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FLOOD, J F , G E SMITH AND A CHERKIN Memo~. enhancement m mt~e Role of drug dose and tramtng-testtng 
mter~al PHARMACOL BIOCHEM BEHAV 29(3) 635--639, 1988 --Pharmacologic probes are useful for studying mem- 
ory mechanisms For eight drug treatments affecting a variety of transmitter systems [arecohne, pmbedil, clomdine, 
fluoxetme, naloxone, ACTH (4-I0)], we determined how long memory retention would remain improved with a dose 
sufficient to ~mprove 3-hour retention Whde all 6 treatments enhanced 3-hour retention test performance a t p < 0  05, only 5 
treatments slgmficantly enhanced retention 24 hour after training and none of the treatments s~gnlficantly affected retention 
at 168 hours A detmled analysis of the dose and retention interval interaction for arecohne indtcated that at low doses 
retention decreased as the retention interval increased while higher doses improved retention up to 3 hours and only the 
highest dose tested enhanced retenuon at 3 and 24 hours Drug doses that enhance short-term retention (3 hours) were not 
adequate to enhance long term retention (168 hours) The 6 drug treatments had no slgmficant or systematic effect on 
activity or on acqulsmon We conclude that short-term retention performance was better because of enhanced memory 
processing or recall and not because of performance effects per se 

Long-term retention Memory M~ce Short-term retention 

A R T I C L E S  summar i z i ng  drug effects  o n  m e m o r y ,  fre- 
quen t ly  r epor t  I ncons i s t en t  resu l t s  wi th  some s tudies  show-  
ing e n h a n c e m e n t  o f  r e t en t ion ,  o the r s  no  effect  and  still 
o the r s  l m p m r m e n t  A par t icu la r ly  good  example  is the  effect  
o f  c h o h n e r g l c  drugs  on  r e t e n t i o n  [6,12] A high degree  o f  
i n c o n s i s t e n c y  leads  to  d o u b t  tha t  a pa r t i cu la r  drug or  c lass  of  
drugs  ac tua l ly  a l te rs  m e m o r y  p r o c e s s e s  Di f fe rences  in ex- 
pe r imen ta l  p a r a m e t e r s ,  1 e . ,  spec ies ,  t ype  o f  task ,  route  of  
in jec t ion ,  dosage  o r  o t h e r  e x p e r i m e n t a l  p a r a m e t e r s  may  ac- 
c o u n t  for  the  o b s e r v e d  d i f fe rences  in abil i ty to  affect  mem-  
ory  r e t en t i on  W h e n  species ,  task ,  m e t h o d  of  drug adminis -  
t r a t ion  and  r e t e n t i o n  tes t  in terva l  were  held  cons t an t ,  we 
r epo r t ed  tha t  8 c o m p o u n d s  tha t  dec rea se  a c e t y l c h o h n e  re- 
c e p t o r  ac t iv i ty  lmpm r ed  r e t e n t i o n  whi le  7 drugs  tha t  en- 
h a n c e d  the  r e c e p t o r  ac t iv i ty  faci l i ta ted r e t en t i on  [6] Two  
p a r a m e t e r s  tha t  a re  usual ly  c o n s i s t e n t  w~thln a l a b o r a t o r y ' s  
r e s e a r c h  bu t  differ  ac ros s  l abora to r i e s  are  the  t ime  of  drug 
a d m l m s t r a t l o n  re laUve to t ra in ing  (pre or  post )  and  the  dura-  
t ion o f  the  r e t e n t i o n  tes t  pe r iod  Pha rmaco log ica l  s tudies  of  
m e m o r y  e n h a n c e m e n t  are  o f ten  e v a l u a t e d  at  a single re ten-  
t ion  tes t  in terval .  The  p u r p o s e s  o f  th is  s tudy  were  to de ter -  
mine  i f  sho r t - t e rm  r e t e n t i o n  was  e n h a n c e d  by  the  same  drug  

t r e a t m e n t s  as long- te rm r e t en t i on  and  w h e t h e r  shor t -  and  
long- te rm r e t en t i on  s h o w e d  di f ferent ia l  sens i t iv i ty  to 
e n h a n c e m e n t  o f  r e t e n t i o n  tes t  pe r fo rmance .  

The  pr inciple  f indings  were  tha t  drugs  affect ing the  
chohnerg ic ,  d o p a m m e r g l c ,  se ro tonerg lc ,  no rad rene rg l c  
t r a n s m i t t e r  sys t ems ,  as well  as an  opioid  r e c e p t o r  b locke r  
and  a h o r m o n a l  pept lde  f r agmen t  e n h a n c e d  shor t - t e rm re- 
t en t ion  as they  we re  r epo r t ed  to e n h a n c e  long- te rm r e t e n u o n  
[8] H o w e v e r  five ou t  of  six c o m p o u n d s  t e s t ed  e n h a n c e d  
sho r t - t e rm  r e t en t i on  at  l ower  doses  t h a n  requ i red  to e n h a n c e  
long- te rm re ten t ion .  This  e n h a n c e m e n t  o f  sho r t - t e rm  re ten-  
t ion was o b t m n e d  wi thou t  faci l i ta t ion of  acqu i s i t ion  

METHOD 

Subjects 

After  1 week  in the  l abora to ry ,  CD-1 male  mice  ob ta ined  
at  6 weeks  of  age f rom Char le s  R ive r  Breed ing  Labo ra to r i e s ,  
Wi lming ton ,  M A ,  were  indiv idual ly  caged  24-48 hr  p n o r  to 
t ra in ing  and  remaaned  singly h o u s e d  unt i l  r e t en t i on  was  
t e s t ed  one  week  later .  The  med ian  b o d y  we igh t  was  35 g, 
wi th  a range  o f  33 to 38 g An ima l  r o o m s  are  maanta lned  on  a 

1Requests for repnnts should be addressed to Dr James F Flood (151A2), VA Medical Center, 16111 Plummer Street, Sepulveda, CA 
91343 
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T A B L E  1 

EFFECT OF DOSE AND RETENTION INTERVAL ON TEST PERFORMANCE 

Arecohne (p.g/mouse, SC) 

Test Interval 0 1 75 3 50 7 0 l0 5 14 0 17 5 

0 25 hr 
% Recall 85 
Mean* 2 4 
SEM 0 22 

1 hr 
% Recall 80 
Mean* 2 7 
SEM 0 29 

2 hr 
% Recall 35 
Mean* 4 0 
SEM 0 28 
p value 

3 hr 
cA Recall 30 
Mean* 3 9 
SEM 0 26 
p value 

24 hr 
% Recall 25 
Mean* 4 6 
SEM 0 33 
p value 

85 90 90 95 95 85 
26  25 22 22 21 25 
020 0 19 020 0 19 0 18 023 

80 85 75 80 75 85 
26 25 29  27 27 24 
0 25 0 25 0 21 0 20 0 24 0 27 

40 50 55 65 70 65 
35 34 36 32 31 32 
027 025 0 16 029 031 032 

<0 05 <0 05 <0 01 <0 05 

35 55 60 75 80 75 
38 35 30 28 26 27 
0 22 0 25 0 33 0 31 0 22 0 26 

<0 05 <0 01 <0 01 <0 01 

35 45 55 55 65 75 
44 40  39 36 33 3 1 
0 34 0 30 0 28 0 31 0 28 0 22 

<0 05 <0 05 <0 01 

*Mean number of trmls to the first avoidance response, for all mice m a group 
(N =20/group) 

The p values given md~cate statistical difference from respective control (0 /zg) by 
Dunnett's t-test 

12 hr l ight-dark cycle  with light on at 0600 The mice were  
t ra ined be tw een  0700 and 1500 Mice were  ass igned ran- 
domly to groups  o f  15 unless  o the rwise  indicated 

T-Maze Apparatus and Training 

The T-maze  and training p rocedure  was  previously  de- 
scr ibed [5] The maze  cons i s ted  of  a black plastic start  alley 
wi th  a start  box  at one end and two goal boxes  at the other ,  a 
s tainless  steel  rod f loor ran th roughout  the maze  The start  
box  was  separa ted  f rom the start  alley by a plastic guillotine 
door  which  p r e v e n t e d  the mouse  f rom moving down  the 
alley until the training s tar ted The intertrial  interval  was 30 
sec with a muffled doorbe l l - type  buzze r  as the condi t ioned  
st imulus and a nominal  foo t shock  o f  0 30 mA (Coulbourn 
Ins t ruments  sc rambled  grid floor shocker  model  E13-08) un- 
less  o therwise  indicated 

A training trial s tar ted when  a mouse  was placed into the 
start  box  The guillotine door  was  raised and the buzze r  
sounded  s imul taneously ,  then  5 sec later  foo t shock  was 
appl ied At  the end of  each  tnal ,  the mouse  was  r emo v ed  
f rom the goal box  and re turned  to its h o m e  cage.  A new trial 
began by placing the mouse  in the star t  box ,  sounding the 
buzze r  and raising the guillotine door ,  wi th  foo t shock  be-  
ginning 5 sec later  if the mouse  did not  move  into its cor rec t  
goal box 

As training p roceeded ,  a mouse  made  one of  two types  of  
r e sponses  A response  la tency longer  than 5 sec was  c lassed 
as an escape  f rom the foo t shock  A re sponse  la tency less 
than or equal  to 5 sec was cons ide red  an avoidance ,  since the 
mouse  avoided  receiving a foo t shock  Mice with escape  
latencles  grea te r  than 20 sec were  d i scarded  as these  mice 
rarely show ev idence  of  learning within the three training 
trials The total exclus ions  were  f ewer  than 5% The measure  
of  learning and memo ry  is the avoidance  of  foo t shock  since 
the discr iminat ion IS easily learned and r e m e m b e r e d  by all 
mice 

Measures oJ Retentton fin T-Maze Footsho~l~ A ~ ordain e 
Training 

To measure  re tent ion ,  the T-maze  training was r e sumed  
until the mice  made  their  first avo idance  re sponse  Based on 
prev ious  s tudies  using our  training t echn ique  (including Ex- 
pe r iment  4 below) the corre la t ion b e t w e e n  mean  trials to first 
avo idance  and mean  trial to a 5 avo idances  in six tna l s  crate- 
n o n  IS grea te r  than +0.90 Thus training mice  to cri terion 
does  not in this situation provide a be t t e r  measure  of  re ten-  
t ion The overal l  significance of  the drug t rea tment  effect  
was  de te rmined  by a one-way  or  two-way  analysis  o f  vari- 
ance [10,16] Dunnet t ' s  t - test  was used to make multiple com- 
parisons be tween  each drug group and the control  group [16] 
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A non-parametric measure of retention was derived to 
better v~suahze the effects of drug treatments on retention 
test performance and to correspond w~th usual reporting 
pracuce For th~s, the number of trials to the first avoidance 
response was d~chotomized to ymld a percent recall score 
Those mice making their first avoidance m three trials or less 
were classed as remembenng the original training This cri- 
terion was adopted because ~t has provided optimal separa- 
tion between the retention test performance of nmve m~ce 
(w~th no T-maze trmnmg) and well-trained mice [5] 

For convenience, retention intervals of 0.25, 1, 2, and 3 hr 
were consMered to reflect short-term memory (STM) reten- 
tion, and intervals of 24 and 168 hr (1 week) will be consid- 
ered to reflect long-term memory (LTM) retention 

Drugs 

Mice received a 0 35 ml subcutaneous Injection of sahne 
or drug solution w~thm 2 mm after training The dose of drug, 
expressed as /zg/mouse, is gwen for each experiment All 
solutmns were blind-coded to ehmmate experimenter bins 
The drugs were obtained from the following sources 
arecohne hydrobromlde was purchased from Sigma Chemi- 
cal Co., St Louis, MO, Naloxone was a gift of Dupont Chem- 
ical Co , Wdmmgton, DE, ACTH (4-10) a gift of Organon 
International, Oss, The Netherlands, fluoxetme a gift of Ely 
Lilly and Co , Indianapolis, IN, clonidine from Boerhmger 
Inglehelm I n c .  New York, NY. and pIribedi1 hydrochlonde 
from Les Laboratories Server, France Doses are expressed 
as/xg of the salt Drug solutions were prepared fresh daily 

EXPERIMENT 1 

The Effect o f  Arec ohne on Retentton Test Perfotman~ e as a 
Func tlon o f  Drug Dose attd Tralmng-Testtng Interval 

The purpose of this experiment was to determine (a) ff 
arecohne, which ~s reported to improve long-term retention 
in humans [15], monkeys [2] and mice [7], also improves 
short-term retentmn, and (b) to what extent the improvement 
persisted for 24 hr after training and drug admimstratIon 
Pdot data indicated that the doses which ~mprove long-term 
retention lmpmred the ability of mice to perform in a STM 
test Thus, Experiment 1 seeks to determine what dose, if 
any, improves STM retention test performance The experi- 
ment used two variables (a) seven doses of ARE (0 00, 1 75, 
3 50, 7 00, 10 50, 14 00 or 17 5/xg/mouse) and (b) five reten- 
tion intervals (0 25, I, 2, 3, or 24 hr) Mice were assigned 
randomly to one of the drug dose groups and one of the 
retentmn test intervals, 35 groups of mice were used (7×5 
factorial) The N/group was 20 

Re~tdts 

A two-way ANOVA run on mean trials to the first 
avoidance response indicated that the mmn effects of dose, 
F(6,695)=6 66, p < 0  001, and retentmn interval, F(4,695) 
=3537,  p<0001 ,  were significant but the interaction 
was not s~gmficant (F<I )  A part|tinning of the sum of 
squares indicated that only retention test intervals at 2, 3 and 
24 hr contnbuted s~gnlficantly to the mmn effect of retention 
interval Using Dunnett ' s  t-test, a subsequent comparison 
between the mean of each control and those of the areco- 
hne-treated mine showed that at the 0.25 and 1-hr retention 
test there were no s~gn~ficant d~fferences as retention was 
uniformly good (75 to 95% recall score) At the 2-hr retentmn 
test, groups treated with 10 5, 14.0 and 17 5/zg of arecoline 

showed s~gnlficantly better recall compared to the control 
group (Table 1) At the 3-hr and 24-hr retention tests, the 
groups treated with 7 0 to 17 5/xg of arecohne showed signif- 
Icantly better recall The 7 txg dose became significant be- 
cause of the continuing dechne in control retention test 
scores at the 3- and 24-hr retention tests 

EXPERIMENT 2 

A Compart~on of  Drug Enhan~ ed Retentton on Short- attd 
Long-Term Retentton 

Compounds other than those affecting the chohnergic 
system can improve long-term retention [1, 3, 9, 11-14, 17] 
The purpose of the following experiment was to determine If 
compounds other than those affecting the chohnergic system 
and known to enhance long-term retention ~mproved short- 
term retentmn In addition, we determined the effect to 
which doses that enhanced short-term retention enhanced 
long-term retention A d~verse group of drugs was selected 
that mcluded a hormonal peptIde fragment (ACTH(4-10)), a 
noradrenergic agomst (clomdlne), serotonerglc uptake 
blocker (fluoxetme), a mu receptor antagomst (naloxone), 
and a dopamine agomst (pmbedll) In prehmmary studies we 
determined the dose of each compound that yielded recall 
scores of at least 80% compared to a control recall score of 
20--25% Separate groups of mice were then trained as m 
Experiment 1 and tested at 3, 24 or 168 hr (1 week) after 
training giving a design with 5 compounds (including sahne) 
by 3 retention intervals for 15 groups To complete the de- 
sign, data for arecohne-treated mice from Experiment (3 and 
24 hr) were used and 168-hr data were obtained 

The results for arecollne were used m the statistical analysis 
since control groups were comparable Three one-way 
ANOVAs indicated that retention was significantly enhanced 
at 3 hr, F(6,98)=7 35, p < 0  01, and at 24 hr, F(6,98)=4 38, 
p < 0  01, but not at 168 hr (F<I)  (Table 2) 

A subsequent analysis of mean differences between the 
control and each compound using Dunnett 's  t-test indicated 
that treated groups made their first avoidance m s|gnlficantly 
fewer test trials at the 3-hr retention test (p<0 01 m each 
case) At the 24-hr retention test, the same comparison 
yielded significantly fewer trials to first avoMance at p <0.01 
for pmbedfl and clomdme, p < 0  05 for arecollne, ACTH 
(4--10) and fluoxetlne, naloxone did not significantly affect 
retenUon Dunnett 's  t-test indicated that at the 168-hr (1 
week) retention test none of the groups differed significantly 
from their sahne-control group 

EXPERIMENT 3 

EJfec t o f  Drugs Enham lng 3-Hour Retention on At  tlvtty 

The enhanced retention observed across all 6 drugs 
treatments m Experiment 2 3 hours after drug administration 
might have occurred if the drugs enhanced activity To test 
this, activity was measured m an open-field 25 × 37 cm with 4 
infra-red beams used to detect movement The equipment 
was fully automated (Coulbourn Instruments Inc ) Three 
hours prior to being tested in the open-field, mice were ad- 
mimstered saline or one of the six drug treatments m Exper- 
Iment 2 The counting began 5 mm after the mice were placed 
in the open-field and contmued for 20 mln To show that the 
apparatus was sensmve to a general increase m actwlty, a 
group of mice injected with scopolamine (1 mg/kg, SC) was 
included This dose of scopolamine is well recognized as a 
psychomotor stimulant [4, 9, 13] 
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T A B L E  2 

EFFECT OF DRUGS ON RETENTION MEASURED 3, 24 AND 168 HOURS AFTER TRAINING 

Time of RetenUon Test 

Dose 
Drug (/xg/mouse) % 3 hr % 24 hr % 168 hr 

Control 0 20 (4 27 --_ 0 27) 20 (4 60 _+ 0 33) 20 (4 20 _+ 0 32) 
Arecohne 14 0 80 (2 66 _+ 0 22)* 65 (3 30 _+ 0 28)* 38 (3 60 +_ 0 31) 
ACTH(4-10) 17 5 87 (2 60 _+ 0 20)* 67 (3 00 _+ 0 38)* 47 (3 53 _+ 0 23) 
Clomdme 21 0 80 (2 80 _+ 0 21)* 80 (2 73 +_ 0 28)* 25 (4 00 _+ 0 28) 
Fluoxetlne 70 0 80 (2 67 _ 0 28)* 73 (3 07 _+ 0 36)* 40 (3 67 _+ 0 32) 
Naloxone 35 0 80 (2 87 _+ 0 24)* 40 (3 77 _+ 0 33) 33 (3 93 _+ 0 33) 
l~rebldal 35 0 87 (2 33 -+_ 0 24)* 80 (2 47 _+ 0 27)* 33 (3 87 _+ 0 36) 

F=7 35, p < 0  01 F=4  38, p < 0  01 F < l , p = n s  

Recall score (%) is tabled with the mean trials to first avoidance (-+sem) 
*Indicates slgmficant difference from control mean at p < 0  05 by Dunnett 's  t-test 

The  n u m b e r  of  inf ra- red  b e a m  in te r rup t ions  were  
ana lyzed  by  a o n e - w a y  A N O V A  D u n n e t t  t - tes t s  b e t w e e n  
the  s a h n e  con t ro l  and  e a c h  drug  t r ea t ed  g roup  ind ica ted  t ha t  
on ly  s copo l amine  s ignif icant ly  i nc r ea sed  ac t iv i ty  c o m p a r e d  
to the  sal ine con t ro l  ( t = 6  80, p < 0  01) The  o the r  t r e a t m e n t s  
were  wi th in  less t h a n  1 s t anda rd  devmt lon  of  the  m e a n  o f  the  
s ahne  con t ro l  

EXPERIMENT 4 

A Test ofDrug-lnduc ed Improvement  o f  T-Maze Footshot I~ 
Avotdan~e A~qutsmon 

One  in t e rp re t a t i on  of  the  resu l t s  of  e n h a n c e d  s h o r t - t e r m  
re t en t ion  p e r f o r m a n c e  w~th the  c o m p o u n d s  used  a b o v e  ~s 
tha t  r e t en t i on  tes t  performan~ e pe r  se was  e n h a n c e d  bu t  no t  
STM retentton To tes t  thin, mice  were  re jected wi th  the  
same  dose  o f  a r e c o h n e  (14 /xg), A C T H  (4-10) (17 5 ~g) ,  
f luoxe tme  (70 /zg), na loxone  (35 /xg), pwlbedll  (35 /zg), 
c l o m d m e  (21 t~g) or  sal ine 3 hr  p r io r  to T - m a z e  t ra in ing  The  
t ra in ing  was  d o n e  as m E x p e r i m e n t  1 e x c e p t  tha t  m~ce were  
t ra ined  un td  t hey  made  5 a v o i d a n c e s  m 6 consecu t ive  t r am-  
mg trials I f  r e t e n t i o n  t e s t  p e r f o r m a n c e  pe r  se were  af fec ted  
by  the  admin i s t r a t i on  of  any  of  these  c o m p o u n d s ,  we would  
expec t  a c q m s m o n  would  be  more  rap~d c o m p a r e d  wi th  the  
s ahne  con t ro l  The  N/group  was 15 

Re~ult~ 

Acquis i t ion  was  not  s ignif icant ly  facd l t a ted  by  a 3-hr pre-  
t r a in ing  in jecUon of  any  of  the  c o m p o u n d s  ( A N O V A ,  F <  1) 
Drug - t r ea t ed  mice  d~d not  differ  s~gnfficantly f rom sahne-  
re jec ted con t ro l s  m m e a n  trials to first  a v o i d a n c e  or  m e a n  
tr ials  to c n t e n o n  (Tab le  3) 

DISCUSSION 

Performan~ e Effec ts o f  Improved Retentton 

One  p r o b l e m  w~th a d m l m s t e r i n g  a r e t e n t i o n  tes t  3 hr  or  
less a f te r  t rmnlng  is tha t  It can  be  i n t e r p r e t ed  as i m p r o v e d  
p e r f o r m a n c e  due  to inc reased  act iv i ty  o r  e n h a n c e d  acquis i -  
t ion  r a t h e r  than  i m p r o v e d  m e m o r y  p r o c e s s i n g  or  recal l  Ex- 
p e r i m e n t  3 fmled to de tec t  a s~gntficant inc rease  m act iv i ty  
wi th  any  o f  the  6 t r e a t m e n t s  found  to e n h a n c e  3-hr r e t en t i on  
tes t  p e r f o r m a n c e  The  open-f ie ld  was sens i t ive  enough  to 

T A B L E  3 

ACQUISITION 3 HOURS AFTER DRUG ADMINISTRATION 

Mean Trmls to 

Dose Fwst 
Drug (/xg/mouse) Avoidance Criterion 

Control 0 6 20 _+ 0 31 10 40 _ 0 32 
Arecohne 14 0 5 93 _+ 0 37 10 20 _+ 0 37 
ACTH(4-10) 17 5 5 87 _+ 0 24 10 00 _+ 0 29 
Clomdme 21 0 5 80 _+ 0 21 10 00 _+ 0 23 
Fluoxetme 70 0 6 00 _+ 0 29 10 13 _+ 0 29 
Naloxone 35 0 6 30 _+ 0 32 10 50 _ 0 28 
Pwebldal 35 0 6 40 _+ 0 35 10 60 _+ 0 35 

de tec t  such  an  ef fec t  s ince  s copo lamine  was found  to m- 
c rease  act iv i ty  I f  the  drug t r e a t m e n t s  e n h a n c e d  sen- 
s o n m o t o r  func t ions ,  t hen  the  drug t r e a t m e n t s  might  be  ex- 
pec t ed  to faci l i ta te  acqms l t lon  of  the  T -maze  avo idance  
hab i t  E x p e r i m e n t  4 fai led to f ind tha t  any  of  the  6 t r e a t m e n t s  
s ignif icant ly  e n h a n c e d  acqms l t i on  Thus  the  e n h a n c e d  re- 
t en t ion  o b s e r v e d  at 3 hours  in E x p e r i m e n t s  1 and  2 would  
indica te  tha t  the  c o m p o u n d s  fac Ih ta ted  e i t he r  m e m o r y  proc-  
ess ing or  recal l  and  the  the effect  was  not  due  to inc reased  
ac t iv i ty  or  e n h a n c e d  acquis i t ion  

D~ferenttal Effet ts on Short-Term and Long-Term 
Retention 

Table  2 c lear ly  ind ica tes  tha t  doses  of  six di f ferent  drug 
t r e a t m e n t s ,  cove r ing  a range  o f  m e c h a n i s m s  o f  ac t ion ,  
faci l i ta ted 3 and  24 h o u r  r e t en t i on  tes t  p e r f o r m a n c e  (excep t  
na loxone  at  24 hr) bu t  failed to e n h a n c e  r e t en t i on  at  168 
h o u r s  H ighe r  doses  of  all six drugs  h a v e  p rev ious ly  b e e n  
r epo r t ed  to faci l i ta te  168 hr  r e t en t ion  [8]. The  high doses  
r anged  f rom two to five t imes  h igher  excep t  for  pInbedI l  
wh ich  faci l i ta tes  3-, 24- and  168-hr r e t e n t i o n  at  the  same  
dose.  A t t e m p t s  to tes t  t hese  h~gher doses  on  3-hr  r e t en t ion  
resu l ted  in impa i red  p e r f o r m a n c e  and  was  d i scon t inued .  

Re t en t i on  t e s t ed  3 hou r s  a f te r  t r a in ing  is c o m m o n l y  con-  
s idered  to r e p r e s e n t  s h o r t - t e r m  m e m o r y  In an imal  exper t -  
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m e n t s  and  24 hr  or  longer  to  r e p r e s e n t  l ong- t e rm m e m o r y  
Admi t t ed ly ,  t he se  cu to f f  po in t s  are  a rb i t r a ry ,  b a s e d  in par t  
on  the  f indings  t ha t  few drugs  can  be  a d m i n i s t e r e d  at  longer  
in te rva ls  t h a n  3 h r  a f te r  t ra in ing  and  still a f fec t  long- te rm 
r e t en t i on  The  ra t iona le  Is t ha t  as long as  an  i n t e rven ing  
t r e a t m e n t  c an  h a v e  an  ef fec t  on  r e t e n t i o n  t e s t ed  24 hr  or  
longer  a f te r  t ra ining,  t hen  the  m e m o r y  " e n g r a m "  is still in a 
labi le  or  s h o r t - t e r m  r e t e n t i o n  p h a s e  of  m e m o r y  p roces s ing  I t  
is in te res t ing  tha t  5 o f  the  6 drug  t r e a t m e n t s  show fac ih ta t lon  
of  r e t en t i on  at  24 hou r s  (Table  2) bu t  n o n e  o f  the  drug t reat-  
men t s ,  a t  t hese  low doses ,  fac i l i ta ted  r e t e n t i o n  s ignif icant ly  
at  168 hours .  The  d o s e - r e s p o n s e  cha rac t e r i s t i c s  of  3 and  24 
h o u r  r e t en t i on  were  c lear ly  d i f ferent  f rom 168 h r  re ten t ion .  

In  the  in t roduc t ion ,  we a sked  w h e t h e r  d i f ferent ia l  dose  

effects  at  d i f ferent  r e t e n t i o n  t e s t  in te rva l s  could  a c c o u n t  for  
a p p a r e n t  Incons i s t enc ie s  of  the  effects  o f  drugs  on  r e t en t i on  
Inapp rop r i a t e  dose  se lec t ion  re la t ive  to the  r e t en t i on  in terva l  
be ing  t e s t ed  could  resu l t  in a fai lure to o b s e r v e  e n h a n c e d  
r e t en t i on  or  resu l t  in impa i red  r e t en t i on  tes t  pe r fo rmance .  
Also ,  d i f fe rences  in r epo r t ed  doses  tha t  fac lh ta te  r e t en t i on  
may  be  re la ted  to d i f fe rences  in r e t e n t i o n  tes t  in terva l  e v e n  
24 h o u r  ve r sus  longer  r e t en t i on  tes t  in te rva ls  
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