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GIBBS, M. 15:. Modulatton of cyclohe~tmide-resistant memory by sympathomunettc agents PHARMAC. BIOCHEM. 
BEHAV. 4(6) 703-707,  1976 - Amphetamine overcomes the amnesia caused by cyclohexlmlde (CXM) provided Jt ,s 
administered closely following the learning trial In day-old chickens with one trial passwe avmdance learning, there is a 
short-term, labile memory existing tbr 90 mm following training under the influence of CXM. Amphetamine has been 
shown to keep the memory at precisely the level exhibited by the labile, cyclohexmllde-reslstant memory trace at the time 
of reject,on Noreplnephrme, methoxamlne (an ~ adrenerglc snmulant) and ~soprenahne (a t3 adrenerglc stimulant) each 
mimic the amphetamine effect m CXM-pretreated chickens. That the action of amphetamine could be due to its release of 
norepmephrme is supported by the finding that It could be blocked by both ~ adrenergm (plperoxane) and/3 adrenerglc 
antagomsts (propranolol). it has been suggested that this labile memory trace depends on the functioning of a sodmm 
pump Norepmephrme may be modulating memory format,on by an action on the sodmm pump since m prehmmary 
biochemical assays norepmephrme stnnulated the sodmm pump (Na÷]K + ATPase) actw,ty m chicken forebram total 
homogenate. 

Norepmephrme Labile protein-independent memory a and ~3 adrenerg~c stunulants Sodmm pump 
a and/3 adrenerglc receptor blockers 

IN day  old  ch ickens  m e m o r y  for  passwe avo idance  t ra in ing  behav lour  have been  a t t r i b u t e d  to this  release of  no 
has been  s h o w n  to be a two stage process  [ 9 , 2 1 ] .  The  first  p h r m e  [19]  whereas  s t e r eo typed  behav lou r  ha: 
is a sho r t - t e rm,  labde  phase  which  decl ines  to amnesxc levels a t t r i b u t e d  to the release of  d o p a m m e  [ 12] Schrc 
of r e t e n t i o n  m 90 mm.  The  second process  is a long- te rm Squares [14]  have suggested tha t  a m p h e t a m i n e  may  l 
m e m o r y  storage which  depends  on  the  n o r m a l  sho r t - t e rm  effec t  on  behav~our vm a serotonerg~c (5HT)  mec 
labde phase  and  p r o t e i n  synthesxs for its f o r m a h o n ,  and it has  also been  repor ted  t ha t  a n h h i s t a m m e s  w~i 

In a p reced ing  paper  [2]  ~t has  been  s h o w n  tha t  some cent ra l  nervous  ac t ions  of  d - a m p h e t a m i n e s  [12 
a m p h e t a m i n e  c o u n t e r a c t s  the  amnes ic  ef fec t  of  CXM The present  s t u d y  was to d e t e r m i n e  w h e t h e r  th( 
provided it is a dm i n i s t e r ed  before  the  labile,  p ro te in -  of a m p h e t a m i n e  on  m e m o r y  could be l inked to an 
i n d e p e n d e n t  m e m o r y  has  dechned .  Under  such  c o n d i t i o n s  pos tu l a t ed  ac t ions  on  t r a n s m i t t e r  release. It became  
r e t e n t i o n  has  been  found  to be d i rec t ly  re la ted to the  level tha t  n o r e p m e p h r m e  release was p r o b a b l y  respons: 
of  labtle m e m o r y  at the  t ime of  a m p h e t a m i n e  adminis -  the effect  of  a m p h e t a m i n e  on  labile m e m o r y  as nore  
t r a t i on  (Fig. 4). There fore ,  when  r e t e n t i o n  is h~gh shor t ly  rme and  also the  a noradrenerg lc  s t imu lan t ,  m e t h o  
af ter  learning,  the  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  at this  and  the ~ noradrenerg lc  s t i m u l a n t ,  l sop renahne  cou 
t ime resul t s  in a very s tmilar  r e t e n t i o n  3 hr  la ter  bu t  w h e n  r ep roduce  the  effects  of  a m p h e t a m i n e  Two noradl  
the r e t e n t i o n  has  fal len to a low level because of  the  r ecep to r  a n t a g o n i s t s -  p lpe roxane  and  p rop rano lo l  
presence of  CXM a m p h e t a m i n e  ~s unab le  to ~mprove the emp loyed  to d e t e r m i n e  ff the a m p h e t a m i n e  a c t i o n ,  
r e t e n t i o n  at  3 hr. to the  release of  n o r e p i n e p h r i n e  However  It was lm 

The  cen t ra l  ne rvous  p roper t i e s  of  a m p h e t a m i n e  have to see w h e t h e r  the o t h e r  pos tu l a t ed  ac t ions  for 
been  h n k e d  to its ac t ion  o n ' s e v e r a l  pu ta t ive  neuro -  amine  were involved and  for  t h a t  reason  the  drL 
t r a n s m i t t e r  sys tems.  The  mos t  p r o m i n e n t  ac t ion  appears  to p e n d o l  was used to b lock  d o p a m i n e  receptors ,  cypr  
be the  release of  n o r e p i n e p h r i n e  and  a n u m b e r  of  ac t ions  dene was used to b lock  5HT recep tors  and m e p y r a m  
have been  d e m o n s t r a t e d ,  all o f  wh ich  would  be e x p e c t e d  to used to b lock  h i s t amine  recep tors .  The  drugs chos~ 
increase the c o n c e n t r a t i o n  of  n o r e p l n e p h r l n e  at  synapses  m s t andard  pharmaco log ica l  an tagoms t s  or agonsats 
the  cent ra l  ne rvous  sys tem.  It releases n o r e p m e p h r i n e  [23]  t r an smi t t e r s  revolved [ 1 ]. 
and mh~b~ts m o n o a m m e  oxldase  act iv i ty  [ 4 ] .  A m p h e t a -  Chickens  have a r educed  b lood  b r i m  barr ier  for  t 
mine  also causes the  release of  d o p a m m e  and inh ib i t s  ~ts ammes  dur ing  the  first m o n t h  a f te r  ha t ch ing  [18 
r eup take  [ 1 9 ] .  L o c o m o t o r  h y p e r a c t w i t y  and aggressive and behav~oural  responses  to sys temica l ly  admi~ 
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btogentc amines are similar to those observed after direct 100. A 
apphcatton of amines into the brain of adult birds [16].  CXM PRETREATMENT 
This reason made the subcutaneous admmlstration of  the _ z 
drugs possible, this was desirable as the CXM was admm~s- :~ o 80. 
tered intracranially. 

METHOD <~ 
Z 60 

Procedure o k-- 
Environmental conditaons and procedure are the same as z 

reported previously [2 ] ,whereaone t r i a lpass lveavo ldance  ~ L 0 - - i - 1  ] ~ ~ I [ ~ 
learning task was employed with day old chickens Pecking m rr 
of a normally attractive shiny metal bead was inhibited m a ~ -r 
10 sec presentation by coating the bead wxth an aversive 20- [_L] 
chemical, methyl anthranilate. Retentxon tests were given at 
3 or 24 when a non-coated bead was presented for 10 sec 
On these tests, retention was recorded as the percentage of 0- 
chickens m groups of 20 or more which avoid the bead A A+o< A*/O c~ /0 

Drugs and bzlecttons 100- B SAL PRETREATMENT 
All drugs were made up m sterile NaC1 (0.9% w/v). 

Cycloheximide (Actidione, Upjohn Co.) 20 ug/chlcken, or z 80- 
sahne was administered intracramally by freehand injection ~ T ~. 
into each side of  the forebraln tn volumes of 10 #1 per o ~ -F ~).~/] 
hemisphere using a Hamilton repeating dispenser syringe A 
stop on the syringe needle regulated the depth of mjection ~ 60- / /  
to 3 mm. These rejections were performed 5 mm before the z o ~ /  
learning trial. ~ /,0- " / / ' l  

The other drugs were admimstered subcutaneously 10 t~ Z 
mm after the learning trial m volumes of 0 1 ml to chickens ~ ' V  / I 

I 

pretreated wxth CXM or sahne. They were d-amphetamine a: I . /  J J  j [  
sulphate (1.0 mg/kg), 1-noradrenahne b itartrate (5 .0 -100  ~ 20- / , / j  / 
~g/kg); piperoxane (1.0 or 2 0 mg/kg); propranolol (1 0 or " /  / 
2.0 mg/kg), haloperidol (1.0 or 2.0 mg/kg), mepyramine , / /  / 
maleate (2.0 or 5.0 mg/kg); methoxamme HC1 (50 #g/kg) A A+o~ A÷/0 o( ,/~ 
and isoprenahne (50 #g/kg) 

In experiments with the varms transmitter antagomsts ANPHETANINE(A) PIPEROXANE (o~1 or PROPRAN0 
(ptperoxane, propranolol, haloperidol, mepyramine, cypro- 
heptadene) each was administered to CXM-pretreated FIG. 1 Ctuckens were pretreated with CXM (A) or sahne 
chickens m the same rejection as the amphetamine Control mm after learning they recmved one subcutaneous mlectm 
groups were injected with CXM and receptor blockers, mg/kg amphetamine and/or 1.0 mg/kg plperoxane (a blocke 
saline and receptor blockers, or sahne, receptor blockers mg/kg propranolol (3 blocker). Each retention score repre~ 
and amphetamine. Slmdarly, for some experiments, piper- mean of 2-4 groups of 20 chickens and the bars repre 
oxane and propranolol were each combined with nor- minimum and maxmmm percentage of the total number c 
epinephrine m a smgle admtmstratton In the other ex- tested under each condmon. Using Rodger's [11] tech~ 
perlments, norepmephrme and noradrenergtc agomsts meth- planned contrast on propomons, CXM-pretreated chic 
oxamme and xsoprenaline were each administered without amphetamine differed significantly m proportional retent 

all other groups pretreated with CXM (p<0.05). The r, 
amphetamine m CXM-pretreated chickens. In ad&hon to groups were not slgmflcantly different from each ~1 
the above injection time of 10 mln after learning, sub- s~gmficant differences were found between sahne pretreate 
cutaneous norepinephrine was administered at times up to of chickens 
120 mm after learning to chickens pretreated wxth saline or 
CXM, enabling further comparison w~th earher experiments 
with amphetamine, effect of amphetamine m CXM-pretreated chlcke 

1A). Similar results were obtained with concentr~ 
RESULTS 2.0 mg/kg. In the absence of amphetamine, neither 

With chickens pretreated with CXM, amphetamine had drugs produced any change m memory retention r 
or CXM-pretreated chickens. 

its maximum effect in preventing CXM-mduced amnesia The dopamine receptor antagomst - haloperl 
when administered close after the learning trial (Fig. 4). mg/kg), the htstamme receptor antagomst - mep 
Amphetamine had no effect on memory retention m (2.0 mg/kg)and the serotonm a n t a g o m s t - c y p r o h e  
salme-pretreated chickens (1.0 mg/kg) injected with amphetamine d~d not 

effect of amphetamine on CXM-mduced amnesia 
Effect o f  Transmitter Antagomsts on the Reversal by similar results were obtained with the higher doses. 
Amphetamine o f  CXM Amnesia these drugs had any action of their own without 

Piperoxane and propranolol (1.0 mg/kg) abohshed the amine in either CXM-or saline-pretreated chickens. 
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FIG. 2. Percentage retention following admlmstratlon of the NtO 5 25 50 
transmitter antagomsts haloperldol (dopamme), mepyramme ( h i s -  DRUG 
tamme) or cyproheptadene (serotonm, 5HT), 1.0, 2.0, and 1.0 DOSE OF L-NOREPINEPHRINE( 
mg/kg respectwely, to chcks  treated w i th  C X M  or C X M  and 

amphetamine (1 0 mg/kg).  Amphetamine and the transmit ter FIG. 3 Retent ion at 180 mm m chickens rejected w i th  a 
antagomsts were admimstered 10 mm after learnmg, while CXM was concentratmn of norepmephrme 10 mm after learning 
administered 5 mln prior to learning. None of the transmitter treated with either CXM or sahne. Fifty and 100 /~g 
antagomsts prevented amphetamine overcoming the mhIbltmn by epinephrine did not affect those chicks treated with s~ 
CXM. Chicks pretreated w,th CXM and gwen haloperldol, mepyr- antagomzed the amnesic effect of CXM. The proportional J 
amine or cyproheptadene all differed significantly m proportional of CXM-pretreated chicks recewmg 25, 50, or 100 t~g 
retentmn [11 ] trom the respectwe groups gwen amphetamine as epinephrine differed slgmftcantly (0<0 05) from chicks rec, 

well (0<0.05). post-training treatment. Those receiving 5 #g/kg were 
mficantly different. Chicks pretreated with sahne w~ 
significantly different (p<0 0 l )  when they recewed 5 #i 

These  resul ts  wi th  the  t r a n s m i t t e r  an tagon i s t s  suggest other doses of noreplnephrme were significantly dltferc 
qmte  s t rong ly  t ha t  the  pharmaco log ica l  ac t ion  of  a m p h e t -  sahne-pretreated chicks recewmg no post-training treatn 
amine  respons ib le  for  its e f fec t  o n  labile m e m o r y  ts due to 
n o r e p i n e p h r i n e  release because the a and  # b lockers  b lock  
the  ef fec t  of  a m p h e t a m i n e  in e l imina t ing  CXM-induced  a d m m i s t r a t i o n  of  n o r e p I n e p h r i n e  became  greate 
amnesia ,  ep ineph r ine  b e c a m e  less ef fec t ive  in ma in t a in i  

m e m o r y .  This  e f fec t  was still ev idenced  in retentiJ  
Dose-Response Curve for Norepmephrlne 24 hr a f te r  learning,  so clearly n o r e p m e p h r i n e  ts ha 

Fou r  doses of  n o r e p i n e p h r i n e ,  5, 25,  50 or  i 0 0  #g /kg  effect  on  m e m o r y  and  the  resul ts  are no t  due to a ct 
were given 10 min  af ter  learning.  R e t e n t i o n  was measu red  pe r fo rmance .  I ts  e f fec tweness  was t he r e fo re  depen,  
at 180 m m  in groups  of  ch ickens  p re t r ea t ed  w i th  CXM or the  t ime  of  admin i s t r a t i on ,  as is t ha t  of  amphe tamJ  
saline (Fig. 3). W~th the  h igh doses (50 and 100 , g ) ,  When  the  c~ and  fl r ecep to r  a n t a g o m s t s  are admiJ 
n o r e p i n e p h r m e  was able to c o u n t e r a c t  the  amnes ia  i nduced  wi th  n o r e p i n e p h r i n e  (50  , g / k g )  t hey  prevente  
by  CXM bu t  tt had  no ef fec t  on  m e m o r y  in ch ickens  ep inephr ine  reversal of CXM-lnduced  amnes ia  (Fil 
in jec ted  w i th  saline, result  s imilar  to tha t  f o u n d  wi th  a m p h e t a m i n e .  

The  low dose of  n o r e p l n e p h r i n e  (5 t~g/kg), i nh ib i t ed  NoradrenerglcReceptorAgomsts 
m e m o r y  f o r m a t m n  m sa l ine-pre t rea ted  chickens .  Such  a 
resul t  ts cons i s t en t  wi th  previous ly  observed  ef fec ts  of  a low The  noradrenerg lc  agonists ,  m e t h o x a m i n e  (50  
dose of  a m p h e t a m i n e  (0.1 mg/kg)  [ 2 ] .  T he  inh ib i t ing  ef fec t  and i sop renahne  (50  ~g/kg),  wh ich  s t imula te  c~ 
of  a low dose of  n o r e p m e p h r i n e  on  m e m o r y  r e t e n t i o n  In adrenergic  r ecep to r s  respect ively ,  were mjec t ed  sin 
s ahne -p re t r ea t ed  ch ickens  is cur ious  and  is cu r ren t ly  u n d e r  in c o m b i n a t i o n  in to  ch ickens  p re t r ea t ed  wi th  CXM ( 
inves t igat ion.  When gwen 10 rain af te r  learning,  r e t e n t i o n  test ing 

min revealed reversal  o f  CXM amnes ia ;  i.e. thes  
Tzme of  Norepmephrme Administration mimicked  the  response  to n o r e p i n e p h r l n e .  A simila 

was o b t a i n e d  w h e n  a h igher  dose (100  ug/kg)  o 
N o r e p m e p h r i n e  (50  and  100 ~ g / k g ) m i m i c k e d  a m p h e t -  agonist  was used. The  ef fec t  wi th  c~ and  # 

amine  in o v e r c o m i n g  C X M - m d u c e d  amnesm.  When  nor-  
ep inephr ine  (50  ug/kg)  was admin i s t e r ed  s u b c u t a n e o u s l y  10 admin i s t e r ed  10 min  af te r  learning was still apparm 

later.  
min  a f t e r  learning to ch ickens  p r e t r e a t e d  wi th  CXM, the  
same r e t e n t i o n  was measured  at 180 m l n  as in the  con t ro l  
s ahne -p re t r ea t ed  ch ickens  (Fig. 4) DISCUSSION 

As the  in terva l  b e t w e e n  the  t ime  o f  learn ing  and  the  The  presen t  e x p e r i m e n t s  ind ica te  t h a t  the  ef 
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FIG. 5. Percentage of chickens avoiding on the retention 
FIG 4 Retention at 180 mm m chickens given lntracramalCXM or mm after learning. Chmkens pretreated with either CXM 
saline before learning and injected with 50 #g/kg noreplnephrine at were given a subcutaneous injection 10 mm after learmr 
mtervals of 10-120 rain after learning. Data from Gibbs [21 on #g/kg norepmephrme with either 1.0 mg/kg piperoxane 
CXM-pretreated chickens given amphetamme (1 0 mg/kg) at the agonlst) or 1 0 mg/kg propranolol (/3 antagonist) Ther 
same nine intervals ts Included for comparison. Norepmephrme significant difference (p<0 05) between chicks receiving C 
given 10 mm after learning produced no slgmflcant difference norepmephrme and those receiving plperoxane or propra 
(p<0 05) between saline and CXM pretreated chicks From 30 mln addltmn. The differences between the saline pretreated gro~ 
onwards there was a significant hnear trend in the proportional not significantly different trom chicks receiving only sal 
retention of chicks receiving CXM-pretreatment plus nor- norepmephrme. 
epinephrine Sahne pretreated chicks showed no significant linear 

trend with noreplnephrme treatment [ 11] 

amphe tamine  in reversing CXM-mduced  amnesm probably  80 CXM PRETREATMENT T 

stems f rom xts no rep inephr lne  releasing p roper ty  [23 ] ,  and T - ~  "-~ J_ ' 
that  b o t h  tts ~ and /3 noradrenergxc proper t ies  appear  to be " T  2- 
involved. Admin is t ra t ion  of  e t ther  the c~ noradrenerglc  60 
antagonts t  p lpe roxane  or the fl an tagomst  p ropranolo l  z 
abolish the ab lh ty  o f  a m p h e t a m i n e  to reverse CXM-lnduced ~- 
amnesia,  whereas  the  o the r  non  adrenergic t ransmi t te r  o 
an tagomsts  - haloper ldol ,  mepyramine  and cypro-  ~ 40- 
hep tadene  allow a m p h e t a m i n e  to prevent  CXM-mduced  

z 
amnesia.  None  of  the drugs inf luence CXM amnesia wi thou t  _o 
amphe t amine ,  nor  do they  ef fec t  m e m o r y  in con t ro l  ~- z 
chickens pre t rea ted  wi th  saline. F u r t h e r m o r e ,  nor- '" I'-T-'I I-- 20- epinephrine (50 ug/kg) has a s imdar  act ion to a m p h e t a m i n e  tu 

IX: / 
and its ef fect  IS d e p e n d e n t  on dose as well as on the t ime of  ~ 
adminis t ra t ion  after  learnmg,  this ac tmn can be an tagomzed  
by b o t h  a and t~ s t imulants .  

It is unusual  to fmd an effect  o f  no rep inephr lne  that  can NE MEnq0x- ISOPREN- MErH~)×At, 

be b locked  equally well by b o t h  ~ and/3 r ecep to r  blockers  AMINE ALINE ISOPRENAL 
In the per ipheral  nervous sys tem c~ and/3 act ions are usually NORADRENERGIC STIMULANTS 
separable and even in the central  nervous system,  d i f fe rent  
behavioural  e f fec ts  of ep inephr ine  and n o r e p t n e p h n n e  on FIG. 6 Percentage of chicks avoiding at 180 rain reten 
food mtake,  for  example ,  can be shown to mvolve one or when CXM-pretreated chicks were given different sympathc 
o ther  of  the two  recep tor  types  [8 ] .  drugs 10 mm after learning Methoxamme (50 #g/kg) 

An alternattve in te rp re ta t ion  of  the current  results might  isoprenallne (50 #g/kg) were compared with noreplneph 
be tha t  n o r e p m e p h r i n e  ~s produc ing  a direct  behavioural  #g/kgl post-tralmng treatment, CXM-pretreatment only , 

included for comparison. The hatched bar represents retentl 
effect  that  inf luences r e t en t ion  test ing and is scored as hr The proportional retention of chicks recewm~ 
memory .  In rats,  high doses of  no rep lnephr ine  will p roduce  pretreatment only differed significantly (p<O.O1) from : 
s tupor  and abol i t ion of  m o t o r  ac twi ty ,  bu t  when  the dose is treatments, which did not differ significantly from each ott 
lowered,  increases in l o c o m o t i o n  and exp lo ra to ry  act ivi ty Rodger's planned contrasts [ 11 ] 
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have been  r epo r t ed  [ 5 , 1 5 ] .  In the  present  e x p e r i m e n t s  If n e u r o n a l  c o n n e c t i o n s  are modi f i ed  by  changes  m 
where  the  n o r e p i n e p h r m e  dose is low, any  increase  m synthes is  as a resul t  of  learning,  the  indiv idual  s 
actwaty would  decrease  the  a p p a r e n t  m e m o r y  score ,  w h i c h  t hen  b e c o m e  ident i f iab le  in t e rms  of  biochen:  
is oppos i t e  to the  resul ts  observed .  In ch ickens ,  behav ioura l  phys io logica l  changes .  Horr idge [6]  makes  the  po 
sleep, lowered  t e m p e r a t u r e ,  lowered  b l o o d  pressure and  " t h e  address  r e i n f o r c e m e n t  acts  upon  is respons  
reduced  oxygen  c o n s u m p t i o n  were r epo r t ed  for  nor-  reveals i tself  because  it has r ecen t ly  been  active 
ep inephr ine  Infused in to  the  h y p o t h a l a m i c  area, bu t  there  unphes  t h a t  the  effects  of  reward  and  p u n l s h m  
was no ef fec t  when  infused in to  the  cerebral  hemisphe re  w~despread and  are no t  specif ic;  it is on ly  recentl ,  
[ 1 0 ] ,  and  at is the  la t ter  area where  CXM has been  in jec ted  circuits  t h a t  need  to be sensi t ive to remforcemez 
and  shown  to inh ib i t  m e m o r y  f o r m a t i o n .  These  f indings  sho r t - t e rm,  p r o t e i n - i n d e p e n d e n t ,  labile m e m o r y  cot 
suggest it as unl ike ly  t ha t  n o r e p i n e p h r i n e  is falsely in- sibly be a phase  in m e m o r y  s torage where  rood 
f luencing  r e t e n t i o n  test ing,  perhaps  by  r e m f o r c e m e n t ,  could  occur .  

There  as ev idence  f rom e x p e r i m e n t s  where  d i f fe ren t  Previous  e x p e r i m e n t s  have ind ica ted  tha t  the  
areas o f  the  chick fo reb ra in  were re jec ted  wi th  o u a b a i n  p u m p  is involved an the phase  o f  sho r t - t e rm  r 
(Cherk in  and Gibbs ,  u n p u b l i s h e d  da ta )  t ha t  the  neos t r i a ta l  storage [3, 9, 21 ]. O t h e r  e x p e r i m e n t s  have s h o w n  ( 
area is the  mos t  i m p o r t a n t  for  the  i nh ib i t i on  of  m e m o r y  neu rona l  re -uptake  of  n o r e p m e p h r m e  revolves 
form. . t lon .  Regional  u p t a k e  of  labelled no repanephr lne  is ATP'ase  [ 2 0 ] .  Pre l iminary  b iochemica l  assays ( J e f f  
greates t  an the  p a l e o s t n a t a l  and  neos t r l a ta l  regions of  the  Gibbs ,  in p r epa ra t i on )  have s h o w n  tha t  norep inephrJ  
ch icken  fo rebra ln  [ 1 7 ] .  Thus  the  neos t r l a ta l  region of  the  comparab l e  c o n c e n t r a t i o n  to the  behav ioura l  dose 
ch icken  f o r e b r a m  may  be mvolved  in the  mhibataon of  these expe r imen t s ,  doubles  Na÷/K" ATP'ase  actavlt3 
sho r t - t e rm m e m o r y  by  ouaba in ,  the  mhabataon of  long- te rm ch icken  fo r eb ram 
m e m o r y  by  CXM and possably m the  ef fec t  of  nor-  If r e i n f o r c e m e n t  as def ined  as keeping  synaps(  
ep inephr ine  m ove rcoming  CXM amnesia  t lfied or  addressed for an increased per iod o f  tam 

F r o m  the  results  p resen ted  m this  paper  one  may  changes  in n o r e p i n e p h r i n e  levels, artafacially or  n; 
speculate  a b o u t  a possible physaologlcal  basis for  rein- induced ,  may  do  so by selective m a i n t e n a n c e  
f o r c e m e n t  of  responses .  Kety  [71 has  p roposed  t h a t  p r o t e l n - l n d e p e n d e n t o r c y c l o h e x l m a d e - r e s a s t a n t m e n  
n o r e p m e p h r m e  may  be released as a resul t  of  arousal  
reduced  by  s ignif icant  or novel  s tamuh and t ha t  a he tght -  ACKNOWLEDGEMENT 

ened  level of  a rousal  may  inf luence  n e u r o n a l  processes  I would hke to thank Ms J. M Barnett tbr techmcal a., 
involved in m e m o r y .  In t e rms  of  m e m o r y  f o r m a t i o n  J. Z. 
Young  [22]  has suggested tha t  an  " a d d r e s s "  as m a i n t a i n e d  
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