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' 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 .  
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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  
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t issue.  I t  consis ts  essen t ia l ly  of immers ing  f resh pieces 
of n e r v o u s  t issue,  a few mi l l imete r s  th ick ,  f i rs t  in a solu- 
t i on  c o n t a i n i n g  p o t a s s i u m  d i c h r o m a t e  a n d  osmic acid 
a n d  s u b s e q u e n t l y  in  a so lu t ion  of s i lver  n i t r a t e .  T h e n  
follows a w a i t  of some days,  some t imes  weeks. A b l a c k  
depos i t  of a r educed  s i lver  sa l t  will  be  fo rmed  in t h e  
processes  a n d  cell bodies  of m a n y  neurons .  

The  success of t he  Golgi m e t h o d  depends  on  a n u m b e r  
of i nvoked  va r i ab le s :  t i m e  of p e r m a n e n c e  of t h e  pieces 
in  t he  h a r d e n i n g  a n d  r educ ing  so lu t ions ;  t h i cknes s  of 
t he  pieces;  t e m p e r a t u r e  a t  wh ich  t he  process  t akes  p lace;  

t h e  age of t h e  i nd iv idua l ;  t h e  region of t h e  b ra in .  T he  
f ixa t ion  b y  h e a r t  per fus ion  is ofteI1 cons idered  a necessa ry  
s tep  in t h e  success of t h e  i m p r e g n a t i o n  4. 

T h e  modi f i ca t ion  of t h e  r ap id  Golgi p rocedure  wh ich  
we h a v e  set  up  has  p e r m i t t e d  us 1. to  h a v e  a lways  suc- 
cessfull  i m p r e g n a t i o n s ;  2. to  i mp reg n a t e ,  in  t h e  usua l  
select ive m a n n e r ,  all  t h e  zones of t h e  cen t r a l  n e rv o us  
s y s t e m  ; 3. to  s h o r t e n  t h e  per iod  of t h e  comple t e  p rocedure  
to  on ly  24 h. 

T h e  procedure ,  descr ibed  in de ta i l  e lsewhere 5, is based  
m a i n l y  on t h e  use of a 2~o o s m i u m  t e t r o x i d e  so lu t ion  
buf fe red  w i t h  sod ium b a r b i t a l  a t  p H  7.2 p l a n n e d  or ig inal ly  
for e lec t ron  mic roscopy  f ixa t ion  for t h e  frog an d  con-  
s equen t ly  ad ju s t ed  to m a t c h  t h e  o s m o l a r i t y  of a m p h i b i a  6. 
To 1.5 p a r t s  of th i s  buf fe red  solut ion,  8.5 p a r t s  of 3~o 
p o t a s s i u m  d i c h r o m a t e  was added.  No per fus ion  was used  
an d  t h e  b ra ins  in  t o to  of severa l  a m p h i b i a  r ep r e s en t a t i v e s  
(Rana esculenla, Xenopus laevis, Triturus cristc~tus) were 
immersed  in t h e  h a r d e n i n g  an d  successively  in t h e  reduc-  
ing solut ions  for a per iod  of 12 h in each. 

Surpr is ingly ,  t h e  same  so lu t ions  gave  also s u b s t a n t i a l  
resul t s  (Figures 1 an d  2) w h e n  pieces of b ra ins  of r a b b i t s  
an d  mice more  t h a n  1 cm t h i c k  a n d  b r a i n  in  t o to  of b a t s  
were i m m e r s e d  in i t  for  t h e  same per iod  of t i m e  as for 
a m p h i b i a .  

T h e  c o n s t a n t  success of t h e  impregna t i on ,  t h e  f i tness  
of t h e  m e t h o d  to  va r ious  v e r t e b r a t e  r ep resen ta t ives ,  t he  
fac t  t h a t  ca rd iac  perfusioi1 is n o t  necessary,  t h e  ' u l t r a '  
r a p i d i t y  of t h e  p rocedure  an d  t h e  economica l  aspect ,  t h a t  
is t h e  poss ib i l i ty  of keep ing  a s tock  of buf fe red  o s m i u m  
t e t r o x i d e  so lu t ion  a t  4~ for long per iods  of t ime,  are 
a d v a n t a g e s  which  c a n n o t  be  d is regarded .  

T h e  reasons  w h y  t h e  a d d i n g  of a buf fe r  t r a n s f o r m s  t he  
r ap id  Golgi so lu t ion  in a su i t ab le  vehic le  of i m p r e g n a t i o n  
for  a n y  b r a i n  an d  for  a n y  cerebra l  zone is u n k n o w n .  T he  
c h e m i s t r y  of t h e  r ap id  Golgi m e t h o d  is b e y o n d  t h e  scope 
of t h i s  paper .  T h e  a im of t h e  p r e s en t  p u b l i c a t i o n  is to  
unde r l i ne  t h e  fac t  t h a t  for t h e  f i rs t  t i m e  i t  is possible  to  
give t h e  rules for o b t a i n i n g  successful  Golgi  impregna -  
t ions ,  "rules as to  b o t h  t h e  compos i t i on  of t h e  h a r d e n i n g  
so lu t ion  an d  t h e  d u r a t i o n  t i m e  of t h e  i m m e r s i o n  of t h e  
b ra ins  in it. 

Fig. 1. Cerebral cortex of the rabbit. • 260. Geometric arrangement 
of pyramidal cells in 'columns' oriented vertically to the cortical 
surface. The apical dendrites directed vertically and the basilar 
dendrites directed horizontally show numerous spines. The axons 
of 2 neurons emerging from the base of the cell body are visible. In 
the background, the intricacy of an axonal net is apparent. 

Fig. 2. Cerebral cortex of the rabbit. • 1,200. Detail from a 'bundle' of 
dendrites showing the numerous spines which greatly increase the 
receptive surface area of the neuron. 
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