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JEFFREY, P. L. AND M. E. GIBBS. Biochemical actions of sympathomimetic drugs which overcome cycloheximide- 
induced amnesia. PHARMAC. BIOCHEM. BEHAV. 5(5) 571-575, 1976. - Earlier investigations of sympathomimetic 
drugs overcoming the amnesic action of cycloheximide (CXM) in day-old chickens were extended to biochemical studies in 
vitro. The effects of amphetamine, norepinephrine, c~ and /3 noradrenergic stimulants and receptor blockers on Na÷/K ÷ 
ATP'ase activity in total homogenate of chicken forebrain were investigated. Norepinephrine and the t3 stimulant, 
isoprenaline significantly stimulated the activity of this enzyme, while the /3 blocker, propranolol inhibited activity. 
Amphetamine, the a stimulant, methoxamine and the a receptor blocker, piperoxane had no effect on Na+/K ÷ ATP'ase 
activity in total homogenate. In a purified synaptosomal preparation, both amphetamine (5 X 10 -s M) and norepinephrine 
(1 X 10-*M) produced a slight stimulation of Na*/K* ATP'ase activity. A similar concentration of amphetamine (1.12 X 
10-4M) did not inhibit t 4C_leucin e uptake or incorporation into protein in the synaptosomal fraction. Nor was it able to 
alleviate CXM inhibition of t 4C-leucine incorporation into synaptosomal protein. The results are interpreted in terms of 
amphetamine (via release of norepinephrine) norepinephrine and isoprenaline stimulating and maintaining the labile, 
sodium pump-dependent, phase of memory formation for a sufficient length of time until protein synthesis inhibition by 
CXM wears off. 

Amphetamine Norepinephrine a and ~3 noradrenergic stimulants and receptor blockers Day-old chickens 
Labile protein synthesis-independent memory Permanent protein synthesis-dependent memory 

R E T E N T I O N  of m e m o r y  for one-trial passive avoidance 
training in day-old chickens is high for at least 72 hr after 
learning [12] .  Three phases have been isolated in the 
format ion  of  the long-term m e m o r y  storage [9] .  The first, 
short- term, m e m o r y  phase lasts for no longer than 10 min, 
and is not  interfered with by the sodium pump inhibi tor  
ouabain which blocks the succeeding labile m e m o r y  phase. 
The labile phase is present for 30 min and is fol lowed by a 
protein synthesis-dependent ,  long-term storage which can 
be blocked by the protein synthesis inhibi tor  cyclohexi-  
mide (CXM). Under  the inf luence of  CXM the re tent ion  of  
the learning task starts to decrease after 30 rain and has 
almost comple te ly  disappeared by 3 hr; with ouabain 
administered before learning the re tent ion  starts declining 
at 10 min and is also gone by 3 hr. The labile phase is 
necessary for the deve lopment  of  protein synthesis- 
dependent  long-term m e m o r y  [7, 12, 19].  

Normally,  when CXM is administered 5 min before  the 
learning trial, there is very lit t le m e m o r y  left  3 hr later. 
However,  if  amphe tamine  [5] or norepinephr ine  [6] is 

administered subcutaneously  soon after learning the am- 
nesia produced  by CXM does not  occur and re tent ion  at 3 
hr is normal.  The t ime at which amphetamine  or norepine-  
phrine is administered is impor tant .  To overcome CXM- 
induced amnesia the drugs have to be administered while 
the labile, sodium pump-dependen t  m e m o r y  is still present,  
i.e. earlier than 30 min after  learning. At 120 min when 
labile memory  has decayed,  the adminis t ra t ion of  these 
drugs does not  prevent  CXM-induced amnesia. The level of  
re tent ion  at 3 or 24 hr af ter  adminis t ra t ion be tween 30 and 
120 rain after learning, depends on the m e m o r y  left  in the 
decaying labile store at the t ime of  administrat ion of  the 
drugs. 

How do amphe tamine  and norepinephr ine  overcome the 
amnesia produced  by CXM? The behavioural  results suggest 
that  this act ion of  amphe tamine  is indirect  and is due partly 
to the release of  norepinephr ine ,  since amphe tamine ' s  
action in overcoming CXM-induced amnesia can be s topped 
by blocking noradrenergic a and t3 receptors with the 
antagonists p iperoxane and propranolol  respectively.  The 
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blockers of  serotonin,  dopamine  and histamine receptors  
have no effect  on the act ion of  amphetamine .  The ~ and 
noradrenergic st imulants,  me thoxamine  and isoprenaline 
respectively,  have the same effect  as norepinephr ine  and 
amphe tamine  [6] .  

In terms of  the three phase model  of  m e m o r y  format ion  
there are two phases where amphe tamine  or norepinephr ine  
could exert  their act ion in overcoming CXM-induced 
amnesia. They may exert  their  effects  during the protein 
synthesis phase by ei ther  direct ly st imulat ing protein 
synthesis or  prevent ing inhibi t ion of  protein synthesis by 
CXM through antagonist ic  effects  on CXM itself. Alter- 
natively they may act during the sodium pump phase 
through s t imulat ion of Na÷/K ÷ ATP'ase activity,  possibly 
resulting ei ther  in increased amino acid uptake for specific 
protein synthesis or in prolonging Na+/K + ATP'ase activity 
until  protein synthesis recovers f rom the inhibi tory  effects  
of CXM. 

To investigate these possibilities, the effects  of  ampheta-  
mine and norepinephr ine  on a number  of biochemical  
systems of  chicken forebrain,  investigated in detail previ- 
ously [8 ] ,  were examined.  The systems studied were Na+/K + 
ATP'ase act ivi ty in bo th  total  homogena te  and the synapto-  
somal fract ion,  incorpora t ion  of radioactive leucine into 
protein and its inhibi t ion by CXM, and radioactive leucine 
uptake into  the synaptosomal  fraction.  

METHOD 

Animals 

Day-old whi te-Leghorn black-Australorp cockerels,  ob- 
tained f rom a local ha tchery ,  were used th roughout  these 
experiments .  

Procedure 

Preparation o f  synaptosomal fraction from chick 
forebrain. All manipula t ions  were carried out at 4°C. A 
10% (w/v) homogena te  of  chick forebrain in 0.32 M sucrose 
containing 5 mM Tris (pH 7.4) was prepared using a 
glass/Teflon homogenizer  (clearance 0.15 ram). Crude 
nuclear fractions were removed by two centr i fugat ions at 
1000 gay for 10 min and one at 1500 gay for 15 rain. A 
crude mi tochondr ia l  pellet was obtained by centrifuging the 
supernatant  at 11,500 gay for 20 rain. This pellet was 
washed three times, resuspended in the homogeniz ing  
medium,  and layered onto  a d iscont inuous  gradient  of  7.5% 
and 13% (w/v) Ficoll  and 0.32 M sucrose and 5 mM Tris 
(pH 7.4). After  centr i fugat ion for 1 hr at 51,500 gav, the 
synaptosomal  fract ion was removed from the interface of  
the 7.5 and 13% Ficol l  layers, diluted four-fold with 
sucrose, and centr i fuged at 80,000 gav for 30 rain. The 
synaptosomal  fraction was suspended in the required 
medium before use. 

Measurement o f  C ~ "-leucine incorporation into synapto- 
somal fraction. The obta ined synaptosomal  fract ion was 
suspended in medium TMN of Morgan and Austin [13] 
containing 125 mM NaC1, 25 mM KC1, 15 mM MgCI~, and 
I0 mM TRIS pH 7.4, at an approximate  protein concentra-  
tion of 0.5 mg/ml  medium.  The reaction was commenced  
by addi t ion of 0.5uC. of  L-(U - '4 C)- leucine (Amersham 
312 mCi /m mole)  to ] ml of  incubat ion  medium after 10 
min pre incubat ion  at 37°C with or wi thout  added drugs. 
The react ion t ime was 30 min. React ions were terminated  
by addi t ion of  an equal vo lume of cold 10% w/v TCA. 
Samples were prepared for count ing in the manner  de- 

scribed by Austin and Morgan [1] .  The eff iciency of the 
Tr i ton  scinti l lation count ing procedure  was 80%. Samples 
were taken for protein es t imat ion by the me thod  of  Lowry 
et aI. [11]. 

Estimation o f  free amino acid uptake into synaptosomal 
soluble pool. Using '4C- leuc ine ,  the free amino acid 
uptake was de termined  in parallel with protein synthesis 
studies described by Morgan and Austin [13] .  All incuba- 
tions were for 30 rain. 

Preparation o f  chick forebrain homogenate and estima- 
tion of  enzyme activity. Na+/K ~ ATP'ase activity was 
measured in total  homogena te  prepared f rom chicken 
forebrain. After  decapi ta t ion,  the forebrain was removed,  
weighed and homogen ized  with 50 volumes of  de-ionized 
distilled water  after the me thod  of Yoshimura [20] .  The 
react ion medium conta ined in a final vo lume of  1 ml: brain 
homogena te  (2.0 mg wet weight), 20 mM KC1, 120 mM 
NaC1, 7.5 mM MgCI~, 5 mM ATP (Tris salt) and 30 mM Tris 
HC1 buffer  (pH 7.1). The react ion was carried out  for 30 
rain and ATP'ase activity was measured by the amount  of  
inorganic phosphate  released, in the manner  repor ted  
previously [8] .  The Mg ÷÷ and Na÷/K ÷ ATP'ase activities of  
synaptosomal  fract ions were determined as previously 
described [8] .  The synaptosomal  fract ion was suspended in 
0.32 M sucrose, 5 mM Tris HC1 buffer  (pH 7.4) before 
addi t ion to incubations.  

The effects of  amphetamine ,  norepinephr ine ,  ouabain,  
cycloheximide ,  me thoxamine ,  p iperoxane,  isoprenaline and 
propranolol  on the various parameters  were carried out  at 
the concent ra t ion  repor ted  in the various figures and tables 
to follow. 

RESULTS 

Effect o f  d-amphetamine and norepinephrine on Na+/K + 
A TP'ase activity. Amphe tamine  at concent ra t ions  of be- 
tween 10 ~s and 10-3M had no effect  on the act ivi ty of  
Na+/K ÷ ATP'ase when measured in a forebrain total  
homogenate  (Fig. 1). On the o ther  hand, norepinephr ine  at 
concentra t ions  greater than 10-4M markedly increased 
Na+/K ÷ ATP'ase activity. Mg ÷+ ATP'ase activity was not  
affected by any concent ra t ion  of  either amphe tamine  or 
norepinephrine.  
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FIG. 1. The effect of norepinephrine and amphetamine on Mg ++ and 
Na+/K + ATP'ase activities from chicken forebrain total homogenate. 
Control activities for Mg ++ ATP'ase with norepinephrine and 
amphetamine were 11.6 and 10.3 ~moles Pi liberated/ml extract/ 
hour respectively. Control Na+/K + ATP'ase activities for norepi- 
nephrine and amphetamine determinations were both 2.6 umoles Pi 
liberated/ml extract/hour. Each ml of extract contained 2 mg wet 
weight protein. The result at each concentration is the average of 4 
determinations and the values were within a range of 5% of the 

m e . a n .  
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T A B L E  1 

THE EFFECT OF AMPHETAMINE AND NOREPINEPHRINE ON 
SYNAPTOSOMAL Mg + + AND Na+/K + ATP'ase ACTIVITIES 

Amphetamine 
concentration (M) 

ATP'ases 
/~moles Pi liberated/mg protein/hr 

Mg + +  Na+/K + 

- -  1 0 . 6  5 .3  

1 x 10 "s 1 0 . 6  6 . 6  

5 x  10 "s 11.0 7.1 
1 x 10 "4 1 1 . 2  5 . 6  

5 x 10 "* 10.6 6.5 
1 x 10 -3 10.4 6 . 3  

1 x 10 -2 11 .1  3 . 9  

Norepinephrine 
concentration (M) 
1 x 10 "5 1 0 . 9  5.7 
5 x 10 "~ 12.0 5.4 
1 x 10 "4 12.0 7.0 
5 x 10 "4 12.0 6.7 
1 x 10 -a 1 2 . 6  6 . 0  

5 x 10 "3 12.7 6.7 
1 x 10 "2 9 . 0  6 .1  

In the  s y n a p t o s o m a l  f rac t ion ,  a m p h e t a m i n e  at 5 × 
10-SM and  n o r e p i n e p h r i n e  at  10-4M p roduced  a slight 
s t imu la t ion  o f  the  Na÷/K + ATP'ase  act ivi ty  (35 .8% and  
33.9% respect ive ly)  (Table  1). A c o n c e n t r a t i o n  of  10-2M 
a m p h e t a m i n e  was the  on ly  one which  i nh ib i t ed  Na*/K * 
ATP'ase  act ivi ty.  

As s h o w n  in Fig. 2, the  a noradrenerg ic  s t imulan t ,  
m e t h o x a m i n e  and  the  a b locker ,  p ipe roxane ,  had  no  ef fec t  
on e i ther  the  Mg ÷÷ or the  Na+/K ÷ ATP'ase  act ivi ty  in the  
to ta l  h o m o g e n a t e  p repa ra t ion .  However ,  the  # noradrener -  
gic s t imu lan t ,  i soprenal ine ,  at  c o n c e n t r a t i o n s  grea ter  t han  5 
× 10-5 M more  t han  doub l ed  the  Na÷/K * ATP'ase  act ivi ty 
while having  no  m a r k e d  ef fec t  on  the  Mg ÷÷ ATP'ase  
act ivi ty.  The  # b locker  p roprano lo l ,  i nh ib i t ed  the  Na÷/K ÷ 
ATP'ase  act ivi ty  at  c o n c e n t r a t i o n s  greater  t han  10 -4 M, 
wi th  on ly  a slight i n h i b i t i o n  of  Mg *+ ATP'ase  act ivi ty  at  
10-3M. 

Effect  o f  d-amphetamine on incorporation and uptake 
o f  ' 4 C-leucine into the synaptosomal fraction. The incor-  
po ra t i on  of  ~ 4 C-leucine in to  p ro t e in  by  the  s y n a p t o s o m a l  
f rac t ion  was no t  i nh ib i t ed  by  c o n c e n t r a t i o n s  of  amphe t a -  
mine  up  to 5 x 10-4M, bu t  h igher  c o n c e n t r a t i o n s  p roduced  
an inh ib i t ion .  At  5 x 10-3M or 10-2M a m p h e t a m i n e ,  the  
i n c o r p o r a t i o n  of  leucine was i nh ib i t ed  by  50 to 60% (Table  
2). This reduced  i n c o r p o r a t i o n  was no t  due to an in terfer-  
ence of  p ro t e in  syn the t i c  m e c h a n i s m s  bu t  r a the r  due to 
reduced  u p t a k e  of  free 14 C-leucine, such  t h a t  at a m p h e t -  
amine  c o n c e n t r a t i o n s  greater  t h a n  10-~M, the  u p t a k e  o f  

4 C-leucine was r educed  by more  t han  50%. A m p h e t a m i n e ,  
cyc lohex imide  and  ouaba in  r educed  the  i n c o r p o r a t i o n  of  
~4 C-leucine in to  s y n a p t o s o m a l  p ro te in  bu t  on ly  amphe t a -  
mine  and  ouaba in  i nh ib i t ed  the  u p t a k e  of  ' 4 C-leucine in to  
the  synap tosomes .  

When the  s y n a p t o s o m a l  f rac t ion  was i n c u b a t e d  wi th  
CXM and  a m p h e t a m i n e ,  it is a p p a r e n t  t h a t  a m p h e t a m i n e  at 
any  of the  c o n c e n t r a t i o n s  used did n o t  ove rcome  the  
i n h i b i t o r y  ef fec t  of  CXM on  the  i n c o r p o r a t i o n  of z4 C- 
leucine i n to  s y n a p t o s o m a l  p ro te in .  
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FIG. 2. The effect of the a agonist, methoxamine; the ~ antagonist, 
piperoxane; the # agonist, isoprenaline and the ~ antagonist, 
propranolol on Mg ~ and Na+/K ÷ ATP'ase activities from chicken 
forebrain total homogenate. Control Mg ÷÷ ATP'ase activities were 
11.0 ± 0.5 (S.D., 4 determinations) t~moles Pi liberated/ml extract/ 
hr and for Na÷/K ÷ ATP'ase activities 4.0 ± 1.0 (S.D., 4 determin- 
ations) /~moles Pi liberated/ml extract/hr. Each ml of extract 
contained 2 mg wet weight protein. The result at each concentration 

is the average of 4 determinations. 

DISCUSSION 

A m p h e t a m i n e  had  no  ef fec t  on Na*/K ÷ ATP'ase  act ivi ty  
in a crude h o m o g e n a t e  of  ch icken  fo rebra in  bu t  p roduced  
slight s t imu la t i on  of  the  act ivi ty  of  this  e n z y m e  in the  
s y n a p t o s o m a l  f rac t ion  (35 .8%) at a c o n c e n t r a t i o n  of 5 × 
10-SM. However ,  n o r e p i n e p h r i n e  (5 × 10-4M) resul ted  in a 
four-fold  increase in Na*/K ÷ ATP'ase  act ivi ty  in fo rebra in  
h o m o g e n a t e .  At  a similar c o n c e n t r a t i o n  to a m p h e t a m i n e  
(10-4M) n o r e p i n e p h r i n e  increased Na*/K ÷ ATP'ase  act ivi ty  
to  the  same e x t e n t  as a m p h e t a m i n e  in the  s y n a p t o s o m a l  
f rac t ion  (33.9%).  Yosh imura  [20]  has r epo r t ed  s t imu la t i on  
of  Na÷/K ÷ ATP'ase  act ivi ty  by  n o r e p i n e p h r i n e  in h o m o g e n -  
ate of  areas of  ra t  brain.  

A m p h e t a m i n e  s t imula tes  the  release of n o r e p i n e p h r i n e  
[3] and  also b locks  the  r eup t ake  of  n o r e p i n e p h r i n e  [4, 14, 
16] .  A m p h e t a m i n e  admin i s t e red  in vivo has been  r epo r t ed  
to  increase  Na+/K ÷ ATP'ase  act ivi ty  in guinea pig bra in  
[ 1 7 ] .  The inabi l i ty  of  a m p h e t a m i n e  to s t imula te  Na÷/K ÷ 
ATP'ase  act ivi ty  in the  crude h o m o g e n a t e  may  be due to 
the  fact  t h a t  h o m o g e n i z a t i o n  and  t r e a t m e n t  wi th  disti l led 
water  will have released all the  n o r e p i n e p h r i n e  f rom the  
ceils. 

In the  s y n a p t o s o m a l  p repa ra t ion ,  where  the  m e m b r a n e  
b o u n d  s t ruc tu re  remains  in tac t ,  and  cer ta in  key proper t i es  
r emain  una l t e red  over  e x t e n d e d  per iods  [ 2 ] ,  the  observa- 
t ion  t ha t  a m p h e t a m i n e  can s t imula te  Na*/K ÷ °ATP'ase  
activi t ies to  the  same e x t e n t  as n o r e p i n e p h r i n e  suppor t s  the  
c o n t e n t i o n  t ha t  a m p h e t a m i n e  is releasing n o r e p i n e p h r i n e  
and  the  la t te r  is respons ib le  for  the  s t imula t ion  of  the  
Na÷/K ÷ ATP'ase  act ivi ty.  

These  resul ts  ind ica te  t h a t  the  ac t ion  of a m p h e t a m i n e  
and  n o r e p i n e p h r i n e  in ove rcoming  CXM-induced  amnes ia  
may  be due to s t imu la t i on  of  Na*/K ÷ ATP'ase  act ivi ty  



574 J E F F R E Y  AND GIBBS 

T A B L E  2 

EFFECTS  OF A M P H E T A M I N E  ON I N C O R P O R A T I O N  A N D  U P T A K E  OF 14C-LEUCINE IN THE 
SYNAPTOSOMAL FRACTION 

Protein Leucine Protein incorporation 
incorporation uptake in presence of 

(dpm/mg) (dpm/mg x 103) 0.1 mM cycloheximide 

Control 370 51.2 (185) 
Ouabain ( I mM) 190 19.2 
CXM (0.1mM) 185 49.7 

D-Amphetamine (M) 
1.12 x 10 -4 323 46.1 155 
5.56 x 10 "4 356 39.8 174 
1.12 x 10 -3 239 46.2 169 
5.56 x 10 .3 180 25.5 211 
1 x 10 .2 157 14.2 162 

'4C-leucine incorporation into protein and 14C-leucine uptake by synaptosomes. The synaptosomal 
fraction was incubated for 30 min with 14C-leucine and the incorporation and free amino acid pools 
determined as described in Method. 

involved in ho ld ing  the  labile m e m o r y  t race  or to  increased 
a m i n o  acid u p t a k e  for  p ro t e in  synthesis .  This i n t e r p r e t a t i o n  
is s u p p o r t e d  by the  ac t ion  of  the  ~ noradrenerg ic  drugs on  
Na+/K + ATP'ase  act ivi ty .  The ~3 s t imu lan t ,  i soprenal ine ,  
which  overcomes  CXM-induced  amnesia ,  ma rked ly  s t imu-  
lated Na+/K* ATP'ase  act iv i ty ,  while  the  ~ r ecep to r  b locker ,  
p r o p r a n o l o l ,  w h i c h  p r e v e n t s  a m p h e t a m i n e  over- 
coming  CXM-induced  amnes ia ,  i nh ib i t ed  Na*/K ÷ ATP'ase  
act ivi ty.  The fac t  t ha t  ~ s t imu lan t s  and  b lockers  do no t  
af fec t  Na+/K ÷ ATP'ase  act ivi ty  while hav ing  the  same 
behavioura l  ef fects  as the  ~ noradrenerg ic  agents  wi th  
respect  to  CXM-induced  amnes ia  is no t  easily exp la ined ;  
a l t hough  o t h e r  a noradrenerg ic  b lock ing  agents  have been  
r epo r t ed  to inh ib i t  Na+/K ÷ ATP'ase  act ivi ty  in bov ine  brain  
[15 ] .  

The impl ica t ions  of  the  effects  of  low c o n c e n t r a t i o n s  of  
a m p h e t a m i n e  and  n o r e p i n e p h r i n e  on  leucine u p t a k e  and  
p ro t e in  synthes i s  in the  s y n a p t o s o m a l  f rac t ion  are no t  as 
ye t  clear. In these e x p e r i m e n t s  higher  c o n c e n t r a t i o n s  of  
a m p h e t a m i n e  (5 x 10-3M) than  those  found  to s t imula te  
Na+/K + ATP'ase  act ivi ty  (5 x 10-SM) inh ib i t  leucine 
i n c o r p o r a t i o n  in to  p ro te in  wi th  30 rain of  i ncuba t i on ,  
p r e sumab ly  by  inh ib i t i ng  u p t a k e  of the  label led a m i n o  acid. 
Norep ineph r ine  (10-3M) also has  been  repor ted  to inh ib i t  
14 C-leucine i n c o r p o r a t i o n  in to  p ro te in  over 30 min in a 
s y n a p t o s o m a l  f rac t ion  f rom rat bra in  [ 1 0 ] .  A lower  
c o n c e n t r a t i o n  of  n o r e p i n e p h r i n e  ( 1 0 - 4 M ) h a d  no  s ignif icant  
i nh ib i t o ry  ef fec t  on leucine i nco r po r a t i on .  No evidence on  
the  effects  of  this  drug on  a m i n o  acid u p t a k e  was repor ted .  
In this  c o n t e x t ,  it m ay  be n o t e d  t ha t  in the  behavioura l  
s tudies  r epo r t ed  earl ier  [5] the  b lood  c o n c e n t r a t i o n  of  
a m p h e t a m i n e  may  be e s t ima ted  to be of the  order  of 5 x 
10 -5 M, the re fo re ,  inh. ibi t ion of  p ro te in  synthes i s  is unl ike ly  
to be a f ac to r  in the behav ioura l  expe r imen t s .  It is also 

unl ikely  t ha t  a m p h e t a m i n e  or n o r e p i n e p h r i n e  would  have a 
marked  e n o u g h  s t imu la t i on  of  14 C-leucine i n c o r p o r a t i o n  
i n to  p ro t e in  to  ove rcome  CXM-induced  amnesia .  In the  
p resen t  expe r imen t s ,  a m p h e t a m i n e  at c o n c e n t r a t i o n s  f rom 
10 -4 to  10 -2 M did n o t  have any  ef fec t  in al leviat ing 
CXM-induced  i n h i b i t i o n  of  leucine i n c o r p o r a t i o n  in the  
s y n a p t o s o m a l  f rac t ion ,  hence  a m p h e t a m i n e  does no t  appea r  
to an tagon ize  CXM inh ib i t i on  of  p ro te in  synthesis .  

A m p h e t a m i n e  inh ib i t s  the  r eup take  of  n o r e p i n e p h r i n e  
[4] .  The  p resen t  ev idence  suggests t ha t  it does no t  inh ib i t  
Na+/K + ATP'ase.  The sod ium p u m p  has  been impl ica ted  in 
the r eup t ake  of  n o r e p i n e p h r i n e  as ouaba in  inh ib i t s  b o t h  
Na*/K ÷ ATP'ase  act iv i ty  and  n o r e p i n e p h r i n e  a c c u m u l a t i o n  
in s y n a p t o s o m e s  [ 1 8 ] .  However ,  Tissari et  al [18]  con-  
c luded  t h a t  ouaba in  b locks  the  a c c u m u l a t i o n  of norepi -  
n e p h r i n e  by  an ind i rec t  process  resul t ing  f rom inh ib i t i on  of  
Na+/K ÷ ATP'ase ,  r a the r  than  direct ly.  Therefore ,  it seems 
unl ikely  t ha t  a m p h e t a m i n e  inh ib i t s  n o r e p i n e p h r i n e  reup- 
take via Na+/K + ATP'ase  act ivi ty.  

F r o m  the  exis t ing evidence it seems possible t h a t  the  
ac t ion  of  a m p h e t a m i n e  in ove rcoming  CXM-induced  am- 
nesia is due to increased Na+/K ÷ ATP'ase  act ivi ty  t h r o u g h  
the release of  no rep ineph r ine .  The Na÷/K + ATP'ase  act ivi ty 
may be m a i n t a i n e d  for  a suf f icent  per iod of  t ime  unt i l  
p ro te in  synthes is  recovers  f rom the  i nh ib i t i on  by  CXM. 
Pre l iminary  evidence f rom our  l a b o r a t o r y  suggests tha t  
CXM i n h i b i t i o n  of  leucine i n c o r p o r a t i o n  in to  p ro t e in  is 
diss ipat ing by  4 hr  and  is max ima l  on ly  for  1 to 2 hr. 
There fore  labile m e m o r y  traces need  on ly  be m a i n t a i n e d  
for up to no  more  t han  2 hr.  The precise role of  leucine 
up take  in m e m o r y  f o r m a t i o n ,  m a i n t e n a n c e  and inh ib i t i on  is 
unclear .  
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