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ANISMAN, H. Dissociation o f  disinhibitory effects o f  scopolamine: strain and task factors. PHARMAC. BIOCHEM. 
BEHAV. 3(4) 613-618 ,  1975. - In 3 experiments it was observed that 3 strains of mice (A/J, DBA/2J and C57BL/6J) 
differing in activity exhibited comparable levels of spontaneous alternation, and that scopolamine differentially affected 
activity in the strains, but uniformly eliminated shock-induced suppression and spontaneous alternation behavior. Data are 
discussed in terms of the relationship between activity and spontaneous alternation. It was suggested that scopolamine 
exerts its effects on spontaneous alternation via the effects on acetylcholine activity, independent of any effects on general 
activity levels. 
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S P O N T A N E O U S  a l t e rna t ion  and  decl ine  in act ivi ty  over 
t ime  are two  o f t en  used indices  of  h a b i t u a t i o n  [13,  22,  
24 ] .  Yet ,  it is no t  clear w h e t h e r  these  two  behaviors  are in 
fact re la ted ,  or even subserved by  c o m m o n  mechan i sms .  
Whereas decl ine in ac t iv i ty  is gauged by  basel ine  act ivi ty ,  
thus  con t ro l l ing  for  indiv idual  d i f ferences  in ini t ial  act ivi ty  
levels, th is  is no t  the  case in the  s p o n t a n e o u s  a l t e rna t ion  
task. Specif ical ly,  s p o n t a n e o u s  a l t e r na t i on  m ay  be u n d u l y  
subject  to  va r ia t ion  owing to levels of  general  act ivi ty .  F o r  
example ,  in an a l t e rna t ion  task it is assumed t h a t  animals  
hab i t ua t e  to  one  arm of  a Y or T-maze,  and  c o n s e q u e n t l y  
are less apt  to  r een te r  this  arm [ 1 8 , 2 4 ] .  In relat ively active 
animals  less t ime  m ay  be  spen t  visit ing an arm fol lowing a 
par t icu lar  en t ry  (as may  be the  case in free r u n n i n g  alter- 
na t ion) ,  or  the  an imal  m ay  be  less a t t en t ive  to  s t imul i  in 
tha t  arm,  thus  resul t ing in p o o r e r  hab i t ua t i on .  In a subse- 
q u e n t  choice s i tua t ion  the  p robab i l i t y  o f  r een te r ing  the  pre- 
viously visi ted a rm m ay  be grea te r  t h a n  it wou ld  be in less 
active animals.  One  purpose  of  the  present  inves t iga t ion  was 
to d e t e r m i n e  w h e t h e r  levels of  ac t iv i ty  in f luence  sponta -  
neous  a l t e rna t ion .  

Typical ly ,  in man ipu la t i ng  act ivi ty  levels a t r e a t m e n t  
variable is imposed  on  the  subject ,  wh ich  in i tself  may  pro-  
duce  confounds .  F o r  example ,  scopo lamine  is k n o w n  to 
effect ively decrease ace ty lcho l ine  (ACh)  ac t ion  [ 1 4 ] ,  in- 
crease act iv i ty  [2, 5, 21]  and  d is rupt  a l t e r na t i on  behav io r  
[10,  11, 2 4 ] .  It is no t  a p p a r e n t  t hough ,  w h e t h e r  d i s rup t ion  
in a l t e rna t ion  is due to  a l t e ra t ion  in A C h  ac t ion  per se, or  
w h e t h e r  the  increase  in act iv i ty ,  i n d e p e n d e n t  of  ACh 
ac t ion ,  affects  s p o n t a n e o u s  a l t e rna t ion .  Accord ing ly ,  in 
E x p e r i m e n t  1 no  such pharmaco log ica l  m a n i p u l a t i o n  was 

employed .  Ra ther ,  3 s t ra ins  of mice (A/J ,  D B A / 2 J  and 
C 5 7 B L / 6 J )  d i f fer ing in levels of  act ivi ty  [5 ,20]  were exam- 
ined to see w h e t h e r  in fact  a l t e rna t ion  behav io r  would  also 
differ  in these  3 strains.  E m p l o y m e n t  of  the  s t ra in  variable 
allows for  b o t h  wi th in  and  be tween  group  cor re la t ions  be- 
tween  act iv i ty  and a l t e rna t ion .  Moreover ,  a free r unn ing  
a l t e rna t ion  task was emp loyed  [10 ,24]  al lowing for  act ivi ty  
and a l t e rna t ion  behav io r  to be m o n i t o r e d  s imul taneous ly .  

E X P E R I M E N T  1 

METHOD 

Animals 

A to t a l  of  90 mice r ep resen ted  equal ly  f rom 3 inbred  
s t rains  (A/J ,  D B A / 2 J  and  C 5 7 B L / 6 J )  were used. Mice were 
bred  f rom s tock  ob t a ined  f rom the  J ackson  Labo ra to ry ,  
Bar Harbor ,  Maine,  and  were tes ted  b e t w e e n  6 0 - 9 0  days  of  
age. Animals  were housed  by  l i t ter ,  separa ted  for  sex, in 
s tandard  plast ic  cages, and  were pe rmi t t ed  ad lib access to  
food  and  water .  

Apparatus 

The  appara tus  consis ted of  a symmet r i ca l  b lack Plexiglas 
Y-maze wi th  arms 9.0 cm long, 6.0 cm wide and  7.0 cm 
high, and  covered wi th  a clear Plexiglas roof .  The  f loor  of  
the  appara tus  was made  up of  0.25 cm stainless steel  rods  
spaced 1.0 cm apar t  ( cen te r  to  center) .  Each  arm of  the  
Y-maze could serve as e i the r  a s tar t  or goal arm. 
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Procedure 

Animals  were placed individual ly  in one  arm of  the  
Y-maze for  a 10 sec per iod,  af ter  which  a barr ier  separa t ing  
tha t  arm f rom the  rest  of  the  maze was r emoved  and sub- 
jects  pe rmi t t ed  free exp lo ra t ion  for  a 15 rain per iod.  Dur ing 
this  t ime the  n u m b e r  of  arms en te red  as well as the  se- 
quence  of  entr ies  were recorded.  Enter ing  an arm was 
def ined as all 4 legs crossing over  the  area dividing an arm 
f rom the  t r iangular  choice area. Occasional ly ,  mice would  
enter  in to  the  choice area and r e t u r n  to the  same compar t -  
men t  they  had  jus t  previously left. All such responses  were 
inc luded  in the  analysis of to ta l  arm entr ies ,  bu t  were no t  
employed  in the  t a b u l a t i o n  of  the  s p o n t a n e o u s  a l t e rna t ion  
score. A response  sequence  in which  animals  en te red  the  
arm least r ecen t ly  visi ted was cons idered  as an a l t e rna t ion  
(e.g., a sequence  of  arm entr ies  in this case would  be 1 ,2 ,  3 
or 1, 3 2). N o n a l t e r n a t i o n  was cons idered  to be the  case 
when  animals  r e tu rned  to the  c o m p a r t m e n t  t hey  had  been  
in mos t  recen t ly  (e.g., 1, 2, 1 or  2, 3, 2). The  a l t e rna t ion  
score was c o m p u t e d  by  dividing the  n u m b e r  of  a l t e rna t ions  
by  the sum of  a l t e rna t ions  plus nona l t e rna t ions .  

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

The p r o p o r t i o n  of  s p o n t a n e o u s  a l t e rna t ions  as well  as 
the  mean  n u m b e r  of  arm entr ies  over 3 rain per iods  are 
shown in Fig. 1. The a l t e rna t ion  score is based on  the  mean  
individual  a l te rna t ions .  The score was found  to be com- 
parable  regardless of  w h e t h e r  it was calculated in te rms of  
p r o p o r t i o n  for  each group or mean  individual  a l te rna t ions .  
Analysis  of  variance of  the  n u m b e r  of  arm entr ies  yielded a 
s ignif icant  Stra ins  X Blocks of  Time in te rac t ion ,  F ( 8 , 3 4 8 )  = 
3.03, p < 0 . 0 1 .  Subsequen t  N e w m a n  Keuls mul t ip le  com- 
parisons (a  = 0 .05)  o f  the  simple main  effects  revealed the  
A s t ra in  to  be less active t han  e i ther  DBA/2  or  C57BL/6  
mice. Over the  15 min  session a s ignif icant  decl ine in activ- 
i ty was evident  in each strain.  While the  abso lu te  decl ine in 
act ivi ty was greater  in the  DBA/2  and C57BL/6  mice t h a n  
in the  A mice,  this  was p robab ly  due to a f loor  effect  in the  
la t ter  s train,  since the  p r o p o r t i o n  of  decl ine,  calculated 
f rom act ivi ty  levels dur ing the first three  minutes ,  was com- 
parable  across strains. It is n o t e w o r t h y  tha t  act ivi ty levels 
do not  differ  be tw een  DBA/2  and C 57BL / 6  mice,  yet  w h e n  
act ivi ty is measured  in an open  field it was cons i s ten t ly  
observed tha t  C57BL / 6  were more  active t han  were DBA/2  
mice ( [ 5 , 2 0 ] ,  see also E x p e r i m e n t  2). This  suggests t ha t  
act ivi ty  levels, and  possibly h a b i t u a t i o n  rates ,  in te rac t  wi th  
the type  of apparatus .  Possibly,  some tes t  chamber s  elicit 
greater  fear t h a n  o thers ,  and such effects  are more  p o t e n t  in 
al tering the  behav io r  of DBA/2  mice. 

Analysis  of  the  a l t e rna t ion  scores revealed tha t  in all 
three  s t rains  the  levels of a l t e rna t ion  exceeded  chance  (X 2 's 
= 10.07,  58.0 and  29 .43 ,  d f  = 1 , p < 0 . 0 1  for A, DBA/2  and  
C57BL/6  mice respectively) .  Similarly,  analysis of the  num-  
ber  of animals  a l te rna t ing  on the  second arm en t ry  revealed 
tha t  regardless of s train,  a l t e rna t ion  occur red  at a greater  
than  chance  level (A = 86.6%, DBA/2  = 70.0%, C57BL/6  = 
86.6%; X2'S = 16.12,  4 .80 and  16.12,  d f  = 1, p < 0 . 0 5 ) .  
Analysis of variance of the a l t e rna t ion  levels revealed t ha t  
ne i the r  the  Strains  or Strains X Time in te rac t ion  ap- 
p roached  stat is t ical  significance.  Clearly, the  fact t ha t  the  
strains differed in act ivi ty did no t  affect  the  levels of  alter- 
na t ion  exhib i ted .  This  suggest ion was fu r the r  conf i rmed  by  
Spearman  rho  corre la t ions  be tween  act ivi ty and a l t e rna t ion  
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FIG. 1. Mean arm entries and percent spontaneous alternation 
over five 3 min periods in 3 strains of mice. 

behav io r  wi th in  each strain.  Specifically,  act ivi ty was found  
to be a poo r  p red ic to r  of  a l t e rna t ion  in t ha t  the  corre la t ions  
were low and  varied ( rho  = .08 - 0 . 0 3  and - 0 . 2 9  for  A, 
DBA/2  and  C 5 7 B L / 6  mice.  

Inspec t ion  of  Fig. 1 clearly i l lustrates tha t  in add i t ion  to 
a lack of  cor re la t ion ,  act ivi ty  varies over t ime in a m a n n e r  
d i f fe ren t  f rom tha t  of s p o n t a n e o u s  a l te rna t ion .  Whereas 
act ivi ty  is a m o n o t o n i c  decl ining func t ion ,  a l t e rna t ion  fluc- 
tua tes  in an unpred ic t ab l e  manner .  Addi t iona l  analysis per- 
fo rmed  on  a trial  by  trial basis revealed t ha t  a l t hough  the  
level of  a l t e rna t ion  declines slightly over  t ime,  p robab ly  
owing to h a b i t u a t i o n  to all arms,  there  is no  sys temat ic  
pa t t e rn  to the  a l t e rna t ion  scores. F luc tua t i ons  occur red  
t h r o u g h o u t  the  tes t ing per iod regardless of  the  t ime spen t  
in a par t icular  arm. Moreover,  this analysis revealed no 
sys temat ic  pa t t e rn  in t e rms  of  the p robab i l i t y  of an alter- 
na t ion  occurr ing given tha t  the  previous  trial had  been  
e i ther  an a l t e rna t ion  or nona l t e rna t i on .  

E X P E R I M E N T  2 

It is clear tha t  s p o n t a n e o u s  a l t e rna t ion  is i n d e p e n d e n t  of  
baseline act ivi ty levels. Moreover,  over t ime a l t e rna t ion  
does no t  vary in a pred ic tab le  m a n n e r  as does general  activ- 
ity. It is qui te  possible tha t  separate m e c h a n i s m s  are in- 
volved in these  h a b i t u a t i o n  processes. For  example ,  it has 
been  d e m o n s t r a t e d  tha t  an t imuscar in ics  effect ively d is rupt  
h a b i t u a t i o n  in an exp lo ra to ry  s i tua t ion  [2] and  wa te r  ap- 
p roach  task (cf. [8] ), se ro tonerg ic  mechan i sms  al ter  hab i tu -  
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ation to a startle stimulus [9],  and serotonergic agents act 
synergistically with adrenergic mechanisms in modifying 
spontaneous alternation [24]. In Experiment 2, an attempt 
was made to determine whether anticholinergics alter 
habituation in an exploratory task. Typically, habituation 
has been examined some time after a drug treatment since 
the drug itself may have motorigenic effects [8]. Thus, in 
Experiment 2 the motorigenic effects of scopolamine were 
divorced from its effects on habituation. In Experiment 3 a 
similar attempt was made in order to evaluate the effects of 
scopolamine on spontaneous alternation such that the dis- 
habituative effects were not confounded with its possible 
motorigenic effects. 

Although the disinhibitory properties of scopolamine 
have been demonstrated repeatedly [7,8], it has been 
observed that such effects are strain dependent [1, 2, 5, 
21].  Whereas increased levels of  activity are seen in A, 
DBA/2 and Balb/c mice, either no effect or decreased activ- 
ity levels are seen among C57BL/6 following scopolamine 
treatment. Accordingly, in Experiment 2, A, DBA/2 and 
C57BL/6 mice received treatment with scopolamine to 
determine whether cholinergic blockade would differen- 
tially affect activity and habituation. If scopolamine 
reduced activity in C57BL/6 mice but retarded the normal 
decline in activity over time, it would suggest that the 
motorigenic effects of scopolamine are independent of its 
dishabituating properties. The dosages selected were based 
on previous work in this laboratory (1 and 10 mg/kg) which 
indicated that 1 mg/kg had minimal effects on activity in 
C57BL/6 but increased activity in A and DBA/2 mice, 
whereas the 10 mg/kg dosage slightly increased activity in A 
mice but retarded activity in the C57BL/6 strain. Thus, the 
effects of the drug on activity could be varied both between 
and within strains. 

A second question dealt with in Experiment 2 concerned 
the disinhibitory nature of scopolamine. Specificially, it is 
well known that shock induces response inhibition and that 
scopolamine deters these inhibitory tendencies [3, 4, 6, 7].  
It was previously observed that although scopolamine does 
not increase general activity in C57BL/6 mice, it does 
reduce response inhibition elicited by shock in this strain 
[5]. Thus in Experiment 2 mice received shock after habit- 
uation in order to replicate the previously observed data. If 
scopolamine deters shock-induced suppression as well as 
habituation, it might suggest that both these inhibitory ten- 
dencies are subserved by a common mechanism. 

METHOD 
Animals 

A total of 90 mice from each of 3 strains (A/J, DBA/2J 
and C57BL/6J) were used. Mice were bred from stock 
obtained from the Jackson Laboratory, and were tested 
between 60 and 90 days of age. 

Apparatus 

The apparatus consisted of a clear Plexiglas open field 
measuring 30 × 30 X 30 cm, with a grid floor made up of 
0.23 cm stainless steel rods spaced 0.83 cm apart. Foot- 
shock of 300 mA could be delivered through the grid floor 
from a high voltage - high resistance source. The grid floor 
was wired through a diode bridge connecting every fourth 
bar in an effort to reduce the probability of  a mouse 
finding 2 bars of the same polarity. The floor beneath the 

grid was divided into 7.5 × 7.5 cm squares, thus demar- 
cating the open field into 16 equal sized squares. 

Procedure 

Mice of each strain (n = 10) received intraperitoneal 
injection of either scopolamine hydrobromide 1.0 mg/kg or 
10.0 mg/kg in a 0.5 mg/ml solution, or physiological saline 
2 ml/kg. Ten minutes following injection mice were indivi- 
dually placed in the test chamber and activity (defined in 
terms of square crossings in which a crossing consisted of 
the mouse placing all four legs in a particular square) was 
recorded. Following the 10 min. period a single 2 sec shock 
(300 mA) was delivered. Following shock, activity was 
again recorded for a 10 min period exclusive of the 10 sec 
period immediately following shock. The square crossing 
procedure had previously been found to produce better 
than 98 percent agreement between raters. 

RESULTS AND DISCUSSION 

The mean number of square crossings over 10 two min 
periods as a function of Strain and Drug Treatment are 
shown in Fig. 2. Analysis of variance of the number of 
squares crossed revealed a significant Strains × Drug × 
Time interaction, F(36,729) = 5.11, p<0.01. Newman 
Keuls multiple comparisons (a = 0.05) showed that in the 
saline condition C57BL/6 mice were more active than 
DBA/2 mice, which in turn were more active than mice of 
the A strain. Each strain exhibited a monotonic decline in 
activity during the preshock period. In absolute terms the 
decline was greater in C57BL/6 than in A or DBA/2 mice. 
However, proportional to the level of activity during the 
first 2 min period, the decline in activity is greater in A and 
DBA/2 mice than in C57BL/6. The introduction of shock 
resulted in response inhibition in each strain with C57BL/6 
maintaining higher levels of activity than either of the other 
strains. The shock induced decline in activity is not statis- 
tically apparent in A mice owing to floor effects in the level 
of preshock activity. 

Turning to the effects of scopolamine, consistent with 
other reports [1, 2, 5, 21] at the 1 mg/kg dosage general 
activity was increased in both A and DBA/2 mice, but had 
relatively small effects on mice of the C57BL/6 strain. 
When the data are examined over time it is evident that in 
DBA mice the typical decline in activity was abated with 
the scopolamine treatment. In A and C57BL/6 mice abso- 
lute levels of activity were found to decline equally in saline 
and scopolamine treated animals. With the 10 mg/kg dosage 
activity was increased in A mice; however, less so than with 
1 mg/kg of scopolamine. In DBA/2 mice 10 mg/kg had no 
effect on activity levels, and in the C57BL/6 strain this 
dosage significantly retarded activity relative to saline 
treated animals. Interestingly though, the drug treatment 
effectively diminished the rate of decline of activity in 
C57BL/6 mice. This was clearly not due to a floor effect, as 
these animals still exhibit a relatively high level of activity. 
This particular finding suggests that the effects of scopola- 
mine on activity levels are independent of the effects on 
habituation rate. 

Following shock, the scopolamine treatment abated the 
inhibition which is typically seen in saline animals. Of 
prime importance here is the fact that this was the case in 
C57BL/6 mice at both dosages. Clearly, the drug can have 
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potent  effects  on performance,  but  this is dependent  upon 
the specific exper imenta l  condit ions.  Where response inhibi- 
t ion is present,  ei ther through habi tuat ion or fol lowing 
shock t reatment ,  cholinergic blockade effect ively eliminates 
inhibit ion.  It might be the case that because C57BL/6  has 
relatively low levels of  choline acetyltransferase and acetyl- 
cholinesterase [ 12,19 ] and thus probably low levels of  ACh 
as well, scopolamine is relatively ineffect ive in increasing 
activity in most  situations. If ACh levels are increased as has 
been observed with shock t rea tment  [16] and possibly even 
h a b i t u a t i o n ,  the disinhibitory effects  of  scopolamine 
emerge. Given the consonant  effects of scopolamine on 
habi tuat ion and shock-induced suppression, it may be the 
case that bo th  these behaviors are subserved by some com- 
mon mechanisms. 

EXPERIMENT 3 

The results of Exper iment  2 suggest that habi tuat ion of  
locomotor  act ivi ty involves cholinergic action, and that the 
dishabituation effects of  scopolamine are not  due to the 
possible motor igenic  effects of  the drug. In Exper iment  3 
an a t tempt  was made to determine whether  spontaneous  
al ternat ion would likewise be modif ied by scopolamine,  
and that  these effects are not  dependent  on activity changes 
induced by scopolamine.  Specifically, it has been demon-  
strated repeatedly  that  scopolamine disrupts spontaneous  
alternation.  Yet,  the possibility exists that this disrupt ion is 

due to changes in the levels of  general activity produced by 
scopolamine.  Exper iment  1 demonst ra ted  that general 
activity does not  affect spontaneous al ternation,  but  it 
might be the case that  this is true only in the absence of  
drug treatments.  When activity is modif ied by drug treat- 
ments,  then spontaneous al ternat ion might be altered. Thus 
in Exper iment  3, scopolamine effects were examined in the 
three strains employing a 10 mg/kg dosage, such that  gen- 
eral act ivi ty would  be increased in A mice, remain unal tered 
in DBA/2 and decreased in C57BL/6 mice. The data of  
Exper iment  2 suggest that al though scopolamine may not  
affect general activity, habi tuat ion rate may well be de- 
creased. Thus, it was expected  that scopolamine would 
disrupt spontaneous al ternat ion regardless of the effects on 
activity level. 

METHOD 

Animals' and Apparatus 

A total  of  60 mice, represented equally from 3 strains 
(A/J ,  DBA/2J  and C57BL/6J)  were tested at 6 0 - 9 0  days of  
age. The apparatus was the same as that used in Exper iment  
1. 

Procedure 

Mice received intraperi toneal  injections of  either scopo- 
lamine hydrobromide  (10 mg/kg in a 0.5 mg/ml  solution) or 
physiological saline (2 mg/kg).  Ten rain after inject ion mice 
were tested in the spontaneous alternation.  The procedure 
was the same as that described in Exper iment  1. 

RESULTS AND DISCUSSION 

The percent  spontaneous al ternat ion score and the num- 
ber of animals alternating on the second arm entry as a 
funct ion of  the Drug Trea tment  and strain are shown in 
Fig. 3. Analysis of  the number  of  al ternations over the 15 
rain test period revealed that in the saline condi t ion  the 
f requency of  al ternat ion exceeded chance levels (X 2 = 8.39, 
17.93 and 13.47, d f  = 1, p<0 .05  for A, DBA/2 and 
C57BL/6 mice);  whereas in the scopolamine condit ion,  
al ternat ion f requency did not  exceed chance. Analysis of 
variance of  the percent  al ternat ion yielded only a signifi- 
cant Drug effect ,  F(1,54)  = 13.47, p<0 .01 .  Neither  the 
strain or Strain X Drug interact ion approached significance 
(F< 1). Inspect ion of  Fig. 3 also shows comparable  results 
for the number  of  subjects alternating on the second trial. 
Clearly, scopolamine effect ively reduced the f requency of  
alternation.  The fact that the drug differential ly affects 
activity in the three strains rules out  the possibility that 
scopolamine-induced reduct ion in al ternat ion is due to 
changes in levels of  general activity. It seems that sponta- 
neous al ternat ion was modif ied by changes in ACh activity 
per se. 

G E N E R A L  DISCUSSION 

Taken together,  the results of  the present investigation 
revealed that (1) Differences in general activity are not  
related to performance in a free running spontaneous alter- 
nation task. This conclusion is derived from three sources. 
Namely,  strains which differ in levels of  activity all showed 
comparable levels of  a l ternat ion;  whereas activity levels 
show a mono ton ic  decline over a 15 rain period, al ternat ion 
levels are variable and do not fol low the course for habitua- 
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t ion of  general act ivi ty;  within each strain correlat ions be- 
tween act ivi ty and al ternat ion are low and vary for the 
three strains employed .  (2) Scopolamine  different ial ly af- 
fects activity in the three strains of  mice. Low dosages (1 
mg/kg) increase act ivi ty in A and DBA/2  mice,  but  have 
only a small effect  in C57/6.  High dosages (10 mg/kg) 
produced a small but  significant increase in activity among 
A mice,  had negligible effects  in DBA/2 ,  and retarded 
general activity in C57/6.  Nevertheless,  scopolamine  
el iminated the normal  decline in act ivi ty over t ime in C57/6  
mice. It seems that  scopolamine effects on activity levels 
may be independent  of  changes in habi tuat ion.  (3) Finally,  
scopolamine induced changes in activity levels are not  
responsible for the drug's effects  on spontaneous  alterna- 
t ion.  Specifically,  a l though scopolamine had differential  

effects on act ivi ty in the 3 strains of  mice,  spontaneous  
al ternat ion was equal ly  el iminated in each strain. 

It seems that  as previously observed,  blockade of  ACh 
action effect ively el iminates a l ternat ion behavior  [10, 11, 
18, 24] presumably by disrupt ion of  habi tuat ion.  It is 
interesting that  in most  pharmacological  studies of  habitu- 
ation, animals are placed into a particular s i tuation follow- 
ing drug or  saline t rea tment  and tested somet ime later in 
the absence of  the drug t rea tment  [8] .  This particular pro- 
cedure is employed  because of  the potent ia l  confound 
in t roduced by the motor igenic  effects  of  the drug. The pre- 
sent investigation demonstra tes  that spontaneous  alter- 
nat ion is not  subject to such confounds  since the behavior  
in ques t ion is independent  of  the actual level of  activity of  
the animal. This is true regardless of  whether  analysis is 
per formed on al ternat ion of  individual subjects or  on the 
percent  of  total  al ternat ions (cf. [24] ). Moreover ,  the pre- 
sent investigation also presents a potent ia l ly  useful tool ,  
namely  that  of  strain comparisons,  in examining the inde- 
pendence or  dependence  of  specific behaviors in psycho- 
pharmacological  studies. 

It is interesting that a l though scopolamine differential ly 
affects general activity in the three strains of  mice, the drug 
t rea tment  un i formly  reverses shock induced response inhi- 
bi t ion as well as behaviors thought  to be dependent  on 
habituat ion.  It may well be the case that  these behaviors are 
subserved by some c o m m o n  mechanisms.  This is not  to say, 
of  course, that  these are the only mechanisms involved. 
Af ter  all, it is clear that  o ther  neurotransmit ters ,  e.g., sero- 
tonin,  are involved in spontaneous  al ternat ion [24] ,  while 
t ransmit ters  such as dopamine and norepinephrine are 
involved in stress si tuations [15, 17, 25] .  Indeed,  the very 
fact that  the three strains differ in levels of  cholinesterase 
and choline acetyltransferase [12, 19, 23 ] ,  yet  show com- 
parable levels o f  habi tuat ion and different ial  levels of  
shock-induced immobi l i ty ,  implies the involvement  of o ther  
transmitters in modulat ing these behaviors.  In any event,  it 
is clear f rom the present data that  the responses biases 
elicited by scopolamine are not  only strain specific [21] ,  
but  also interact  with stimulus factors. 
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