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Effect of A b n o r m a l  A m i n o  Acid Concentrat ions  on  

Defects  in ca tabol ic  p a t h w a y s  for amino  acids lead 
to the  accumula t ion  in the  blood of the  amino  acid as 
well  as cer ta in  metabo l i t es  and f requen t ly  are associated 
wi th  neurological  condi t ions  leading to men ta l  re ta rda-  
t ion x. Nu t r i t i ona l  av i t aminoses  such as scurvy  and 
pel lagra  also show severe neurological  signs 2_ In  t h a t  
the  enzymes  responsible  for amino  acid degradat ion ,  
such as the  t ransaminases  and decarboxylases ,  require  
v i t a m i n s  as cofaetors,  a pauc i t y  of these substances  
could lead to  t he  accumula t ion  of amino  acids in the  
ind iv idua l  wi th  avi taminosis .  

I t  seems plausible  t h a t  the  increased sys temic  level  
of some amino  acids or  the i r  metabo l i t es  migh t  a l ter  
the  pe rmeab i l i t y  of the  b lood-bra in  barr ie r  and lead to 
the  nenrologic  abbera t ions  noted.  The  present  p re l iminary  
s t udy  was in tended  to examine  the  possible a l te ra t ion  of 
the  bloodrbrain barr ier  by  e leva ted  levels of amino  acids 
in t he  blood and to see whe the r  py r idoxa l  phospha te  
could p ro tec t  agains t  such a l tera t ion.  

Materials and methods. In  a typ ica l  expe r imen t  groups 
of  3 mice  weighing a p p r o x i m a t e l y  4.0 g were g iven  1 ml  
i.p. in jec t ions  of one of the  solutions descr ibed in the  
Table .  1 mouse  f rom each group was sacrificed as given 
in t he  Tab le  and the  brains r emoved  and weighed. 

The  b ra in  f rom ind iv idua l  animals  was homogenized 
for 1 rain wi th  10 vo lumes  per  g of bra in  tissue of O.05M 
aceta te  buffer,  p H  5.75 in a Po t t e r -E lve j  h a m  homogenizer .  
Al iquots  of 0.2 ml  f rom each sample  w e r e  p la ted  on 
stainless s teel  p lanche ts  and counted  in a Nuclear  
Chicago Model  t 83B Gas F l o w  Counter .  E a c h  of t he  
expe r imen ta l  series was r epea ted  3 t imes.  Separa te  
a l iquots  of each of the  above  sample  mix tu res  were 
ch roma tog raphed  agains t  appropr ia te  amino  acid stan- 
dards on W h a t m a n  No. 1 paper  for 1 6 h  using the  
b u t a n o l -  acetic a c i d - w a t e r  (5 :1:4)  so lvent  system. The 
ch ro m a t og rams  were then  sprayed wi th  a 0.1% n inhydr in  
solut ion conta in ing  coll idine to  de tec t  the  amino  acids 
present.  The  n inhydr in  pos i t ive  spots  were cut  ou t  and 
separa te ly  counted  in the  gas f low counter .  

Results. F r o m  the  Tab le  i t  is ev iden t  t h a t  the  high 
level  of tyros ine  inhibi ts  g rea t ly  the  q u a n t i t y  of labelled 
lysine found in t he  bra in  a t  each of the  3 t i m e  in te rva ls  
tes ted.  The  addi t ion  of py r idoxa l  phospha te  overcomes  
this  inhibi t ion.  A t  24 h t he  v i t a m i n  by  itself  appears  to  
s t imula te  lysine u p t a k e  as well  as in the  presence of 
large quant i t i es  of tyrosine.  The  d a t a  indicate  c lear ly  

B l o o d - B r a i n  Barrier  

t h a t  the  admin i s t r a t ion  of a single massive  dose of 
tyrosine depresses the  a m o u n t  of labelled lysine t aken  
up by  the  bra in  for a t  least  96 h. The  m a x i m a l  level  of 
lysine up t ake  occurs a t  abou t  48 h af ter  which the  ra te  
of up take  plateaus.  Py r idoxa l  phospha te  appears  some- 
wha t  s t imu la to ry  towards  lysine up take  into the  bra in  
a t  24 h, b u t  this  is no t  s ignif icant ly  so a t  48 or  96 h. 

On paper  eh romatograms ,  a l though  n inhydr in  posi t ive  
spots  corresponding to  essent ia l ly  all  the  amino  acids 
general ly  found in bra in  could be  de tec ted  in a l iquots  
oI bra in  homogenates ,  only  in the  spot  corresponding to  
lysine could any  r ad ioac t iv i ty  be detected.  

Discussion. The first  6 months  of pos tna ta l  life are  
t hough t  to be of p r ime  impor tance  in the  myel ina t ion  
of the  human  brain. A n y  factor,  metabol ic  or otherwise,  
leading to a ma l func t ion  in the  growth  process at  thls  
t ime  could conce ivably  lead to i r reparable  brain damage .  
A n u m b e r  of inves t iga tors  ~-s have  been able  to produce  
ra ts  wi th  pathologica l  s y m p t o m s  s imi lar  to those  found 
in pheny lke tonur i a  by  i.p. in ject ions  of large quan t i t i e s  
of tyros ine  or  phenyla lanine .  

The  results  of the  present  s tudy  could have  i m p o r t a n t  
impl ica t ions  on the  effects  of abnorma l ly  large quant i t i es  
of 1 amino  acid on the  developing brain. The blood-brain  
barr ier  is known to have  select ive up take  towards  var ious  
amino  acids, a l lowing the  neut ra l  amino  acids to pene t ra te  
qui te  readi ly  bu t  being re la t ive ly  impermeable  to  the  
charged amino  acids such as lysine. Changing the t rans-  
por t  sys tem of the  bra in  towards  cer ta in  amino  acids 
dur ing  the  t i m e  of its g rowth  would  have  a p rofound  
effect  on its subsequen t  deve lopment .  In  our  s tudies 
large amoun t s  of  ty ros ine  appear  to grea t ly  depress 
tysine up t ake  in the  bra in  e i ther  b y  fur ther  inh ib i t ing  
i ts  ab i l i ty  to get  in or  by  accelera t ing its efflux. However ,  
when  the  level  of any  residue in the  amino  acid pool  of 
the  brain becomes too low at  the  t ime  of ac t ive  prote in  
synthesis,  pro te in  deficiency would occur which in tu rn  
could be responsible  for men ta l  re tardat ion.  Thus any  
means  of reducing  the  concent ra t ion  of the abno rma l ly  
high amino  acid which  would  subsequent ly  restore the  
amino  acid up t ake  of the  bra in  to  normal  would  be 
ef fec t ive  therapy .  The  ab i l i ty  of  pyr idoxa l  phospha te  in 
re l ieving the  decreased lysine up take  in the  bra in  in our  
s t udy  m a y  be due  in par t  to its ab i l i ty  to  s t imula te  the  
me tabo l i sm of tyros ine  by  processes such as t r ansamina-  
t ion for which i t  is a cofactor.  

Lysine incorporation into total brain homogenates 

Injection mixture CPM in brain homogenates 
(h after injection) 

24 48 96 

L-Lysine-C 14 1428 + 41 2901 4. 207 3256 4- 259 
L-Lysine-C 14, L-Tyrosine 721 4- 42 1886 4- 237 1007 I 133 
e-Lysine-C 14, L-Tyrosine, 2396 4- 155 3187 4- 264 3296 4- 188 
Pyridoxal phosphate 
L-Lysine-C 14, 2462 4- 131 3363 ~ 233 3497 4- 160 
pyridoxal phosphate 

VCeights of the total brain homogenates ranged between 0.29 g and 
0~36 g over the entire experimental period, Differences in brain 
weight at each time interval were insignificant. 7-day-old mice 
injected i,p. and sacrificed 24, 48 or 96 h after injection. The final 
concentration of L-lysine-C x4 was 5 {.re, L-tyrosine, 50 mg and pyri- 
doxal phosphate, 2 rag. Each figure represents an average of 3 
separate experiments. 

Zusammen/assung. Nachweis,  dass die i.p. In j ek t ion  
grosser Mengen yon L-Tyrosin die Permeabil i t~it  der  
hypothe t i schen  ~Blut-Hirn-Sehranke,~ betr i icht l ich her- 
absetzt .  Py r idoxa lphospha t  ve rh inde r t  n ich t  nur  diese 
H e m m u n g ,  sondern s te iger t  die Absorp t ion  yon L-Lysin. 
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