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Effects of H y p e r p h e n y l a l a n i n a e m i a  on the Cerebral  Cortex at Ultracel lular  Levels  

There  are a few works  on  t he  ear ly  s t r u c t u r a l  changes  ill 
b r a i n  due  to h y p e r p h e n y l a l a n i n a e m i a  (HPA) in pheny l -  
k e t o n u r i a  (PKU) ,  caused  b y  t he  absence  of t he  h y d r o x y -  
lase respons ib le  for t he  p h e n y l a l a n i n e - t y r o s i n e  s tep  ~. The  
ce rebra l  d a m a g e  m u s t  be  i n t ense  if t h e r e  is h y p e r p h e n y l -  
a l a n i n a e m i a  du r ing  i ts  deve l opm en t ,  because  t he re  are 
c o m p e t i t i v e  effects  w i t h  o the r  amino  ac ids"  a n d  decre- 
ased p ro t e in  syn thes i s  in e x p e r i m e n t a l  models  b o t h  in 
v ivo  and  in v i t ro  3. 

However ,  t he  resu l t s  of 4 b r a i n  byops ies  done for P K U  
were n o r m a l  w i t h  t he  p h o t o n i c  microscope 4 w i t h  scarce 
resul t s  us ing  e lec t ron  microscope  in e x p e r i m e n t a l  r a t s  ~. 

W e  sugges t  a n  easy  m e t h o d  to  descr ibe  t he  i n t e n s i t y  
of CNS a l t e r a t i ons  in  c o m p a r i s o n  w i t h  controls ,  re- 
fe r r ing  to  u l t r a s t r u c t u r a l  f ind ings  r e l a t ed  w i t h  t he  
i n h i b i t i o n  of n e u r o n a l  p r o t e i n  synthes is .  W e  worked  w i th  
a mode l  used on o the r  occasions to p r ovoke  H P A  ~,6 and  
w i t h  t h e  e lec t ron  microscope.  

2VIaterial. Two l i t t e r s  of 5 whi t e  r a t s  were used;  1 con- 
t ro l  (C) a n d  I e x p e r i m e n t a l  (E). The  m o t h e r  of t he  E h a d  
a m i x t u r e  of s t a n d a r d  feed a n d  D-L p h e n y l a l a n i n e  (Phe) 
to  5% d u r i n g  t he  f i rs t  15 days  (beginning  a day  before  
del ivery) .  U p  to  10% dur ing  60 a d d i t i o n a l  days.  The  E 
an ima l s  h a d  t he  same  mixed  die t  f rom wean ing  (3 weeks 
a f t e r  b i r th )  a n d  up  to  15% un t i l  t h e  day  of sacrifice (at  
90 days).  

The  m o t h e r s  a n d  t he  C an ima l s  h a d  a s t a n d a r d  feed 
d u r i n g  t he  comple te  expe r imen t .  All an i m a l s  (C and  E) 
were ki l led a t  90 days  of age. 

Af te r  a n  i n m e d i a t e  d issec t ion  of t he  b ra in  ,it  was f ixed 
in 2% o s m i u m  t e t r a o x i d e  so lu t ion  for 30 ra in  a t  O~ 
buf fe red  w i t h  sod ium cacodi la te  0.1 M a t  p H  7.2-7.4. 

The  m a t e r i a l  was d e h y d r a t e d  in g raded  acetone,  embed-  
ded  in Araldi te ,  sec t ioned  600-700 A th ick ,  w i t h  I I I  L K B  
u l t r a m i c r o t o m e ;  con t r a s t s  of cuts  w i t h  lead c i t ra te  and  
e x a m i n e d  w i t h  a Zeiss EM 9-A. 

E l ec t ron  mic rog raphs  ( • 95,000) were m a d e  of n e u r o n a l  
c y t o p l a s m  in neu rons  t h a t  comple t ed  t he  fol lowing con- 
d i t ions :  the  same size of nucle i  and  a v is ib le  nucleoli .  

The  mic rog raphs  were d iv ided  in to  a r b i t r a r y  areas  
(4 cm 2 each) us ing  a t r a n s p a r e n t  and  squa red  off p l a t e  
super impossed  on the  mic rog raphs  (me thod  ana l ized  b y  
LovI )  e t  al. 7). Those  areas  t o t a l l y  or pa r t i a l l y  occupied  
b y  m i t o c h o n d r i a s  and  ce l lu lar  m e m b r a n e s  were left  out .  
R i b o s o m a l  un i t s  were c o u n t e d  in a large n u m b e r  of areas  
to  e l imina te  t he  differences  of r i bosomal  d i s t r i b u t i o n  in 
the  n e u r o n  cy top lasm.  

Discussion. The  decresed n u m b e r  of r ibosomes  in 
e x p e r i m e n t a l  neu rons  reflect  a n  a l t e r a t i on  in t he i r  de- 
v e l o p m e n t  a n d  d i f fe ren t ia t ion ,  since t he  over load  of Phe  
was g iven  d u r i n g  t he  an ima l s '  growing period.  

The  lower n u m b e r  of r ibosomes  in exper imen ta l s ,  as 
seen b y  us w i t h  t he  e lec t ron  microscope,  d e m o n s t r a t e s  a n  
i n h i b i t i o n  of n e u r o n a l  p ro t e in  synthes is .  R ibosomes  h a v e  
a d i rec t  r e l a t ion  w i t h  the  q u a n t i t y  and  c o m p l e x i t y  of t he  
s y n t h e t i z e d  p ro t e in  molecules  s, ~. This  i n h i b i t i o n  could be  
exp la ined  b y  the  h igh  levels of Phe  in b lood and  t i ssue  wh ich  
a l t e r  t r a n s p o r t a t i o n  of o the r  a m i n o  acids to  t he  CNS ~. 
Besides,  p h e n y l a l a n i n e  is t he  a m i n o  acid w i t h  the  g rea t e s t  
c apac i t y  for  d i saggrega t ing  po ly r ibosomes  in b r a i n  a. 

I n  conclusion,  we s tud ied  w i t h  t he  e lec t ron  microscope 
the  u l t r a s t r u c t u r e  o f  CNS in P K U  an ima l s  and  found,  
us ing  an  easy  me thod ,  a s ign i f ican t  decrese of r ibosomes  
in t he  e x p e r i m e n t a l s  b u t  no t  in t he  controls .  

Results. 

Animal Sex Weight N areas N X ribos/area 
(g) (4 cm 2) ribosomes 

E1 ~ 85 394 2217 5.60 
E2 ~ 75 215 1012 4.70 
E3 ~ 85 214 1671 7.80 
E4 ~ 67 259 1832 7.07 
E5 ~ 92 324 2199 6.78 
C1 ~ 100 315 3254 10.33 
C2 ~ 100 264 2767 10.48 
C3 ~ 95 338 3397 10.05 
C4 ~ 100 390 3467 8.88 
C5 ~ 107 ~97 2125 10.78 

Average of ribosomes by neuronal areas (X) in 4 cmz of an electron 
mierlgraph of CNS (parietal cortex). Magnifieatiou: • 95,000. 
Control animals (C) compared to hyperphenylalaninemies (E) since 
birth, treated for 90 days with overload of pure phenylalanine. 

Age T r e a t m e n t  N X r ib /a rea  Control  P 
(days) (~z S.E.M.) (%) 

90 Control 5 10.10 z~ 0.32 
90 Phenylalanine 5 6.39 • 0.55 63 < 0.001 

Studen t ' s  t- test  was  used to value  the significance of the average 
be tween controls  and  exper imenta ls .  

Resumen. La  a l t e rac i6n  de la s lntesis  p ro t6 ica  en el 
SNC or ig inada  por  los niveles  a l tos  de fen i l a lan ina  en  
sangre  se ref le ja  en  u n a  d i sminuc i6n  de imAgenes r ibo-  
somales  en el c i t op l a sma  neurona l .  
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