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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  

1 U. SANDBANK and M. DJALDETTI, Acta Neuropath. 6, 61 (1966). 
2 0 .  H. LowRY, A. L. ROSENBOROOGH, A. L. FARR, and R. J. RAN- 
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of p la te le t s  ill t h e  v e n o m - t r e a t e d  an ima l s  is cons i s t en t  
w i t h  t he  p rev ious ly  r epo r t ed  severe t h r o m b o c y t o p e n i a  
occur r ing  ill EC v e n o m - i n o c u l a t e d  an ima l s  a. 

The  i n t r a v e n o u s  in jec t ion  of boi led v e n o m  3, w h i c h  
possessed phospho l ipase  A ac t i v i t y  b u t  was devo id  of 
p ro t ease  as t e s t ed  on  gelat in,  did no t  induce  f luorescein 
s t a i n i n g  of t he  lymphocy tes .  E a c h  of t he  2 p ro tease  
(gelat inase)  f rac t ions  o b t a i n e d  b y  e lu t ion  f rom a s t a r c h  
gel e l e c t r o p h o r e g r a m  (Figure 3) was able  to  induce  s t rong  
l y m p h o c y t e  f luorescence,  whereas  the  p r o c o a g u l a n t  frac- 
t i on  wh ich  was devoid  of ge la t inase  h a d  no such  effect. 

The  ac t ion  of t he  v e n o m  a n d  i ts  f rac t ions  was s tud ied  
in v i t r o  us ing  n o n - w a s h e d  guinea-p ig  leucocytes ,  sepa- 
r a t e d  b y  t he  use of po lyv iny lpy r ro l idone  a n d  a m m o n i u m  
chlor ide  ~. 3 .  107 leucocytes  were i n c u b a t e d  a t  37 ~ for 
15 ra in  w i th  100 #g  of EC v e n o m  and  1 m g  of f luorescein  
in a f ina l  vo lume  of 1 ml  of p h o s p h a t e - b u f f e r e d  sal ine 
(1 .33.  1 0 - a M  p h o s p h a t e  0 .88% NaC1 p H  7.4). Smears  
were p r epa red  f rom the  s e d i m e n t  ob t a ined  b y  cen t r i fuga-  
t i on  for  3 ra in  a t  135 g. The  v e n o m  induced  s t rong  
f luorescence of the  lymphocy tes ,  whereas  con t ro l  f luores- 
ce in - t r ea t ed  leucocytes  were negat ive .  Saline wash ing  of 
the  sepa ra t ed  leucocytes,  p r io r  to  t h e i r  c o n t a c t  w i t h  
f luorescein,  m a d e  t h e m  suscept ib le  to  f luorescein  s t a in ing  
also in the  absence  of venom.  C i r cums tan t i a l  ev idence  for 
p e n e t r a t i o n  of the  f luorescein in the  v e n o m - t r e a t e d  leuco- 
cytes  was fu rn i shed  b y  t he  nega t ive  r e su l t  ob t a ined  w h e n  
a l b u m i n - b o u n d  f luorescein p repa red  accord ing  to RINGS 

et  al. ~ was used, p r e s u m a b l y  t h e  large size of the  molecule 
p r e v e n t i n g  i ts  e n t r y  in to  t h e  cell. 

N e i t h e r  t h e  boi led EC v e n o m  n o r  i t s  p r o c o a g u l a n t  
f r ac t ion  were able  to  induce  l y m p h o c y t e  f luorescence.  
T h a t  t h e  phospho l ipase  A was n o t  i nvo lved  in t he  
f luorescence- induc ing  ac t ion  of t h e  whole  v e n o m  is also 
clear f rom tile absence  of phospho l ip id  spl i t t ing,  e x a m i n e d  
b y  silicic acid p a p e r  c h r o m a t o g r a p h y  T, in  the  leucocytes  
sub jec ted  to t h e  whole  venom.  E a c h  of t h e  2 EC pro tease  
f ract ions ,  on  t h e  o the r  h a n d ,  p roduced  the  f luorescen t  
effect. I f  t h e  p ro teases  t h e m s e l v e s  a n d  n o t  an  i m p u r i t y  
induce  the  f luorescein  p e n e t r a t i o n  in to  the  gu inea-p ig  
l y mp h o cy t e ,  t h e i r  ac t ion  appea r s  to  be r a t h e r  specific for 
t h e  EC venom,  since 2 o t h e r  snake  v e n o m s  s tud ied  
(NaSa nasa a n d  Vipera palestinae, b o t h  h a v i n g  s t rong  
p ro teo ly t i c  ac t iv i ty )  were n o t  ab le  to  induce  l y m p h o c y t e  
f luorescence in vivo.  I t  is n o t e w o r t h y  t h a t  also t ryps in ,  
200/~g/3 �9 107 cells, h a d  no f luorescence- induc ing  ac t iv i ty .  
T h e  specif ici ty  of the  EC v e n o m  pro teases  is also illus- 
t r a t e d  b y  t h e  o b s e r v a t i o n  t h a t  t he i r  f luorescence- induc ing  
a c t i v i t y  is n o t  abol i shed  b y  soya -bean  t r y p s i n  i n h i b i t o r  
or d i i sopropy l f luo rophospha te .  I t  seems p e r t i n e n t  t h a t  
these  p ro tease  inh ib i to r s  do n o t  affect  t h e  EC v e n o m  
pro tease  a c t i v i t y  on  ge la t in  ei ther .  

T h e  s ignif icance of t h e  p e r m e a b i l i t y - e n h a n c i n g  effect  
of t h e  EC v e n o m  for i t s t o x i c  ac t ion  is n o t  clear. I t  is no t  
imposs ib le  t h a t  t h e  v e n o m  pro teases  m a y  fac i l i ta te  t he  
p e n e t r a t i o n  of v e n o m  tox ins  t h r o u g h  cel lular  m e m b r a n e s  s. 

]rig. 1. F luoresce in-s ta i l t (d  lymt )hocy tes  f rom a guiHea-pig in jec ted  
wi th  I,;C v (nom-f luoresce in  m i x t u r e .  

Fig. 3. S ta rch  Kcl ('t(x ~rol)}~orosis of lichis color~t~: w)lom ~. 6 a,)odic 
arid 2 ca thod ic  f rac t ions  werr ob ta ined .  F rac t i ons  -i 1, ! 2 (COlU- 
bined) a n d  2 showed pro tease  ac t iv i ty .  The  s t r (mg(s t  eoagulase  

a c t i v i t y  was  found  in f r ac t ion  i 5. 

l?dsumd. Les l y m p h o c y t e s  de cobayes  inocul6s avec  du 
v c n i n  tie s e rpen t  Echis colorata, add i t ionn6  de fluores- 
c(~ine, acqu i6 ren t  une  forte  f luorescence.  Le m6me effet  
du vcn in  est  observ6 avec des l y m p h o c y t e s  t ra i tds  in vi t ro .  
I ,es f rac t ions  p ro t6o ly t iques  du v e n i n  son t  responsables  de 
ce ph6nom6ne ,  alors que la phospho l ipase  est  sans  effet. 

I .  COHEN,  M .  D J A L D E T T I ,  U .  SANDBANK,  
CH.  K L I B A N S K Y ,  a n d  A .  DE V R I E S  

The Rogo//-Wellcome Medical Research Institute, 
Department o/Experimental Biology, Tel-A viv 
University Medical School and Department o/ 
Pathology, Beilinson Hospital NIedical Centre, 
Pelah Tikva (Israel), March 31, 1966. 

Fig. 2. Blood smears  f rom con t ro l  gu inea-p ig  in jec ted  wi th  f luorescein 
only. Note fluorescent platelets and absence of lymphocyte staining. 

(The lymphoeytes were identified by light microscopy.) 
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