  r e d u c t i o n  in  D N A  s y n t h e s i s  is d e t e c t e d  
o n l y  a f t e r  h i g h  d o s e s  a n d  is a t r a n s i e n t  p h e n o m e n o n  n - i s .  
B l o c k a g e  of  m i t o s i s  c a n  be  a c h i e v e d  w i t h  s m a l l e r  d o s e s  
a n d  r e s u m e s  m u c h  l a t e r  t h a n  D N A  s y n t h e s i s .  T h e  f i r s t  
m o n t h  a f t e r  i n j e c t i o n  c o r r e s p o n d s  to  t h e  p e r i o d  w h e n  
p r a c t i c a l l y  t h e  w h o l e  of  t h e  a d m i n i s t e r e d  go ld  d e c a y e d  
to  s t a b l e  f o r m .  T h r o u g h o u t  t h i s  p e r i o d  of  t i m e ,  b o t h  t h e  
D N A  s y n t h e s i s  a n d  m i t o s i s  we re  b l o c k e d  a n d  c o n s e -  
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Rat B.192 (#3) Rat. B.205 (/,a) 

Euploid 550, 1100, 2250, Euploid 550, 1200, 2000 
series 4000, 8500, 16,000 series 
Aneuploid 800, 1550, 3000, Aneuploid 850, 1700, 3600, 
series 5500, 12,000 series 7200, 14,500, 28,000 

6900, 14,500 2700, 5000, 9500, 
9500, 19,000 19,000 

6700, 13,000 
17,000, 34,500 
23,500 

Rat B.194 (/~8) Rat B.207 (~a) 

Euploid 490, 950, 2000, 4000, Euploid 500, 4200, 7900, 
series 7900 series 27,000 
Aneuploid 700, 1490, 3000, Aneuploid 1490, 3000 
series 5900 series 1700 

5000, 9500 5600, 10,500 
6500, 13,000, 25,000 
42,000 
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q u e n t l y  no  v o l u m e t r i c  changes  could be  de tec ted .  F r o m  
the  f i rs t  to  t he  second m o n t h ,  t he  l iver  ceils p rogress ive ly  
r e s u m e d  the i r  D N A  syn thes i s  a c t i v i t y  whi le  t he  mi to t i c  
r ecove ry  was sti l l  lacking.  T he  ou t com e  of th i s  is t he  appea r -  
ance  of g i a n t  cells as t he  r egene r a t i ve  process  t r ies  to  com- 
pensa t e  for  t he  celI necrosis  i nduced  b y  the  i r rad ia t ion .  

The  h i g h  f r equency  of aneup lo ids  deserves  special  
c o m m e n t  (Table  I I ) ,  T he  l a t e ra l  sp read  of t he  h i s t o g r a m  
a c c o m p a n i e d  b y  a d i s a p p e a r a n c e  of 2n nucle i  a n d  a pro-  
gress ive decrease  in  t he  f r equency  of 4n  nuclei  sugges t  
t h a t  t h e  a n e u p l o i d y  is no t  due  to a b n o r m a l  mi tos is  w i t h  
u n e q u a l  d i s t r i b u t i o n  of ch r om os om es  be t w een  t h e  
d a u g h t e r  ceils, b u t  more  l ike ly  resul t s  f rom a s y n c h r o n o u s  
endo redup l i ca t i on  of c h r o m o s o m e  sets. T he  c o n s t a n c y  in  
f r e q u e n c y  of t h e  b inuc lea t e s  shows t h a t  t he  g i a n t  ceils 
are n o t  p roduced  as a consequence  of mi tos is  w i t h  a com-  
m o n  spindle  in  these  e lements .  Micronucle i  a n d  b iza r re  
nucle i  were obse rved  2 m o n t h s  a f t e r  in jec t ion ,  w h e n  t h e  
l iver  cell p o p u l a t i o n  was a l m o s t  en t i r e ly  composed  of 
polyplo ids  and  aneuploids .  T he  presence  of these  a b e r r a n t  
e l emen t s  ind ica tes  t h a t  few ceils r e sume  t h e i r  mi to t i c  
a c t i v i t y  a l t h o u g h  f a u l t y  mi tos is  is t he  result .  Again,  t h e  
absence  of m i to t i c  f igures  t o g e t h e r  w i t h  t he  o b s e r v a t i o n  
t h a t  t he  % of micronuc le i  is k e p t  c o n s t a n t  f rom t h e  
m o m e n t  of t h e i r  a p p e a r a n c e  t h r o u g h o u t  the  whole  per iod  of 
obse rva t ion ,  suggests  t h a t  those  ceils t h a t  rega in  t he i r  d ivi -  
s ional  c apac i t y  d ied  a f t e r  a few divis ions,  some t ime  b e t w e e n  
30 and  64 days  a f t e r  t he  gold a d m i n i s t r a t i o n  (Table  I). 

The  occurrence  of po lyp lo idy  and  aneup lo idy  and  t h e  
progress ive  increase  in t he  f r equency  of c h r o m o s o m e  
a b e r r a t i o n s  in  ag ing  m a m m a l  l iver  is a fac t  a l r e ady  
e s t ab l i shed  and  well  d o c u m e n t e d  ll-17. I r r a d i a t e d  l ivers  
look 'o lder '  w h e n  c o m p a r e d  to  t he  same o rgan  of t h e  
i n t a c t  an ima l s  of t he  same age. Po lyp lo id iza t ion  a n d  
aneup lo id i za t i on  in  n o r m a l  l ivers  can  be  u n d e r s t o o d  as a 
p h e n o m e n o n  pecul ia r  to  r e v e r t i n g  pos t -mi to t i c  ceils in  
w h i c h  t he  usua l  process  of cell t u r n o v e r  b y  m e a n s  of 
mi tos is  does no t  t a k e  place a t  a p r o p e r  r a t e  a n d  where  
t h e  'phys io logica l '  cell loss is def ic ien t ly  c o m p e n s a t e d  b y  
increas ing  t he  size of t he  r e m a i n i n g  e lements .  B y  i n d u c i n g  
necrosis  and  c o n c o m i t a n t l y  b lock ing  mi tos is  a l m o s t  in-  
def ini te ly ,  w h a t  r a d i a t i o n  d id  in our  m a t e r i a l  was to  
acce lera te  a physio logica l  process  or, to  say  i t  in  a 
rhe to r i ca l  way,  to  condense  t he  biologicaI t ime  of t h e  
s y s t e m  u n d e r  cons idera t ion .  I t  is h i g h l y  p r o b a b l e  t h a t  
polyploids  a n d  aneuploids ,  due  to t h e i r  u n b a l a n c e d  chro-  
m o s o m e  sets, are defec t ive  e l emen t s  w i t h i n  t he  whole  
s y s t e m  and  are  u n a b l e  to  cope p rope r ly  w i t h  the  m e t a -  
bolic t asks  t h a t  are t he  b u r d e n  of t he  l iver  ceils. As a 
m a t t e r  of fact ,  KOLETSKI2 ha s  a l r eady  d e m o n s t r a t e d  b y  
means  of t he  b r o m o s u l p h a l e i n  t e s t  t h a t  these  g i a n t  cells 
are func t iona l ly  i n c o m p e t e n t .  

I f  we def ine  ag ing  as a progress ive  a n d  i r revers ib le  dis- 
r u p t i o n  of fo rm a n d  i m p a i r m e n t  of f u n c t i o n  t h a t  leads to  
g r adua l  decrease  in t he  res i s t ance  to e n v i r o n m e n t a l  
stress,  we m i g h t  p e r h a p s  say  t h a t  as t he  n u m b e r  of these  
g i an t  e l emen t s  increases  t h e  l iver  'ages ' .  The  exper i -  
m e n t a l  resu l t s  d iscussed a b o v e  and  expressed  in t he  
h i s t o g r a m  a n d  Tables  I a n d  II, conf i rmed  prev ious  ob-  
s e rva t ions  b y  o thers ,  r evea led  some new  aspec ts  of t h e  
i r r ad i a t i on  effects, a n d  sugges t  t he  fol lowing conclus ions:  
(a) A t  h i g h  doses of r a d i a t i o n  b o t h  t h e  D N A  syn thes i s  
and  mi tos is  are inh ib i t ed .  (b) The  D N A  syn thes i s  resumes  
m u c h  sooner  t h a n  t he  mi tos is  a c t i v i t y  a f t e r  i r rad ia t ion .  A 
n u m b e r  of cells n e v e r  r ecover  t h e i r  d iv i s iona l  capac i ty ,  
i n d i c a t i n g  t h a t  t he  D N A  syn thes i s  and  mitos is  a l t h o u g h  
r e l a t ed  to each  o the r  are con t ro l l ed  b y  d i f fe rent  and  inde-  
p e n d e n t  mechan i sms .  (c) R e g e n e r a t i v e  e f for t  in  a cel lular  
s y s t e m  where  mi tos is  is i n h i b i t e d  leads  to  progress ive  
po lyp lo id iza t ion  a n d  aneuplo id iza t ion .  (d) Po lyp lo idy  
a n d  a n e u p l o i d y  in our  m a t e r i a l  seem to  be due to syn-  
ch ronous  a n d  a s y n c h r o n o u s  endo redup l i ca t i on  of ch romo-  
some sets  a n d  no t  to  a b e r r a n t  mitosis .  (e) Cells t h a t  re- 
cover  t he i r  d iv is ional  c a p a c i t y  fol lowing h igh  doses of 
r a d i a t i o n  seem to  die a f t e r  a few divisions.  (f) The  mor -  
phologica l  a n d  q u a n t i t a t i v e  s imi lar i t ies  be tween  r a d i a t i o n  
induced  changes  and  ag ing  changes  in r a t  liver, ind ica te  a 
c o m m o n  biological  m e c h a n i s m  u n d e r l y i n g  b o t h  processes. 
Po lyp lo ids  and  aneup lo ids  be ing  physio logica l ly  incompe-  
t e n t  cells, we sugges t  t h a t  t h e i r  increased  f requency  w i t h  
t ime  is the  ' cause '  of ag ing  in l ivers  of ra ts .  

Rdsumd. On a e tudi6  l ' i n d u c t i o n  de polyploidie  e t  
aneuplo id ie  dans  les foies des  r a t s  k la su i te  d ' i n j ec t i on  
i n t r ave ineuse  d ' o r  colloidal  radioact i f .  On souligne l ' ana -  
logie en t re  ce p h 6 n o m 6 n e  e t  l ' o b s e r v a t i o n  de ph6nom6nes  
semblab le s  Ia i tes  sur  les foies n o r m a u x  d ' a n i m a u x  Ag6s. 
On sugg6re une  re l a t ion  ' causa le '  en t re  l ' a u g m e n t a t i o n  de 
la f r6quence  de ces 616ments po lyp lo id iques  e t  aneuplo id i -  
ques  e t  le v ie i l l i s sement  h6pa t ique .  
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Fluorescein Staining of Guinea-Pig Lymphocytes 
Induced by Echis colorata Venom 

I n  t h e  course  of a s t u d y  i on  t h e  ac t ion  of Echis colorata 
v e n o m  on t he  b lood - b r a i n  bar r ie r ,  i t  was found  to af fec t  
t h e  p e r m e a b i l i t y  of gu inea-p ig  l ymphocy te s .  Guinea-pigs ,  
we igh ing  250-300 g, were i n j ec t ed  i n t r a c a r d i a l l y  w i t h  a 
m i x t u r e  of 100 /~g (pro te in  c o n t e n t  2) Echis colorata (EC) 
v e n o m  a n d  25 iug f tuorescein  (Fluoresci te ,  Moore K i r k  
Labo ra to r i e s  Inc. ,  Worces te r ,  Mass.) in  1 ml  of sal ine 
solut ion.  Such  an im a l s  died w i t h i n  15-30 rain.  Blood  
samples  were o b t a i n e d  b y  ca rd iac  p u n c t u r e  5, 10 and  15 
min  a f t e r  i n j ec t ion  of t he  mix tu re .  F igure  1 shows 

f luoresce in-s ta ined  l y m p h o c y t e s  f rom a n  a n i m a l  in jec ted  
w i th  v e n o m  a n d  fluorescein.  The  f luorescence- inducing  
ac t ion  of t he  v e n o m  was m a n i f e s t  a t  all 3 t ime  in terva ls .  
F luoresce in - s t a in ing  of l y m p h o c y t e s  was observed  in all  
an ima l s  in  wh ich  l e tha l  v e n o m  doses, i.e. a m i n i m u m  of 
20 /~g of venom,  were admin i s t e red .  I t  shou ld  be  n o t e d  
t h a t  in  t he  con t ro l  n o n - v e n o m - t r e a t e d  an ima l s  t he  p la te -  
lets  b e c a m e  s t rong ly  f luorescen t  (Figure 2). The  absence  
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