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Retinol and Retinyl Esters in Pigment Epithelium of Rats with Inherited Retinal Degeneration 

C. NICOTRA, M. A. LIVREA a n d  F. CACIOPPA 

Istituto di Chimica Biologica dell' Universit& Policlinico, 1-90127 Palermo (Italy), 22 September 1975. 

Summary. A c o m p a r a t i v e  s t u d y  of t he  r e t i no l  and  r e t i ny l  es ter  c o n c e n t r a t i o n s  was pe r fo rme  d in t he  r e t i na l  p i g m e n t  
e p i t h e l i u m  of t he  n o r m a l  a n d  affected rats .  Our  f ind ings  ind ica te  t h a t  in  d y s t r o p h i c  r a t  r e t ino l  c o n t e n t  increases,  
whereas  t h e  a m o u n t  of r e t i n y l  es ters  is a lways  lower t h a n  normal .  A n  hypo thes i s  can  be  m a d e  on  t he  def ic iency of 
enzymic  ac t iv i t i es  wh ich  regu la te  r e t ino l  r e t ino l  a n d  r e t i ny l  es ters  levels in  t he  p i g m e n t  ep i the l ium.  

I n h e r i t e d  r e t i na l  d y s t r o p h y  in t he  r a t  is t r a n s m i t t e d  b y  
a n  a u t o s o m a l  recessive gene. T he  disease can  be  seen 
a b o u t  12-15 days  a f t e r  b i r th ,  as a resu l t  of degene r a t i on  
of t h e  p h o t o r e c e p t o r  cells 1-8. The  p r i m a r y  s ign i f ican t  
b iochemica l  lesion of t h e  r e t i na l  degene r a t i on  in t he  r a t  
has  been  s h o w n  b y  READING 4, who found  in af fected r a t s  
a t  21 days  of age t h a t ,  a f t e r  l i gh t  a d a p t a t i o n ,  t he  a m o u n t  
of r e t ino l  in  t he  p i g m e n t  layers  of t h e  d y s t r o p h i c  eye is a t  
leas t  twice  t h a t  in t he  n o r m a l  r a t  of co r r e spond ing  age. 
There fore  i t  has  been  p o s t u l a t e d  t h a t  t h e  increased  
a m o u n t  of r e t ino l  in t h e  d y s t r o p h i c  p i g m e n t  e p i t h e l i u m  
could labil ize t he  lysomes  in t h i s  t issue, t he  lysosomal  
enzymes  be ing  re leased in to  t he  p i g m e n t  ep i the l i um and  
ad jo ing  v i sua l  cell layers ,  w i t h  ensu ing  cel lular  b reak -  
down~-L  Some h y p o t h e s i s  can  be  m a d e  to  exp la in  t he  
c o m p a r a t i v e l y  h igh  c o n c e n t r a t i o n  of re t ino l  in  t he  dys t ro -  
ph ic  p i g m e n t  ep i the l ium.  W e  cons idered  t h a t  t h e  increase  
in r e t ino l  in  t h e  d y s t r o p h i c  p i g m e n t  e p i t h e l i u m  could 
resu l t  f rom the  v a r i a t i o n  of e n z y m a t i c  ac t iv i t i e s  closely 
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r e l a t ed  to m e t a b o l i s m  of r e t ino l  in t he  r e t i n a  a n d  p i g m e n t  
cell layers.  Alcohol  d e h y d r o g e n a s e  s-10 a n d  re t ino l  
es terase  1] could p l ay  a role in  con t ro l l ing  t h e  levels of 
r e t ino l  in  b o t h  these  t issues.  However ,  no  differences  in  
alcohol  d e h y d r o g e n a s e  a c t i v i t y  are r epo r t ed  b y  READING 12 
in t he  n o r m a l  and  d y s t r o p h i c  r a t  un t i l  t h e  3rd week  of 
life, a n d  t he  fol lowing decline in a lcohol  d e h y d r o g e n a s e  
a c t i v i t y  in  t h e  r e t i n a  can  the re fo re  be  r ega rded  as con-  
sequen t i a l  to  cel lular  degene ra t i on  a n d  n o t  p a r t  of t he  
p r i m a r y  b iochemica l  lesion. W e  decided to  measure ,  in  t he  
p i g m e n t  ep i the l i um of d y s t r o p h i c  ra ts ,  levels of r e t i no l  
and  r e t i ny l  es ters  a t  va r ious  ages. The  d i s t r i b u t i o n  of 
re t ino l  a n d  r e t i ny l  es ters  was  the re fo re  c o m p a r e d  in 
n o r m a l  a n d  affected eyes in cond i t ions  u n d e r  of r o o m  l igh t  
a d a p t a t i o n .  

Materials and methods. The  af fec ted  r a t s  were descen-  
den t s  of t he  s t r a i n  p inked -eyed  p ieba ld  agou t i  ra ts ,  and  
for compar i son  n o r m a l  b l ack  hooded  (PVG) r a t s  were 
used. N o r m a l  a n d  af fec ted  rats ,  aged 5, 10, 15, 20 a n d  
30 days,  were ki l led b y  decap i t a t i on .  The  eyes were 
r emoved ,  sec t ioned  a n d  t he  r e t i nas  s e p a r a t e d  f rom t h e  
t i ssues  of t he  b a c k  of t he  eye. 30 cups  f rom each  age were 
homogen ized  in 5 ml  of 0.15 M NaC1 and  h o m o g e n a t e  
e x t r a c t e d  w i t h  20 ml  of a m i x t u r e  c o n t a i n i n g  n -propano l ,  
p e t r o l e u m  e the r  a n d  w a t e r  (5 : 3 : 8). The  ex t rac t ,  evapo ra -  
t ed  u n d e r  N~, t a k e n  up  in  a smal l  vo lume  of p e t r o l e u m  
e the r  and  appl ied  to  c o l u m n  of a l u m i n a  w e a k e n e d  b y  
add i t i on  of w a t e r  5% (w/w), was  e lu ted  b y  t h e  GANGLY 
procedure13. Re t ino l  a n d  r e t i ny l  esters,  s e p a r a t e d  
c h r o m a t o g r a p h i c a l l y ,  were assayed  b y  t h e  Carr -Pr ice  
r eac t ion  1~. 

Results and discussion. Ret ino l  in  t he  n o r m a l  p i g m e n t  
e p i t h e l i u m  increases  pos tna t a l l y ,  r each ing  a m a x i m u m  
va lue  a f t e r  15 days  (Figure A). I n  t he  deve lop ing  pig- 
m e n t  cell layers  of a f fec ted  rats ,  t h e  c o n t e n t  of re t ino l  
was  n o r m a l  for 5 days  a n d  t h e n  i t  increased  a b n o r m a l l y ,  
r each ing  a p e a k  va lue  a t  days  14 to  15. Subsequen t ly ,  a t  
20 days,  r e t ino l  decreased.  The  r e t i ny l  es ters  c o n t e n t  of 
t h e  n o r m a l  r e t i na l  p i g m e n t  ep i the l i um increased  r ap id ly  
a f t e r  b i r th ,  r each ing  nea r  a d u l t  va lues  b y  15 days  of 
p o s t n a t a l  age. B y  compar i son ,  t he  r e t i ny l  es ters  c o n t e n t  
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of t he  d y s t r o p h i c  p i g m e n t  ep i the l i um was be low t h a t  of 
t he  n o r m a l  p i g m e n t  ep i the l i um a t  age 5 days,  a f te r  wh ich  
t i m e  i t  was  s tead i ly  lower t h a n  n o r m a l  (Figure t3). 

To conclude,  our  f ind ings  show t h a t  in  a f fec ted  ra t s  
aged 10 to  15 days  (which coincides w i t h  t he  p o s t a n a t a l  
per iod  w h e n  cell d e a t h  occurs  m o s t  rapidly)  re t ino l  con- 
t e n t  increased,  whereas  t h e  a m o u n t  of r e t i ny l  es ters  was  
app rec i a lby  reduced.  T he  decrease  of r e t i ny l  es ters  
c o n t e n t  in  e p i t h e l i u m  cell layers  could  be  t he  conse- 
quence  of a defect ive  or a b s e n t  re t ino l  es ter i fy ing  ac t iv i ty .  
I t  is p r o b a b l e  t h a t ,  in t he  diseased eye, n o t  on ly  t h e  

p ro t e in  p a t t e r n  of t h e  r e t i n a  is defect ive  ~5 b u t  t h e  pig- 
meri t  ep i t he l i um m a y  also lack some e n z y m a t i c  pro te ins .  
R e t i n a l  h e r e d i t a r y  degene ra t i on  r e l a t ed  to  a def ic iency of 
severa l  p ro t e in s  would  be  t h e n  caused  b y  mul t igene t i c  
defect.  
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Summary. H u m a n  semina l  p l a s m a  con ta ins  an  a c t i v a t o r  of p l a sminogen  wh ich  was c h r o m a t o g r a p h i c a l l y  puri f ied.  
The  molecu la r  we igh t  was  d e t e r m i n e d  to be 67,000. 

The  convers ion  of p l a s m i nogen  in to  p l a s m i n  can  be  
effected b y  va r ious  n a t u r a l l y  occur r ing  ac t iva to rs ,  such  
as t i ssue  ac t iva to r ,  b lood  ac t iva to r ,  u r ine  a c t i v a t o r  
(urokinase)  a n d  t ryps in .  Also, in  s emina l  p lasma,  a n  
a c t i v a t o r  of p l a sminogen  ha s  been  foundS-% A p a r t  f rom 
i ts  phys io logica l  s ignif icance,  i t  is also of i n t e r e s t  in  t he  
sea rch  for  t h r o m b o l y t i c  enzymes .  

This  p a p e r  concerns  c h r o m a t o g r a p h i c  pur i f i ca t ion  a n d  
c h a r a c t e r i z a t i o n  of t he  p l a s m i nogen  a c t i v a t o r  in  h u m a n  
semina l  p lasma.  

Material and methods. Semen  samples  were o b t a i n e d  
f rom the  F e r t i l i t y  L a b o r a t o r y .  T h e y  were cen t r i fuged  a t  
15,000 g for  1 h and  t he  s u p e r n a t a n t  was decan ted .  60 ml  
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Fig. 1. Elution profile of seminal plasma on CM-Sephadex C-50 
(see text). 

of t he  clear  s u p e r n a t a n t  was  d ia lysed  in 3 • 2 1, 0.1 M 
ace t a t e  buffer ,  p H  5.0 for 3 • 12 h. A p rec ip i t a t e  formed,  
wh ich  was  r e m o v e d  b y  cen t r i f uga t i on  a t  15,000 g for  1 h. 
Th i s  p rocedure  was  repea ted .  

The  d ia lyzed  semina l  p l a s m a  w i t h  a v o l u m e  of 100 ml  
was m a d e  0.2 M in NaC1. Ion ic  exchange  c h r o m a t o g r a p h y  
was t h e n  pe r fo rmed  on a co lumn  of CM-Sephadex  C-50, 
4.4 X 10 cm ( P h a r m a c i a  F ine  Chemicals ,  Uppsa la ,  Sweden),  
in  0.1 M ace t a t e  buffer ,  pt-I 5.5, 0.2 M NaC1. The  co lumn  
was f i rs t  Muted w i t h  s t a r t i n g  buf fe r  a n d  t h e n  a l inear  
NaCl -g rad ien t  was app l ied  (0.2-0.5 M NaC1). F r a c t i o n s  
of 15 ml  were col lected a t  a flow r a t e  of 60 ml /h .  The  
a b s o r b a n c y  of each  f r ac t ion  was  r ead  a t  280 nm.  The  
i ib r ino ly t i c  a c t i v i t y  of t he  f r ac t ions  was t e s t ed  on  un -  
h e a t e d  a n d  p lasminogen- f ree  f ib r in  p l a t e sL  The  f ibr ino-  
lyr ica l ly  ac t ive  f rac t ions  were c o n c e n t r a t e d  b y  u l t r a f i l t r a -  
t i on  (Diaflo u l t r a f i l t r a t i o n  cell, m e m b r a n e  PM 10) p r io r  
to  gel f i l t ra t ion .  

GeI f i l t r a t i on  was pe r fo rmed  on a c o l u m n  of S e p h a d e x  
G-200, 2.5 • 100 cm ( P h a r m a c i a  F ine  Chemicals ,  Uppsa la ,  
Sweden),  in  0.02 M Tris-HC1, p H  7.4, 0.3 M tIC1. 5 ml  
of t he  c o n c e n t r a t e  was  appl ied.  F r a c t i o n s  of 5 ml  were 
col lected a t  a f low r a t e  of 18 ml /h .  The  a b s o r b a n c y  a n d  
f ib r ino ly t ic  a c t i v i t y  were  d e t e r m i n e d  as p rev ious ly  
descr ibed.  

The  molecu la r  we igh t  was  m e a s u r e d  on  a c o l u m n  of 
S e p h a d e x  G-100, 2.5 • 100 cm ( P h a r m a c i a  F ine  Chemicals ,  
Uppsa la ,  Sweden),  in  0.05 M Tris-HC1, p H  7.4, 0.1 M 
HC1. The  co lumn  was ca l i b r a t ed  w i t h  Blue  D e x t r a n  (Vo), 
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Fig. 2. Elution profile of seminal plasma on Sephadex G-200 (see 
text). 
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