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A p p a r e n t  De layed  E n h a n c e m e n t  of M e m o r y  F o l l o w i n g  P o s t - T r i a l  M e t h y l a m p h e t a m i n e  H y d r o c h l o r i d e  

A recent  rev iew x of the  l i t e ra ture  re la t ing  to  s tudies  in- 
vo lv ing  post - t r ia l  admin i s t r a t ion  of drugs  to  an imals  in 
learning s i tua t ions  has noted  t h e  appa ren t l y  ub iqu i tous  
f inding t h a t  cent ra l  nervous  s t imulan t s  enhance,  whi ls t  
cent ra l  nervous  depressants  impair ,  the  re ten t ion  of learn-  
ed responses. These  results  h a v e  usua l ly  been ascr ibed to  
drug- induced modif ica t ions  of a m e m o r y  consol idat ion 
process 2, t hough  the  pharmacologica l  bases of such chan- 
ges are  uncer ta in .  

I n  a recent  s tudy  invo lv ing  post - t r ia l  admin i s t r a t ion  of 
m e t h y l a m p h e t a m i n e  hydrochlor ide ,  a cent ra l  s t imulant ,  
WAITE 3 could no t  f ind any  fac i l i ta t ing  effect  of t he  drug 
on the  re ten t ion  of one- t r ia l  pass ive  avoidance  learning 
in rats  when  the  animals  were tes ted  24 h a f te r  t h e  learn- 
ing experience,  b u t  when  t h e y  were re tes ted  be tween  1 
and 6 weeks la te r  i t  was found ~ t h a t  those  which had  re- 
ce ived pos t - t r ia l  drug  t r e a t m e n t  showed c lear ly  enhanced  
re ten t ion  of  learned avoidance  responses as compared  wi th  
sa l ine- t rea ted  controls.  The  expe r imen t  repor ted  here  was 
u n d e r t aken  in an  a t t e m p t  to  rep l ica te  these  findings.  

iVIethods. The  subjects  were male  ra ts  of the  R o m a n  Con- 
t rol  (RCA) strain,  bred and reared  in the  B i r m i n g h a m  
Psycho logy  D e p a r t m e n t  an imal  colony,  and aged abou t  
100 d a y s  a t  the  c o m m e n c e m e n t  of the  exper iment .  

Avoidance  learning was carried ou t  in an a p p a r a t u s  
which consis ted of a shelf 10 cm deep × 23 cm wide,  ele- 
va t ed  10 cm above  a 25 cm square  floor compris ing paral -  
lel meta l  bars  th rough  which a sc rambled  0.25 m A  A/C 
(50 Hz) cons tan t  cur ren t  electric shock could be adminis-  
tered to the  an imals '  feet  for a period of 5 sec. 

E a c h  subjec t  was placed upon  the  shelf and then  the  
t ime  taken  for M1 4 of i ts  feet  to  touch  the  floor bars  (i.e. 
t he  s tep-down latency)  was recorded.  20 subjects  rece ived  
shocks i m m e d i a t e l y  a f te r  s tepping  down:  t h e y  were  pre-  
v e n t e d  f rom m a k i n g  an escape response by  a gui l lot ine  
door  which  was lowered in f ront  of t he  shelf. A fu r ther  20 
subjects  rece ived  no shock. All  subjects  whose s tep-down 
latencies  fell  below 5 sec or  exceeded 30 see were re jec ted  
and replaced by  others.  Ha l f  of the  shocked and half  of the  
unshocked subjects,  r a n d o m l y  selected, received me thy l -  
a m p h e t a m i n e  hydrochlor ide ,  5 mg /kg  s.c. The  remain ing  
subjects  received s.c. inject ions of physiological  saline. All 
in ject ions  were g iven  in vo lumes  of 0.1 ml/100 g body  
weight .  The  s tepdown latencies  of all subjects  were exa-  
mined  at  in tervals  of 1, 3, 5 and 7 days. 

A fu r the r  20 subjects ,  also male  RCA rats,  were g iven  
shocks a f te r  mak ing  s tep-down responses b u t  were re- 
tes ted  on ly  af ter  a 7 day  interval .  H a l f  of these subjects  
received drug in ject ions  a t  t he  p rev ious ly  no ted  dosage, 
t he  remainder  receiving saline. 

Results. The  exper imen ta l  d a t a  are  presented  in the  
Table .  Analys is  of the  results  ind ica ted  a v e r y  clear  over-  
al l  effect  of shock t r e a t m e n t  ( F = 4 8 . 5 9 ;  d / 1 / 8 6 ;  
p < 0.001) ind ica t ing  pa r t i a l  learning by  the  subjects  to  
avo id  mak ing  s tep-down responses. The  shocked sub- 
jects  to which saline had been g iven  showed a progressive 
tendency,  over  t he  4 successive tes t  days,  to reduce the i r  
s t ep-down la tency  (F  = 3.06; d/3/27; p <: 0.05). T h a t  
th is  was due to the  ex t inc t ion  of avoidance  learning was 
demons t r a t ed  by  the  fact  t h a t  the  shocked, sa l ine- t rea ted  
subjects  which were not  re tes ted  unt i l  7 days af ter  learn- 
ing had la tency  scores s igni f icant ly  h igher  t han  the  sub- 
jects  tes ted on a prev ious  3 occasions (t = 3.046; d/18; 
p < 0.01; 2-tailed test).  

The  shocked subjects  which had been given post - t r ia l  
in ject ions  of m e n y l a m p h e t a m i n e  hydrochlor ide  showed 
s tep-down latencies  of t he  same  order  as those  of t he  
shocked, sa l ine- t rea ted  subjects  on days  1, 3 and 5 c i t e r  
the  learning exper ience,  b u t  no t  on ly  did t h e y  no t  ex-  
t inguish the i r  learned avoidance  responses b u t  in fac t  
showed a t endency  to produce  increased la tencies  on the  
7th day  re tes t  (F  = 5.72; d[3]27; p < 0.005). These  
f indings are also ref lected in a s ignif icant  shock × drugs 
× days  in te rac t ion  in the  analysis  of var iance  (F  = 2.66; 

d / 3 / 1 0 8 ;  p < 0.05) indica t ing  a d ivergence be tween  the  
la tency  scores of the  shocked-and-drugged and the  shocked- 
and-sa l ine- t rea ted  subjects  over  the  4 days  of retest ing.  

Subjects  g iven drug inject ions  a f te r  ini t ia l  learning bu t  
tes ted  on only I occasion 7 days  later,  p roduced  s tep-down 
la tency  scores which did no t  differ s ignif icant ly  f rom those 
produced  by  s imi la r ly- t rea ted  animals  which had recei-  
ved  3 previous  retests.  

Discussion. The  expe r imen t  conf i rmed t h a t  pos t - t r ia l  
m e t h y l a m p h e t a m i n e  hydrochlor ide  does appa ren t ly  im-  
p rove  re ten t ion  of one- t r ia l  avo idance  learning,  no t  only  
by  e l imina t ing  ex t inc t ion  of the  response on repea ted  test ing,  
bu t  also causing i t  to  increase in magn i tude  7 days  Mter  the  
original  learning experience.  

I t  was t hough t  t h a t  a possible exp lana t ion  migh t  be 
t h a t  re ten t ion  was in fact  improYed on re tes t  days 1, 3 and 
5, bu t  was offset  by  a drug- induced s t imula t ion  of a c t i v i t y  
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Table I. Means and standard errors (in parentheses) of step-down lateneies (seconds) for shocked (+) and unshocked (--) rats treated with 
post-trial methylamphetamine hydrochloride (+) or saline (--) and retested after various time intervals 

Treatment 

Shock 

Training-test-interval (days) 

Drug 1 3 5 7 

+ + 
+ 
- -  + 

Subjects retested on day 7 only 
+ + 

238.4 (34.5) 190.1 (39.1) 258.0 (46.8) 367.3 (44.5) 
298.7 (45.8) 303.7 (64.3) 219.2 (37.1) 150.2 (26.1) 
111.9 (37.7) 103.3 (43.4) 104.8 (35.5) 55.0 (15.3) 
93.8 (38.9) 83.5 (28.1) 62.2 (21.5) 82.4 (27.5) 

426.3 (51.I) 
335.6 (58.6) 

n = 10 for each shock/drug condition. 
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caus ing  t h e  a n i m a l  to  s t ep  d o w n  f r o m  t h e  she l f  m o r e  qu ick-  
ly :  as  t h e  s t i m u l a n t  ef fec t  wore  off  so t h e  e n h a n c e d  r e t en -  
t i o n  wou ld  b e c o m e  inc reas ing ly  ev iden t .  A l t e r n a t i v e l y ,  
t h e  d r u g  m i g h t  p roduce  a de l ayed  ef fec t  u p o n  m o t o r  ac t i -  
v i t y ,  caus ing  t h e  s u b j e c t s  to  b e c o m e  less a c t i v e  a f t e r  a 
pe r iod  of 7 days ,  t h e r e b y  inc reas ing  t h e  s t e p - d o w n  l a t en -  
Lies a n d  p r o d u c i n g  a n  a r t i f a c t u a l  i m p r o v e m e n t  in  l ea rned  
r e sponse  r e t en t ion .  H o w e v e r  b o t h  these  poss ib i l i t i es  were  
e l i m i n a t e d  s ince  i t  was  o b s e r v e d  t h a t  t h e r e  were  no  indi-  
c a t i ons  of a n y  effects  on  m o t o r  a c t i v i t y  a f fec t ing  s tep-  
d o w n  read iness  a m o n g s t  t h e  non - s hocked  con t ro l  subjects .  
Moreover ,  a s u b s i d i a r y  e x p e r i m e n t  on  a f u r t h e r  10 sub-  
jects ,  5 of w h i c h  were  g iven  m e t h y l a m p h e t a m i n e  h y d r o -  
ch lor ide  (in t he  dose level  p r e v i o u s l y  noted)  a n d  t h e  re- 
m a i n d e r  g iven  sal ine,  con f i rmed  t h a t  no  e l eva t ed  loco- 
m o t o r y  or r e a r i ng  a c t i v i t y  occur red  1, 3 or 5 days  a f t e r  
in jec t ion .  Th i s  does not ,  of course,  rule  o u t  t he  poss ib i l i ty  
t h a t  some  o t h e r  cha rac t e r i s t i c  of t h e  d rug  obscures  ele- 
v a t e d  s t e p - d o w n  l a t enc ie s  on  r e t e s t  d a y s  1, 3 a n d  5, t h o u g h  
i t  is v e r y  d i f f icu l t  to  see w h a t  t he  m e c h a n i s m  of t h i s  m i g h t  
be. Th i s  same  s u b s i d i a r y  e x p e r i m e n t  also showed  t h a t  no  
i m p a i r m e n t  of m o t o r  r e sponses  occur red  7 days  a f t e r  d rug  
t r e a t m e n t  such  as would  be  necessa ry  to  exp l a i n  t he  ele- 
v a t e d  l a t e n c y  sores obse rved  in t he  p r ev ious  expe r imen t .  

O t h e r  e x p l a n a t i o n s ,  n o t  r e l a t ed  to  changes  in m o t o r  
ac t i v i t y ,  m a y  also be  cons idered .  I t  m a y  be, for example ,  
t h a t  m e t h y l a m p h e t a m i n e  h y d r o c h l o r i d e  p roduces  a n  
ef fec t  w h i c h  increases  ove r  t i m e  a n d  w h i c h  ope ra t ed  in 
such  a w a y  as to  f ac i l i t a t e  t h e  express ion  of t h e  l ea rned  
response ,  i.e. to  e n h a n c e  m e m o r y  re t r i eva l .  A t  a physiolo-  
gical  level  t h i s  m i g h t  be  due  to  t h e  p rogress ive  deve lop-  
m e n t  of a c h a n g e  in s y n a p t i c  func t ion ing ,  or to  t he  bui ld-  
u p  of some p s y c h o a c t i v e  m e t a b o l i t e  of t he  drug.  There  is, 
however ,  no  ev idence  to  s u p p o r t  e i t h e r  of these  proposals ,  

A second poss ib i l i ty  is t h a t  t h e  d r u g  a f fec ts  t he  process  
of m e m o r y  conso l ida t ion  so as  to  e n h a n c e  t h e  e s t ab l i sh -  
m e n t  of a l o n g - t e r m  t r ace  a n d  to  m a k e  i t  tess suscep t ib l e  to  
d i s rup t i on .  However ,  e x p e r i m e n t a l  a n i m a l  s tud ie s  ~-* on  
m e m o r y  c o n s o l i d a t i o n  h a v e  i n d i c a t e d  t h a t  t he  t r ans fo r -  
m a t i o n  of s h o r t - t e r m  i n t o  l o n g - t e r m  t r aces  is l ike ly  to be  

e s sen t i a l l y  c o m p l e t e d  w i t h i n  a m a t t e r  of minu te s ,  or  a t  t h e  
m o s t  w i t h i n  2 or  3 h, fo l lowing t h e  l e a rn ing  exper ience .  
T h i s  does  no t ,  of course,  m e a n  t h a t  o t h e r  processes  of more  
e x t e n d e d  d u r a t i o n  m i g h t  n o t  be  i n v o l v e d  in t h e  f i xa t ion  of 
l o n g - t e r m  t races .  These  e x t e n d e d  processes  m i g h t  b e  sus- 
c ep t i b l e  to  mod i f i c a t i on  b y  e m e r g e n t  ef fec ts  of p r e v i o u s  
d rug  a d m i n i s t r a t i o n .  I n  t h e  case of t h e  d r u g  u n d e r  consi-  
d e r a t i o n ,  t h e r e  is l i t t l e  k n o w n  a b o u t  t h e  fo rm w h i c h  such  
e m e r g e n t  effects  m i g h t  t a k e :  acu te  m e t h y l a m p h e t a m i n e  
h y d r o c h l o r i d e  a d m i n i s t r a t i o n  p roduces  c a t e c h o l a m i n e  de- 
p l e t i on  in  n e r v e  t e rmina l s ,  p a r t i c u l a r l y  in  t h e  h y p o t h a l a -  
mus,  a m y g d a l a  a n d  h i p p o c a m p u s  s, b u t  t he  t i m e  course  of 
t h i s  ef fec t  is unce r t a in ,  as are t he  func t iona l  imp l i ca t i ons  
for  m e m o r y  conso l ida t ion .  

The  p h e n o m e n o n  of a p h a r m a c o l o g i c a l l y  i nduced  ap-  
p a r e n t  i m p r o v e m e n t  of m e m o r y  occur r ing  a f t e r  a 7-da~ 
de lay  is v e r y  curious,  if i ndeed  i t  is a p h e n o m e n o n  w h i c h  
can  be  r ep l i ca t ed  u n d e r  d i f f e ren t  e x p e r i m e n t a l  c i rcums-  
t ances ,  a n d  i ts  f u r t h e r  a n d  closer e x a m i n a t i o n  m a y  he lp  
to  e luc ida te  some  of t he  conso l ida t ion  processes  wh ich  oc- 
cu r  d u r i n g  m e m o r y  e s t a b l i s h m e n t .  

Rdsumd. L ' h y d r o c h l o r u r e  de m 6 t h y l a m p h 6 t a m i n e ,  
d rogue  qui  6 ta f t  admin i s t r 6e  a u x  r a t s  apr~s  qu ' i l s  a i e n t  
sub i  une  seule exp6r ience  d ' e n t r a i n e m e n t ,  am61iorera i t  la 
m 6 m o i r e  des  a n i m a u x  test6s,  ma i s  cet  effet  se n ' e s t  pro-  
du i t  que  7 jours  apr~s  l 'exp~rience.  
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Binding of 5-Hydroxytryptamine and Noradrenaline by R a t  L u n g  

R a t  lungs  in  v i t r o  h a v e  b e e n  s h o w n  to  r e m o v e  b o t h  
5 - h y d r o x y - t r y p t a m i n e  x (5-HT) a n d  n 0 r a d r e n a l i n e  ~ (NA) 
f r o m  the  p u l m o n a r y  c i rcu la t ion .  ALABASTER a n d  BAKHLE 1 
r e p o r t e d  t h a t  NA,  in  c o n c e n t r a t i o n s  u p  to  10 t i m e s  t hose  
of 5-HT,  fa i led  to  in f luence  r e m o v a l  of t h e  l a t t e r  b y  lung,  
sugges t i ng  t h a t  r e m o v a l  s i tes  for  t h e  2 a m i n e s  m a y  n o t  
be  iden t ica l ,  or  t h a t  t h e i r  a f f in i ty  is g r e a t e r  for  5 - H T  t h a n  
for  NA.  I n  a n  ef for t  t o  i d e n t i f y  poss ib le  b i n d i n g  s i tes  for  
b o t h  amines ,  r a d i o a c t i v e  5 -HT a n d  N A  were  a d m i n i s t e r e d  
s i m u l t a n e o u s l y  to  r a t s  a n d  t h e  subce l lu l a r  d i s t r i b u t i o n  of 
e ach  a m i n e  d e t e r m i n e d  s u b s e q u e n t l y  in  sucrose  hom oge -  
n a t e s  of lung.  

Male r a t s  (180 to  250 g) were a n e s t h e t i z e d  w i t h  D ia l /  
u r e t h a n e .  So lu t ions  of 14C-5-HT a n d  3H-NA (New E n g -  
l and  Nuc l ea r  Corpora t ion ,  specif ic  ac t iv i t i e s  15.3 m C / m M  
a n d  9.95 C/mM respec t ive ly )  were p r e p a r e d  in 0 .9% so- 
d i u m  chlor ide  a t  c o n c e n t r a t i o n s  such  t h a t  6 vg  of 5 -HT 
base  a n d  0.1 t~g N A  base  were infused (via a j u g l a r  can-  
nula)  pe r  min .  Th i s  m i x t u r e  of a m i n e s  was  infused  for  
10 min ,  a f t e r  w h i c h  lungs  were  r e m o v e d  e i the r  i m m e d i a t e l y  
or, in  some e x p e r i m e n t s ,  30 m i n  la ter .  Lungs  were  r insed  
in sal ine,  b lo t t ed ,  we ighed  a n d  hom ogen i zed  in 0 . 2 5 M  
sucrose  ( to ta l  of 7-8  ml).  T he  1¢C-5-HT ~nd 3H-NA in ~n 

a l i q u o t  of t h e  h o m o g e n a t e  was  m e a s u r e d  as descr ibed  ear-  
l ier  s,3. T h e  h o m o g e n a t e  was  cen t r i fuged  a t  3000 × g  for  
10 rain.  I n  some  e x p e r i m e n t s ,  an  a l i quo t  of t h e  supe rna -  
t a n t  was  l aye r ed  over  a l inea r  g r a d i e n t  of sucrose  (see be-  
low). T h e  r e m a i n d e r  of t h e  s u p e r n a t a n t  was  cen t r i f uged  a t  
105,000 × g  for 30 rain.  T h e  r e su l t i ng  s e d i m e n t  was  resus-  
p e n d e d  in 2.0 m l  of 0 . 2 5 M  sucrose. 0.5 m l  of t h e  suspen -  
s ion was  used for  m e a s u r e m e n t  of I4C-5-HT a n d  ~H-NA. 
T h e  r e m a i n d e r  (1.5 ml) was  l ayered  o v e r  a n  11.5 m l  l i nea r  
g r a d i e n t  of sucrose, r a n g i n g  in c o n c e n t r a t i o n  f r o m  0.25 to  
1 . 0 M  and  p r e p a r e d  w i t h  a B e c k m a n  G r a d i e n t  former .  Be-  
fore m a k i n g  t he  g r a d i e n t  2.0 m l  of 1.5 M sucrose  was  a d d e d  
to  each  tube .  G r a d i e n t s  were  cen t r i fuged  a t  132,000 × g  for 
1 h, a f t e r  w h i c h  22 f rac t ions ,  e ach  of a p p r o x i m a t e l y  0.6 ml,  
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