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Sommario 
]~ c o m p a r a t o  lo sv i luppo  degli  occhi  e del t e t t o  o t t ico  

di un pesce cieco del le  cave rne  (Anophthyctys jordani) 
con quel lo di fo rme  aff ini  v i v e n t i  a l l ' ape r to  e con occhi  
n o r m a l m e n t e  sv i tuppa t i .  P u r  essendovi  una  no tevo le  ipo- 
plasia  del t e t t o  i neuron i  specifici  a neur i te  r icor ren te  
conse rvano  le loro pecul ia r i  ca ra t t e r i s t i che  s t ru t tu ra l i .  
Ci6 d imos t r a  che l ' a d a t t a m e n t o  ecologico non  ha  r ido t to  
i f a t to r i  in t r inseci  del  d i f f e r enz i amen to  di ques t i  neuroni .  

P R O  E X P E R I M E N T I S  

An Experimental Method of Tissue Surface 
Measurements of Beta Activity in v i vo  

Severa l  workers  h a v e  cons idered  the  p rob lem of in 
vivo ex t e rna l  m e a s u r e m e n t s  of r a d i o a c t i v i t y  in tissues. 
S tudies  h a v e  been  ca r r i ed  o u t  wi th  fl emi t t e r s  and  par-  
t i cu la r ly  wi th  r ad iophosphorus  by  Low-BEER 1, FRIEDELL 
et al. 2, GEFFEN et al. 3 on h u m a n  subjec ts  and by  SODARO 
and  SHEPPARD*, SCHONENBERG a n d  MENZEL ~ on rabbi t s .  
The  phys ica l  a spec t  of these  m e a s u r e m e n t s  has  been  
inves t iga t ed  b y  STRAJMAr¢ ~ wi th  theore t i ca l  and ex-  
p e r im en t a l  analysis .  
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Fig. 1 

As t h e  i n t e r p r e t a t i o n  of  t h e  resul ts  of ex te rna l  fl ac t iv -  
i ty  m e a s u r e m e n t s  was n o t  thorough ,  i t  seemed  useful  to  
s t u d y  the  b e h a v i o u r  of r ad iophosphorus  in a n o r m a l  
an ima l  by  means  of v a r y i n g  the  rou te  of admin i s t r a t i on  
only.  We  h a v e  there fore  deve loped  a s impIe a n d  con-  
v e n i e n t  e x p e r i m e n t a l  p rocedure ,  which  enables  us to  
ob ta in  re l iable  surface fl m e a s u r e m e n t s  in mice,  ove r  a 
lapse of some hours .  Such procedure  ensures s t r ic t ly  
c o n s t a n t  c o u n t i n g  ef f ic iency as well  as r a the r  comfor t ab l e  
condi t ions  for t he  an imal .  

The  mouse  is laid on its back  upon a smal l  t ab le  wi th  
the  four  l imbs held  by  means  of rubbe r  elastics.  The  tai l  
is passed t h rough  two  d i ame t r i c a l l y  oppos i te  smal l  holes 
a t  the  base of an  a l u m i n i u m  cy l inde r  f i rmly  f ixed on the  
t ab le :  t he  free e x t r e m i t y  of  t he  ta i l  is t hen  k e p t  in place 
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by  adhes ive  t a p e  (Fig. 1). Co t ton  wool,  p roper ly  placed,  
p r even t s  any  sp read ing  of r ad ioac t ive  excre ta .  T h e  alu-- 
m i n i u m  cy l inder  houses a fl G.M. t u b e  of t h e  belt jar  
t y p e  wi th  th in  mica  window.  The  th ickness  of the 
cy l inder  wal l  is suff ic ient  to  s top all fl par t ic les  excep t  
those e m i t t e d  f rom the  coun t ing  area.  
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We  have  e m p l o y e d  whi te  male  mice of a b o d y  weight  
r ang ing  f rom 23 to  27 g. The  room t e m p e r a t u r e  was 
c o n s t a n t  (about  20°C). A so lu t ion  of P~* in the  fo rm of 
N a ~ H P O ,  wi th  N 85 y of s table  phosphorus  per  ml  of 
isotonic  NaC1 solu t ion  a t  p H  = 7.2 was in jec ted  in t ra -  
pe r i tonea l ly  (0.5 ml  of solut ion) ,  i n t r a v e n o u s l y  (0.1 ml  
in to  t h e  v e n a  jngnlar is)  and  subcu taneous ly  (0-5 ml) 
respec t ive ly .  W e  h a v e  m a d e  a series of brief  in tegra l  
p re se t - t ime  coun t ings  for each  an ima l  s t a r t i ng  before the  
in jec t ion  and  e x t e n d e d  ove r  4 to  6 h. 

U n d e r  these  condi t ions  of e x p e r i m e n t ,  t he  coun t ing  
ra te  depends  on the  fol lowing var iab les :  (1) geomet r i ca l  
condi t ions  of t he  coun t ing  (e.g. size of tai l ,  po r t ion  of 
the  ta i l  in coun t ing  area,  etc.) ; (2) rou te  of admin i s t r a -  
t i on ;  (3) q u a n t i t y  of  in jec ted  pa2; (4) ind iv idua l  bio- 
logical  var iab i l i ty .  

The  coun t s -pe r -minu t e  (corrected for dead  t ime,  back-  
g round  and r ad ioac t ive  decay) make  " b u i l d  u p "  curves  
when  d rawn  in car tes ian  co-ordinates .  A compar i son  
be tween  the  " i n t r a v e n o u s " ,  " i n t r a p e r i t o n e a I "  and  "sub-  
c u t a n e o u s "  curves  indica tes  t h a t  the i r  t rend,  d i f ferent  
in the  ini t ia l  por t ions ,  t ends  g radua l ly  to  become  similar  
a t  t he  beg inn ing  of the  th i rd  hour ;  t he rea f t e r  the  curves  
show a v e r y  slow and  con t inuous  slope of  a few uni ts  
per  cent  per  hour.  F u r t h e r m o r e  the  coun t ing  ra te  a t  the 
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f i f th  h o u r  a f t e r  t h e  i n j e c t i o n  is i n d e p e n d e n t  of t h e  ad-  
m i n i s t r a t i o n  rou te .  W e  reg i s t e red  450 c o u n t s - p e r - m i n u t e  
pe r  /tc of i n j e c t e d  ps~ w i t h  a s t a n d a r d  d e v i a t i o n  of 

33 %. T h e  " b u i l d  u p "  c u r v e s  c a n  t h e r e f o r e  be  n o r m a l -  
ized b y  equa l i z ing  to  1000 t h e  m e a n  v a l u e  of  t h e  c o u n t i n g -  
r a t e  a t  t h e  f i f th  hour .  F i g u r e  2 shows  e x a m p l e s  of t he  
n o r m a l i z e d  curves .  

T h e  o b s e r v a t i o n  of t he se  c u r v e s  p e r m i t s  us to  a f f i rm 
t h a t  t h e  g e o m e t r i c a l  a n d  b io log ica l  v a r i a b i l i t i e s  do  n o t  
p r e v e n t  t h e  s t u d y  of o t h e r  v a r i a b l e s  i n t r o d u c e d  a t  wi l t :  
one  m a y  s t u d y  p a r t i c u l a r l y  t h e  a d m i n i s t r a t i o n  r o u t e  (as 
we h a v e  done) ,  t h e  r o o m  t e m p e r a t u r e ,  t h e  effects  of t he  
p h a r m a c o l o g i c a l  s u b s t a n c e s  a d m i n i s t r a t e d ,  

T h e  d i scuss ion  of t h e  s ign i f i cance  of ou r  m e a s u r e m e n t s  
is o u t  of t h e  scope  of t h e  p r e s e n t  no te .  H o w e v e r ,  f r om 
t h e  ana ly s i s  (to be  p u b l i s h e d )  of t he se  curves ,  a n d  con-  
s i de r ing  t h e  r e su l t s  of ou r  o t h e r  researches ,  we can  s ay  

t h a t  w h a t  is m e a s u r e d  is t he  a c t i v i t y  of t h e  e x t r a c e l l u l a r  
a n d  ce l lu la r  spaces ,  whi le  t h e  b lood  a c t i v i t y  is n o t  
s i g n i f i c a n t l y  m e a s u r e d .  
T. BAGLIONI, C. GARAVAGLIA, A. PERUSSIA, e C. POLVANI 

Laboratori C I  S E  ; Istituto di Radiologia dell' Universitdt ; 
Divisione B iologica Sperimentale ,dell' I slituto Nazionale 
dei Tumori ,  Milano,  J a n u a r y  26, 1954. 

Riassunlo 

Gli a u t o r i  d e s c r i v o n o  u n a  t e c n i c a  che  c o n s e n t e  di a t -  
t u a r e  d e t e r m i n a z i o n i  e s t e rne  di r ad ioa t t i v i t~ t  fl su t e s su t i  
super f i c ia l i  nel  topo ,  m a n t e n e n d o  c o s t a n t e  il r e n d i m e n t o  
di  m i s u r a  p e r  u n a  d u r a t a  di a l c u n e  ore.  V e n g o n o  p re sen -  
t a f t  e b r e v e m e n t e  c o m m e n t a t i  a l c u n i  e s e m p i  di  c u r v e  
o t t e n u t e  con  q u e s t a  t e c n i c a  in s egu i to  ad  in iez ion i  di p3~. 
pe r  v ia  e n d o v e n o s a ,  e n d o p e r i t o n e a l e  e s o t t o c u t a n e a .  

I n  f o r m a t i o n s  - 

T H E O 1 R I A  

An Electronic Theory of Transition Metal 
Enzymes and Catalysts 

I t  is w e l l - k n o w n  t h a t  t he  t r a n s i t i o n  m e t a l  is a good  
c a t a l y s t  for  o x i d a t i o n  a n d  r e d u c t i o n .  W e  h a v e  as  i n d u s -  
t r i a l  c a t a l y s t s :  p l a t i n u m  b lack ,  R a n e y ' s  n ickel ,  c o b a l t  
for h y d r o c a r b o n  s y n t h e s i s ,  a n d  i ron  for  a m m o n i a  
s y n t h e s i s  ; a n d  as b i o c a t a l y s t s :  h e m e - p r o t e i n  ( c y t o c h r o m e ,  
c y t o c h r o m e - o x i d a s e ,  pe rox idase ,  ca t a l a se ,  h e m o g l o b i n ) ,  
a n d  c o p p e r - p r o t e i n  (phenol -  a n d  a sco rb i c - ac id -ox idase ,  
h e m o c y a n i n ) .  

In  t h e  h e i n e - p r o t e i n ,  a n  i ron  p o r p h y r i n  a n d  two  
h i s t i d i n e s  of p r o t e i n  s o m e t i m e s  fo rm t h e  d2sp 3 o c t a h e d r a l  
s ix c o v a l e n t  i ron  c o m p l e x  s a l t L  As t h e  3 d - o r b i t a l s  of 
i ron  a t o m  in  t h e  c o m p l e x  a re  s a t u r a t e d  b y  t h e  e l e c t r o n s  
of l igands ,  t h e  3 d - e l e c t r o n s  c a n  be  a s s u m e d  to  fo rm a 
c losed  shel l  s imi l a r  to  t he  3 d - e l e c t r o n s  of m e t a l  copper .  
I t  h a s  b e e n  f o u n d  t h a t  a b o n d  r a d i u s  of i ron  in t h e  
c o m p l e x  is a b o u t  1.23 A 2, a n d  an  a t o m i c  r a d i u s  of m e t a l  
c o p p e r  is a b o u t  1.27 A a. T h e  ~ - e l ee t r ons  of  c o n j u g a t e d  
d o u b l e  b o n d  in t he  i ron  p o r p h y r i n  will  be  ab le  to  m o v e  
f ree ly  a m o n g  a t o m s  j u s t  as do  t h e  4 s - e l e c t r o n s  of m e t a l  
copper .  B y  t a k i n g  i t  for  g r a n t e d  t h a t  e ach  of s ix n i t r o g e n  
a t o m s  of p o r p h y r i n  a n d  t w o  h i s t i d i n e s  h a s  t h e  s a m e  
r e l a t i o n  t o  t h e  c e n t r a l  i ron  a t o m s  a n d  f o r m s  a s y m -  
m e t r i c a l  s t r u c t u r e  to  t h e  l a t t e r ,  a n  a n a l o g y  to  t h e  
m e t a l l i c  m o d e l  t h a t  is, a p o l y h e d r o n  of m e t a l  c o p p e r  
c a l c u l a t e d  q u a n t u m - m e c h a n i c a l l y  b y  WmNER-SEITZ'S 
m e t h o d  m a y  ex i s t  as  a n  i so l a t ed  f o r m  in  t h e  p r o s t h e t i c  
g r o u p  of h e i n e - p r o t e i n .  T h e  c o p p e r - p r o t e i n  ac t s  in t h e  
s a m e  w a y  as  does  t h e  h e i n e - p r o t e i n .  S ince  t h e  3d -o rb i -  
t a l s  of c o p p e r  a t o m  are  a l m o s t  filled, t h e  c o p p e r - p r o t e i n  
will h a v e  no  need  to  m a k e  a c o m p l e x  sa l t  w i t h  t h e  a id  of 
p o r p h y r i n .  T h e  s t a t e  c o n t a i n i n g  9 e l e c t r o n s  in  d - o r b i t a l s  
will  be  ca l led  h e r e a f t e r  " p l a t i n u m - l i k e  s t a t e " ,  s ince  P t  
is t h e  m o s t  power fu l  c a t a l y s t  for  o x i d a t i o n - r e d u c t i o n .  
One  e l ec t ron  c o m i n g  in a n d  o u t  of t he  p l a t i n u m - l i k e  s t a t e  
m a y  p l a y  a dec is ive  role in  t h e  o x i d a t i o n - r e d u c t i o n  
p rocess  for  t h e  m e t a l  e n z y m e s ,  as  s h o w n  in t h e  F i g u r e  4. 
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l n f o r m a t i o n e n  - I n f o r m a z i o n i  - N o t e s  

T r a n s i t i o n  m e t a l  a t o m s  are  o r d i n a r i l y  a r r a n g e d  
a c c o r d i n g  to  t h e  w e l l - k n o w n  o r d e r  of t h e  per iod ic  t a b l e  
b y  t h e i r  p h y s i c a l  a n d  c h e m i c a l  p rope r t i e s .  H o w e v e r ,  i t  
h a s  b e e n  f o u n d  to  be  c o n v e n i e n t  for a s u r v e y  of c a t a l y t i c  
a c t i v i t i e s  to  r e a r r a n g e  t h e m  a c c o r d i n g  to  t h e  n u m b e r  
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A Model of Metal Enzymes. 

of t h e i r  d - e l ec t rons  ~. One  of i t s  r e p r e s e n t a t i o n s  is s h o w n  
in T a b l e  whe re  t h e  n u m b e r  of d - e l e c t r o n s  a re  t a k e n  f rom 
t h e  SLA'rV;R'S t r e a t i s e  2. H y d r o g e n a t i o n  b y  h y d r o g e n  
molecu le  has  t a k e n  p lace  t h r o u g h  t h e  p re sence  of 2 na 
class  m e t a l s  wh ich  i nc lude  t h e  3rd class  me ta l s .  B o t h  P t  
a n d  P d  are  t h e  be s t  c a t a l y s t s  for  h y d r o g e n a t i o n .  Cu a n d  
Ni u sua l l y  r equ i r e  some  t r e a t m e n t s  in  o r d e r  to  m a k e  
t h e s e  m e t a l s  as m u c h  e f fec t ive  as c a t a l y s t s  as P t ,  e.g. 
m i x i n g  CuO w i t h  Cr20 z as in  t he  case of ADKINS' 
c a t a l y s t ,  or  d i s so lv ing  o u t  A1 b y  a lka l i  f r o m  AI-Ni a l loy  
to  l eave  p o r o u s  Ni as in  t h e  RANEY'S c a t a l y s t .  I n  t h e  
d - e l e c t r o n  de f i c i en t  s t a t e ,  t he  m e t a l s  will a c c e p t  elec- 
t r o n s  f rom s u b s t r a t e s  a n d  fo rm a t  t h e i r  su r face  some  
i n t e r m e d i a t e  c o m p l e x  c o m p o u n d s  w i t h  s u b s t r a t e s  w h i c h  
will  l a t e r  be  d e c o m p o s e d  a n d  r educed ,  l ike  Co in  t h e  
FISCHER'S s y n t h e s i s  a n d  Fe  in t h e  HABER'S s y n t h e s i s .  
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