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t r e a t e d  accord ing  to t he  desc r ip t ions  g iven  above.  The  
u l t r a m i c r o g r a p h s  revea led  t h a t  t he  S t ruc tu ra l  changes  
inf l ic ted b y  t o l b u t a m i d e  are smal l  a n d  in mos t  respects  
t h e r e  are no  dev i a t i ons  f rom the  n o r m a l  s t ruc tu re .  

However ,  t h e  yo lk  g ranu les  seem to  become  c h a n g e d  
a n d  the re  appea r s  to  be  two d i s t i nc t  k inds  ot yo lk ;  one 
t y p e  of g ranu les  is v e r y  e l ec t ron  dense  a n d  appea r s  d a r k  
in t h e  mic rographs ,  whereas  t he  o t h e r  t y p e  of g ranu les  
h a v e  t h e  n o r m a l  grey ish  g r a n u l a t e d  a p p e a r a n c e  (Figures  
3 and  4,  D Y  resp.  G u  

Coun t s  were also m a d e  of t he  d i f fe ren t  cell organel les .  
B l a s tu l ae  t r e a t e d  in 10 -4 M t o l b u t a m i d e  for  4 h before  
h a t c h i n g  c o n t a i n  cons ide rab ly  more  yo lk  g ranu les  t h a n  
con t ro l  e m b r y o s  of t h e  same  age. I n  t o l b u t a m i d e  t h e  
h a t c h i n g  b l a s tu l ae  were found  to  h a v e  a l m o s t  30% more  
yo lk  g ranu les  t h a n  t he  l a r v a e  of t h e  co r re spond ing  con-  
t rol .  Th i s  d i f ference  is en t i r e iy  conf ined  to  t h e  yo lk  since 
t h e  n u m b e r  of m i t o c h o n d r i a  is equa l  in  con t ro l  a n d  tol-  
b u t a m i d e .  

Discussion. The  genera l  impress ion  of t he  ac t ion  
exe r t ed  b y  t o l b u t a m i d e  is in  m o s t  respects  posi t ive .  I n  
c o n c e n t r a t i o n s  be low 10 -5 M t h e r e  is no  de le te r ious  
effect  on  c leavage  and  h a t c h i n g  is e n h a n c e d  and  facili- 
t a t ed .  The  s tud ies  of fe r t i l i za t ion  ind ica te  t h a t  t o l b u t a -  
mide  p r o m o t e s  fer t i l iza t ion.  

Fig. 4. Larva from the same female 
as in Figure 3. Treatment from 
before hatching in 10 .4 M tol- 
butamide, fixed 18 h later. Gastru- 
la with primary mesenehyme cells 
forming a syncytium (Sy) and a 
cytoplasmic stolon (St) 12. Two 
kinds of yolk granules (dense 
yolk, DY; granulated yolk, GY) 
can be identified. • 6,000. 

W i t h  th i s  b a c k g r o u n d  i t  is the re fo re  of i n t e r e s t  t h a t  
t o l b u t a m i d e  h a s  a clear de le ter ious  inf luence  on t h e  dif- 
f e r en t i a t i o n  of t h e  endode rm.  The  fac t  t h a t  t h e  f o r m a t i o n  
of t h e  ske le ton  t akes  place more  or less u n h a r m e d ,  
whereas  t h e  i n t e s t i ne  is c lear ly  affected,  i n t i m a t e s  t h a t  
t h e r e  is a select ive ac t ion  of t o l b u t a m i d e  on  t h e  endo-  
derm.  T h e  ske le ton  develops  in a fa i r ly  n o r m a l  way,  
whereas  t h e  endode rm,  wh ich  is d i f f e r en t i a t i ng  a l i t t l e  
a f t e r  t h e  a p p e a r a n c e  of t h e  p r i m a r y  mes en ch y me ,  be- 
comes  reduced .  W e  the re fo re  conc lude  t h a t  t o l b u t a m i d e  
ac t s  specif ical ly on  t h e  g r o w t h  a n d  t h e  d i f f e r en t i a t i on  of 
t h e  endode rm.  Th i s  is r a t h e r  except ional ,  since, as a rule, 
m o s t  subs t ances  h a v e  an  unspecif ic  i n h i b i t i n g  effect  on 
d i f fe ren t ia t ion ,  whereas  o b s e r v a t i o n s  of a specific effect  
on  some c lear ly  def ined p a r t  of t h e  e m b r y o  are u n c o m -  
mon.  

I t  is s t i l l  unc lea r  if t h e  t e r a t o g en i c  ac t ion  of t o l b u t a -  
mide  in w a r m b l o o d e d  an i ma l s  is inf l ic ted  b y  t h e  d rug  or 
a m e t a b o l i t e  of t h e  drug,  or if i t  is r e l a t ed  to  a genera l  
me tabo l i c  change  in t h e  p r e g n a n t  female.  I n  our  exper i -  
m e n t s  t h e  ac t ion  of t o l b u t a m i d e  is p r o b a b l y  a d i rec t  one 
exe r t ed  b y  t h e  d rug  itself. 

12 ]3. ]~. HAGSTR()M and S. L/SNI4ING, Protoplasma 68, 271 (1969). 
la E. HULTIS and B. E. HAGSTR6M, Exp1 Celt Res. 10, 294 (1956). 

O E C O L O G I C A  H U M A N A  

Redactional remark. The  founde r  of t he  E x p e r i m e n t a l  Geron to logy  F r i t z  Verz~r  gives to E x p e r i e n t i a  for t h e  rubr ic  
'Oecologica" h u m a n a  some f u n d a m e n t a l  ref lec t ions  conce rn ing  t h e  p h e n o m e n o n  life - dea th ,  evoked  b y  t h e  10th  
I n t e r n a t i o n a l  Congress  of Geron to logy .  
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The  concep t  of bas ic  research  is an  express ion  of t h e  
m o s t  i m p o r t a n t  t a s k  of t he  biological  sciences for t h e  
fu ture .  B u t  i t  c a n n o t  be  said to  descr ibe  t he  p r e sen t  d a y  
p r o g r a m  of those  sciences. Over  4,000 t i t les  in t he  Yea r  

Book  of t h e  biological  pub l i ca t i ons  show an  i mmen se  
d i v e r s i t y  of t h e m e s  of a phys ico -chemica l  n a t u r e  of ever-  
inc reas ing  complex i ty ,  as a ref lec t ion  of t h e  d a y - t o - d a y  
p u b l i c a t i o n s  in  t h e  d i f fe ren t  scient if ic  journa ls .  



15.6. 1976 Speeialia 747 

' P r e s e n t - d a y  resea rch '  is no t  ' f u n d a m e n t a l  research ' ,  
a n d  i t  m o v e s  f u r t h e r  and  f u r t h e r  a w a y  f rom t rue  'bas ic  
research ' .  The  s t a t e  of p r e s e n t - d a y  biological  r e sea rch  
caxl be  seen, for example ,  in  t h e  p r o g r a m  of t h e  i m p o r t a n t  
10 th  I n t e r n a t i o n a l  Geronto logica l  Congress  in  J u n e  1975. 
The  d i f fe rent  c o n t r i b u t i o n s  are a l r eady  p u b l i s h e d  in 2 
vo lumes  1. There  are 660 lec tures  on  social and  cl inical  
geronto logica l  s tudies  and  a b o u t  110 repor t s  on  theo re t i ca l  
r e sea rch  in more  t h a n  20 d i f fe ren t  aspects  of t he  func t ions  
of d i f fe ren t  o rgans  in ageing. 

One has  t he  impress ion  of a growing  and  endless  d iver -  
s ion f rom w h a t  h a d  s t a r t e d  as a few ce r t a in  facts,  and  one 
wonders  w h e t h e r  th i s  is t he  w ay  to a f u n d a m e n t a l  unde r -  
s t a n d i n g  of t he  sub jec t  ? More and  more  single p rob lems  
are d i f fe ren t ia ted ,  and  t he  d i s t ance  f rom t h e  cen t r a l  core 
of t he  ques t ion  becomes  r ap id ly  greater .  

The  large sub jec t  of t he  b e h a v i o u r  of a toms ,  molecules,  
ions, p ro tons ,  n e u t r o n s  and  rad ia t ion ,  as i t  is k n o w n  to  us 
in  t he  discipl ine of cosmic and  t e r r e s t i a l  physics,  up  to 
t he  m y s t e r y  of g r a v i t a t i o n  wh ich  d o m i n a t e s  our  whole  
e n v i r o n m e n t ,  is h a r d l y  t o u c h e d  - unless  in  t he  pub l i ca t i ons  
of HINES ~, the  as t ro -phys ic i s t ,  wh ich  of course are no t  in 
t h e  field of biological  p roblems .  

W e  h a v e  come to  t he  s tage as if a p l a n t  h a d  g rown ou t  
f rom the  seed and  p roduced  twigs  and  b r a n c h e s  ; t h e  con-  
t i n u a l l y  c h a n g i n g  effects of t he  deve lop ing  s t r u c t u r e  can  
no  longer  give us a n y  i n f o r m a t i o n  as to  t he  basic  [orces 
which  are a t  work.  

E x a m p l e s  of t h e  p a t h  of real  r esearch  are ( amongs t  
m a n y  others ,  ofcourse) two  deep ly  t h o u g h t  ou t  s tud ies :  
one b y  BERNAL and  SYNGE 3 on  t he  d e v e l o p m e n t  of t h e  
a n i m a l  species, worked  ou t  w i t h  t he  g rea t e s t  knowledge  
a n d  logic; and  t h e  o t h e r  b y  WOOLHOUSE 4 wh ich  descr ibes  
in a s imi la r ly  a d m i r a b l e  w ay  t he  d e v e l o p m e n t  of p l a n t  
organisms.  B o t h  these  a u t h o r s  are unconce r ned  b y  t he  
fac t  t h a t  t h e y  m u s t  work  w i t h  per iods  of t i m e  in t he  order  
of 1,000 mil l ion years,  a n d  w i t h  no  ce r t a in  d a t a  in  space 
or t ime.  The  d e v e l o p m e n t  and  progress  of an ima l s  n o t  
less t h a n  p l a n t s  sp reads  in to  endless v a r i a t i o n  of fo rm and  
func t ion .  

I n  th i s  mass  of react ions ,  t he re  is no t  a comprehens ib le  
order .  U n e x p e c t e d  new reac t ions  lead to  new produc t s ,  
t h e  m u t a t i o n s ' ,  w i t h o u t  us f ind ing  a n y  o the r  cause  t h a n  
' chance ' .  New forms  appea r :  m a n y  are  i n s t ab l e  and  are 
i m m e d i a t e l y  changed .  O the r s  r e t a i n  t he i r  new charac-  
ter is t ics ,  a n d  r e t a i n  t h e m  so long as t h e y  are n o t  aga in  
changed  in a new ' chance '  s i tua t ion .  A pa r t i cu l a r  s i t ua t ion  
m a y  lead to a v e r y  s t ab le  c o m b i n a t i o n  and  to  one which  
will r epea t  i tself  in  a long series of reproduc t ions .  

I n  th i s  way,  perhaps ,  t h a t  new c o m b i n a t i o n  arose 
wh ich  h a d  t he  cha rac t e r i s t i c  'Life ' .  

W e  k n o w  some of t he  cond i t ions  for the  a p p e a r a n c e  of 
life, wh ich  would  requi re  r e l a t ive ly  low t e m p e r a t u r e s  
(below 60-90~ w a t e r  and  t he  presence  of ce r t a in  in-  
organic  and  poss ib ly  organic  subs t ances  to  r eac t  w i t h  one 
ano the r .  

For  t h e  p h e n o m e n o n  'Life '  t he re  does n o t  seem to  be 
one specific phys ico -chemica l  charac te r i s t i c .  B u t  t he  
fac to r  'Life '  can  u n d e r  some c i r cums tances  survive ,  and  
t h e n  i t  forms ' new life'. 

W h e n  a n d  where  does Life occur  ? No one will d o u b t  
t h a t  g rea t  changes  in d ispers ion  of ene rgy  m a y  h a v e  
n o t h i n g  to  do w i t h  Life:  the  fall  of a rock  in t he  Alps 
r ep resen t s  a change  of energy,  b u t  no t  life. 

Life appea r s  f i rs t  w h e n  the  concep t  of ' non- l iv ing '  or 
' d e a t h '  appears .  The  concep t  of 'Life '  is b o u n d  to t h e  
n o t i o n  of s o m e t h i n g  ar iz ing  ill a n  e n v i r o n m e n t  wh ich  is 
non- l iv ing ,  wh ich  is dead.  

Condi t ions  for t he  p r o d u c t i o n  of life h a v e  been  sought .  
F o r  ins tance ,  oxygen  was be l ieved to be  one of t he  essen- 
t ia l  cond i t ions  of life, as obse rva t i ons  on v e r t e b r a t e s  w i t h  
t he i r  b lood c i rcu la t ion  a n d  t i ssue  r e sp i r a t ion  ind ica ted .  
Now we know, however ,  t h a t  in  t he  d e p t h s  of t he  sea, 
where  l iv ing  o rgan i sms  exist ,  t h e  oxygen  pressure  would  
n o t  be  suff ic ient  to  p rov ide  t he  ce l l s ' .wi th  oxygen  and  
s u p p o r t  oxyda t ion .  

Some years  ago, i t  was  found  t h a i  ill t h e  in te r s t e l l a r  
space t he re  are s imple  amino  acids, wh ich  could b y  a 
chemica l  syn thes i s  fo rm pro te ins .  

Such  t h e  conditions of life are known,  b u t  w h e n  a n d  
where  t h e y  f i rs t  arose is u n k n o w n .  Of all  t h e  d i f fe ren t  
sys tems  k n o w n  to us, t he re  is none  which  is identical .  
w i t h  life. Mus t  we consider  life to  be  a un ique  fo rm of ener-  
gy ? 

'Life '  is on ly  to  be  conce ived  where  t he re  is a n  env i ron-  
m e n t  of ' d ea th ' .  The  concep t  of ' d e a t h '  is t h e  nega t i ve  of 
t he  concep t  of 'Life ' .  Life r ep resen t s  a p a r t i c u l a r  and  
un ique  form of energy,  wh ich  is a concep t  in  t he  field of 
phi losophy.  

The  p r o b l e m  Death-Li/e r ema ins  a t o t a l l y  unso lved  
m y s t e r y  w i t h i n  our  as t ro-  a n d  geo-phys ica l  universe .  
Basic  research  m u s t  be recognized as t he  p a t h  t o w a r d s  
i ts  u l t i m a t e  u n d e r s t a n d i n g .  

1 Verhandlungen des 10. Int. Gerontologen-Kongresses, Jerusalem 
1975, vol. 1 and 2. 

2 C. O. HlrCEs, Geophysical Monograph No. 18 (Am. Geophysical 
Union, Washington D.C. 1974). 

3 j .  D. BERNAL and A. SYN~E, Origin of Li]e (Oxford University 
Press, Oxford 1972), Biology Readers Nc-. 30. 

4 H. W. WOOLHOUSE, Aging Processes (Oxford University Press, 
Oxford 1972), Biology Readers No. 13. 

PRO EXPERIMENTIS 

An 'Ultra' Rapid Golgi Method for Vertebrate Neuroanatomy 

M I L E N A  K E M A L I  1 

Laboratorio di Cibernetica del C.N.R.,  Via Toiano 2, 1-80072 Arco Felice, Napoli (Italy), 30 December 1975. 

Summary. A modi f i ca t ion  of t he  h a r d e n i n g  so lu t ion  of t he  r ap id  Golgi m e t h o d  pe rmi t s  c o n s t a n t  successful  impregna -  
t ions  of t he  b r a i n  of severa l  v e r t e b r a t e  r ep re sen t a t i ve s  in on ly  24 hours.  

The  Golgi m e t h o d  is a desc r ip t ive  a n a t o m i c a l  t ech-  
n ique  which,  w h e n  c o m p a r e d  to  o the r  h is to logical  m e t h -  
ods, p rov ides  t i le  image t h a t  m o s t  d i s t i nc t ive ly  c h a r a c -  
ter izes  t he  ne rvous  sy s t em :  t i le shape  a n d  the  spa t i a l  ar-  
r a n g e m e n t  of i sola ted ne rve  uni ts .  I t s  g rea t e s t  a d v a n t a g e  
is se lect iveness  as on ly  1 to  5% of t he  e l ement s  in a field 

a p p e a r  impregna t ed ,  of ten  w i t h  s t a r t l i n g  comple teness  
a n d  c l a r i ty  on  a nea r ly  colourless backg round .  

There  are t h r ee  maiI1 m e t h o d s  of GOLGI 2 h imse l f  a n d  
mul t ip le  modi f i ca t ions  of t he  p rocedure  used h a v e  been  
deve loped  for m a n y  years  3, b u t  t he  r ap id  m e t h o d  of 
Golgi is the  one m o s t  f r e q u e n t l y  used on  f resh  a n i m a l  


