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BUTCHER, R. E., C. V. VORHEES, C. W. KINDT, K. J. KAZMAIER-NOVAK AND H. K. BERRY. Induced PKU in rats: 
effects of age and melatonin treatment. PHARMAC. BIOCHEM. BEHAV. 7(2) 129-133, 1977, -Newborn  rats injected 
on Days 1 8 of life with L-phenylalanine (2 g/kg) and p-chlorophenylalanine (80 mg/kg) displayed biochemical symptoms 
analogous to human phenylketonuria (PKU) and maze learning impairments. The behavioral effects were less evident in 
rats treated on Days 9-16  or 17-24. None of the symptoms observed were alleviated by simultaneous administration of 
melatonin (10 mg/kg/day). 
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BOTH Woolley and van der Hoeven [28] and Polidora [ 16] 
have repor ted  that  the adminis t ra t ion of  mela tonin  
(N-ace ty l -5 -methoxyt ryp tamine)  prevents  or a t tenuates  
learning impai rments  in rodents  made artificially phenyl-  
ketonuric.  The results of  these studies appeared quite  
general in that  entirely different  species, me thods  for the 
product ion  of  artificial phenylke tonur ia  (PKU), and treat- 
ment  periods were used. These findings were consistent  
with the hypothes is  forwarded by Woolley and van der 
Hoeven [28,29] that reduced levels of  brain serotonin 
(5 -hydroxy t ryp tamine)  or  its derivatives during develop- 
ment  leads to the menta l  defect  in PKU. Melatonin 
adminis t ra t ion was thought  to restore serotonin to normal  
levels and prevent  behavioral  impai rment .  The major  
elements  of  this hypothesis  have received some support  by 
o ther  investigators.  Decreased serotonin metabol ism has 
been demonst ra ted  in human phenylke tonur ics  [14 ,18] ,  
reduced cerebral serotonin has been shown to have behav- 
ioral effects  (e.g., [24 ,26] ) ,  and mela tonin  adminis t ra t ion 
elevates brain serotonin levels [2] .  

This apparent ly  promising hypothes is  for the mechanism 
of the mental  deficit  in PKU, has not  been vigorously 
explored.  In part this absence of  research is a t t r ibutable  to 
the l imita t ions  imposed by past animal models  of  PKU. As 
asserted by Karrer and Cahilly [ 11 ], animals made phenyl-  
ke tonur ic  by the adminis t ra t ion of  excess L-phenylalanine 
(Phe) do not  in general display an adequate  number  of  the 
biochemical  or behavioral  symptoms  found in human 
phenylketonur ia .  

A more recent series of  animal studies, however ,  
indicates that  a model  of  PKU bearing a closer resemblance 
to the biochemical  characterist ics of  the human disease can 
be created by the jo in t  adminis t ra t ion of  p-chlorophenyl-  

1 Supported by NIH Grants HD-00324 and MH-18866. 

alanine (PCPA) and Phe to rodents  [15] .  The biochemical  
manifestat ions induced by this mode l  include inhibi t ion o f  
phenylalanine hydroxylase ,  elevated Phe levels in blood and 
brain, substantially increased Phe/ tyros ine  (Tyr) ratios, and 
the appearance of  abnormal  Phe metabol i tes  in the urine 
[ 1, 4, 23] .  Impor tant ly ,  the learning impai rments  and o ther  
behavioral  abnormali t ies  which result from early exposure  
to this t rea tment  persist, even after periods of  recovery 
from the immedia te  effects of  the t rea tment  [1, 5, 7, 23, 
25] .  Using this animal model  the present studies were 
under taken to reexamine the effects  of  mela tonin  admini- 
stration on the biochemical  and behavioral  consequences  of  
induced PKU in rodents,  

It should be noted that  a t tempts  have been made to 
induce PKU using PCPA and Phe alone rather than in 
combinat ion.  The successful model ing of  PKU with PCPA 
has met  with very l imited success. Even when administered 
at a very early age and in quanti t ies  substantially greater 
than those used in this laboratory,  PCPA has not  been 
shown to reliably mimic ei ther the biochemical  symptoms  
or enduring behavioral characteristics of  the human disease 
[7, 10, 12, 19, 27] .  The use of  Phe alone has produced a 
more compl ica ted  set of  results. When fed in the diet to 
weanling animals the biochemical  abnormali t ies  are modes t  
and the behavioral effects reversible [16 ,17] .  When, how- 
ever, very young  animals received Phe by gavage the 
biochemical  changes are more dramatic and the behavioral 
effects endure beyond the immedia te  t rea tment  period 
[21,22] .  Since the l i terature presents evidence that some 
methods  of  early Phe administrat ion produce a reasonable 
model  of  PKU, a Phe group was included in the present 
s tudy to determine the effects  of  this substance alone under  
circumstances of  very early administrat ion.  
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Final ly,  we were in t e re s t ed  in the  possible  i n t e r ac t i on  of  
age at t r e a t m e n t  and  s u b s e q u e n t  behaviora l  effects ,  since 
previous  inves t iga t ions  suggested t ha t  t iming  was i m p o r t a n t  
in the few successful  pheny la l an ine  only  mode ls  [ 2 1 , 2 2 ] .  

METHOD 

Using a split  l i t t e r  p rocedure ,  the  of fspr ing  of  16 
Sprague-Dawley dams were assigned to one of four  t reat-  
m e n t  groups  which  received:  ( 1 ) L - P h e  (Nu t r i t i ona l  Bio- 
chemicals) ,  2 g /kg /day  and  PCPA (Sigma),  80 m g / k g / d a y  in 
Ringers so lu t ion :  PKU G r o u p ;  (2) L-Phe, 2 g /kg /day ,  PCPA, 
80 m g / k g / d a y  and  m e l a t o n i n  (Sigma),  10 mg/kg /day ,  in 
Ringers so lu t ion :  MEL G r o u p ;  ( 3 ) L - P h e ,  2 g /kg /day  in 
Ringers so lu t ion :  Phe Group ;  and (4)  an equ iva len t  vo lume 
of  Ringers In jec t ion  Solu t ion :  RIS-C Group .  

An ent i re  l i t t e r  received its t r e a t m e n t s  (SC) in two equal  
daily doses on Days 1 t h r o u g h  8 (Period 1), 9 - 1 6  
(Period 2) or 1 7 - 2 4  (Period 3) fo l lowing b i r t h  (Day 0). All 
animals  were also in jec ted  twice daily wi th  Ringers Injec- 
t ion  Solu t ion  on the  16 n o n t r e a t m e n t  days. Thus,  each 
animal  received 48 in jec t ions  (16 t r e a t m e n t s  and 52 
Ringers)  f rom Day 1 t h r o u g h  24 of life. To insure  survival 
of  an imals  in the  MEL and PKU groups ,  the  heavies t  
animals  in each l i t t e r  were assigned to these  groups.  
R a n d o m l y  selected animals  f rom each group were l ightly 
anes the t i zed  wi th  e thy l  e the r  and b lood  samples  were 
drawn f rom the i r  tails at 4 or 6 hr  fo l lowing each an imal ' s  
last t r e a t m e n t  in jec t ion .  Samples  were cen t r i fuged  and  
p lasma Phe and  Tyr  values were d e t e r m i n e d  by quan t i t a t ive  
th in  layer  c h r o m a t o g r a p h y  wi th  a Schoeffe l  Spec t rodens i to -  
meter .  This  m e t h o d  p roduces  separate  values for  Phe and 
PCPA [ 3 ]. 

Three  PKU group animals ,  2 MEL animals ,  and 1 Phe 
an imal  d ied  pr ior  to  weaning  (25 days).  A F t e r  wean ing  all 
an imals  were housed  indiv idual ly  wi th  food  (Pur ina  Lab 

C h o w t  and  wate r  available ad lib in quar te r s  provid ing  
a l t e rna t ing  12 hr  per iods  of  l ight  and dark.  

At  50 days o f  age animals  were weighed and tested for 
swimming  abi l i ty  in a wate r  filled s t ra ight  channe l  127 cm 
long. The an imals  were t hen  required to learn to escape 
f rom a wate r  filled mul t ip le  T-maze.  A deta i led  descr ip t ion  
of  this  appa ra tu s  is p rovided  e lsewhere  [6 ] .  Five trials per  
day for  2 days were admin i s te red ,  and two measures  o1 
maze p e r f o r m a n c e  were recorded:  ( 1 ) elapsed t ime be tween  
en t ry  in to  the wa te r  and con t ac t  with  the exi t  ramp,  and 
(2) errors  (whole  body  ent r ies  in to  bl ind alleys). To provide 
a more  di f f icul t  learning task, the s tar t  and goal areas of the  
maze were reversed for three  add i t iona l  days of tes t ing and 
the  subjects  were required to learn the backward  path  
t h rough  the  maze.  The backward  path  is more  diff icul t  
p r imar i ly  because the a r r angemen t  of bl ind alleys is such 
tha t  the p robab i l i t y  of  making  errors  is 2 - 3  t imes  greater  
than  for the  fo rward  pa th ,  plus the c o n t r i b u t i o n  of negative 
t rans fe r  due to pr ior  learning of  the forward path .  In the 
backward  phase 2 trials per  day were run;  t ime and errors  
were again recorded.  To preven t  exhaus t i on ,  no  animal  was 
al lowed to remain  in the maze for more  than  6 rain on any 
trial. If an animal  failed to solve the maze wi th in  the 
m a x i m u m  t ime,  the trial was t e rmina t ed  by guiding the 
an imal  to the  exit  ramp.  The  animal  was then  given an er ror  
score of  56 for  t ha t  trial (one  more  than  the largest n u m b e r  
of errors  scored by any animal  in less than  6 mini .  

RESULTS 

Phe and Tyr  values ob ta ined  f rom the 4 and 6 hr  b lood 
samples  are displayed in Table 1. The regimen of c o m b i n e d  
PCPA and Phe admin i s t e red  to b o t h  the  PKU and MEL 
groups  induced  the  p lasma abnorma l i t i e s  charac te r i s t ic  of 
h u m a n  p h e n y l k e t o n u r i a .  Regardless of  the per iod of  treat-  

T A B L E  1 

PLASMA P H E N Y L A L A N I N E  A N D  TYROSINE C O N T E N T  FROM RATS TREATED DAYS 1-8 (1), 9-16 (2,1 OR 17-24 (3) 

Period Treatment Phe 

Plasma Amino Acid Analysis* 

4 Hr (txmoles/ml) 6 Hr (/xmoles/ml) 

Phe:Tyr Phe:Tyr 
Tyr Ratio N Phe Tyr Ratio 

PKU 4.10 -+ 0.07 

MEL 3.85 -+ 0.39 

PHE 2.68 -+ 0.31 

RIS-C 0.07 ÷ 0.01 

PKU 1.70 -+ 0.16 

MEL 1.00 + 0.17 

PHE 0.46 + 0.22 

RIS-C 0.06 _+ 0.00 

PKU 0.91 -+ 0.21 

MEL 0,72 -+ 0,06 

PHE 0.04 -+ 0.00 

RIS-C 0.06 -+ 0.00 

0.68+0.11 6.03 3 1.31+0.21 0 .42+0.08 3.12 

0 .75+0.20  5.13 3 1.01 ±0.21 0 .34+0.05 2.97 

0.78 -+ 0.15 3.44 3 0.08 -+ 0.02 0.47 -+ 0.05 0.17 

0.16 -+ 0.05 0.44 3 0.06 --_ 0.00 0.06 -+ 0.00 1.00 

0.19-+0.06 8.95 3 1.14-+0.11 0.17_+0.03 6.70 

0.09-+0.02 11.11 3 0.94--_0.16 0.20 -+ 0,04 4.70 

0.45-+0.12 1.02 3 0.15-+0.04 0.19-+0.06 0.79 

0.13 + 0.02 0.46 3 0.08 -+ 0.02 0.07 +- 0.01 1.14 

0.42 -+ 0.01 2.17 2 0.61 -+ 0.08 0.05 _+ 0.00 12.20 

0 .36+0.08  2.00 2 0.81 --_0.16 0.07_+0.01 11.57 

0.05 -+ 0.00 0.80 2 0.06 -+ 0.00 0.06 _+ 0.00 1.00 

0.06 _+ 0 .00  1.00 1 0 .06  ± 0 .00  0 .06  + 0 .00  1.00 

*Each value represents averaged determinations -+ SE. 
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T A B L E  2 

WEIGHT AND MAZE PERFORMANCE OF RATS TREATED DAYS 1-8 (I), 9-16 (2) OR 17-24 (3) 
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Mean _+ SE 

Weight (g) 
at 50 Days 

Period Treatment N Male Female 

Biel M a z e  
Total Errors 

Forward Phase Backward Phase 

1 PKU 12 161.8 ± 5.0* 125.9 _+ 7.0* 

MEL 12 145.2 ± 9.9* 124.8 ± 8.9* 

PHE 14 173.0 ± 5.5 143.5 ± 4.8 

R1S-C 15 181.7 ± 9.7 150,5 _+ 2.7 

2 PKU 13 135.1 _4- 5.1" 119,5 ± 8.1" 

MEL 14 140.5 ± 6.1" 123.5 ± 6.6* 

PHE 17 161.5 ± 4.2 138.3 ± 2.8 

RIS-C 14 151.0 ± 5.2 133.2 ± 3.9 

3 PKU 13 133.4 ± 2.5 132.2 ± 2.1 

MEL 13 140.6 ± 3.6 124.6 + 3.9 

PHE 12 147.3 ± 6.8 138.0 + 4.7 

RIS-C 11 148.3 ± 3.2 129.8 ± 6.6 

32.5 _+ 4.6 105.7 ± 22.3* 

33.4 _+ 4.2 118.8 _+ 23.7* 

48.8 _+ 6.4 55.4 _+ 10.4 

43.5 -,- 6.5 69.7 _+ 14.1 

56.0 -+ 12.3 89.4 + 8.7 
51.5 _+ 10.2 108.8 ± 18.9 

36.4 _+ 5.2 68.1 _+ 10.4 

44.7 _+ 5,2 79,0 ± 18.4 

43.7 _+ 7,5 62.3 ± 13.3 

39.5 ± 5.0 90.5 ± 17.4 

53.6 ± 6.4 62.1 ± 10.3 

52.0 ± 7.4 61.8 ± 14.0 

*/)<0.05. 

ment ,  an elevation of  Phe in b lood was observed in these 
groups toge ther  with an increased Phe :Tyr  ratio.  Phe alone 
p roduced  lesser plasma abnormal i t ies  when adminis te red  to 
the younges t  animals,  and b lood Phe levels approached  
normal i ty  by six hr p o s t t r e a t m e n t  with a subsequen t  
decline in Tyr levels. The PKU and MEL animals in Period 1 
were found  to exper ience  the mos t  dramat ic  increase in 
absolute levels o f  Phe, but  this elevation was no t  ref lected 
in a Phe :Tyr  ratio substant ia l ly  d i f fe ren t  f rom that  of  
subjects  similarly t rea ted  during Period 2 due to the 
substantial  elevations in Tyr of  Period 1 animals. The 
largest Phe :Tyr  ratios actually appeared among Period 2 
PKU and MEL groups due to their  lower  Tyr levels. No 
significant mit igat ion of  the plasma abnormal i t ies  resulted 
f rom the adminis t ra t ion  of  mela ton in ;  in each t r ea tmen t  
per iod comparable  increases in the Phe level and Phe :Tyr  
ratios were found  in the PKU and MEL groups.  

A similar pa t te rn  of  ef fec ts  is suggested in the weights of  
the animals at 50 days of  age (Table 2) in tha t  the PKU and 
MEL group subjects  were l ighter compared  to Phe and 
RIS-C animals. Analyses of  variance pe r fo rmed  on these 
weight data indicated a significant ef fect  of  bo th  the 
t r ea tmen t  adminis te red  and the per iod of  adminis t ra t ion  in 
both  male (p<0 .01 )  and female (p<0 .05 )  subjects.  Scheff~ 
analyses [81 indicated that  the weights of  the PKU and 
MEL males and females dif fered significantly (p<0 .01 )  
from the Phe and RIS-C animals for Periods 1 and 2, but 
no t  for Period 3. Al though t r ea tmen t  during Periods 1 and 
2 was associated with the largest relative reduc t ion  in PKU 
and MEL weights,  the clarity of  this ef fect  is d iminished by 
the u n e x p e c t e d  reduc t ion  in the weight  of  all groups  t reated 
in Periods 2 and 3. The cause of  the lower  overall weights  in 
Period 2 and 3 animals is uncer ta in ,  but  this may be an 
effect  o f  a shor te r  recovery t ime in these groups,  a result  of  
the older  age at which the heavier animals were selected for 

ass ignment  to the PKU and MEL groups,  or an in terac t ion  
of  these factors.  

An analysis o f  variance pe r fo rmed  on the data from the 
pretest  swimming speed trials indica ted  no significant 
d i f ferences  a t t r ibutable  to t r ea tmen t  or period of  adminis- 
t rat ion.  Preliminary analyses of  maze error  and t ime data 
also revealed no significant d i f ferences  in the maze perfor-  
mance  of  male and female animals and corre la t ions  be tween  
the weight  o f  animals and maze pe r fo rmance  proved to be 
small and nonsignif icant  ( forward phase r = +.002, back- 
ward phase r = - . 2 0 7 ) .  Sex and weight  of the animal were, 
therefore ,  disregarded in subsequent  analyses of  variance 
examining the effects  of  t r ea tmen t  and per iod upon  
forward and backward maze per formance .  No significant 
effects  were found in the analysis of  the forward path  data 
(Table 2). A significant e f fec t  o f  t r ea tmen t s  was evident  in 
both  error  and t ime data, however ,  for learning of  the more  
difficult  backward pa th  through the maze. As shown in 
Table 2, the PKU and MEL animals t reated during the first 
8 days of  life (Period 1) displayed the greatest  diff icul ty in 
learning the maze. Animals in these t r ea tmen t  groups made 
progressively fewer errors when t r ea tments  were adminis- 
tered during Periods 2 and 3. The statistical significance of  
this ef fect  was conf i rmed by individual Scheff6 analyses 
[8] ; the compar ison  of  PKU and MEL groups with the Phe 
and RIS-C groups was significant (p<0 .05)  for Period 1 
bo th  in n u mb er  of  errors and maze t ime during the 
backward phase (PKU and MEL groups did not  differ  from 
one ano ther  nor  did the Phe and RIS-C groups).  An 
apparent  and similar d i f ference  be tween  PKU-MEL and 
Phe-RIS-C in Period 2 approached ,  but did not  achieve 
statistical significance (p<0.07) .  There were no significant 
t r ea tmen t  effects  for Period 3. | n  a few instances Phe 
groups were observed to make fewer  errors than RIS-C 
controls  in learning the maze and MEL to make more errors 
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t han  the  PKU group.  However ,  ne i the r  of  these  effects  
a p p r o a c h e d  stat is t ical  s ignif icance.  

The data  f rom Period 1 were f u r t h e r  scru t in ized  to 
de t e rmine  w h e t h e r  in f luences  o t h e r  t han  a lea rn ing  impair-  
m e n t  migh t  have p r o d u c e d  the  observed increase  in 
backward  pa th  e r ror  ra tes  in the PKU and MEL groups.  The  
possibi l i ty  of  negat ive  t r ans fe r  f rom forward  pa th  t ra in ing  
(in which  these groups  showed  some t rend  toward  reduced  
errors)  was cons idered .  To tes t  this  possibi l i ty ,  a Scheff6 
tes t  was made  on  forward  errors  b e t w e e n  the c o m b i n e d  
PKU and MEL groups  and the  Phe and RIS-C groups,  even 
t h o u g h  the  original  A N O V A  was no t  s ignif icant .  This 
c o m p a r i s o n  did no t  a p p r o a c h  s tat is t ical  s ignif icance 
(t = 0 .06,  d f  = 5 1). In addi t ion ,  the  poss ibi l i ty  of  a negat ive 
co r re l a t ion  b e t w e e n  forward  and backward  phases  wh ich  
might  have been  expec t ed  if there  had  been  a negat ive 
t r ans fe r  effect ,  was looked  for. The ac tua l  co r re l a t ion  
(r = +.15),  however ,  was small  and  posi t ive,  t h e r e b y  fail ing 
to s u p p o r t  the  negat ive t ransfe r  concep t .  

DISCUSSION 

Unl ike  the  prev ious  repor t s  [ 1 6 , 2 8 ] ,  no  evidence  
ind ica t ing  t h a t  m e l a t o n i n  t r e a t m e n t  modi f i ed  the  behav-  
ioral consequences  of  i nduced  PKU could be found  in the  
p resen t  s tudy .  Indeed ,  the  maze p e r f o r m a n c e  of the  MEL 
group  was sl ightly in fe r ior  to  t h a t  of  the  PKU animals.  The  
con t r a s t  b e t w e e n  the  results  of  th is  s tudy  and  those  
r epo r t i ng  a benef ic ia l  e f fec t  of  m e l a t o n i n  t r e a t m e n t  may  be 
a t t r i b u t e d  e i the r  to  the  absence  of a causal re la t ionsh ip  
b e t w e e n  r educed  bra in  s e r o t o n i n  and  behaviora l  defici ts  in 
i nduced  PKU or to  m e t hodo l og i ca l  d i f fe rences  b e t w e e n  this  
and  the  pr ior  s tudies.  Yuwiler  and L ou t t i t  [30]  have 
r epo r t ed  reduced  bra in  s e ro ton in  levels fo l lowing the  
p ro longed  feeding of  rats  wi th  L-Phe (5 g/kg) bu t  found  
n e i t h e r  a re la t ionsh ip  be t w een  learn ing  p e r f o r m a n c e  and 
s e ro ton in  levels n o r  i m p r o v e m e n t  wi th  i soca rboxaz id  feed- 
ing which  s ignif icant ly  increased bra in  se ro ton in .  They  
conc luded  t h a t  the  decrease in s e ro ton in  is an auxi l iary 
p h e n o m e n o n  in PKU. In h u m a n  trials, ip ron iaz id  increased 
serum se ro ton in  in e ight  PKU pa t ien ts ,  bu t  no  bene f i t  of  
this  t r e a t m e n t  was observed  in the  general  behavior ,  IQ, or 
e l e c t roencepha log ra ph i c  p a t t e r n  of  these chi ldren  [ 13] .  

The  me thodo log i ca l  d i f ferences  b e t w e e n  this  r epor t  and 
previous  inves t iga t ions  are n u m e r o u s ;  indeed ,  as n o t e d  
above,  the  two  earlier s tudies  differ  marked ly  f rom one  
ano the r .  The  d i f ferences  b e t w e e n  the  p resen t  s tudy  and 

wha t  is c o m m o n  to the o thers  are the  du ra t ion  of t r e a t m e n t  
and the  subs tances  used to induce  PKU-like s y m p t o m s .  In 
this s tudy  animals  were tes ted  fo l lowing a subs tan t ia l  
per iod  of  recovery f rom a br ie f  t r e a t m e n t  period.  In b o t h  
the  pr ior  s tudies  [16 ,28]  a longer  t r e a t m e n t  per iod was 
used and  was c o n t i n u e d  t h r o u g h o u t  behaviora l  testing. It 
may be t ha t  m e l a t o n i n  admin i s t r a t i on  m o d e r a t e s  some 
func t iona l  a b n o r m a l i t y  which  occurs  concu r r en t l y  wi th  the 
e levat ion of  serum Phe ra the r  t han  a f fec t ing  the endur ing ,  
pe rhaps  s t ruc tura l ,  defici ts  t ha t  persist  af ter  t r e a t m e n t  is 
ended.  In the p resen t  s tudy the  add i t ion  of  PCPA which  is a 
direct  i n h i b i t o r  of t r y p t o p h a n  hyd roxy la se  as well as of 
pheny la l an ine  hyd roxy la se  may preven t  the appearance  of a 
benef ic ia l  e f fec t  f rom m e l a t o n i n  t r e a t m e n t  by requir ing 
subs tant ia l ly  larger quan t i t i e s  of me la ton in  to res tore  
se ro ton in  levels to normal .  Thus,  the po t en t i a l  i nvo lvement  
of s e ro ton in  in PKU c a n n o t  at  p resen t  be resolved. 
However,  there  is recent  ev idence  tha t  neona ta l  s e ro ton in  
deple t ion  using p - c h l o r o a m p h e t a m i n e ,  which  inh ib i t s  only  
cerebral  t r y p t o p h a n  hydroxy lase ,  p roduces  behav io ra le f fec t s  
tha t  do no t  resemble  PKU [201.  F u r t h e r  d i rec t  evidence on 
this topic  may be f o r t h c o m i n g  t h r o u g h  the behaviora l  
e x a m i n a t i o n  of animals  t rea ted  wi th  ~x-methylphenylala-  
nine,  an agent  which  increases p lasma pheny la l an ine  with- 
ou t  e f fec t ing  cerebral  s e ro ton in  c o n t e n t  [9 ] .  

The f ind ing  t ha t  d imin i shed  maze learn ing  abil i ty was 
re la ted to the an imal ' s  age at admin i s t r a t i on  is s t r ik ing in 
view of the  relatively shor t  t e rm of t r e a t m e n t  and the small 
d i f ferences  be tween  t r e a t m e n t  periods.  We have previously 
found  endur ing  i m p a i r m e n t s  wi th  longer  t r e a t m e n t s  begun 
wi th  cons iderab ly  older  an imals  [7 ] ,  so the early age mus t  
be cons ide red  a relat ive ra ther  t han  an absolu te  per iod  of  
vulnerabi l i ty .  None  of  the b iochemica l  measures  t aken  
appear  re la ted to the  behaviora l  d i f ferences  found  a m o n g  
the  t r e a t m e n t  per iods  excep t  for the increased concen t ra -  
t ion  of  p lasma Phe and Tyr  in the younges t  animals.  This 
re la t ionship  suggests tha t  the mechan i sm for  the d imin i shed  
maze learn ing  abil i ty is re lated to the a m o u n t  of these 
amino  acids or the i r  metabol i t es .  If so, the greater  
vu lnerab i l i ty  of  the younges t  animals  would  be a result  of 
the i m m a t u r i t y  of  e n z y m e  sys tems responsible  for  the 
me tabo l i sm a n d / o r  exc re t ion  of Phe and Tyr.  It may also 
be, however ,  t ha t  the  rat  brain,  because  of its immatu r i t y ,  
par t icu la r ly  in enzymes  of  the t r i ca rboxyl ic  acid cycle, 
would  be vulnerable  early in d e v e l o p m e n t  to  even mode ra t e  
e levat ions  in p lasma Phe concen t r a t i ons .  
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