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Separat ion  of the P h o s p h o r u s  C o m p o u n d s  
Present  in the  A c i d - S o l u b l e  Fract ion  of Bov ine  

Ret ina  

Once t h e  func t i on  of p h o s p h o r u s  in  m u s c u l a r  work  h a d  
b e e n  es tab l i shed ,  t h e  ques t ion  arose w h e t h e r  t he  phos-  
p h o r u s  c o m p o u n d s  h a v e  some func t i on  in v i s ion  as well, 
s ince,  for i t s  p roduc t i on ,  t h e  ene rgy  f r o m  p h o s p h o r u s  
c o m p o u n d s ,  wh ich  deve lops  r ap id ly ,  s eemed  v e r y  sui table .  

Never the les s ,  a l t h o u g h  a g rea t  n u m b e r  of works  h a v e  
b e e n  d e d i c a t e d  to  t he  so lu t ion  of t he  p r o b l e m  a n d  h a v e  
succeeded  in  c o n f i r m i n g  t he  p resence  in t he  r e t i n a  of a 
cons ide rab le  q u a n t i t y  of organic  a n d  inorgan ic  p h o s p h o -  
rus,  so fa r  no  i n t ens ive  effor ts  h a v e  been  m a d e  to  i so la te  
t h e  va r ious  p h o s p h o r u s  c o m p o u n d s  p r e s e n t  in  t he  acid-  
so luble  f r ac t ions  of t he  re t ina ,  if e x c e p t i o n  be  m a d e  of 
t h e  d a t a  of t{OARE a n d  KERLY 1 a n d  of VI~NKSTERN 2. I n  
m y  p rev ious  researches  a. I h a v e  been  ab le  to  d e m o n s t r a t e  
t h a t ,  in  t he  r e t ina ,  t h e  p h o s p h o r u s  c o m p o u n d s  w i t h  a 
h i g h  c o n t e n t  of ene rgy  prevai l .  

The  d a t a  o b t a i n e d  b y  m e a n s  of t he  effect  d ia lysis  a n d  
of a c t i v a t o r s  a n d  inh ib i t o r s  (KERLY and  BOURNE 4, SLILL- 
MANN a n d  V o s s  5) h a v e  p e r m i t t e d  the  conclus ion  t h a t ,  for 
t he  r e t i n a  also, t he  f o r m a t i o n  of lac t ic  ac id  follows t he  
same  rou t e  of p h o s p h o r i c  glycolysis  as in  e x t r a c t s  of 
musc le ;  neve r the l e s s  t h e  i n t e r m e d i a t e  p h o s p h o r i c  es ters  
h a v e  n o t  b e e n  isola ted.  

The re  are few d a t a  on these  i m p o r t a n t  c o m p o u n d s :  [ 
h a v e  the re fo re  t h o u g h t  i t  of p a r t i c u l a r  i n t e r e s t  to  ca r ry  
ou t  a s y s t e m a t i c  r e sea rch  w i t h  t h e  special  a i m  of e labor-  
a t i n g  a n  a n a l y t i c a l  m e t h o d  t h a t  would  avo id  those  incon-  
ven iences  t h a t  i n e v i t a b l e  occur  w h e n e v e r  a n  a t t e m p t  is 
m a d e  to a p p l y  t he  classical  t e c h n i q u e  of LE PAGE 6 to  t he  
re t ina .  

Experimental part.-- Bovine r e t i nas  r e m o v e d  f rom t he  
eyebal l s  i m m e d i a t e l y  a f t e r  s l a u g h t e r  of t h e  a n i m a l  a n d  
f rozen in d r y  ice are s u b m i t t e d  to  cold e x t r a c t i o n  w i t h  
6 vo lumes  of 3% perch lo r i c  acid. T he  acid f i l t r a t e  is 
t r e a t e d  w i t h  a m i x t u r e  of equa l  p a r t s  of Nor i te-ce l i te ,  
200 m g  pe r  5 ml  of t he  ex t rac t ,  to  get  r id of t he  
nuc leo t ides .  These  are t h e n  e lua t ed  f rom t he  Nor i t e -  
cel i te  w i t h  10~o a q u e o u s  pyr id ine .  The  py r id ine  e x t r a c t  
is t h e n  lyophi l ized  a n d  p re se rved  for t h e  c h r o m a t o g r a p h i c  
ana lys i s .  T h e  f i l t ra te ,  a f t e r  t r e a t m e n t  w i th  Nor i te-ce l i te ,  
is t r e a t e d  w i t h  a m m o n i u m  m o l y b d a t e  to  r emove  t he  free 
as well as the  c rea t in ic  phosphorus .  The  excess of m o l y b -  
d a t e  is p r e c i p i t a t e d  b y  H2S. Af te r  r e m 6 v a l  of t h e  excess 
of H~S b y  b u b b l i n g  a i r  t h rough ,  t h e  p h o s p h o r i c  es ters  re- 
m a i n i n g  are  p r e c i p i t a t e d  as sa l ts  of b a r i u m  in excess of 
alcohol ,  t h e n  r e s u s p e n d e d  in H~O, a n d  t r e a t e d  w i t h  
A m b e r l i t e  ( I R - 1 2 0  H).  T he  l iquid is lyophi l ized  a n d  pre-  
s e rved  for  c h r o m a t o g r a p h i c  analys is .  Th i s  is p e r f o r m e d  
b o t h  for t he  p h o s p h o r i c  es te r s  a n d  for  t h e  nucleot ides ,  
us ing  the  un id i r ec t i ona l  a s c e n d i n g  t e c h n i q u e  a t  22 ° C. T he  
s t r ips  were W h a t m a n  p a p e r  No.  1 (35 × 18) a n d  t he  sol- 
v e n t  used  was m a d e  u p  of 15 ml  of 30% t r i ch loroace t ic  
acid,  25 of 80% formic  acid,  40 of n o r m a l  b u t a n o l ,  20 of 
n o r m a l  p ropano l ,  25 ace tone .  
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Inorganic phosphorus Pi • .. • . 
Creatinic phosphorus Pc . . . .  
Fract ion i phosphorus . . . . .  
Fract ion 2 phosphorus . . . . .  
Total  ext rac t  phosphorus . . . .  
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To d e m o n s t r a t e  t he  p h o s p h o r u s  c o m p o u n d s  on  the  
c h r o m a t o g r a m s ,  t he  t e c h n i q u e  of BANDURm¢I a n d  AX~L- 
ROD 7 waS used.  I n  t he  Table ,  t he  re la t ives  va lues  in  the  
d i s t r i b u t i o n  of the  p h o s p h o r u s  in t he  va r i ous  f r ac t ions  are 
r epor t ed .  T h e  va lues  are  expressed  in  m g  of P /100  g of 
f resh  r e t i n a  a n d  r e p r e s e n t  t he  m e a n  va lues  of severa l  
d e t e r m i n a t i o n s .  

I n  t h e  f i rs t  c o I u m n  the  va lues  of t he  p h o s p h o r u s  de te r -  
m i n e d  e x p e r i m e n t a l l y  are  given,  whi le  t he  second c o l u m n  
con t a in s  t he  va lues  d e t e r m i n e d  indi rec t ly ,  t h a t  is ca lcu l -  
a ted .  The  Pc was in f ac t  d e t e r m i n e d  b o t h  d i r ec t ly  a f t e r  
p r e c i p i t a t i o n  of t he  P~ a n d  ind i r ec t l y  as t he  di f ference 
be tween  free inorgan ic  P a n d  ' t r u e '  i no rgan ic  P, t h a t  is  Pt. 
T h u s  the fractions 1-2  were  d e t e r m i n e d  both d i r ec t ly  
a f t e r  i nc ine ra t i on  a n d  b y  t he  di f ference b e t w e e n  t h e  t o t a l  
P a n d P l +  Pc- 

The  t o t a l  P ca lcu la ted  on  the  bas is  of single va lues  ob- 
t a i n e d  e x p e r i m e n t a l l y  (see c o l u m n  I) differs  s o m e w h a t  
(2 .5%) f rom t h a t  d e t e r m i n e d  in  t he  ex t r ac t ,  w h i c h  is 
p r o b a b l y  due  to  t h e  f ac t  t h a t ,  in  t he  f rac t ions  1-2, free 
p h o s p h o r u s  was  st i l l  p r e s e n t  to  some smal l  degree.  

F u r t h e r  d a t a  a n d  cons ide ra t ions  will be  g iven  w h e n  the  
work  is p r e s e n t e d  in extenso. 
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"Riassunto 

L ' a u t o r e  h a  s t u d i a t o  i compos t i  fosforici de l l a  r e t i n a  
in t e re s sa t i  ne l la  glicolisi, m e d i a n t e  u n a  t ecn ica  c o m b i n a t a  
ch imica  e c romatogra f i ca .  Ta le  t ecn ica  o v v i a  agli  incon-  
v e n i e n t i  lbgat i  alle classiche t ecn iche  di LE PAGE ed 
HANES e HISHERWOOD. I r i su l t a t i  o t t e n u t i  c o n f e r m a n o  
Fes i s t euza  ne l l a  r e t i n a  di  u n  a t t i v o  m e t a b o l i s m o  glicidico 
che segue la v ia  n o r m a l e  senza  p e r t a n t o  escludere  u n a  pos- 
sibile v ia  col la terale .  
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Studio  c o m p a r a t i v o  degl i  a m i n o a c i d i  present i  
negl i  es tratt i  e neg l i  idro l izzat i  di ret ina  e di 

epite l io  cornea le  di bue  

L ' in t e re s se  s empre  c rescente  pe r  lo s tud io  del la  d is t r i -  
buz ione  degli  aminoac id i  l iberi ,  qua le  spin del r i c amb io  
pro te ico  in u n  d a t o  t essu to ,  mi  h a  i n d o t t o  a d  a f f r o n t a r e  
q u e s t o  genere  d{ s tud io  ne l  caso de l la  r e t i n a  e del l ' ep i te l io  
cornea 'e .  Ho  p e r t a n t o  s t ab i l i t o  il q u a d r o  n o r m a l e  degli 
a m i n o a c i d i  l iberi  in  ques t i  due tessut i ,  n o n c h 6  il n u m e r o  
ed il t ipo  di aminoac id i  p r e sen t i  negl i  id ro l izza t i  di ques t i  
tessut i ,  essendo la l e t t e r a t u r a  al r i gua rdo  scarsa  e f r am-  
m e n t a r i ~  1. 
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