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GORDON, W. C., M. J. BRENNAN AND R. C. ROSE. Facilitation of  the long term memory store with strychnine: a 
reexamination. PHARMAC. BIOCHEM. BEHAV. 3(6) 967-972,  1975. - Contrary to previous findings, some recent 
studies have reported that several daily injections of strychnine, beginning 24 hr after learning, facilitates subsequent 
retention. The present paper reports 3 studies using mice which suggest that strychnine has no effect on retention when the 
learning-injection interval is 24 hr. This absence of an effect was found using a range of strychnine doses. Furthermore, the 
absence of the facilitation effect was found not to be due to any failure of animals to learn prior to injection or to the fact 
that all animals performed asymptotically on the retention test. 
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A L P E R N  and Crabbe  [1]  recen t ly  r epo r t ed  tha t  daily 
in jec t ions  of  s t rychn ine  su lpha te  appear  to  faci l i ta te  re ten-  
t ion  in mice,  even when  the  interval  be t w een  learn ing  and  
the  first drug in jec t ion  is e x t e n d e d  to 24 hr. These  same 
au thors  have since r epo r t ed  a repl ica t ion  of  this  e f fec t  in 
which  met razol ,  as well as s t rychn ine ,  were used to 
faci l i ta te  r e t e n t i o n  [3 ] .  The conc lus ion  drawn f rom these  
s tudies  was tha t  the  long- te rm m e m o r y  store in mice is 
suscept ib le  to fac i l i ta t ion  wi th  neura l  exc i t an t s  if several 
daily in jec t ions  are admin i s t e red  be tween  t ra in ing  and  a 
r e t e n t i o n  test.  

These results  are no tab le  since mos t  previous  s tudies  had 
r epo r t ed  t ha t  s t r y c h n i n e  and  o t h e r  ana lep t i c  agents  ac ted  to  
faci l i ta te  r e t e n t i o n  on ly  when  admin i s t e r ed  wi th in  minu t e s  
a f te r  learning (cf. [ 2 ] ) .  Such results  had prov ided  s t rong  
evidence for  the  n o t i o n  of  a gradual  m e m o r y  conso l ida t ion  
in which  a labile, sho r t - t e rm m e m o r y  trace was replaced by 
a relat ively in t r ac tab le  long- te rm m e m o r y  trace (e.g., [ 8 ] ) .  
However,  the  Alpern-Crabbe  results  appear  to  d i rect ly  
challenge the  n o t i o n  o f  two  m e m o r y  traces which  differ  in 
suscept ib i l i ty  to ana lep t ic  c o m p o u n d s .  

Aside f rom the  Alpern-Crabbe  findings,  at least  two  
o the r  s tudies  have r epo r t ed  faci l i ta t ion of  r e t e n t i o n  wi th  
s t rychn ine  when  the  learning-drug in jec t ion  in terval  was 
e x t e n d e d  to several hr  (72 hr) [4 ,5 ] .  In b o t h  s tudies ,  
however ,  fac i l i ta t ion  resul ted  on ly  when  the  drug  in jec t ion  
fol lowed a m e m o r y  reac t iva t ion  t r e a t m e n t  i n t e n d e d  to 
r emind  the  subjects  of  pr ior  learning.  These t r e a t m e n t s  
consis ted of  c o n f r o n t i n g  animals  wi th  a por t ion  of  those  
s t imuli  which  were present  dur ing learning,  w i t h o u t  expos-  
ing the  animals  to a comple t e  re learning trial. In these  

studies,  the  au thors  suggested t ha t  fac i l i ta t ion may  have 
occur red  because reac t iva t ion  t r e a t m e n t s  ma y  re ini t ia te  
those  m e m o r y  processes which  are no rma l ly  t h o u g h t  to  
occur  only  dur ing  the  interval  shor t ly  a f te r  learning.  This  
same i n t e r p r e t a t i o n  is appl icable  to  o t h e r  recen t  s tudies  
which  indica te  tha t  long- te rm memor ies  are suscept ib le  to  
d i s rup t ion  wi th  ECS, if  ECS is admin i s t e red  shor t ly  a f te r  a 
reac t iva t ion  t r e a t m e n t  (e.g., [9] ). 

Given the  theore t ica l  i m p o r t a n c e  of the  Alpern-Crabbe  
results  and the  s imilar i ty of  the i r  results  to  those  found  
wi th  reac t iva t ion  t r e a tmen t s ,  the  present  s tudies  were 
originally i n t e n d e d  as a repl ica t ion and  ex tens ion  of  the  
Alpern-Crabbe  exper imen t s .  I t  was the  i n t e n t  of  these  
s tudies  to  de t e rmine  w h e t h e r  or no t  the  Alpern-Crabbe  
f indings were d e p e n d e n t  on  some form of  subt le  reactiva- 
t ion  t r e a t m e n t  i nadve r t an t ly  admin i s te red  by the  experi-  
men te r s  pr ior  to drug in jec t ion .  Such an analysis was unab le  
to  be comple t ed  however ,  since the present  s tudies,  while 
repl icat ing m a n y  o f  the  essential  f indings by Alpern  and  
Crabbe,  p rovided  no  evidence tha t  s t rychn ine ,  in jec ted  long 
a f te r  learning,  faci l i tates  subsequen t  re ten t ion .  

E X P E R I M E N T  1 

The  purpose  of  Expe r imen t  1 was to repea t  the  
Alpern-Crabbe  paradigm as closely as possible in an e f fo r t  
to  repl icate  the  r epo r t ed  s t rychn ine  effect .  

METHOD 

Animals and Apparatus 

The animals  were 109 female mice of  the  C57BL/6J  
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strain purchased  f rom Jackson  Labora tor ies  (Bar  Harbor  
ME). All mice were a p p r o x i m a t e l y  70 days old at the  
beg inn ing  of  the  e x p e r i m e n t  and  were housed  6 - 8  per  cage 
t h r o u g h o u t  the  expe r imen t .  

The appara tus  was a 6 un i t  b r igh tness  d i sc r imina t ion  
maze bui l t  to c o n f o r m  to  the  descr ip t ion  of  the  appara tus  
used in the  Alpern-Crabbe  expe r i m en t s  [ 1 , 3 ] .  The maze 
was cons t ruc t ed  of  Plexiglas and consis ted  of a s tar t  
c o m p a r t m e n t ,  6 separate  br ightness  d i sc r imina t ion  un i t s  
and a goal c o m p a r t m e n t .  

The  start  c o m p a r t m e n t ,  pa in ted  flat gray, was 10 cm 
long, 3.5 cm wide and 5 cm high. Each of the  6 
d i sc r imina t ion  uni t s  consis ted of  an 8 x 3.5 × 5 cm, flat 
gray e n t r y w a y  which  led to a c h a m b e r  divided in to  2 
a l leyways one flat whi te  and the  o the r  flat black. A 5 cm 
high barrier ,  beg inn ing  3 cm past  the end  of the  e n t r y w a y  
and  end ing  3 cm from the  end  of the  c o m p a r t m e n t  
separa ted  the  b lack  and  whi te  alleys. Each of  the  alleys was 
25 cm long, 3.5 cm wide and  5 cm high. The end of  each 
black alley was b locked  by a clear vinyl  barr ier  pos i t ioned  
so tha t  it could  n o t  be seen f rom the  choice po in t  of each 
unit .  

The  6 units  were pos i t ioned  l inearly so tha t  the  
e n t r y w a y  to each un i t  fo l lowed e i the r  the  start  box  (in the  
case of  Uni t  1) or the  exit  f rom the  preceding  uni t .  The 
uni ts  were arranged so tha t  the  whi te  alley was on the  left  
side of  Units  1 , 4  and 5. In Units  2, 3 and 6, the  whi te  alley 
was on the  right. Sliding doors,  pa in ted  fiat gray, could  be 
inser ted  be tween  any c o m p a r t m e n t  of  the  maze and  the  
en t ryway  to the  nex t  c o m p a r t m e n t .  

Fol lowing the  last d i sc r imina t ion  un i t  was a goal box  
which  consis ted of a fiat gray en t ryway ,  7 x 3.5 x 5 cm 
and a flat whi te  goal area, 17 x 3.5 x 5 cm. At  the te rmina l  
end  of  the  goal area, a plast ic dr inking cup,  1.5 cm in dia. 
was m o u n t e d  on the  floor. The ent i re  maze was covered by 
a sheet  of  clear Plexiglas, wi th  separate  r emovab le  sheets  
cover ing the  s tar t  and  goal c o m p a r t m e n t s .  

Pro c e d u  re 

Two days pr ior  to  the  start  of the  expe r imen t ,  all 
animals  were placed on  a 23 hr  wate r  depr iva t ion  schedule.  
Each animal  received 2 ini t ial  t ra in ing  trials, 1 trial per  day 
dur ing  which  a 0.3 pe rcen t  sacchar in  so lu t ion  was present  
in the  goal box  dr inking  cup. At  the  start  of each trial, the  
door  be tween  the  start  box  and  the  first un i t  was closed; 
the  doors  be twe en  each of  the  o t h e r  uni ts  of  the  maze and  
the  door  be twee n  the  last un i t  and the  goal box  were open.  
Each animal  was placed in to  the  s tar t  box  and the  door  
be tween  the  s tar t  box  and  the  first un i t  was opened .  The  
n u m b e r  of init ial  errors  (first en t ry  in to  the  black alley of  
any unit) ,  to ta l  errors  (first  en t r ies  and all re-entr ies  in to  
the black alleys of  the  6 uni ts) ,  and  la tency  to reach the  
goal box  were recorded.  Once an animal  had en te red  any 
uni t  of  the  maze,  re-entr ies  to  pr ior  uni t s  of  the  maze were 
b locked  by  the  doors  which  separa ted  the  units .  

On the  first day of  t ra ining,  each expe r i m en t a l  an imal  
was re ta ined  in the  goal box  unt i l  it had c o m p l e t e d  20 sec 
of  d r ink ing  of  the  0.3 percen t  sacchar in  so lu t ion ,  before  
being re tu rned  to its h o m e  cage. On the  second day of 
t raining,  animals  were removed  f rom the  goal box  20 sec 
af te r  en t ry .  On b o t h  t ra in ing  days, Con t ro l  animals  were 
no t  given exper ience  with the  maze.  Con t ro l  animals  were 
s imply placed in the  goal box  for a 20 sec o p p o r t u n i t y  to  
dr ink  before  being r e tu rned  to  the i r  h o m e  cages. Af ter  the  

second t ra in ing  day,  animals  were given water  ad lib for  the  
dura t ion  of  the  in jec t ion  period.  

Expe r imen ta l  animals  were m a t c h e d  on  the  basis of  the  
to ta l  n u m b e r  of  ini t ial  errors  made over the 2 t ra in ing days 
and  were divided in to  5 app rox ima te ly  equal  groups.  
Twen ty - fou r  hr fol lowing the second t ra in ing  day, each  
animal  received the  first of  a series of 10 daily interperi-  
tonea l  inject ions.  Animals  were in jected wi th  equal  volumes  
(1 cc/0.1 kg body  weight)  of  e i ther  a 0.9 percent  saline 
so lu t ion  or 0.2 mg/kg  s t rychn ine  su lphate  dissolved in a 0.9 
percen t  saline solut ion.  Of pr imary  in teres t  were the SA 
group which  received saline on  all ten  days (N = 18) and the 
St group which  received s t rychn ine  on all 10 days (N = 18). 
To de t e rmine  whe the r  the  repor ted  faci l i tory effect  of  
s t rychn ine  was due to an ef fec t  of  repeated s t rychn ine  
in jec t ions  and w h e t h e r  there  is a specific t empora l  locus of  
this faci l i tory effor t ,  animals  in 3 o the r  groups were given a 
single s t rychn ine  in jec t ion  e i the r  1 day af ter  original 
t ra in ing  (S t - l ,  N = 19), 5 days af ter  original  t ra in ing  (St-5, 
N = 18) or 10 days af ter  t ra in ing  (St-10,  N = 18). Animals  
in each of  these 3 groups received saline in ject ions  on each 
of  the remain ing  10 in jec t ion  days. Con t ro l  animals  
received a series of  10 daily in ject ions  of  0.2 mg/kg 
s t rychn ine  beginning  24 hr  af ter  the second t ra in ing  day~ 
All in jec t ions  were given at a p p r o x i m a t e l y  the  same t ime  
each day. 

On the  t e n t h  day of  in ject ions ,  all mice were placed back 
on a 23 hr water  depr iva t ion  schedule.  Twen ty - fou r  hr 
fol lowing the  last daily in ject ion,  all animals  were re- t ra ined 
in the  maze,  one trial a day for 4 days, accord ing  to the 
p rocedures  in effect  on the  second day of original t raining.  

RESULTS AND DISCUSSION 

Analyses  of variance revealed that  there  were no  
s ignif icant  d i f ferences  be tween  the  expe r imen t a l  groups on 
Day 2 of  t ra in ing  in t e rms  of  e i ther  init ial  errors,  to ta l  
errors or latencies.  These results  suggest tha t  the  groups 
were essential ly equa ted  for degree of learning pr ior  to  the  
in jec t ion  t r ea tmen t s .  

Analyses  of  variance were also used to compare  the 
init ial  errors,  to ta l  errors  and la tencies  of  the  5 experi-  
men ta l  groups  on test  day 1. No signif icant  d i f ferences  
be tween  any of  the groups were found  e i the r  in t e rms  of  
init ial  errors ,  F (4 ,86)  = 0.80,  p > 0 . 0 5 ,  to ta l  errors,  F (4 ,86)  
= 0.78, p > 0 . 0 5 ,  or latencies,  F (4 ,86 )  -- 0.55,  p > 0 . 0 5 .  

A second set of  analyses were used to compare  the  same 
measures  across all 4 test  days. The analysis of init ial  errors  
ind ica ted  tha t  the  groups did not  differ  s ignif icant ly  across 
the  4 test  days, F (4 ,86)  = 0.63,  p > 0 . 0 5 ;  however ,  there  was 
a s ignif icant  effect  of  days, F (3 ,258)  = 11 .4 l ,  p < 0 . 0 1 ,  
ref lect ing a general  decrease in init ial  errors  as the test  days 
progressed.  The  in te rac t ion  of  t r e a t m e n t s  and days failed to 
app roach  signifiance,  F (12 ,258 )  = 1.34, p > 0 , 0 5 .  

The mean  n u m b e r  of to ta l  errors  for the  5 t r e a t m e n t  
groups ( and  the con t ro l  group)  dur ing  the  4 test  days is 
r epresen ted  in Fig. 1. An analysis of these data,  exc lud ing  
the  con t ro l  data,  revealed the  same pa t t e rn  of results  found  
wi th  the  init ial  errors  analysis. Nei ther  the  effect  of  
t r ea tmen t s ,  no r  the  in te rac t ion  of t r e a t m e n t s  and  days 
approached  signif icance ( p > 0 . 0 5  in b o t h  cases). However,  a 
general  decrease in to ta l  errors  across tes t  days was 
ref lected in a significant  effect  of the days variable,  
F (3 ,258)  = 8.53, p < 0 . 0 1 .  In t e rms  of la tencies  across the  
test  days, an analysis of  variance revealed n o  s ignif icant  
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FIG. 1. Mean total errors across test days for all treatment groups. 

effects  o f  ei ther  t reatments ,  days or the in teract ion of  these 
variables (p> 0.05 in all cases). 

A Dunnet ' s  T test [10] was used to compare  the initial 
errors, total  errors and latencies of  the cont ro l  group to 
each of  the 5 exper imenta l  groups on each of  the 4 test 
days. Regarding initial errors, the control  group had 
significantly more errors than each of  the 5 t rea tment  
groups on Day 2 of  testing (p<0.05  in all cases). These 
differences were not  significant, however,  on Days 1, 3, and 
4. 

A comparison of  the total  errors revealed that  the 
control  group had significantly more errors than both  the 
SA (p<0 .05)  and the St-5 (p<0 .05)  groups on test day I. 
O]1 test day 2, the controls  had significantly more errors 
than the St group (p<0.05) ,  the St-5 group (p<0 .01)  and 
the St-10 group (p<0.01) .  No o ther  differences on these or  
o ther  days achieved statistical significance. 

Finally, regarding latencies, the controls  were found to 
have significantly longer latencies than groups St, SA, St-5, 
and St-10 on Day 1 of  testing (p<0 .05  in all cases). On test 
day 2, the control  latencies were significantly longer than 
those in the St-I and the St-10 groups (p<0.05) .  No o ther  
differences achieved significance. 

These results appear to demonst ra te  at least 3 points.  
First, it is clear that some learning did occur  in the 5 
t rea tment  groups on training Days 1 and 2. This is reflected 
by the significantly greater number  of  errors (both  initial 
and total)  made by the control  animals than by various of  
the exper imenta l  animals on Day 1 and 2 of  testing. It is 
fur ther  evidenced by the finding that  the control  animals 
had significantly longer latencies than all o ther  animals 
(except  for animals in Group S t - l )  on test Day 1. 

Secondly,  the significant reduct ion of  total  errors and 
latencies among the 5 t rea tment  groups over the 4 test days 
indicates that  learning cont inued to occur  be tween test 
days 1 and 4. This finding indicates that  while some 
learning did occur  on training days 1 and 2, there was still 
an oppor tun i ty  for facilitated performance  to occur  on test 
days 1 - 4  as the result of  the inject ion t reatments .  

The third point,  however,  is equally clear. The present 
s tudy reveals no evidence to support  the no t ion  that 
s t rychnine sulphate facilitates re tent ion  of  prior  learning 
when injected 24 hr af ter  learning. Instead, the present 

results appear to be consistent with previous studies which 
suggest that  drugs such as s trychnine are ineffect ive in 
producing facili tation if the learning-drug t rea tment  interval 
exceeds an hour  (cf. [8] ). 

EXPERIMENT 2 

The first exper iment  demonst ra ted  that  all animals 
cont inued to decrease errors and latencies on the 4 
re tent ion test trials. This finding suggests that  the failure to 
find s trychnine-induced facili tation was not  caused by 
asymptot ic  re tent ion performance  on the part of all animals 
on the first re tent ion  test trial. It is notable,  however,  that  
forget t ing over  the I 0 day re tent ion interval was minimal  in 
all exper imenta l  groups. A comparison of  the training day 2 
and test day 1 performance  by all groups revealed that  
while animals in the St-1 group showed a slight increase in 
errors and latencies over the re tent ion interval, all o ther  
animals e i ther  maintained the same error rate and latencies 
present on training day 2 or showed slight decreases in 
errors and latencies. It is conceivable,  therefore ,  that  the 
relatively good re tent ion test per formance  by all animals 
tended to mask any drug related facili tation of  re tent ion in 
Exper iment  1. 

It was hypothesized that this minimal forgett ing in 
Exper iment  1 might have resulted from the handling of  the 
animals during the retent ion interval. Previous studies have 
shown that  such handling may have memory  reactivation 
effects (e.g., [7]) .  Since it was necessary to cont inue the 
handling of  animals during the retent ion interval (for  
purposes of  drug injections),  an a t tempt  was made simply 
to decrease the reactivation effects of  handling by habitu- 
ating animals to the handling prior to the exper iment  (cf. 
[7] ). Exper iment  2 used the prior handling procedure in an 
effor t  to decrease the probabil i ty that any drug-related 
facili tation would be masked by handling-induced m e m o r y  
reactivation.  

METHOD 

Animals and Apparatus 

The animals were 59 mice, identical  in description to 
those used in the prior exper iment .  The apparatus was the 
same as was used in Exper iment  1. 

Procedure 

The inject ion groups and the procedure  for this experi- 
ment  was identical  to that of  Exper iment  1, with one 
except ion.  Prior to the start of  initial training, each animal 
was handled (picked up and held in inject ion posit ion) for 
about  1 rain each day for 10 days. There were 10 animals in 
each o f  the exper imenta l  groups and 9 animals in the 
control  group. 

RESULTS AND DISCUSSION 

As in the previous exper iment ,  there were no significant 
differences be tween  the t rea tment  groups on Day 2 of  
training in terms of  any of  the recorded measures. To 
determine whether  or  not  the handling procedure retarded 
the excel lent  re tent ion evidenced in Exper iment  1, analyses 
of  variance were used to compare  the test day 1 perfor- 
mance by all animals to the training day 2 performance 
levels. In terms of initial errors these analsyes revealed a 
significant effect  of  days, F(1,45) = 4.33, p<0 .05 ,  and a 
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signif icant  i n t e rac t ion  of  the  days and t r e a t m e n t  groups  
variables,  F (4 ,45)  --- 3.25,  p < 0 . 0 5 .  Individual  group com-  
parisons showed  tha t  the  SA group s ignif icant ly  decreased 
ini t ial  errors  f rom t ra in ing  to test ing,  while the  St-10 group 
s ignif icant ly  increased ini t ial  errors  (p<  0.05,  in b o t h  cases). 
No o t h e r  groups  dif fered in pe r f o r m ance  on the  2 days. In 
t e rms  of  to t a l  errors and la tencies  there  were no  s ignif icant  
d i f ferences  be tween  t ra in ing  day 2 and  tes t  day 1 perfor-  
mance  for any  of  the  groups.  As in E x p e r i m e n t  1, these 
results  suggest tha t  forge t t ing  over the  10 day r e t en t i on  
in terval  was minimal ,  even wi th  the  pr ior  hand l ing  t reat-  
men t .  As a result ,  Expe r imen t  2 serves pr imar i ly  as a 
repl ica t ion  of  Expe r imen t  1. Again, analyses of  var iance 
were used to compare  the  expe r i m en t a l  groups  b o t h  on day 
1 of  tes t ing  and  across all 4 test  days. On Day 1, in t e rms  of  
ini t ial  errors,  an analysis revealed a s ignif icant  ef fec t  of  
t r e a t m e n t  condi t ions ,  F (4 ,45)  = 5.78, p < 0 . 0 1 .  A compar i -  
son of  the  individual  t r e a t m e n t  means was comple t ed  using 
a Duncan  Mult iple  Range Test  [ 6 ] .  This compar i son  
showed  tha t  the  s ignif icant  ef fec t  of  t r e a t m e n t  cond i t ions  
resul ted  f rom the  fact t h a t  the  St-10 group made  signifi- 
cant ly  more  init ial  errors  t han  each of  the  o the r  4 groups 
( p < 0 . 0 5 ,  in all cases). 

The  same pa t t e rn  of  results  was evident  in the  analysis of  
to ta l  errors on Day I. Again a s ignif icant  t r e a t m e n t  
cond i t i on  effect  was found ,  F(4 ,45)  = 5.22, p < 0 . 0 1 ,  and  
this  d i f ference was s h o w n  to  resul t  f rom more  errors  in the  
St-10 group than  in each of the o the r  groups ( p < 0 . 0 5 ,  in all 
cases). This pa t t e rn  of  results  did not  hold ,  however ,  for  the  
Day ! la tency data,  since an analysis on these data  revealed 
no  s ignif icant  effect  of  t r e a t m e n t  cond i t ion ,  F(4 ,45)  = 
1.90, p > 0 . 0 5 .  It  should  be n o t e d  however ,  t ha t  the mean  
la tencies  on  Day 1 ranged be tween  49.8  and  88.1 seconds,  
and the  longest  mean  la tency  was ob t a ined  by animals  in 
the  St-10 cond i t ion .  

Regarding init ial  errors  across all 4 test  days, an analysis 
of variance revealed signif icant  effects  of  t r e a t m e n t  condi-  
t ions,  F (4 ,45)  = 2.88, p < 0 . 0 5 ,  and tes t  days,  F (3 ,135)  = 
5.04, p < 0 . 0 1 .  The  in te rac t ion  of  these variables did not  
app roach  stat is t ical  significance.  Again, the  ef fec t  of  test  
days ref lec ted  a general  decrease in errors  across days. 
However,  compar i sons  of  individual  t r e a t m e n t  means  re- 
vealed n o  s ignif icant  d i f ferences  be tween  groups.  Apparen t -  
ly, the  s ignif icant  effect  of t r e a t m e n t  cond i t ions  (which  
achieved only  marginal  s ignif icance) resul ted  f rom the fact 
tha t  the  St-10 group app roached  having s ignif icant ly  more  
errors  than  the  St-5 group animals  (0 .10  > p > 0 . 0 5 . ) .  

The  mean to ta l  errors  across the  4 test  days for b o t h  the  
expe r imen t a l  and con t ro l  group animals  is represen ted  in 
Fig. 2. An analysis of  these  data  exc lud ing  the  con t ro l  
group data revealed no  signif icant  effect  of  t r e a t m e n t  
cond i t ion ,  F (4 ,45)  -- 1.22, p > 0 . 0 5 .  However,  this  same 
analysis showed  signif icant  effects  of b o t h  test  days, 
F (3 ,135)  = 3.40, p < 0 . 0 5  and  the in te rac t ion  be tween  
t r e a t m e n t  cond i t ions  and  tes t  days, F (12 ,135 )  = 1.99, 
p < 0 . 0 5 .  Compar i sons  of individual  t r e a t m e n t  means  reveal- 
ed tha t  the  in te rac t ion  resul ted f rom signif icant ly  more  
errors  by the  St-10 group than  by any o the r  group on Day 
l, while there  were no  s ignif icant  d i f ferences  on subsequen t  
days. Final ly,  an analysis of  the  la tency data  across the  4 
test  days revealed no  signif icant  sources of  variance due to 
e i the r  of  the  main variables or the i r  in te rac t ion .  

An analysis of  d i f ferences  be tween  the  con t ro l  group 
and each of  the  o the r  groups revealed significant  d i f ferences  
only on Day 1 of  test ing.  The con t ro l  group made  
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FIG. 2. Mean total errors across test days for all treatment groups. 

s ignif icant ly  more  init ial  errors  than  the SA group on Day 
1, bu t  did no t  differ  s ignif icant ly  f rom any  o the r  groups.  In 
t e rms  of  to t a l  errors,  the  con t ro l  group made s ignif icant ly  
more  errors  t han  the  St-1 and  St-5 groups ( p < 0 . 0 5 )  and the  
SA and  St groups  ( p < 0 . 0 1 )  on  this  first test  day. Latencies  
for the con t ro l  animals  were also s ignif icant ly  longer  t han  
those  of  the  St-I and St-10 groups  ( p < 0 . 0 5 ) ,  as well as 
those  of  the  St, SA and St-5 groups ( p < 0 . 0 1 )  on test  day 1. 

The  results of  the  present  e x p e r i m e n t  are r emarkab ly  
similar to those  of  E x p e r i m e n t  1. Again, it is clear f rom the  
relative pe r fo rmance  of  the  con t ro l  group on test  Day 1, 
tha t  learning had  occur red  in the  t r e a t m e n t  groups  dur ing 
the  2 t ra in ing  days. This f inding is i m p o r t a n t ,  since it 
ind ica tes  tha t  any failure to  ob ta in  faci l i ta ted r e t en t ion  
wi th  s t r y c h n i n e  was no t  due to a failure to provide a viable 
learning s i tua t ion  during training.  Secondly ,  as in the 
previous  expe r imen t ,  the  present  results  suggest tha t  there  
was an o p p o r t u n i t y  for animals  to show faci l i ta ted re ten-  
t ion  dur ing  the  4 test  days despite the  fact tha t  r e t en t ion  
loss over the  10 day interval  was minimal .  This suggest ion 
comes  f rom the  general  decrease in errors  across the 4 tes t  
days which  indica tes  tha t  the  animals  had no t  achieved 
a s y m p t o t i c  pe r fo rmance  on Day 1 of  testing. This f inding is 
also i m p o r t a n t  since it indica tes  t ha t  any failure to  f ind 
s t rychn ine - induced  faci l i ta t ion in the present  s tudy  is no t  
due to any  art if icial  ceiling on r e t en t i on  test  pe r fo rmance .  

Thirdly ,  the  present  results again failed to suppor t  the  
n o t i o n  tha t  daily in jec t ions  of s t rychn ine ,  begun 24 hr  a f te r  
learning,  facil i tate subsequen t  re ten t ion .  If any th ing ,  the  
present  f indings would indica te  tha t  s t rychn ine  had a 
slightly disrupt ive  effect  on r e t en t ion ,  since on test  day 1 
the  SA group animals  had  the  lowest  n u m b e r  of init ial  and 
to ta l  errors,  as well as the  lowest  mean  la tency  a m o n g  the 
t r e a t m e n t  groups.  F u r t h e r m o r e ,  s t rychn ine  in jec ted  on the 
t e n t h  day of  the  r e t en t i on  interval  (i.e., St-10 group)  had a 
clearly disrupt ive  ef fec t  on  r e t e n t i o n  test  pe r fo rmance .  Why 
such an effect  should  have occur red  is unclear  at the  
present  t ime.  

E X P E R I M E N T  3 

The s t rychn ine  dosage emp loyed  in the first 2 experi-  
men t s  had been  chosen  because of its ef fect iveness  in the  
Alpern-Crabbe  s tudies  [ I , 3 ] .  However,  since ne i the r  of  
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these 2 exper iments  produced a s t rychnine- induced facilita- 
t ion effect ,  it remained possible that the dosage used was 
not  the most effect ive in the present si tuation.  The purpose 
of  Exper iment  3 was to employ  a range of  s t rychnine doses 
to determine if any of  these doses would  effect ively  
facilitate re tent ion test performance.  

M E T H O D  

Animals and Apparatus 

The animals were 46 mice with the same characteristics 
as those used in the previous exper iments .  The apparatus 
was the same as that employed  in Exper iments  1 and 2. 

Procedure 

The training procedure  was identical  to that  of  Experi-  
ment  1. Animals  were matched on the same basis and 
divided into 5 groups. Twenty- four  hr  af ter  the second 
training day, all animals received the first of  a series of  10 
daily in terper i toneal  injections.  Animals  were injected with 
ei ther  0.9 percent  saline (N = 9) or with s t rychnine sulphate 
dissolved in a 0.9 percent  saline solut ion at one of  the 
fol lowing 4 dose levels: (St-.2) 0.2 mg/kg (N = 9); (St-4.) 
0.4 mg/kg (N = 8); (St-.8) 0.8 mg/kg (N = 9); (S t - l .0)  1.0 
mg/kg (N = 11). All inject ions were of  equal  vo lume (1 
cc/0.1 mg/kg body weight).  

On the tenth  day of  injections,  animals were placed back 
on a 23 hr water  deprivat ion schedule. Twen ty - four  hr af ter  
tile last inject ion,  animals were re-trained, one trial per day 
for 4 days. 

R E S U L T S  AND D I S C U S S I O N  

On training day 2 there were no significant differences 
between any of  the exper imenta l  groups in terms of  ei ther  
initial errors, total  errors or latencies, suggesting that  the 
groups were equated  for degree of learning prior to 
inject ion.  On test Day 1, analyses of  variance revealed no 
significant differences be tween any of  the t rea tment  groups 
e i ther  in terms of  initial errors, F(4,41)  = 0.16, p>0 .05 ,  
total  errors F(4,41)  = 0.85, p>0 .05 ,  or latencies, F(4,41) = 
1.23, p>0 .05 .  It is notable ,  however,  that the SA group 
animals had the lowest mean latency,  the lowest number  of  
total  errors and the second lowest  number  of  initial errors 
of  all the  groups on test day 1. 

Across the 4 test days, an analysis of  initial errors 
revealed no significant effect  of  ei ther t r ea tment  condi t ion  
or  the in teract ion of  t rea tment  condi t ion  and test days. 
However,  the effect  of  test days was significant, F(3,123)  = 
5.125, p<0 .01 ,  indicating a decrease in initial errors as the 
test phase progressed. 

The same pat tern o f  results was evident in the analysis of  
total  errors during the 4 test days. The mean total  errors for 
each of  the t rea tment  groups on each of  the 4 test days is 
represented in Fig. 3. The analysis of  these data showed 
only 1 significant source of  variance which was due to the 
test days variable, F(3,123)  = 6.05, p<0 .01 .  No o ther  effect  
approached significance. In terms of  latencies, an analysis 
of  variance revealed no significant effects  o f  ei ther  treat- 
ment  condit ion,  test days or the interact ion of  these 
variables. 

Certainly,  the present findings support  those of  the 
previous exper iments .  While errors do tend to decrease 
during the course of  the test trials, no dose o f  s t rychnine 
had the effect  of  facilitating this decrease. Fur thermore ,  
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FIG. 3. Mean total errors across test days for all treatment groups. 

not  only did facili tation fail to occur on test day 1, but  if  
anything,  the SA animals appeared to perform bet ter  than 
animals in the s t rychnine injected groups. These results 
suggest that the failure to obtain facili tation in Exper iments  
1 and 2 was no t  due to the use of  an inappropria te  dose of  
strychnine.  

G E N E R A L  DISCUSSION 

The present exper iments  represent a failure to replicate 
the facil i tat ion effect  found in the Alpern-Crabbe studies 
using strychnine.  It is felt that the present findings 
represent a rather strong negative case against such an effect  
for a variety of  reasons. First, evidence from Exper iments  1 
and 2 indicated that some learning does in fact occur  during 
the 2 training days in the maze task employed  in these 
studies. Thus, it is no t  argueable that s t rychnine failed to 
produce facili tation because no prior learning had occurred. 

Secondly,  all 3 exper iments  provided evidence for 
cont inued improvement  of  performance across the 4 
re tent ion test days. These findings suggest that  performance 
on the first re tent ion test day was no t  asymptot ic .  Thus, it 
is implausible to suggest that  s trychnine failed to produce 
facilitated retent ion because of  ceiling performance levels 
at tained on the 2 training days by all groups. 

Thirdly,  this failure to obtain the facilitation effect  
cannot  be accounted for easily by suggesting that  inappro- 
priate doses of  the drug were used. Exper iment  3 demon-  
strated that  no facilitation could be produced even when a 
range of  s trychnine doses were employed.  Such results do 
however,  raise the quest ion of  whether  the drug used in the 
present studies was biologically active within the range of  
doses employed.  In answer to this quest ion,  at least three 
points should be noted.  First, just  prior to Exper iment  1 a 
small group of  animals was administered a 2 mg/kg dose of  
s t rychnine to test the po tency  of  the drug. All of  these 
animals exhibi ted typical s trychnine - i n d u c e d  seizures 
fol lowed short ly by death. Secondly,  fol lowing Exper iment  
3 the same supply of  s t rychnine used throughout  all 
exper iments  was used to compute  a LD-50 for female mice 
of  the C57BL/6J  strain. The LD-50 proved to be a dose of  
1.7 mg/kg, and again, all mice given a dose of  2 mg/kg 
convulsed and died. Aside from these data which attest to 
the po tency  and biological activity of  the drug at higher 
dose levels, the behavioral effects produced by strychnine 
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in Exper imen t s  2 and  3 should  be no ted .  In b o t h  s tudies  
there  was a clear t e n d e n c y  for s t rychn ine - in jec ted  animals  
to  pe r fo rm more  poor ly  t han  sal ine- injected animals  on day 
1 of  r e t en t i on  testing. While, this  effect  is s tat is t ical ly 
subs t an t i a t ed  only in E x p e r i m e n t  2 (see group St-10),  the  
t e n d e n c y  of  s t rychn ine - in jec ted  mice to exh ib i t  perfor-  
mance  deficits suggests t ha t  the  drug was biological ly  
active. 

Final ly,  it should  be n o t e d  t ha t  the expe r i men t s  repor t -  
ed here represen t  only  par t  of  the  to ta l  work  di rected 
toward  this p rob l em  in our  l abora to ry .  Under  no  c i rcum- 
s tances have we have been  able to ob ta in  this ef fec t  even in 

t e rms  of  measures  no t  r epo r t ed  in the  present  paper  (e.g., 
d i f ference scores be tween  Trial  2 of  t ra in ing  and Trial 1 of  
tes t ing and  t r ia ls- to-cr i ter ion measures) .  

Cer ta inly ,  the  original  f indings of Alpern  and Crabbe are 
i m p o r t a n t  in the i r  impl ica t ions  for m e m o r y  research.  Yet,  
the  results  of  the  present  s tudies suggest tha t  the  p h e n o m -  
enon  of  faci l i ta t ing the  long- te rm m e m o r y  store is diff icul t  
to  demons t r a t e .  Given the  po ten t i a l  i m p o r t a n c e  of  this  
faci l i ta t ion effect  for  models  of memory ,  it will be 
necessary for  subsequen t  research to de te rmine  if  this  effect  
is general ly repeatable ,  and if  so, u n d e r  what  specific 
cond i t ions  it can be ob ta ined .  
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