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ANISMAN, H. Effects o f  scopolamine and d-amphetamine on one-way, shuttle and inhibitory avoidance: a diallel analysis 
in mice. PHARMAC. BIOCHEM. BEHAV. 3(6) 1037-1042,  1975. - The effects of scopolamine (2.0 mg/kg) and 
d-amphetamine (3.0 mg/kg) on one-way, shuttle and inhibitory avoidance performance were evaluated in 3 strains of mice 
(A/J, DBA/2J and C57BL/6J) and their 6 reciprocal F~ hybrids. In the saline condition, intermediate inheritance was 
observed in the inhibitory task, complete dominance for superior avoidance in the one-way task, and hybrid superiority in 
the shuttle situation. Administration of d-amphetamine disrupted inhibitory performance in all strains. In the shuttle task 
no amphetamine effect was observed in C57BL/6J mice, while improvement was seen in A/J and DBA/2J mice, as well as 
in all the hybrid crosses. No drug effect was seen in the one-way task. As with d-amphetamine, scopolamine disrupted 
performance in the inhibitory task among the inbreds, but had negligible effects in the hybrids. In the shuttle task, only 
the A/J mice exhibited improved performance, while a small decline in response rate was seen in one-way avoidance. 
Results were interpreted in terms of the role of scopolamine and d-amphetamine in modifying non-associative factors 
involved in avoidance, and the interaction between associative and non-associative factors in modulating avoidance 
response rate. 
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A L T H O U G H  pharmaco log ica l  agents  such  as scopo lamine  
and  d - a m p h e t a m i n e  have been  observed  to increase  general  
act ivi ty [7, 28, 32] and  to a u g m e n t  active avoidance  
p e r f o r m a n c e  [ 5, 13, 14, 15, 25 ] ,  the  ef fec t iveness  of  these 
agents  has been  f o u n d  to  i n t e r ac t  wi th  b o t h  s t ra in  [ 1, 2, 3, 
9, 12, 27] and  task factors  [5, 14, 33 ] .  Fo r  example ,  b o t h  
agents  have been  found  to increase  avoidance  response  rate 
in a shu t t l e  avoidance  task, bu t  have negligible effects ,  or 
even disrupt ,  one-way avoidance  pe r f o r m ance  [5, 3 3 ] .  
P resumably ,  shu t t l e  p e r f o r m a n c e  ord inar i ly  suffers because 
of  s t rong  i n h i b i t o r y  t endenc ies  (i.e., f reezing behavior )  
el ici ted by  shock,  which  c a n n o t  be suppressed  readi ly  
owing  to the  conf l i c t ing  na tu re  of  the  task [10,  11, 16] .  
With the  r educ t i on  of  response  i n h i b i t i o n  fo l lowing t rea t -  
m e n t  wi th  e i the r  s copo lamine  or a m p h e t a m i n e ,  avoidance  
pe r fo rmance  is enhanced .  In con t ras t ,  in the  one-way task 
response  i n h i b i t o r y  t endenc ies  el ic i ted by  shock  can be 
suppressed  readi ly  because the  r unn i ng  response  is a 
func t iona l ly  effect ive one [10,  11, 16] .  Consequen t ly ,  
f u r t he r  d i s inh ib i t ion  t h r o u g h  pharmaco log ica l  t r e a t m e n t s  
provides  l i t t le  add i t iona l  benef i t .  Paren the t ica l ly ,  if  the  task 
is a very diff icul t  one,  as in cer ta in  go/no-go paradigms,  
ne i t he r  drug in f luences  avoidance  pe r f o r m ance  [ 2 3 ] .  
Appa ren t ly ,  the  drugs have l i t t le  e f fec t  on  associat ive 

processes;  thus ,  when  m a n y  trials are requi red  for the  
con t ingenc ies  of  the  task to be met ,  po ten t i a l ly  benef ic ia l  
effects  of  the  drug t r e a t m e n t s  may  be masked.  

Recen t  work [7] has revealed t ha t  the effects  of  b o t h  
scopo lamine  and  d - a m p h e t a m i n e  may also in te rac t  wi th  
task and  strain.  Specifically,  in three  s t rains  of  mice (A/J ,  
D B A / 2 J  and  C 5 7 B L / 6 J ) ,  e i the r  drug was observed to  
e l iminate  effect ively shock- induced  response  i nh ib i t i on  
[ 12] and  to d is rupt  i n h i b i t o r y  avoidance  pe r fo rmance  [71.  
However ,  in a shu t t l e  or Y-maze avoidance  task the  s t ra ins  
are a f fec ted  d i f ferent ia l ly  by  the  drug t r e a tmen t s .  Whereas,  
b o t h  drugs improve  the  pe r fo rmance  of  A/J  mice,  on ly  
a m p h e t a m i n e  faci l i ta tes  p e r f o r m a n c e  in D B A / 2 J  mice, and  
ne i t he r  drug affects  rel iably the  behav io r  of  C 5 7 B L / 6 J  mice 
[ 7 ] .  It is n o t  likely t h a t  the  lack o f  drug effect  on active 
avoidance  in C 5 7 B L / 6 J  mice reflects  general  lack of  
sensi t ivi ty to  the  d - a m p h e t a m i n e  t r e a t m e n t ,  since subs tan-  
tial changes  in behav io r  are seen in pos t shock  act ivi ty and  
i n h i b i t o r y  avoidance.  Rather ,  it may  well be the  case t ha t  
C 5 7 B L / 6 J  suffers  because of  associat ive deficits in the  
shu t t l e  task which  effect ively mask the d i s inh ib i to ry  
ac t ions  of  scopo lamine  and  d - amphe t amine .  Suppor t  for  
such an a s s u m p t i o n  is derived f rom the  fact t h a t  in an 
aversively m o t i v a t e d  reversal learning task, negligible t rans-  
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fer of  t ra in ing  effects  are seen in C57BL/6J  mice, whereas  
pred ic tab le  t ransfe r  effects  are seen in b o t h  A/J  and  
DBA/2J  mice [ 6 ] .  Moreover,  it has been  observed tha t  the  
poor  pe r fo rmance  of  C57BL/6J  mice is no t  res t r ic ted  to  
active avoidance pe r fo rmance  (see also [ 2 4 ] ) ,  bu t  is 
cons i s ten t ly  observed in i n h i b i t o r y  tasks as well [ 7 , 1 8 ] ,  
thus  fu r the r  a t tes t ing  to the  associative diff icul t ies  of  
C57BL/6J  mice in avoidance  pe r fo rmance .  

One purpose of  the  present  inves t igat ion was to deter-  
mine w h e t h e r  the Strain × Drug in te rac t ion  observed 
previously in a shu t t l e  task would be modi f ied  in a one-way 
avoidance s i tuat ion.  Specifically,  it has been observed t ha t  
these two tasks are a relat ively sensit ive gauge for  deter-  
mining w h e t h e r  pe r fo rmance  di f ferences  are due to associa- 
tive or nonassocia t ive  factors.  For  example ,  when  differ- 
ences in non-associat ive factors  (e.g., freezing) are respon-  
sible for d i f ferences  in shu t t l e  avoidance,  these d i f ferences  
are largely reduced in a one-way task owing to the  rapid  
rate at which  freezing can be suppressed [ 7 , 1 0 ] .  However ,  
if d i f ferences  in shut t le  avoidance  are due to associat ive 
factors, t hen  the  pe r f o r m ance  di f ferences  are re f lec ted  in 
the  one-way task as well [4 ] .  Thus,  if  i m p r o v e m e n t s  in 
avoidance are seen in the  shut t le  task, bu t  no t  in the  
one-way task fol lowing drug t r e a t m en t s ,  t hen  the source for 
the  drug- induced  i m p r o v e m e n t s  in pe r fo rmance  would  be 
a t t r i b u t e d  to r educ t ion  in freezing behavior .  Similarly,  if  
the strain di f ferences  are e l imina ted  in the  one-way task, 
nonassocia t ive  factors  would  be impl ica ted .  Conversely,  if  
the strain differences  are m a i n t a i n e d  in b o t h  avoidance 
s i tuat ions,  then the  d i f ferent ia l  pe r fo rmance  levels would 
be a t t r i b u t e d  to poor  associative abil i t ies in avoidance  tasks. 
It is i m p o r t a n t  to note  tha t  a non - hand l i ng  p rocedure  was 
used in tile one-way task and  tha t  the appara tus  consis ted  
of h o m o g e n e o u s  c o m p a r t m e n t  colors which  resul ted in 
one-way pe r fo rmance  progressing more  slowly t han  it does 
in the  t rad i t iona l ly  used one-way tasks. Accordingly ,  ceiling 
effects  did no t  l imit  response rate,  and  pe r fo rmance  was 
no t  modi f ied  by D r u g x  Handl ing in te rac t ions  [ 2 0 ] .  

In add i t ion  to the one-way and shu t t l e  tasks, an 
inh ib i to ry  avoidance paradigm was e m p l o y e d  as well, in an 
a t t e m p t  to e lucidate  fu r the r  the  mechan i sms  involved in 
p roduc ing  the  drug faci l i ta t ion and  the s train differences.  If  
a par t icular  t r e a t m e n t  improves  associative processes,  t hen  
i m p r o v e m e n t s  in pe r fo rmance  should  be ev idenced  in b o t h  
active and inh ib i to ry  tasks. However,  if the cogent  fac to r  in 
elici t ing pe r fo rmance  di f ferences  involves nonassocia t ive  
effects  such as increased freezing, then  i nh ib i t o ry  avoidance  
should  improve and active avoidance should  deter iora te .  
Conversely,  if freezing is reduced,  i n h i b i t o r y  avoidance  
should  be d is rupted  and active avoidance response  rate 
augmented .  

A second ques t ion  of  in teres t  in the  present  e x p e r i m e n t  
per ta ined  to the eva lua t ion  of  the effects  of  the  drugs on 
the pa t t e rns  of  inhe r i t ance  observed in the  one-way and  
shut t le  tasks in F, mice. More explici t ly ,  it was observed  
previously tha t  F~ mice of  the  three  s t rains  e m p l o y e d  
exh ib i t ed  comple te  d o m i n a n c e  in a one-way avoidance  task, 
and  ove rdominance  in the  more  complex  shu t t l e  task. Yet,  
the  levels of  act ivi ty b o t h  before  and af te r  shock,  as well as 
pe r fo rmance  in an inh ib i to ry  avoidance  task, were at a level 
i n t e rmed ia t e  to the parent  s t ra ins  [8 ] .  Apparen t ly ,  the  
observed hybr id  vigor was no t  due to nonassocia t ive  
factors,  bu t  r a the r  to associative factors,  such as improved  
integrat ive abilities. Accordingly ,  if t rea ted  wi th  scopola-  
mine or d - amphe t am i ne ,  hybr ids  with  a C57BL/6J  paren t  

should  exh ib i t  improved  pe r fo rmance  levels, since the 
d i s inh ib i to ry  effects  of  the  drugs would no t  be masked  by  
more p o t e n t  disrupt ive  associative factors.  I t  could  no t  be 
argued tha t  the  hybr ids  are more  sensit ive to drug t reat-  
men t s  and  thus  show faci l i ta t ion in pe r fo rmance ,  since 
C57BL/6J  already exh ib i t s  respons iv i ty  to the drugs in 
i n h i b i t o r y  paradigms;  however ,  these d i s inh ib i to ry  effects  
are no t  man i fes t ed  in the  active avoidance  task. 

METHOD 

Animals 

A to ta l  of  810 mice f rom 3 inbred strains (A/J ,  D B A / 2 J  
and C57BL/6J  and the i r  reciprocal  F l ' s  were used. All of  
the  mice were bred  at the  Univers i ty  of  Water loo,  f rom 
inbred  strains p rocu red  f rom the  Jackson  Labora to ry ,  Bar 
Harbor ,  Maine. Females  were removed  f rom the  breed ing  
cages when  visibly p regnan t  and  caged individual ly.  Off- 
spring were weaned  subsequen t ly  at 21 days of  age and  
housed  c o m m u n a l l y ,  separa ted  by sex. Animals  were tes ted  
be tween  60 and  90 days of  age. T h r o u g h o u t  the  e x p e r i m e n t  
animals  were pe rmi t t ed  ad lib access to  food and  water .  

Apparatus 

The avoidance appara tus  consis ted  of a b lack circular  
Plexiglas runway  11.5 cm wide and  13.1 cm high wi th  an 
outs ide  c i rcumference  of  207.25 cm. The alley was divided 
equal ly  in to  8 c o m p a r t m e n t s  by black Plexiglas walls, 
part ial ly made up of solenoid  con t ro l l ed  hor i zon ta l ly  
moveable  gates. In the open  gate posi t ion,  access t h rough  a 
8,0 × 7.8 cm space was pe rmi t t ed  in to  the adjacent  
c o m p a r t m e n t .  The f loor  of the  appara tus  was made  up of  
0.25 cm stainless steel rods spaced 1.25 cm apar t  ( cen te r  to  
cen ter )  at the  ex te r io r  wall. The f loor  was wired t h r o u g h  a 
diode bridge. 

S i tua ted  at each end  of each c o m p a r t m e n t  flush wi th  the  
end  wall and immed ia t e ly  benea th  the  clear Plexiglas lid of  
the  appara tus  was a 6 W lamp encased in a f ros ted  casing 
which ran the  wid th  of  the alley. S i tua ted  on e i the r  side of  
each gate, 2.5 cm f rom the  f loor and  1.1 cm from the gate 
itself, was an inf rared  pho toe lec t r i c  relay sys tem wired such 
tha t  if bo th  beams were b roken ,  as would  occur  if  the  
mouse  was half-way t h r o u g h  the gate, the  cells would  no t  
trigger. If the  mouse  passed the  cell in the s tar t  compar t -  
m e n t  and  crossed the  second beam,  the cell was tr iggered.  
In avoidance  t ra in ing  the CS (light onse t )  was ac compan ied  
by the s imul t aneous  open ing  of the gate and  by the  
ac t iva t ion  of a sound  a t t e n u a t e d  Sodeco c o u n t e r  set at 10 
counts  per sec. Breaking the  appropr ia te  photo-e lec t r ic  l ight 
beam resul ted in CS offset  and t e r m i n a t i o n  of  the  Sodeco 
coun t e r  fo l lowed by a p r i n t o u t  of  the la tency  be tween  CS 
onset  and  offset ,  and closing of  the  gate. Two modes  of  
ope ra t ion  were employed :  (a) the  CS, US, pho toe lec t r i c  
sys tem and  act ivat ion of  the gate s tepped  from one 
c o m p a r t m e n t  to the next  in a counter -c lockwise  m a n n e r  
p roduc ing  one-way avoidance  wi thou t  handl ing ;  (b)  on ly  a 
single gate was raised and the  CS, US and pho toe lec t r i c  
relay sys tem s tepped  a l te rna te ly  be tween  two adjacent  
c o m p a r t m e n t s  resul t ing in a two-way (shut t le )  avoidance 
procedure .  

The test  c h a m b e r  for  i nh ib i to ry  avoidance  consis ted of a 
30 x 30 × 30 cm clear Plexiglas c h a m b e r  wi th  a f loor  made 
up of  0.23 cm stainless steel bars spaced 0.83 cm apart .  
Shock of  300 uA could be delivered via a high voltage-high 
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resistance source to the grid floor. The grid was wired 
through a diode bridge connecting every fourth bar making 
it difficult for mice to find two bars in common. The grid 
was demarcated into 7.5 x 7.5 cm squares thus making 16 
equal sized squares. 

P,,ocedure 

The shuttle, one--way and inhibitory tasks were carried 
out as three independent experiments. Animals of each 
strain were randomly assigned to groups (n = 10/cell) and 
given intraperitoneal injections of either saline (2 ml/kg), 
scopolamine hydrobromide (2 mg/kg in a 0.5 mg/ml 
solution) or d-amphetamine sulfate (3 mg/kg in a 0.5 mg/ml 
solution). These particular dosages were selected on the 
basis of earlier experiments [7] which indicated that these 
were optimal dosages in the inbred strains. Fifteen min 
after injection animals were placed individually in one 
compartment of  the circular runway, 30 sec after which 
training commenced. The gate separating the start compart- 
ment and the compartment adjacent to it was opened and 
the CS was presented simultaneously. If the mouse did not  
cross into the adjacent compartment within 10 sec, shock 
of 300 uA was delivered until an escape response was made, 
whereupon the gate was closed and the CS was terminated. 
If' the animal crossed into the adjacent compartment within 
10 sec of CS onset, the gate was closed immediately, the CS 
was terminated and the US was withheld. Animals received 
50 trials at 30 sec intervals. For those animals tested in the 
one-way task, training trials continuously proceeded in a 
counter-clockwise direction whereas for animals in the 
shuttle task only a single gate was opened and the response 
direction alternated from trial to trial. 

For inhibitory avoidance training animals were placed in 
the open field and avoidance training commenced after a 10 
sec period. The training consisted of shocking the mouse 
(2',00 uA for 2 sec) whenever a crossing of one square was 
made. Crossings were defined as animals placing all 4 legs in 
a particular square. Following each shock animals were 
permitted to locomote for a 10 sec period without being 
shocked, after which crossings were again punished. This 
procedure was used because residual running was found to 
occur often during the first few seconds following shock 
offset. Animals were tested for a 15 min period during 
which time the number of shocks received, and the time 
between shocks were recorded. 

RESULTS 

Sh U tt le A voidan ce 

The mean number of avoidance responses in the shuttle 
task for each of  the inbred and hybrid strains as a function 
of the drug treatment are shown in Fig. 1. Analysis of  
variance of the number of avoidance responses yielded 
significant main effects for Strains, F(8,243) = 7.74, 
p<0.01,  and Drug Treatment, F(2,243) = 5.62, p<0.01. 
Subsequent orthogonal comparisons (~ = 0.05) were carried 
out both between and within each Drug Condition. In the 
saline condition, A/J mice exhibited performance superior 
to that of either DBA/2J or C57BL/6J mice. Differences 
between the latter two strains did not approach statistical 
significance. In each of the hybrid strains, performance 
exceeded the average of the two parent strains; and in all 
but the C 5 7 B L / 6 J  x DBA/2J cross, the performance level 
exceeded that of the extreme parent score. Over-dominance 
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FIG. 1. Mean number of shuttle avoidance responses in inbred 
strains and their reciprocal F~ crosses as a function of d-ampheta- 

mine and scopolamine treatment• 

was the apparent mode of inheritance in the shuttle task, 
regardless of the strains involved. 

Consistent with earlier reports [7],  d-amphetamine 
improved performance in both A/J (p<0.05) and DBA/2J 
mice (p<0.10), but had no effect on the performance of 
C57BL/6J mice. Comparing the F] d-amphetamine animals 
to the saline treated hybrids revealed that d-amphetamine 
produced somewhat of an increase in performance 
(p<0.06). As in the saline condition, the hybrid scores 
exceeded that of  the mid-parent scores. However, only in 
the crosses between C57BL/6J and DBA/2J did the hybrid 
score exceed that of the extreme parent score. 

In contrast to the effects of d-amphetamine, scopola- 
mine improved performance in A/J mice, but produced a 
small non-significant decline in the performance of both 
DBA/2J and C57BL/6J mice. Similarly, the avoidance 
response rate of the F1 's did not exceed that seen in saline 
treated animals. 

One-way  A v o i d a n c e  

The mean number of one-way avoidance responses as a 
function of Strain and Drug Treatment are shown in Fig. 2. 
Analysis of variance of the avoidance scores revealed 
significant main effects for Strain, F(8,243) = 11.46, 
p<0.01,  and Drug Treatment, F(2,243) = 5.76, p<0.01.  
Orthogonal comparisons indicated that in the saline condi- 
tion the performance of A/J mice exceeded that of either 
DBA/2J or C57BL/6J mice, which did not differ from one 
another. In all the Fa crosses except C57BL/6J × DBA/2J, 
performance exceeded the mid-parent value, but not the 
extreme parent score. In the C57BL/6J × DBA/2J cross, 
performance was, in fact, superior to that of either of the 
parental strains. Thus, the primary mode of inheritance was 
one of  complete dominance rather than overdominance 
which was observed in the shuttle task. 

Unlike the drug effects seen in the shuttle task, 
d-amphetamine did not enhance performance in either the 
inbred or hybrid mice. For scopolamine, the overall analysis 
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indicated that the drug treatment  produced a small but 
s ignif icant retardation o f  the avoidance response rate. 

Inhibitory Avoidance 

Separate analyses  were performed for the number  o f  
shocks  received and for latency  b e t w e e n  the first and 
second  crossings. The mean scores for each of  these 
measures as a funct ion  o f  Strain and Drug Treatment  are 
shown in Fig. 3. Analys is  o f  variance o f  the number  o f  
shocks  received revealed a s ignif icant Strains × Drugs 
interact ion,  F ( 1 6 , 2 4 3 )  = 5 .74 ,  p < 0 . 0 1 .  Orthogonal  compar-  
isons on the s imple main e f fec ts  revealed that in the Saline 
condi t ion  A/J and C57BL/6J  mice received more shocks  
than did DBA/2J  mice. Dif ferences  be tween  the former t w o  
strains did not  approach statist ical  s ignif icance.  A m o n g  the 
hybrids treated with saline, performance  did not  differ 
from the mid-parent value e x c e p t  in the A/J × D B A / 2 J  
cross where performance  resembled that o f  the A/J parent.  
Clearly, the s imple response-shock cont ingency  resulted in 
intermediate  inheritance,  while increased task c o m p l e x i t y  
resulted in heterosis  and overdominance .  

With the administrat ion o f  d-amphetamine ,  the number  
o f  shocks  received increased in all strains relative to saline 
treated animals. Comparisons  among  the inbred mice 
revealed that C57BL/6J  mice received more shocks  than 
A/J mice,  while animals o f  the D B A / 2 J  strain were 
intermediate  be tween  A/J and C 5 7 B L / 6 J  mice. However,  
relative to saline animals, the increase in shocks  received 
was greatest in DBA/2J .  In all the F l ' s  e x c e p t  the D B A / 2 J  
× C57BL/6J  cross, the number  o f  shocks  received e x c e e d e d  
that o f  the respective mid-parent value. 

Scopo lamine  was found to increase the number  of  
shocks  received among  inbred mice. However ,  no  such 
change in performance was observed among  the hybrids• In 
fact, in most  o f  the crosses the number  o f  s h o o ,  s received 
was less than that o f  the mid-parent values, and of ten  were 
also lower than that o f  the dominant  parent (see Fig. 3). 

Analysis  o f  variance o f  the latency  be tween  the first and 
second crossings revealed a s ignif icant Strains × Drug 
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FIG. 3. Mean number of shocks received (left-hand panels) and 
mean crossing latency following the first shock trial (right-hand 
panel) in the three inbred strains and their reciprocal F 1 crosses as a 

function of drug treatment. 

Treatment  interact ion,  F ( 1 6 , 2 4 3 )  = 2 .01 ,  p < 0 . 0 5 .  Ortho-  
gonal comparisons  revealed that A/J and C57BL/6J  mice 
made the second  crossing earlier than DBA/2J  mice. A m o n g  
the hybrids  intermediate  inheritance was observed in the 
A/J × D B A / 2 J  and C 5 7 B L / 6 J  × D B A / 2 J  crosses. However ,  
in the reciprocal crosses performance resembled the A/J 
and D B A / 2 J  parents respect ively .  The presence o f  these 
maternal e f fec ts  makes it di f f icult  to ascertain the true 
patterns o f  inheritance.  However,  together  wi th  the data for 
number  o f  shocks  received it is probable that the mode  o f  
inheritance is o f  an intermediate  nature. 

Because o f  the rapidity with which  most  o f  the F1 mice 
made the second crossing the e f fects  o f  s copo lamine  and 
d-amphetamine  were largely obscured.  Nevertheless ,  it is 
apparent  that as a whole  both drugs tended to decrease 
response latency,  with d-amphetaine being more potent  
than scopo lamine  in this respect.  Owing  to the narrow band 
within which scores occurred,  inheritance patterns could 
not  be evaluated.  Parenthet ical ly ,  the ex i s tence  o f  f loor 
e f fects  attests to the importance  o f  e m p l o y i n g  a dual 
measure task in an inhibi tory paradigm. 

D I S C U S S I O N  

Consistent  with earlier reports [6,71 the A/J strain 
exh ib i t ed  active avoidance performance superior to that o f  
the DBA/2J  and C57BL/6J  mice.  The fact that this 
di f ference was also maintained in the one -way  task, and 
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that A/J and C57BL/6J mice did not differ in inhibitory 
avoidance, suggested that the performance difference 
between these two strains probably involves associative 
factors. Had non-associative effects been responsible for the 
strain differences, then the rapid rate at which freezing 
behavior could be suppressed in the one-way task should 
have resulted in performance differences between these 
strains being reduced. Moreover, under these circumstances 
C57BL/6J should have exhibited inhibitory performance 
superior to A/J mice. In contrast, the finding that the A/J 
strain exhibits active avoidance superior to that of DBA/2J 
mice, but inhibitory avoidance inferior to that of DBA/2J 
would implicate the involvement of nonassociative factors 
as being involved in the performance differences between 
tlhese two strains. This particular conclusion is supported to 
some extend by the earlier finding that C57BL/6J exhibits 
negligible transfer of training effects in an aversively 
motivated reversal learning task, whereas both A/J and 
DBA/2J mice exhibit appropriate transfer effects [ 6 ]. 

With respect to the behavior of the hybrid mice, the 
primary mode of inheritance was of an intermediate nature 
in the inhibitory task, complete dominance for high 
performance levels in the one-way task, and hybrid superi- 
ority in the shuttle situation. Given that intermediate 
inheritance is also observed in general activity and activity 
following shock [8],  suggests that the hybrid supremacy 
does not reflect changes in non-associative factors. Rather, 
consistent with previous suggestions [22,34], these data 
imply that the poor performance seen in inbred mice is due 
to a loss in biochemical versatility, which is regained in the 
hybrids. In effect, the implication here is that the improved 
performance of hybrids is due to greater associative or 
integrative abilities than those seen in inbreds, and that 
these differences in associative abilities become accentuated 
a's task complexity is increased. 

Turning to the effects of scopolamine and d-ampheta- 
mine on avoidance, as previously observed [7],  in a shuttle 
task both drugs improved performance among A/J mice, 
d-amphetamine but not scopolamine augmented perfor- 
mance in DBA/2J, while neither drug affected the behavior 
of the C57BL/6J mice. In the one-way task neither drug 
improved performance regardless of strain. In fact, scopola- 
mine produced a small, but significant, retardation in the 
avoidance response rate. The source for this disruption is 
difficult to specify, but it is clear that it is not due to 
associative deficits produced by the drug, since in the 
shuttle task scopolamine repeatedly improved the perfor- 
mance of A/J mice, and has also been reported to improve 
shuttle avoidance employing other strains of mice and rats 
[5, 13, 14, 15]. A more likely possibility is that the 
disinhibitory effects of scopolamine result in increased 
exploration, which disrupts the acquisition of simple 
responses [5,33] and well established shuttle responses 
[26].  Thus, in simple tasks, the exploratory response 
induced by scopolamine competes with the running re- 
sponse necessary for successful avoidance (see also [16]). 
In contrast, in the more complex shuttle task, the increased 
exploratory behavior may have a beneficial effect by 
competing with the disruptive freezing response, which 
ordinarily cannot be suppressed readily. In any event, the 
finding that both drugs may improve shuttle avoidance, but 
uniformly disrupt inhibitory avoidance suggests that both 
these drugs affect performance by reducing shock-induced 
response inhibition, and do not alter associative abilities. 
Moreover, the very fact that C57BL/6J exhibits a response 

to both drugs in the inhibitory task clearly indicates that 
the drugs alter levels of inhibition in this strain; however, 
these effects are masked in the shuttle task. It is likely that 
because C57BL/6J suffers from an associative deficit, any 
potentially beneficial effects of the drug induced disinhibi- 
tion do not emerge, just as is the case in very difficult tasks 
[ 23 ]. Parenthetically, it was previously reported [ 27] that 
the lack of effect of scopolamine in C57BL/6J may be due 
to the effects of a single major gene. The finding that the 
drug modifies inhibitory avoidance in C57BL/6J, and also 
modifies shock induced response suppression [12] as well 
as habituation [ 12] indicates that the influence of the gene 
is situation specific. 

Among the hybrid mice, d-amphetamine was found to 
improve shuttle avoidance performance. It is important to 
note that this was also true of crosses involving the 
C57BL/6J strain. This is not altogether surprising if it is 
assumed that the hybrid mice in fact have superior 
associative abilities [5]. Specifically, with adequate associa- 
tive abilities, performance improves relative to inbred mice; 
however, non-associative factors still limit performance to 
some degree. Thus with the reduction of these inhibitory 
tendencies, avoidance performance is further augmented. In 
the one-way task, negligible drug effects are observed, 
probably owing to the relatively efficient suppression of 
inhibitory tendencies even in the absence of the drug 
treatments. 

The response to scopolamine in the Fl 'S was very 
different from that seen with d-amphetamine. That is, no 
improvement was evident even in the shuttle task. The very 
fact that the two drugs differentially affected the perfor- 
mance of the F1 mice suggests that the drugs have 
qualitatively different effects. For example, while scopola- 
mine has disinhibitory effects, amphetamine appears to 
have an excitatory action beyond that of simple disinhibi- 
tion (see also [29,30]). Thus, in F1 mice, where perfor- 
mance is at a relatively high level, the disinhibitory effects 
of scopolamine may not be sufficient to improve perfor- 
mance. However, excitation of behavior beyond disinhibi- 
tion may result in beneficial effects on avoidance. Data 
recently collected in our laboratories [ 12] has revealed that 
the response to shock is very different in d-amphetamine 
and scopolamine treated animals. Typically, shock de- 
creases the level of general activity, and scopolamine 
reduces these inhibitory tendencies. Administration of 
shock to d-amphetamine treated animals, on the other 
hand, results in excitation of behavior beyond that pro- 
duced by d-amphetamine alone. It is quite likely that the 
effects of d-amphetamine in increasing synthesis and release 
of catecholamines [19, 21, 31] act synergistically or 
additively with increases in norepinephrine activity induced 
by stress [9,35]. 

Summarizing briefly, it appears that the facilitative 
effects of scopolamine and d-amphetamine on shuttle 
avoidance behavior are due to the disinhibitory or excita- 
tory effects of these drugs. However, these drugs facilitate 
performance only when inhibitory factors limit response 
rate. If the inhibitory response normally can be suppressed 
quickly, then the potentially beneficial effects of these 
drugs are not  apparent. In fact, they may disrupt perfor- 
mance by invoking a competing exploratory response. If 
the limiting factor in an avoidance situation involves 
associative factors, such as in very difficult tasks [23] ,  or 
among strains suffering from poor associative abilities in an 
avoidance task, then the beneficial effects of response 
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disinhibit ion will not  be manifested.  In hybr id  mice, 
associative abilities are superior  to those witnessed in inbred 
mice. Accordingly,  d -amphe tamine  may result in improved 

per formance  even though  the exc i ta tory  effect  of  the drug 
may no t  be any greater than that  seen in the inbred parent  
strains. 
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