
Pharmacology Biochemistry & Behavior, Vol. 6, pp. 533--537. Copyright © 1977 by ANKHO International Inc. 
All rights of reproduction in any form reserved. Printed in the U.S.A. 

Counteractive Effects of Norepinephrine 
and Amphetamine on Ouabain-Induced 

Amnesia 

M A R I E  E. GIBBS AND KIM T. NG 

Department  o f  Psychology, La Trobe University 
Bundoora, Victoria, 3083, Australia 

(Rece ived  4 F e b r u a r y  1977)  

GIBBS, M. E. AND K. T. NG. Counteractive effects of  norepinephrine and amphetamine on ouabain-induced amnesia. 
PHARMAC. BIOCHEM. BEHAV. 6(5) 533-537,  1977. - Ouabain, administered 5 min prior to learning induces amnesia for 
a single-trial passive avoidance task in day-old chickens by inhibiting memory formation during the labile sodium-pump 
dependent phase. Amphetamine and norepinephrine (NE) successfully counteract ouabain-induced amnesia when 
administered immediately after learning. The actions of these drugs on ouabain-induced amnesia parallel that of 
diphenylhydantoin (DPH), and within similar time constraints. It is concluded that amphetamine (through release of NE) 
and norepinephrine exert their effects through stimulation of Na+/K + ATP'ase activity. This conclusion is supported by the 
observation that these drugs do not overcome potassium chloride (KC1) inhibition of memory formation in the short-term 
phase prior to formation of labile sodium-pump dependent memory, and the fact that the noradrenergic blockers, 
propranolol and piperoxane do not alter the couteractive influence of DPH on cycloheximide (CXM) inhibition of the 
protein synthesis dependent long term memory phase which follows the labile phase. 
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C Y C L O H E X I M I D E - I N D U C E D  amnes ia  for  single trial  
passive avoidance  learning in day-old ch ickens  has  been  
successful ly c o u n t e r a c t e d  by a m p h e t a m i n e  [ 5 ] ,  nor-  
ep ineph r ine  (NE)  and noradrenerg ic  agonis ts  [6] and  also 
by d i p h e n y l h y d a n t o i n  (DPH) an an t iep i lep t ic  drug which  
s t imula tes  Na+/K + ATP'ase  act ivi ty  [ 7 ] .  The  ac t ion  of  
a m p h e t a m i n e  appears  to be due to n o r e p i n e p h r i n e  release 
in this  s i tua t ion  [ 6 ] .  

It has been  suggested tha t  the  f o r m a t i o n  of p e r m a n e n t  
m e m o r y  in this  learning s i tua t ion  occurs  in three  se- 
quent ia l ly  and  func t iona l ly  d e p e n d e n t  phases  [ 8 ] .  These  
phases  are a sho r t - t e rm phase  (STM) last ing 10 min ,  
fo l lowed by a labile phase  last ing 30 rain,  and  finally the 
long te rm phase  (LTM).  The f o r m a t i o n  of m e m o r y  in the  
three  phases  is i nh ib i t ed  respect ively by 1 or 2 mM KC1; 
ouaba in ,  which  inh ib i t s  the scd ium p u m p  (Na÷/K + ATP '  
ASE act ivi ty) ,  and  cyc lohex imide  (CXM) a p ro t e in  
synthes is  inh ib i to r .  

A m p h e t a m i n e ,  NE and DPH have been  pos tu l a t ed  to 
ove rcome  CXM-induced  amnes ia  by the i r  ac t ions  on  the  
labile m e m o r y  trace,  p ro long ing  this  phase  of  m e m o r y  
storage unt i l  p ro t e in  synthess is  recovers  f rom CXM in- 
h i b i t i o n  [ 7 , 9 ] .  Biochemica l  ev idence  has been  o b t a i n e d  
showing  tha t  these drugs do s t imula te  Na+/K + ATP'ase  
act ivi ty  in ch icken  fo rebra in  h o m o g e n a t e  [7 ,9 ] .  

DPH, a Na+/K ÷ ATP'ase  s t imu lan t ,  p r o b a b l y  d i rec t ly  
an tagonizes  the  i nh ib i t o ry  ac t ion  of  ouaba in .  In behavioura l  

expe r imen t s ,  DPH is effect ive in ove rcoming  ouaba in-  
induced  amnesia  when  admin i s t e red  pr ior  to comple t e  
f o r m a t i o n  of  labile m e m o r y  (i.e. wi th in  10 min  of  learning)  
[7 ] .  The  ac t ion  of DPH at the par t icu lar  dose used in these 
expe r imen t s  (0.1 ml of 10 - 4 M ,  admin i s t e red  sub- 
cu taneous ly )  does no t  seem to be due to n o r e p i n e p h r i n e  
release as a and ~ noradrenerg ic  an tagon is t s  do no t  p reven t  
its c o u n t e r a c t i n g  CXM-induced  amnes ia  or its fac i l i t a t ion  of  
m e m o r y  u n d e r  normal  cond i t ions .  The  basis of ac t ion  of  
DPH, there fore ,  involves direct  s t imu la t ion  of Na+/K ÷ 
ATP'ase act ivi ty,  r a the r  than  by release of n o r e p i n e p h r i n e .  

Therefore ,  if the  mechan i sm of  ac t ion  of a m p h e t a m i n e  
( t h rough  release of  NE) and n o r e p i n e p h r i n e  in ove rcoming  
CXM-induced  amnesia  is via thei r  m o d u l a t i o n  of  Na*/K + 
ATP'ase  act ivi ty and labile m e m o r y  f o r m a t i o n ,  then  they 
should  be able to  an tagonize  the  inh ib i t i on  of  m e m o r y  by 
ouaba in  wi th in  the same t ime cons t r a in t s  as DPH. To be 
cons i s t en t  with  the  h y p o t h e s i s  these drugs should  no t  
alleviate the  inh ib i t i on  of STM by 1 mM KC1. 

METHOD 

Procedure 

The p rocedure  as r epo r t ed  by Gibbs  [5] was fol lowed.  
Day-old whi te -Leghorn  b lack-Aus t ra lo rp  cockerels  were 
t ra ined to peck at a 4 m m  d i ame te r  c h r o m e d  bead,  d ipped  
in water ,  p resen ted  for  10 sec. On a single aversive learning 
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trial, a s imilar  bead d ipped  in the aversant ,  m e t h y l  
an th ran i l a t e ,  was also p resen ted  for  10 sec. The data  f rom 
ch ickens  failing to peck dur ing  this  trial were discarded at 
the end  of the expe r i m en t .  A d i f fe ren t  group of  20 chicks 
were used for  each t r e a t m e n t - r e t e n t i o n  interval  cond i t ion .  
R e t e n t i o n ,  measu red  as percen tage  of chicks avoiding the  
lure,  was tes ted  using a c h r o m e d  bead ident ical  to the 
t ra in ing  bead bu t  w i t h o u t  the aversant ,  p resen ted  for  10 
sec .  

Drugs and In/ections 

All drugs were made  up in sterile NaCI 0.15 mM (0.9%). 
Ouaba in  (Sigma;  0.4 mg/ch ick ) ,  po ta s s ium chlor ide  (KC1, 
1.0 mM, 1.5 **g/chick), or saline (NaC1, 0.9%) was in jec ted  
in t racran ia l ly  5 min before  learning.  The bi la teral  site of 
each 10 ul f r eehand  in jec t ion  was the cen t re  of  the 
fo rebra in  at a d e p t h  of  3.0 mm.  

D - a m p h e t a m i n e  su lpha te  (1.0 mg/kg)  or 1-nor- 
ep inephr ine  b i t a r t a ra t e  (50 ug /kg)  in 0.1 ml vo lume was 
in jec ted  u n d e r  the  skin on  the vent ra l  side of the  rib cage. 
The doses 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  were based 
on  the  o p t i m u m  doses for  al leviat ing CXM-induced  amnes ia  
repor ted  by Gibbs  [ 6 ] .  The  drugs were admin i s t e red  at  
var ious t imes f rom 5 sec to 60 min  af ter  learning.  

R e t e n t i o n  was tes ted  at var ious t imes be t w een  5 and 180 
min af ter  learning or b e t w e e n  20 and 170 min  af te r  
a d m i n i s t r a t i o n  of  a m p h e t a m i n e .  

RESULTS 

Time o f  Injection o f  Amphetamine  or Norepinephrine 

A m p h e t a m i n e  was admin i s t e r ed  5 sec, 5, 10, 15, 20, 30 
or 60 rain af te r  learn ing  to chicks p re t r ea t ed  wi th  ouaba in  5 
min before  learning.  R e t e n t i o n  was tes ted  at 180 rain af ter  
learning.  
A m p h e t a m i n e  was effect ive in ove rcoming  ouaba in - induced  
amnesia  (80% - 90% avoidance)  when  admin i s t e r ed  up to 5 
min  af te r  learning.  F r o m  10 min  on, the drug had  no  ef fec t  
(Fig. 1). NE admin i s t e red  5 sec af te r  learning also overcame 
amnesia  measured  at 180 min,  bu t  when  admin i s t e red  10 
rain af te r  learn ing  resul ted  in only  15% avoidance.  These 
results  con t r a s t ed  marked ly  wi th  those  f rom the  adminis-  
t r a t i on  of  a m p h e t a m i n e  and NE to CXM-pre t rea ted  chicks.  
At  10 and  30 min,  b o t h  drugs overcame CXM-induced  
amnes ia  measured  at 180 rain af te r  learning [ 6 ] .  Final ly ,  
a m p h e t a m i n e  resul ted  in increased percen tage  of r e t e n t i o n  
(95%, 90% and 80%, avo idance)  at [80  rain in saline 
p re t r ea t ed  chicks w h e n  given 5 sec, 5 and 10 min  af te r  
learn ing  ( respect ively)  (Fig. 1), the  saline only  level being 
a p p r o x i m a t e l y  70%. 

Time Course o f  Retention Following Amphetamine  or 
Norepinephrine Administration 5 See Af ter  Learning 

A m p h e t a m i n e  or n o n r e p i n e p h r i n e  were admin i s t e red  at 
5 sec af te r  learning to chicks p re t r ea t ed  with ouaba in  (5 
rain before  learning).  R e t e n t i o n  was tes ted  at  10, 20, 30,  
60, O0, 120 or 180 rain af te r  learning.  Con t ro l  animals  were 
given saline a lone wi th  no  o u a b a i n - p r e t r e a t m e n t ,  or no  
pos t - learning t r e a t m e n t  fo l lowing o u a b a i n - p r e t r e a t m e n t .  
The results  are summar i zed  in Fig. 2. 

Ouaba in - induced  amnesia ,  no rma l ly  ev ident  at test ing 
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FIG. I. Chickens were pretreated 5 rain before learning with mia- 
barn or saline. 1.0 mg/kg amphetamine in 0.1 nil was administered 
subcutaneously at various times between 5 sec and 60 nlin after 
learning. Retention was measured 180 rain after learning. Alnphe l -  
amine effectively overcame ouabam-induced anmesia only when 
injected up to S rain after learning. Using Rodger's [14] phlnned 
contrasts on proportions, differences between saline and ouabain 
pretreated groups were not significant with amphetamine adnfinis- 
tered at 5 sec and 5 min after learning (p>0.0S) but significant wi[]l 

amphetamine administered at 10 rain after learning (p<0.(15). 

20, 30 and  180 rain af te r  learning,  was overcome  by bo th  
a m p h e t a m i n e  and no rep ineph r ine .  The r e t e n t i o n  levels at 
these t imes  and at 180 min were also s o m e w h a t  h igher  than  
those  ob ta ined  f rom saline t rea ted  controls .  These restllts 
were c o n f i r m e d  wi th  a m p h e t a m i n e  admin i s t e red  5 rain 
af te r  learning and  r e t e n t i o n  tes ted at 180 rain. 

Be tween  60 and 120 min af ter  learning,  however ,  
a d m i n i s t r a t i o n  of a m p h e t a m i n e  and no rep ineph r ine  
resul ted  in m a r k e d  decreases in the percen tage  of  ouaba in-  
p r e t r ea t ed  chicks avoiding,  the level at 90 min being similar 
to tha t  ob t a ined  wi th  ouaba in  alone.  A similar effect  was 
r epo r t ed  for  CXM-pre t rea ted  animals  [5 ] .  With amphe t -  
amine  given 10 rain af ter  learning to saline and CXM- 
p re t r ea t ed  chicks,  r e t e n t i o n  levels of 465:; and 45(;{ re- 
spect ively  were ob t a ined  at 60 rain. The same t r e a t m e n t  
wi th  n o r e p i n e p h r i n e  yielded r e t e n t i o n  levels of 4 0 ~  and 
42% respect ively.  To de te rmine  whe the r  this effect  was due 
to m e m o r y  loss or to general  pe r fo rmance  inh ib i t ion ,  
a m p h e t a m i n e  alone was admin i s t e red  5 rain before learning 
and r e t en t i on  measured  at 10, 30, 60,  90, 120 or 180 rain 
af te r  learning.  The dip in pe r fo rmance  be tween  60 to 120 
min was con f i rmed  (Fig. 3) 

F u r t h e r m o r e ,  a m p h e t a m i n e  a lone was admin i s te red  10 
min or 60 rain af te r  learning,  and r e t e n t i o n  tes ted at 20, 50, 
80, 110 and 170 min af ter  admin i s t r a t i on  of the drug. A 
m a r k e d  decrease in r e t en t i on  levels occur red  be tween  50 
and 80 rain af te r  admin i s t r a t i on  of  the drug lFig. 4.L It is 
clear tha t  the  ef fec t  is due to a general  pe r fo rmance  deficit  
induced  by the drug and related to the t ime of adminis-  
t r a t i on  of  the drug ra ther  than  to t ime of learning. The 
p rocedure  was repea ted  with no rep ineph r ine  (Table  1 ), the 
results  are cons i s ten t  wi th  those ob ta ined  with amphe t -  
amine.  
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FIG. 2. Chickens with ouabain 5 rain before learning were adminis- 
tered 1.0 mg/kg amphetamine or 50 ,,g/kg norepinephrine 5 sec 
after learning. Control animals received either saline or ouabain pre- 
treatment with no post-learning treatment. Retention was tested at 
various times between 10 and 180 min after learning. No significant 
differences in proportion avoiding were I\mnd at any learning- 
retention interval between amphetamine and norepinephrine treated 
groups (all p>0.05).  Significant differences are present between 
amphetamine or norepinephrine treated groups and ouabain-only 
controls at 20, 30, 120, and 180 rain learning-retention intervals 
(/)<0.05). A significant difference between amphetamine or nor- 
epinephrine treated groups and saline-only groups was obtained only 
at the 90 rain learning-retention interval (p<0.05). Amphetamine or 
norepinephrine successfully counteracts ouabain-induced amnesia 
during the labile phase. They also produce a performance deficit 
between 60 rain and 120 rain after learning with complete recovery 

by 180 min. 
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FIG. 4. 1.0 mg/kg alnphetamine was adnrinistered 10 or 60 min 
after learning and retention was tested at various times between 20 
and 170 rain after administration of the drug. Although no dif- 
ference between any pair of proportions is significant at the 0.05 
level, it is clear for both times of adnfinistration that the perfor- 

mance trends are consistent with those observed in Figs. 2 and 3. 

T A B L E  1 

G E N E R A L  P E R F O R M A N C E  INHIBITION DUE TO N O R E P I N E -  
PHRINE 

Time of NE 
(50p.g/kg) Time of Testing 

Administration after NE 
after Learning administration 
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FIG. 3. 1.0 mg/kg amphetamine or 0.9% saline was administered 5 
min before learning and retention tested at various times between 
10 and 180 min after learning. A significant difference (/)<0.05) in 
proportion of chickens avoiding the lure is found between saline and 
amphetamine groups at the 90 rain training-test interval. Tt'e re- 
covery at 180 rain suggests that the difference at 90 nfin is a 

performance difference. 
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Klfect o f  Amphetamine on KCl-lnduced Amnesia 

KC1 was admin i s t e red  5 min  before  learning and amphe t -  
amine  5 sec after learning. Re ten t ion  was tested at 5, 10, 
15, 20, 25,  30,  60  and 180 min after learning. Amphet -  
amine did not  overcome  KCl- induced amnesia (Fig. 5). 

DISCUSSION 

The results  f rom these e x p e r i m e n t s  provide fu r t he r  
conf i rmatory  ev idence  for a d is t inct ion b e t w e e n  short-term 
and labile me mo r y .  A m p h e t a m i n e  overcomes  ouabain-  
induced but not  KCl- induced amnesia.  The results are also 
cons i s tent  with the argument that the labile phase,  unlike 
the short-term phase, o f  m e m o r y  formation is dependent  
on Na + /K + ATP'ase act ivity ,  which  is inhibited by ouabain.  

Both  a m p h e t a m i n e  and NE administrat ion result in 
increased extraneuronal  norepinephrine ,  the former in- 
d icrect ly  through s t imulated NE release [ 2 , 1 8 ] .  As nor- 
epinephrine  has been s h o w n  to increase Na*/K ÷ ATP'ase 
act iv i ty  [ 9 , 1 0 , 1 7 ]  the increased extraneuronal  nor- 
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FIG. 5. lmM KCI was administered intracranially to chickens 5 rain 
before learning followed by 1.0 mg/kg amphetamine subcutaneously 
at 5 sec after learning. Amphetamine does not counteract 

KCl-induced amnesia. 

ep ineph r ine  f rom adm i n i s t r a t i on  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  shou ld  increase the  act ivi ty of th is  enzyme .  
Increased Na+/K + ATP'ase  act ivi ty is an ac t ion  these drugs 
have in c o m m o n  wi th  the  effect  of  1 0 4 M  DPH [7] thus  
p rov id ing  an e x p l a n a t i o n  for  the  ac t ion  of these drugs in 
ove rcoming  ouaba in  i n h i b i t i o n  of labile m e m o r y  fo rma t ion .  

Since DPH (10c4M) faci l i ta tes  a c c u m u l a t i o n  of  nor-  
ep ineph r ine  in brain  slices [1]  and decreases  NE release 
[ 12] while a m p h e t a m i n e  inh ib i t s  neu rona l  NE u p t a k e  and  
a c c u m u l a t i o n  [2, 4, 13, 15] and increases its release,  it 
seems unl ikely  tha t  this ac t ion  of a m p h e t a m i n e  on  NE 
r eup t ake  is involved in the  ef fec t  of  a m p h e t a m i n e  on  
ouaba in - i nduced  amnesia .  This i n t e r p r e t a t i o n  rests  some- 
wha t  on the  possible  i nvo lvemen t  of Na +/K + ATP'ase  act ivi ty 
in NE reup take .  It has  been  pos tu la ted  tha t  Na + /K + 
ATP'ase  act ivi ty has  a direct  role in the  r eup t ake  of 
b iogenic  amines  [10 ,16]  and  ouaba in  has been  shown  to 
b lock  NE reup take  [ 3 ] .  However ,  there  is some d o u b t  on 
this  p o i n t  as Cahill  and Medz ihradsky  [4] found  tha t  
a l t hough  a m p h e t a m i n e  inh ib i t ed  NE reup take ,  it did no t  
inh ib i t  Na + /K + ATP'ase  act ivi ty in synap tosomes .  In 
add i t i on  the  poss ibi l i ty  tha t  NE release is the subs tan t ive  bio- 
chemica l  basis for  labile m e m o r y  is no t  cons i s t en t  with  the  
ef fec ts  of  a and  (~ noradrenerg ic  blockers .  As can  be seen 
f rom Table  2, the  presence of noradrenerg ic  b lockers  
(p ipe roxane  or p r o p r a n o l o l )  does  no t  ove rcome  the 
coun te rac t ive  ef fec t  DPH on CXM-induced  amnesia  wi th  
r e t e n t i o n  measured  at 3 hr  af ter  learning.  The no rma l  
r e t e n t i o n  rate wi th  CXM u n d e r  these c o n d i t i o n s  is approx-  
imate ly  20%. The  a and ~ noradrenerg ic  b lockers  suc- 
cessfully overcame a m p h e t a m i n e  c o u n t e r a c t i o n  of CXM- 
induced  amnes ia  [61.  

The obse rva t ion  tha t  a m p h e t a m i n e  (and NE) is non-  
effect ive in ove rcoming  ouaba in - induced  amnesia  when  
admin i s t e red  10 min or la ter  af ter  learning suggests t ha t  
labile m e m o r y  is f o r m e d  wi th in  the first 15 min  af te r  
learning,  while the shor t - t e rm phase  is still active. In the 
l ight  of the fact  t ha t  ouaba in  does no t  inh ib i t  m e m o r y  
f o r m a t i o n  when  admin i s t e red  10 min  af te r  learning [ l l l ,  
these results  also imply tha t  Na+/K + ATP'ase act ivi ty is 
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involved in labile m e m o r y  f o r m a t i o n  but  no t  normal ly  in its 
sugsequen t  m a i n t e n a n c e .  The p resen t  resul ts  lend weight  to 
the  pos tu la t e  [7] tha t  the phases of m e m o r y  f o r m a t i o n  are 
sequent ia l ly  and func t iona l ly  d e p e n d e n t .  F u r t h e r m o r e ,  the 
ac t ion  of a m p h e t a m i n e  ~and NE) is immedia te  since 
ouaba in - induced  amnesia  is ove rcome  as early as 2 0 r a i n  
af te r  learning.  The ac t ion is p robab ly  also long last ing since 
a m p h e t a m i n e  (and NE) is ef fect ive  in ove rcoming  CXM- 
induced  amnes ia  when  admin i s t e red  as early as 5 sec and as 
late as 30 rain af ter  learning [5 ,6 ] .  Thus  while the labile 
phase  of m e m o r y  is still active,  ( 'XM-induced  amnesia  may 
be overcome  by chemica ls  whose pr imary  ac t ions  involve 
s t imu la t i on  of  sod ium p u m p  act ivi ty.  As wi th  shor t - t e rm 
and labile m e m o r y ,  so long- term,  pro te in  synthesis  de- 
p e n d e n t  m e m o r y  fo rma t ion  appears  to be sequent ia l ly  and 
func t iona l ly  d e p e n d e n t  on the  p reced ing  phase  labile 
m e m o r y .  

T A B L E  2 

MODULATION BY NORADRENERGIC BLOCKERS OF DPH EF- 
FECTS ON CXM-INDUCED AMNESIA 

Pretreatment Treatment 
5 min Before 5 min After Retention 

Learning Learning* at 3 hr 

SAL - -  7().0f/r 
SAL SAL 63.2% 
SAL DPH 85.t)~ 
SAL DPH + PROPRANOLOL 85.0% 

CXM - -  21.7C/~ 
CXM SAL 21.10f 
CXM DPH 80.0'~ 
CXM DPH + PROPRANOLOL g5.09; 
CXM DPH + PIPEROXANE 7;~.9~ 

*DPH (10-4M 2.7 p.g/chick) +_ propranolol (1.0 mg/chick) or 
piperoxane ( 1.0 mg/chick) were administered subcutaneously in (). I 
volumes. 

Work in our  l abora to ry  has  provided  evidence suggesting 
tha t  the  amino  acid subs t ra te  necessary for s u b s e q u e n t  
p ro te in - syn thes i s  associated with long- te rm m e m o r y  for- 
m a t i o n  is t aken  up in the first 10 rain af ter  learning via 
sod ium p u m p  act ion.  While it may be argued tha t  pro- 
longa t ion  of sodium p u m p  act ivi ty,  or some associated 
event ,  ma in ta ins  this  subs t ra te  unt i l  such t ime as p ro te in  
synthes is  processes  recover  f rom CXM inh ib i t i on  it does not  
explain  why admin i s t r a t i on  of a m p h e t a m i n e  af te r  30 min 
fo l lowing learning to CXM-pre t rea ted  animals  p roduces  
decreasing coun te rac t ive  effects  cons i s t en t  with a decl ining 
labile m e m o r y  trace [6 ] .  Nor  can this  be a t t r i b u t e d  to the 
pe r fo rmance  decl ine be tween  60 and 120 min  fol lowing 
learning observed in the e x p e r i m e n t s  repor ted  here ,  since 
the decl ine has been shown  to be d e p e n d e n t  on the t ime of 
a d m i n i s t r a t i o n  of  a m p h e t a m i n e  ra ther  than  on  t ime 
learning.  A cons i s t en t  i n t e r p r e t a t i o n  is tha t  the level of 
long- term m e m o r y  fo rmed  is a func t ion  of the level of  
available labile m e m o r y .  

The  present  results  conf i rm the belief  tha t  ouabam-  
induced  amnesia  is p roduced  by inh ib i t ion  of Na+/K + 
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ATP'ase activity which is successfully coun te rac t ed  direct ly 
by DPH and NE and indirect ly  by a m p h e t a m i n e  through 
release of NE. Norep inephr ine  uptake  does no t  appear  to be 

impl icated a l though the precise role of  increased NE release 
per se and relative to the activity of  the sodium pump is not  
known.  
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