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RANDT, C. T., S SAMUELS AND I. FISH. Ammo acgd transport mhtbition Brain and behavioral correlates PHARMAC. 
BIOCHEM. BEHAV. 4(6) 689-694, 1976. - In VlVO inhibition of uptake ~4C-L-vahne by brain following subcutaneous 
administration of either of two T-glutamyl cycle enzyme mh~b~tors, 2-1mldazohdone-4-carboxyhc acid (ICA), or, 
L-methlonlne-S-sulfoxlmme (MSO) is documented m C57BL/6J mice Dose related decrease in exploratory activity, 
unpairment of memory for foot shock, and reduced operant responding for food reinforcement parallels the time course 
for interference w~th uptake of a large neutral amino aod by these two compounds prewously shown to inhibit different 
enzymes 111 [he ",/-glutamyl cycle subserving active amino acid transport. 

Amino aod transport Behavior Glutamyl cycle Enzyme tnh~bltlon 

ACTIVE amino acid exchange between blood and brain is both chmcally m phenylketonuria and maple syru 
supported by a number of transport systems [5,18] disease [6, 14, 24, 25] as well as xn early hfe 
Several investigators in the early 1950's dascussed the nourished animals [27,31] may be related to d, 
possibility that the reaction catalyzed by 7-glutamyl trans- competitive amino acid transport between blood an, 
peptldase might be involved in amino acid transport Direct evidence of  alteratmn of '4C-L-valine upt 
[1, 3, 9, 35].  Orlowskl and Meister [20] described the mhlbltors of  2 enzymes m the v-glutamyl cycle m 
-r-glutamyl cycle for mtracellular degradation and synthesis a survey of behavioral alterations m C57BL/6J mice 
of glutathmne which was postulated to act as a -r-glutamyl subject of  this investigation. 
donor for combination with certain amino acids at brain 
and other cell membranes in an active transport process. Six GENERAL METHOD 
enzymes have been shown to participate in this regenerative Ammals 
cycle [16, 17, 20] The conversion of 5-oxoproline to Experiments were performed on male C57BL/~ 
glutamate which is catalyzed by 5-oxoprohnase hnks 100-150 days old which were obtained from The,  
reactlons involved in the utdlzation of glutathione to those Laboratory at 4 0 - 5 0  days of  age. They were house 
required for its resynthesxs [36].  Inhibition of 5-oxo- × 23 × 35 cm wire covered opaque plastic cages m 
prolinase may be accomplished by administration of 2-im1- of 8 - 1 0  in a temperature controlled (21.0 _+ 0.6°( 
dazolidone 4-carboxyhc acid (ICA) [37,38]. The well wlth hghts on 15 hr and off  9 hr. 
known convulsant and persistent glutamine synthetase 
inhibitor [29,30],  L-methlonine-S-sulfoxlmme (MSO), has 
been demonstrated to inhibit another step in the cycle by AMINO ACID UPTAKE 
acting upon the enzyme -r-glutamylcysteme synthetase [13, Antmals and Procedure 
15, 21, 28] thus impairing formation of glutathione Both 
inh~bltors have been shown to d~srupt the-r-glutamyl cycle Male mice weighing 2 3 - 3 3  g, fasted overmgh 
of the brain in ~,tvo [22,23]. injected subcutaneously (SC) with (U) ' 4 C-L-vallne 

Three human diseases with reborn errors of metabolism 30 rain before decapitation. ICA (Aldrich Chemic 
generally associated with mental retardatlon have been 22.7 mmoles/kg (2.96 g/kg) was injected (SC) 45 1 
related to possible enzyme defects in the ,r-glutamyl cycle, man, 3 hr or 24 hr prior to killing. MSO (the L-/R-S 
Erythrocyte "r-glutamyl cysteine synthetase deficiency has Schwartz-Mann) at a subconvulsant dose of  
been identified [11 ]. Glutathionurm with a deficiency of  umoles/kg (50 mg/kg) was injected (SC) 2 hr, 4 hr 
7 glutamyl transpeptldase has been reported [33].  In 48 hr, or 72 hr before killing. Each brain was 
5-oxoprolmuna [7, 8, 10] the enzyme gluthathlone syn- removed, dwided m the sagittal plane for duplicate a 
thetase is impaired [40].  and frozen with dry ice. Brain halves were weighed, 1 

Low glutamine levels m blood and behavioral alterations, dissolved in 12 volumes of  tissue solubilizer 
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Amersham/Sear le)  and heated overnight  at 4 0 - 5 0 ° C .  The T A B L E  ! 
samples were cooled and 0.36 volumes  o f  glacial acetic acid 
were added fo l lowed by 15 ml of  to luene  based countang 1HE EFFECT OF 2-1MIDAZOLH)ONE-4-CARBOXYLIC AC 
fluid. The vials were chilled and to ta l  brain radioact ivi ty  AND METHIONINE SULFOXIMINE (MSO) ON THE UPT 

L-14C-VALINE BY MOUSE BRAIN IN ~IVO 
was measured in a Searle Isocap 300 liquid scmtillataon 
counter  wi th  externa l  quench  correctaon. All samples were 
counted  to the 2% level of  conf idence  (10,000 counts)  and Drug Normalized 

Experiment Injection Counts* N t rechecked to verify that  chemi lumescence  was not  con- 
tnbu t in~  to the final counts .  

The adentaty of  the rad]oactwe tracer was verified by a ICA Control 100 ± 2 59 17 
modif ica t ion  of  a thin-layer chromatographic  procedure  45 mm 60 6 -+ 3 30 6 7 925 
that  has been shown to be part icularly effect ive for resolwng 90 mm 84 3 ± 3 08 6 3 193 
v a h n e  f r o m  o the r  amino acids [4] and f rom acetic acid, 3 hr 89 2 -+ 3 46 6 2 154 
glucose, lactic acid and 2-oxoasovaleric acid. Plasma (60.8 24 hr 95 6 + 4 34 6 0 835 
ul) was obtaaned f rom adult  male mice killed exact ly  30 MSO Control 100 -+ 2 35 19 
mm after receiving a subcutaneous  mject~on of  (U) 2 hr 949 _+ 3 14 6 1078 
,4 C-L-valine (152 nC1/g, 655 p moles /g  body  weight) and 4 hr 74 1 -+ I 68 8 6 592 
was vigorously mixed  with 4 volumes of  95% e thanol  Af ter  24 hr 73 8 ± 2 20 7 6 148 
centr l fugat lon (710 × g for 10 man), the supernatant  was 48 hr 88 3 ± 4 35 5 2 199 
evaporated to dryness wi th  n i t rogen and redassolved m 25 72 h~ 107 = 2 02 5 1 427 
~1 80% ( a q )  e thanol  This material  was total ly  applied, as a 

*Mean = S E M dpm/mg fresh weight with mean contt( 1 cm band,  to a 20 × 20 cm sheet of  Schleicher and Schuell  adjusted to 100 
(Keene,  NH) m]crocrystal l ine cellulose (F1440)  for mono-  tPiobabdlty, two tatled t-test 
d imensional  thin-layer ch romatography  (TLC).  In adjacent  
columns,  " c o l d "  valme (35 nmoles)  and an amino acid than 15%) found on the chromatogram m tl~ 
mixture  (Stuart  Amino  Acids, Atlas Chemical  Co., characterist ic of  2-oxmsovalerac acid and lactic acid 
Pasadena, CA, 175 ~g) wi th  added valme (35 nmoles)  were 7% of the soluble radioactavaty was found m the chr 
applied The TLC sheet was ftrst chromatographed  m 80% graphm region occupied by acetate,  glucose a: 
(aq.] e thanol  to a heaght Just above the origin line and atr nonessentml amino acids Therefore ,  78% of the 
dried. This procedure  was repeated in order  to sharpen the radioactive label available for t ransport  f rom blood 
origin and enhance  resolut ion.  After  thorough  drying, the brain, was still in L-valine 30 mm after its inject ion ( 
chromatography  was cont inued in 70% (aq.) n-propanol  
[4] to about  1 5 cm from the top  (7 hr). The chromato-  BEHAVIOR 
gram was aar dried overnight  and the ch romatography  m Exper tmen t  1 
70% (aq.) n-propanol  was repeated After  final drying, the 
side strips were cut of f  and developed with  ninhydrln  [32] .  Exp lo ra to ry  actwaty was measured m a ctrcula 
The center  strip containing the plasma ext rac t  was cut into field 45 cm m alia. wi th  a solid whate painted floor c 
10 mm or  5 mm (in the valine region) por t ions  and placed into 9 segments by 2 cm wide black hnes ul 
m vials for  hquid scinti l lat ion count ing wxth 15ml to luene  f luorescent  light of  30 lumens antens]ty. Male adu] 
containing 0.6% (w/v) 2,5 - d iphenyloxazole  (PPO). were placed in milkshake cartons,  half filled with 
Radioact iv i ty  was measured m an Isocap 300 (Searle with 4 vent i la tmg holes in the tops, af ter  bemg iJ 
Analytical)  for 100 min or 10,000 counts  (2% reliability),  int raper i toneal ly  (IP) with ICA 2.96 g/kg, 1.48 g, 
Quench  was correc ted  for by the  channels ratio me thod  sahne 0.3 ml, 45 rain before  testing. Mace gwen M 

mg/kg, 25 mg/kg or saline 0.3 ml (IP) were placed in 
Resul ts  cartons 4 hr prior to testing. One week later, after 

intervals In the cartons for each group,  the test wa, 
The effects  of  ICA and MSO over tame on the uptake of  wi thout  prior ICA, MSO, or saline injections.  Aftel 

(U) ~" C-L-vahne by the to ta l  brain in VlVO was placed m the open field, the f requency wath which a 
documented  (Table 1). The brains f rom ICA treated mice intersected 4 infrared light beams located 1 cm abe 
showed an uptake of  a4 C-L-valine, 45 m m  after SC floor,  thus actavating photocel ls ,  was recorded 
administrataon of  2.96 g/kg, that was 60.6% of  that  found mat]cally for 3 consecutwe 5 min intervals. 
m cont ro l  animals (t = 4 51, p<0 .001) .  Significant bu t  less 
marked depression of  uptake of  t4 C-L-valme was recorded Results  

90 man and 3 hr af ter  Injection.  No difference was found Analysis of  variance indicated that  ICA signlf 
be tween  the controls  and o ther  mace killed 24 hr a l ter  reduced act ivi ty 45 min after  injectaon, F(2 ,27)  = 
recewing ICA. F o u r  hr  after the SC admlmst ra t lon  of  MSO p<0 .001 .  MSO injected 4 hr before test hkewise de~ 
50 mg/kg,  the uptake of  '*  C-L-valme in the brain was ac twi ty ,  F ( 2 , 2 7 ) =  28 97, p<0 .001 .  Both enzyme inlq 
74.1% of  that  found in the controls  (t = 5.63, p<0 .001) ,  acted in a dose dependen t  manner  (Fig 2, a and c) A 
Recovery  to cont ro l  values was incomple te  48 hr after decreased as a functxon of t ime in the open field 
adm[mstra t lon  of  this dose of  MSO, however ,  the effect  on F(2,27) = 54.94,  p<0 .001  ; MSO, F(2 ,27)  = 
brain ~4C-L-valme rejected 30 man before  kdhng was not  p<0 .001) .  The  interact ion be tween  drug and tm 
apparent  2 or  72 hr after MSO injectaon. Chromatograp tuc  significant only  for MSO treated mice,  F(2,27)  = 
evaluation o f  the soluble radioact ivi ty  m the plasma 30 mm p<0 .001 .  The nature  of  this in teract ion is shown in t 
after adminis t ra t ion of  (U) a4 C-L-valine revealed that  the Repeat  testing 7 days later wathout fur ther  admmasl 
label was p redominan t ly  in vahne with  a small po r t i on ( l e s s  of  the drugs or saline, showed a return to pre~ 
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- i '  1" " 1" "1" - -  FIG 2 ICA and MSO effects on open-field actlvlty for 6 
A 8 C D mice, N = l0 each, mean activity counts w~th SEM for 3 col 

FIG. 1. Thin-layer chromatographic distribution of the soluble 5 mm intervals. (a) ICA (1.48 g/kg) cat::::a~, ICA (2. 
radioactivity m the plasma 30 min after admmlstrat,on of (U) ,~....._o saline =~ = (0.3 ml) gwen IP 45 rain before 
t'*C-L-vahne The ongm was at 1.5 cm and the solvent front at 18.5 ICA and sahne mean acfivlty counts 7 days after ICA (c) ] 
crn. (A) indicates the area of alanme and glutamate The ap- mg/kg) ~m........=o MSO (50 mg/kg) cr------o and sahne 
proximate region of glucose and acetate ,s indicated by (B) Vahne Is ~ = gwen IP 4 hr before test (d) MSO and sahne meat 
marked by (C) The chromatographic area char.'tctenst,c of counts 7 days after MSO. 

2-oxolsovalerate and lactate is indicated by (D) 

en t ry  which  s imu l t aneous ly  s t o p p e d  the  c lock and  l: 
sc rambled  foo t  shock  (0 .16  mA,  2 sec) t h r o u g h  t 

es tab l i shed  saline in jec ted  c o n t r o l  levels of  ac t iv i ty  in the  floor.  The detai ls  of  in jec t ion ,  t ra ining,  and  tes t  are 
MSO (50  mg/kg)  t r ea ted  mice suggest ing possible  lack o f  Table  2. 
r e t e n t i o n  of  m e m o r y  for  the  first exposure ,  or,  al ter-  
nat ively ,  increased ac t iv i ty  7 days af te r  drug a d m i n i s t r a t i o n  Results 
(Fig. 2d).  The  mice gtven ICA (2.96 g/kg)  7 days  pr io r  
showed  o n l y  the  e x p e c t e d  slight decrease  in ac t iv i ty  s imilar  Mean la tency  to s t e p - t h r o u g h  in to  the  larg( 
to saline con t ro l s  p r e s u m a b l y  due  to a d a p t a t i o n  to the  tes t  p a r t m e n t  was s~gnlficantly sho r t e r  o n  tes t ing  24 1 
s i tua t ion  (Fig. 2b) .  fo l lowing ICA (2 .96  g/kg)  given IP 45 min  before  t 

as c o m p a r e d  wi th  sahne  in jec ted  mice ( t  = 2 .29,  p ,  
Experiment  2 No s igni f icant  d i f fe rence  in l a tency  was a p p a r e n t  b 

MSO (50  mg/kg)  and saline given 4 hr  before  t rai t  
R e t e n t i o n  o f  a 1 tr ial  i n h i b i t o r y  avo idance  response  was tes t ing  24 hr  later.  MSO and ICA given 24 hr  

tes ted  in a 2 c o m p a r t m e n t  b lack  Plexiglas appa ra tu s  7 x 14 t ra in ing  wi th  tes t ing  24 hr  la te r  s h o w e d  signif 
cm and  10 x 28 cm b o t h  12 cm high,  wi th  covers,  decreased la tencies  to en t e r  on ly  for  MSO as compar~ 
separa ted  by  a sl iding door .  Male C 5 7 B L / 6 J  mice single saline ( t  = 2 .19,  p < 0 . 0 5 ) .  Decreased act iv i ty  in th, 
caged for  24 hr  pr ior  to  t r a in ing  were p laced m the  s tar t  field tes t  n o t e d  in E x p e r i m e n t  1 was n o t  re f lec ted  it 
c o m p a r t m e n t  for  15 sec fo l lowing  which  the  d o o r  was test  la tencies  which  were,  in fact ,  sho r t e r  as compare  
e levated ac t iva t ing  a t imer .  The  l a t ency  to s tep t h r o u g h  to saline con t ro l s  in the  2 ins tances  descr ibed  a b o v  
the  large c h a m b e r  was measu red  by  l o w e n n g  the  d o o r  a f te r  init ial  s tep ou t  latenc]es for t ra in ing  45 m m  aft~ 
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T A B L E  2 

STEP-THROUGH LATENCIES INTO FOOT SHOCK CHAMBER ON TRAINING AND ON TEST, 24 HR LATER TEST 
LATENCIES NORMALIZED FOR PARAMETRIC AN ~LYSIS BY SQUARE ROOT TRANSFORMATION 

Mean Test Latency 
Ttme Mean Training 24 Hours 

of Injection tIP) Latency _+ SEM After Tlammg + SEM 
Group N Prior to Training (second) t p (second~) t p 

Saline 15 45 mm 14 ± 1 I 239 ± 24 7 
0 3ml 
ICA 
2 96g/Kg 14 45 mm 30 ± 4 1 4 27< 001 148 = 35 2 2 29<0 05 

Sahne 15 24 ht 14 ± 1 9 260 m 19 2 
ICA 
2 96g/Kg 15 24 hr 9 ± 1 3 NS 208 ± 22 3 NS 

Sahne 25 4 hw 15 ± 2 1 153 ± 20 9 
0 3ml 
MSO 
50mg/Kg 22 4 hr 14 ± 2 2 NS 94 _~ 15 6 NS 

Sahne 29 24 hr 13 _+ 1 9 142 _~ 19 8 
0 3ml 
MSO 
50mg/Kg 29 24 hr 9 ± I I NS 86 = 15 5 2 19<0 05 

in jec t ions  were s igmf ican t ly  longer  ( t  = 4 .27 ,  p < 0 . 0 0 1 )  pressing of  the  MSO t rea ted  mice for  at  least  24 hr  ( 
t han  saline in jec ted  con t ro l s ,  however ,  no d i f fe rence  in p < 0  01)  wi th  recovery  to p redrug  levels at  48 hr  (i 
l a tency  to s tep ou t  pr ior  to  t ra in ing  shock .was  seen m the  and b).  Despi te  access to food  in thear hom~ 
MSO t rea ted  groups,  comparab l e  to t h a t  previously  observed ,  all a tom 

weight  dur ing  the  24 hr  per iod  fo l lowing drug a 
Experzment 3 t r a t ion .  The  ICA group  showed  m e a n  b o d y  w e  

duc taon  of  4.5% ( t  = 5.69,  p < 0 . 0 1 )  and,  in the  MSO P e r f o r m a n c e  o n  a f ixed in terva l  (FI )  2 m i n  schedul~ o f  
mice the re  was 7.5% mean  weight  loss ( t  = 7 .77,  p <  food  r e i n f o r c e m e n t  was used to assess the  ef fec ts  of  ICA 

and  MSO o n  o p e r a n t  r esponding .  Three  enclosed  b lack  
pa in ted  w o o d e n  c h a m b e r s  11 × 14 × 15 cm w~th stainless G E N E R A L  DISCUSSION 

steel rod  f loors  were equ ipped  w i th  single levers e x t e n d i n g  Inh ib i taon  of  up take  of  14 C-L-valine b y  whole  1 
2 cm f rom the  wall, 2 3 cm above  the  f loor ,  r equ i r ing  2.0 g vwo resul ts  f rom pa ren te ra l  a d m i n i s t r a t i o n  o f  I( 
to close a m~croswltch  w h i c h  del ivered a 20 mg Noyes  
pellet  f r om a feeder  in to  a d ispenser  loca ted  ad jacen t  to  the  MSO. Val ine  was chosen  for  the  ini t ia l  phase  of  thJ 
lever Male C 5 7 B L / 6 J  mice were r educed  by  food  re- because it is a large neu t r a l  amino  acid wi th  a moc 
s t n c t i o n  to  80% of  the i r  in i t ia l  b o d y  weights  and  given high ra te  of  e n t r y  into the  b ra in  [19]  and  relative 
t ra in ing  to lever press for  f ood  u n t d  a s table  ra te  was i n c o r p o r a t i o n  in to  p ro te ins  [ 1 2 ] .  Up take  o f v a h n e  

bra in  has  been  s h o w n  to be a c c o m p a n i e d  by  an  inc: ach ieved  on  the  FI 2 m i n  schedule .  C o n s t a n t  rates  were 
es tab l i shed  a f te r  30 m m  sessions given daily for 24  days.  tissue g lu tamine  [21.  A d m m a s t r a t i o n  o f  valine t 
This t r a in ing  was fo l lowed  by  4 dady  sessions before  wh ich  t r ea t ed  w t th  ICA has been  d e m o n s t r a t e d  previo 
saline in jec t ions  (0 .3  ml) were given s u b c u t a n e o u s l y  (SC) cause a grea ter  a c c u m u l a t i o n  of  5 - o x o p r o h n e  m the  
b e t w e e n  the  scapulae  45 man or 4 hr  pr ior  to the  30 man than  dad the  e n z y m e  mhab i to r  a lone  [ 3 8 ] .  Our  d a t a ,  
test  pe r iod  for  adap ta t aon  to the  in jec t ion .  On the  fo l lowing conf i rm  Meis ter ' s  pos tu l a t ed  ac t ion  of  2 7-glutam: 
day ICA (2 96 g/kg) SC 45 min ,  or,  MSO (50  mg/kg)  SC 4 inh lb l to r s  on  t r a n s p o r t  o f  at  least I amino  ac id  

p re l iminary  obse rva t ions  should  be  e x t e n d e d  to enc 
hr before  tes t ing  was adm i n i s t e r ed  to mace in each  o f  the  2 o t h e r  amino  acids to  assess the  g e n e r a h t y  of  the  finq 

groups,  regards active amino  acid t r a n s p o r t  b e t w e e n  blo  
Results brain .  More conv inc ing  behav iora l  cor re la t ions  woul  

observataons  on 2 o t h e r  large neu t r a l  amino  acids, t 
Faxed in terval  p e r f o r m a n c e  for  2 r ep resen ta t ive  mice,  and  t r y p t o p h a n  wh ich  are ammerg lc  neu t ro t r a~  

one  gwen ICA and the  o t h e r  MSO as d lus t r a t ed  (Fig. 3a).  precursors ,  of  par t icu lar  in te res t .  
Corre la ted  t tes ts  were used for  the  fo l lowing in t r ag roup  Gross  behav io ra l  desc r ip t ions  of  the  subco l  
compar i sons  (Fig.  3b) .  T he  t o t a l  presses dur ing  a 30 min  effects  of MSO in cat and rat  have been  repor ted  [ 
per iod  o n  the  FI  2 min  schedule  showed  70% (t  = 5.0, 39] We observed smadar reac t ions  m C 5 7 B L / 6 J  mlc 
p < 0 . 0 1 )  m e a n  r e d u c t i o n  fo l lowing  ICA and  8 8 % ( t =  5.45,  100 mg/kg  t IP)  was fo l lowed  by  hyper i r ra tabd i t  
p < 0 . 0 1 )  decrease  of  m e a n  bar  presses a f te r  MSO. Bar eral ized seizures,  and  d e a t h  wi th in  3 to 6 hr. Dose 
pressing r e t u r n e d  to p redrug  ra tes  24 hr  la ter  m the  ICA mg/kg  induced  h y p e n r n t a b d l t y  and seizures wlthl~ 
group.  There  was pers is tent  m a r k e d  r e d u c t i o n  of  bar  Seizures were on ly  rarely seen a f te r  MSO 50 mg/kgh ,  
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FIG 3. Fixed interval (Fl) 2 minute schedule with food rein- 
forcement. (a) Cumulative records depicting rate of bar pressing 
from 2 mice upper records, No 9, ICA lower, No. 5, MSO (1) 
sahne mjechon, (2) ICA 2.96 g/kg SC, 45 mm before and MSO 50 
mg/kg SC 4 hr before test, (3) Twenty-four after ICA and MSO 
rejections, and (4) Forty-eight after ICA and MSO injections. (b) 
mean rates during 30 nan periods on FI 2 minute schedule, ICA 
0--% N = 6, gaven SC 45 rain before trial on Day 3, and, MSO 
I -% N = 6, given SC 4 hr before trial on Day 3 m same doses 

as m (a) Mean rates for 3 subsequent days are shown. 

a second  dose of  MSO 50 mg /kg  wi th in  24 hr  a f te r  the  first inves t iga t ion  of  the  ef fec ts  of  -r-glutamyl cycle rahab 
rou t i ne ly  p r o d u c e d  seizures,  behav io r  shows  a dose d e p e n d e n t  decrease  in 

ICA in doses  100 fold h igher  (4 .92  g/kg) p r o d u c e d  lack Signif icant ly  sho r t e r  la tencies  o n  single tr ial  passiw 
of  r igh t ing  ref lexes w i th in  30 min  and  progressive ira- ance of  foot  shock  in the  ICA and  MSO t rea ted  
mob i l i t y  to  d e a t h  wi th in  2 to  4 days. No seizures were tends  to s u p p o r t  the  p r e s u m p t i o n  of  lack of  re 
a p p a r e n t  fo l lowing ICA admin i s t r a t i on ,  tmre la ted  to decrease  in ac t iv i ty  a l t h o u g h  the  magni 

In this  r epo r t ,  s t anda rd  behav iora l  m e a s u r e m e n t s  of  effect  is small  and  s ta te  d e p e n d e n c y  has  not  been  ru 
exp lo r a to ry  a c h v l t y ,  o n e  t r ia l  i n h i b i t o r y  avo idance  o f  foo t  R e d u c t i o n  o f  response  ra te  on  the  FI  2 m m  schedl  
shock ,  and  o p e r a n t  r e spond ing  for  food  r e i n f o r c e m e n t  ref lect  decrease  m act iv i ty  or  a r e d u c t i o n  m mot iva  
fo l lowing a d m i n i s t r a t i o n  o f  ICA and MSO were doc-  food  due  to anorex ia .  Precise e x p l a n a t i o n s  awai 
u m e n t e d .  These  obse rva t ions  c o n s t i t u t e  an m l h a l  survey extens ive  s tudies .  
providing i n f o r m a t i o n  regarding dosage,  d u r a t i o n  of  ac t ion  A l t h o u g h  ICA and  MSO are diss imilar  s t r uc tu r a  
and  s imi lar i ty  in the  charac te r i s t ics  o f  behav iora l  responses  as far  as is k n o w n ,  share  on ly  t he i r  e f fec ts  on  e 
wi th  b o t h  3,-glutamyl cycle in tub i to rs .  This  first sys temat i c  wh ich  involve the  f u n c t i o n  o f  the  -r-glutamyl cy 
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congruence  of  behavioral  a l tera t ions  and t ime courses a causal relat ionship be tween  amino acid t ranspor 
which parallel the e f fec ts  o f  these enzyme  inhibl tors  on the ference and behavioral  al terat ions can be estabhshed 
uptake  of  14 C-L-valme b e t w e e n  b lood  and brain is observat ions  suggest novel  approaches  to fur thel  
apparent .  These observat ions  may reflect  a more  general  t igation of  pro te in  m e t a b o h c  defects  as they  affec 
defect  m amino acid t r anspor t  wi th  behavioral  con-  and behavior .  
sequences.  Addi t iona l  mves t igahon  will be r eqmred  before  
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