
Pharmacology Biochemistry & Behavior, Vol. 3, pp. 993-1002. Copyright © 1975 by ANKHO International Inc. 
All rights of reproduction in any form reserved. Printed in the U.S.A. 

Scopolamine Effects on Delayed Spatial 
Alternation in the Rat ' 

G E O R G E  A. HEISE,  ~ B A R B A R A  H R A B R I C H ,  N E L L  L. LILIE A N D  R I C H A R D  A. M A R T I N  

Indiana University, B loomington  I N  47401 

(Received 2 July  1973) 

HEISE, G. A., B. HRABRICH, N. L. LILIE AND R. A. MARTIN. Scopolamine effects on delayed spatial alternation in the 
rat. PHARMAC. BIOCHEM. BEHAV. 3(6) 993-1002, 1975. - Rats were trained to press two levers in alternation on 
discrete trials spaced 10 sec apart. During the final sessions of alternation training, error responses per opportunity on the 
trials that followed reinforced trials (initial trials) did not differ from error responses per opportunity on repetitive 
(correction) trials (Experiment 1). Scopolamine did not increase the rats' tendency to perseverate: drug treatment did not 
cause the error responses per opportunity to increase over runs of consecutive error responses (Experiment 2). 
Scopolamine did not impair performance when alternation was controlled by visual stimuli present in the external 
environment at the time of the response (Experiment 3). The disruption in delayed alternation performance produced by 
scopolamine was attributed to effects on stimulus discrimination, resulting in impairment of control of responding by 
stimuli not present in the environment at the time of the response. 
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SCOPOLAMINE is a po ten t  b locker  of  central  and periph- 
eral acetylchol ine act ivi ty;  precise character izat ion o f  its 
behavioral  act ion can contr ibute  to an unders tanding of  the 
behavioral  role of  central  and peripheral  cholinergic trans- 
mi t ter  systems. This paper examines  effects  of  scopolamine 
on sequential  behavior  in two-lever  discrete trial delayed 
spatial al ternat ion,  and is part icularly concerned with 
evaluating perseverat ion as a descript ion or explanat ion  of  
the effects  of  the drug. 

Scopolamine  decreases the orderliness of  both  spontane-  
ous al ternat ion (e.g., [4, 11, 14] ) and learned al ternat ion in 
rats. Hearst [5] showed that  rats trained to al ternate 
responses on 2 levers made many  more errors after 
scopolamine  t rea tment .  Hearst 's  [ 5 ] results were conf i rmed 
by Carl ton [ 1],  who has proposed a theoret ica l  interpreta-  
t ion of  the disruptive effects  of  scopolamine  in terms of  
recovery under  the drug of  previously ext inguished re- 
sponses [2] .  Learned al ternat ion was selected for the 
present  analysis of  scopolamine action because of  its 
susceptibil i ty to in terference by cholinergic blocking drugs, 
and because the sequent ial  dependencies  be tween successive 
responses could be measured repeatedly  in the same animal 
and compared  under  control  and drug condit ions.  

Exper iment  1 of  this study investigated sequential  
dependencies  in acquisi t ion and maintenance of  delayed 
al ternat ion under  non-drug condit ions,  focussing on rela- 
t:ionships be tween per formance  on the trials that  fo l lowed 
reinforced trials (initial trials) and per formance  on the 
correct ion trials that fo l lowed non-re inforced trials (repeti- 

tive trials). The effects of  scopolamine,  atropine,  and 
d-amphetamine  on baseline delayed al ternat ion perfor- 
mance were explored  in Exper iment  2, and the runs of  
consecutive error  responses produced by scopolamine were 
analyzed for evidence of  perseveration. Exper iment  3 
measured the effect  of  scopolamine on al ternat ion behavior  
which was control led  by discriminative stimuli present at 
the t ime of  the response rather than (as in delayed 
al ternat ion)  by stimuli from the preceding trial, and 
demons t ra ted  that  the effect  of  the drug depends critically 
on the t ime of  occurrence of  the stimuli that  cont ro l  
a l ternat ion performance.  

G E N E R A L  METHOD 

Animals  

The animals for Exper iments  1 and 2 were 20 male 
Sprague-Dawley derived rats from Hormone  Assay Labora- 
tories, Chicago; the 9 rats used in Exper iment  3, also 
Sprague-Dawley derived, were obtained from Murphy 
Farms, Plainfield, Indiana. All rats were 9 0 - 1 2 0  days old at 
the start o f  the exper imenta t ion .  The animals were main- 
ta ined on an approximate ly  23 hr water  deprivat ion 
schedule.  On exper imenta l  days they  received 9 percent  
sugar solut ion as re inforcement  in the exper imenta l  cham- 
bers and 10 to 15 min access to water  fol lowing the 
exper imenta l  sessions. On nonexper imen ta l  days they  were 
given water in their  home cages. Food  was always present in 
the home  cages. 

1 This investigation was supported by grant No. MH14658 from NIMH. We acknowledge with thanks the contributions of Robert Conner, 
Suzanne Hull, Katharine Milar, Judy Tower, and Susan White to this research. 

2 Requests for reprints should be sent to George A. Heise, Department of Psychology, Indiana University, Bloomington IN 47401. 
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Apparatus 

All t ra in ing  and  tes t ing  excep t  for  ini t ial  lever press 
t ra in ing  t o o k  place in two-lever  chambers ,  25 x 24 x 20 
cm. Two Gerb rands  levers, requir ing be tween  25 and  30 g 
force for  ac t ivat ion,  were m o u n t e d  side-by-side on an end  
panel  of  the  chamber .  Each was 10 cm above  the  grid f loor  
and  displaced 6.5 cm hor i zon ta l ly  f rom the  cen te r  line. 
Also m o u n t e d  15 cm above the  f loor  on the  end  pane l  were 
3 whi te  6 W panel  lights, 1 over each lever and  1 on  the  
cen te r  line. A spigot  for  dispensing drops  (ca. 0.1 cc /d rop)  
of  sugar wate r  was placed 5.5 cm above the  f loor  on the  
cen te r  line of  the  panel.  The expe r i m en t a l  c h a m b e r  also 
con ta ined  a speaker  for p resen t ing  a 1000 Hz, 80 DB trial 
s t imulus.  

Expe r imen t s  were con t ro l l ed  au toma t i ca l ly  by a sys tem 
of  e l ec t romechan ica l  c i rcui t ry  in the  r o o m  adjo in ing  the  
expe r imen t a l  chambers .  Response  measures  were c u m u l a t e d  
on  counte rs  and  a t r ia l-by-tr ia l  record  was m a i n t a i n e d  wi th  
an Ester l ine-Angus event  recorder .  

Procedure 

A discrete-tr ial  p rocedure  was used in which  a single 
lever press dur ing a trial (a trial response)  t e r m i n a t e d  the  
trial, p roduc ing  r e i n f o r c e m e n t  when  the  response  was 
correct ,  and only  trial t e r m i n a t i o n  when  the  response  was 
incorrect .  

A l t e rna t ion  trials were signalled by the  c o m b i n e d  pre- 
sen ta t ion  of  the  tone  and  i l l umina t ion  of  the  cen te r  panel  
light. A correc t  a l t e rna t ion  response  on a trial  (i.e., pressing 
the  lever no t  pressed on the  immed ia t e ly  preceding  trial  
response)  t e r m i n a t e d  the  trial and p roduced  r e i n fo r cemen t ;  
on the  nex t  trial  r e i n f o r c e m e n t  was p r o g r a m m e d  for  
pressing the  o the r  lever. Af te r  an incor rec t  trial  response  
(i.e., pressing the  same lever as t ha t  pressed on the  
immedia t e ly  preceding  trial response) ,  the  trials were 
repea ted  ( repet i t ive  trials) unt i l  a cor rec t  trial response  was 
made.  The trial was also repea ted  if. the  rat  failed to 
r e spond  on  a trial. The trial sequence  is p resen ted  schemat -  
ically in Fig. 1. 

INITIAL TRIALS REPETITIVE TRIALS 

TRIAL 
STIMULI ~-~--J~ [~ f~ ~ ~ 

I' 2 , ERR(~ RUN 

LEFT LEVER i~ REINF I~ ..... I I I i RE'NF 
RESPONSE 

INITIAL REPETITIVE. 
ERROR ERROR 

RESPONSE RESPONSES 

RIGHT LEVER i REINF i REINF 
RESPONSE _ _  

9__  

FIG. 1. Simulated segment of a spatial alternation session in which 
the  trial responses were reinforced in the sequence: Left, Right, 
Left, Right, Left. Note the specification of initial trials, repetitive 
trials, and error responses, the occurrence of a run of error 

responses, and the numbering of error run position. 

The inter- t r ia l  in terval  ( ITI)  was set at 10 sec, excep t  for  
a single 40 sec ITI group.  Lever pressing dur ing  the  ITI was 
reduced  by the  pretr ial  delay tha t  immed ia t e ly  p receded  
each trial. Whenever  the  rat  pressed the  lever dur ing the  

pre t r ia l  delay interval ,  onset  of  the nex t  trial  was p o s t p o n e d  
for  the  dura t ion  of  the  pretr ial  delay. The pretr ial  delay was 
5 sec dur ing  the  early par t  of t ra in ing  and  then ,  in some 
exper imen t s ,  subsequen t ly  reduced  to 1 sec. 

A l t e rna t i on  and  d i sc r imina t ion  pe r fo rmance  is conve- 
n ien t ly  descr ibed in t e rms  of  error  responses,  i.e., trial 
responses  in which  the  rat  pressed the  incor rec t  lever. Those 
trials on  which  the  rat  did no t  respond ( response  failures) 
were no t  included in the  measures  of  trial pe r fo rmance .  
Thus  the  usual measure  of  trial pe r fo rmance  was e r ror  
responses / t r ia l  responses:  the  cond i t iona l  p robab i l i ty  of  an 
incor rec t  response  on those  trials on which  the  an imal  
responded .  

The  ra t ' s  first trial response  fol lowing a correc t  (rein- 
forced)  trial  was called an init ial  trial response.  An er ror  
response on the  ini t ial  trial was called an init ial  e r ror  
response ;  similarly,  e r ror  responses  on  the  repet i t ive  trials 
tha t  fo l lowed an ini t ial  e r ror  response  were t e rmed  repeti-  
tive er ror  responses.  Each ini t ial  e r ror  response  began an 
er ror  run,  a run of  consecut ive  er ror  responses  tha t  ended  
wi th  a correc t  trial response  (see Fig. 1). The init ial  tr ial  
response  was assigned error  run pos i t ion  1 and  subsequen t  
repet i t ive  trial  responses  in the  run  were assigned er ror  run  
pos i t ions  2, 3, and  so on. 

Drug tes t ing began when  a l t e rna t ion  or d i sc r imina t ion  
acquis i t ion  sessions had  been  comple t ed  and  the  ra t io  of  
e r ror  responses / t r ia l  responses  was less than  0.15 when  the  
IT1 was 10 sec, and  less than  0.30 when  ITI was 40 sec (cf. 
Table 1). The animals  received daily expe r imen t a l  sessions, 
5 days per week,  and  drugs were admin i s t e red  in t raper i -  
tonea l ly  (IP) at weekly intervals  5 - 1 0  min before  the  
expe r imen t a l  session. 

Sessions immed ia t e ly  preceding  drug sessions were desig- 
na t ed  con t ro l  sessions; the  pe r fo rmance  of  a rat  on  drug 
sessions was evaluated  in re la t ion  to its pe r fo rmance  on 
these con t ro l  sessions. Placebo in jec t ions  were no t  given on 
con t ro l  sessions since previous s tudies  in our  l abo ra to ry  
have d e m o n s t r a t e d  repea ted ly  tha t  (except  perhaps  for  a 
rat ' s  ini t ial  in jec t ion)  p lacebo  in jec t ions  did no t  affect  the 
pe r fo rmance  measures.  

E X P E R I M E N T  l 

E x p e r i m e n t  1 provided  basel ine data for subsequen t  
inves t igat ions  of  drug effects  on sequent ia l  pe r fo rmance .  In 
E x p e r i m e n t  1 acquis i t ion  and ma in t enance  of de layed 
spatial  a l t e rna t ion  was s tudied  in individual  animals  u n d e r  
con t ro l  ( non  drug)  condi t ions .  The cond i t iona l  p robab i l i ty  
of  errors  on init ial  trials was specifically compared  to the  
cond i t iona l  p robab i l i t y  of  errors  on repet i t ive  trials. The 
effects  of  scopo lamine  and  d - a m p h e t a m i n e  on these condi-  
t iona l  probabi l i t ies  was s tudied  in E x p e r i m e n t  2. 

METHOD 

Animals 

The animals  were 10 rats divided in to  2 subgroups  t h a t  
received s o m e w h a t  d i f fe rent  p re l iminary  t ra ining:  a Barr ier  
Training group of  6 rats and  a Light Training group of  4 
rats. 

Procedure 

The acquis i t ion  p rocedure  consis ted  of  two parts:  
p re l iminary  t ra in ing  sessions, in which  all ra ts  learned to 
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FIG. 2. Acquisition of spatial alternation performance by the 6 Barrier Training animals. Each curve 
shows the mean error responses summed over the error run positions indicated, and expressed as a 
percentage of the total trial responses. Thus the 1, > 1 curve shows the percentage of error responses 
over all error run positions, the 2, > 2 curve shows percentage of repetitive error responses, the 3, > 3 

curve shows the percentage of error responses for error run positions 3, 4 . . . ,  and so on. 

press b o t h  levers main ly  dur ing  the  discrete  trials, and  
a l t e rna t ion  acquis i t ion  sessions. The  sessions lasted for  100 
re in forced  trials, the  m a x i m u m  trial du ra t i on  was 5 sec, and  
the final pre t r ia l  delay was 1 sec. The  rats  received daily 
;sessions, 7 days per  week,  dur ing  a l t e rna t ion  acquis i t ion .  

Pre l iminary  t ra in ing  of  the  Barr ier  Tra in ing  group was 
carried ou t  in a two-lever  c h a m b e r  divided in to  2 equa l  
, compar tments  by a long i tud ina l  f loor- to-cei l ing par t i t ion ,  
,such t ha t  a rat  p laced in one of  the  c o m p a r t m e n t s  could see 
1 pane l  l ight  and  had  access to  on ly  1 of  the  levers and  to 
the  r e i n f o r c e m e n t  spigot.  All tr ial  responses  were rein- 
:forced. On each p re l iminary  t ra in ing  session, the  rats 
Teceived 50 r e i n f o r c e m e n t s  in one  c o m p a r t m e n t  fo l lowed 
by 50 r e in fo r cemen t s  in the  o t h e r  c o m p a r t m e n t .  Discrete 
~:rial t ra in ing  sessions wi th  the  barr ier  in place c o n t i n u e d  
unt i l  the  rats had  r e sponded  on more  t han  90 percen t  o f  
the  100 trials on each  of  2 consecut ive  sessions. 

The  rats in the  Light  Tra in ing  group  received the i r  
p re l iminary  t ra in ing  in two-lever  c h a m b e r s  in which  the  
loca t ion  o f  the  i l lumina ted  panel  l ight  varied r a n d o m l y  
f rom side to side on successive trials. No barr ier  was used. 
Only trial  responses  made  on the  lever u n d e r  the  panel  l ight  
were re in forced  and  there  were no  co r rec t ion  trials. This  
l igh t -no  l ight  s i m u l t aneous  d i sc r imina t ion  t ra in ing  was 
c o n t i n u e d  for  4 sessions of  100 re in forced  trials. 

A l t e r n a t i o n  t ra in ing  for all groups  began on the  first 
session fo l lowing c o m p l e t i o n  of  p re l imina ry  t ra ining.  The  
program of  trial  p r e s en t a t i on  dur ing  a l t e rna t ion  acquis i t ion  
was the  same as in p re l imina ry  t ra in ing  excep t  t h a t  the  
cen te r  panel  l ight  was i l l umina ted  on every trial,  and  the  rat  
was requi red  to press a l t e rna te  levers on  successive trials to  
ob ta in  r e in fo rcemen t .  

RESULTS AND DISCUSSION 

Figure 2 shows the  acquis i t ion  of  de layed a l t e rna t ion  
pe r fo rmance  for  the  6 Barrier  Tra in ing  rats  over  the  first 20 
a l t e rna t ion  acquis i t ion  sessions. The  to ta l  e r ror  responses  
decl ined s teadi ly  over  sessions, the  the  6 rats learned at 
similar rates. Repet i t ive  e r ror  responses  ( responses  at  e r ror  
run  pos i t ions  2, > 2 )  were a b o u t  50 pe rcen t  of  the  to ta l  
e r ror  responses  dur ing  the  first acquis i t ion  session bu t  
compr i sed  on ly  a very small  percentage  of  the  to ta l  e r ror  
responses  on  the  final acquis i t ion  sessions. 

Dur ing acquis i t ion  the  cond i t i ona l  p robabi l i t i es  of  ini t ial  
e r ro r  responses  (i.e., responses  per  o p p o r t u n i t y :  ini t ial  e r ror  
responses / in i t i a l  trial responses)  and  the  cond i t i ona l  prob-  
abil i t ies  of  repet i t ive  er ror  responses  ( repet i t ive  er ror  
responses / repe t i t ive  trial responses)  of  the  Barrier  Tra in ing  
and  Light  Tra in ing  groups  are p lo t t ed  in Fig. 3. A 
mul t ivar ia te  analysis o f  variance [12]  showed  tha t  overall  
(Sessions 1 - 1 4 )  the  cond i t iona l  p robabi l i t i es  of  init ial  and  
repet i t ive  e r ror  responses  dif fered s ignif icant ly  for  b o t h  the  
Barr ier  and  Light  Tra in ing  groups  (respect ively,  F (6 ,8 )  = 
3.71, p < 0 . 0 5 ;  and  F(4 ,10)  = 23.9, p < 0 . 0 0 1 ) .  The  condi-  
t iona l  probabi l i t ies  di f fered s ignif icant ly  ( t  for  cor re la ted  
measures ,  p < 0 . 0 5 )  on Sessions 1, 2, and  4 for the  Barrier  
Tra in ing  group  and  on  Sessions 1, 2, 3, and  4 for  the Light  
Tra in ing  group.  For  Sessions 5 - 1 4 ,  on the  o t h e r  hand ,  the  
over-all cond i t iona l  p robab i l i t y  d i f ferences  were no t  signifi- 
can t  for  e i the r  for  Barrier  Training group,  F (6 ,12 )  = 1.28, 
p > 0 . 0 5 ,  or  for  the  Light  Tra in ing  group,  F (4 ,14)  = 3.13, 
p > 0 . 0 5 .  

Thus  early in a l t e rna t ion  t ra in ing  the  cond i t i ona l  proba-  
bi l i ty  o f  ini t ial  e r ro r  responses ,  i.e., the  cond i t i ona l  p roba-  
bi l i ty  t ha t  the  same lever would  be pressed on ini t ial  trials 
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FIG. 3. Change in mean conditional probability of initial and 
repetitive error responses during acquisition of spatial alternation. 
Top (A) - Barrier Training Group. Bottom (B) - Light Training 

Group. Vertical lines indicate standard error of mean. 

as on the  immedia t e ly  preceding  re in forced  trials (win-stay 
responses) ,  was subs tan t ia l ly  greater  than  50 pe rcen t  and  
greater  than  the cond i t iona l  p robab i l i t y  of  repet i t ive  e r ror  
responses:  i.e., the  cond i t iona l  p robab i l i t y  t h a t  the same 
lever would be pressed on  successive repet i t ive  trials 
( lose-stay responses) .  This  d i f ference  be tween  win-stay and  
lose-stay responses  ev ident ly  was no t  acqui red  in prelimi- 
nary  t ra ining,  since the  di f ference be tween  init ial  e r ror  
responses  and  repet i t ive  error  responses  was as great for the  
Light Tra in ing  group (which  received equal  win-shif t  and  
win-stay trials in pre l iminary  t ra ining)  as for  the  Barrier  
Tra in ing  group (which  received exclusively win-stay trials in 
pre l iminary  t ra ining) .  

E x p e r i m e n t  1 showed  tha t  the  cond i t iona l  probabi l i t ies  
of  e r ror  responses  on ini t ial  and  repet i t ive  trials d i f fered 
dur ing  the  early acquis i t ion  sessions, and  the  relative 
p ropo r t i ons  of  these two types  of e r ror  responses  changed  
as acquis i t ion  proceeded.  Thus  the  c o m m o n  pract ice  in 
a l t e rna t ion  or  d i sc r imina t ion  acquis i t ion  s tudies  of  combin-  
ing data  f rom init ial  and  repet i t ive  trials is of  d o u b t f u l  
legi t imacy,  since pe r fo rmance  on these two d i f fe rent  k inds  
of  trials could be af fec ted  d i f fe ren t ly  by expe r imen t a l  
manipu la t ions .  On the  o the r  hand ,  when  a l t e rna t ion  was 

well learned the  cond i t iona l  probabi l i t ies  of  init ial  and  
repet i t ive  er ror  responses  did no t  differ. The re fo re  data 
f rom initial  and repet i t ive trials could somet imes  be 
c o m b i n e d  in E x p e r i m e n t  2, which  was conce rned  wi th  drug 
effects  on ma in t a ined  a l t e rna t ion  behavior .  

E X P E R I M E N T  2 

E x p e r i m e n t  2 examined  the effects  of  scopolamine ,  
a t rop ine ,  and  d - a m p h e t a m i n e  on well- t ra ined delayed alter- 
na t ion  pe r fo rmance .  Possible perservat ive effects  of  scopol-  
amine  and  d - a m p h e t a m i n e  were examined  quan t i t a t ive ly  by 
ana lyz ing  the  cond i t iona l  probabi l i t ies  of e r ror  responses  on 
consecut ive  trials dur ing the runs of repet i t ive trials 
p roduced  by these drugs. 

M I : T H O D  

A n i m a l s  

Drug data were ob t a ined  f rom 3 groups  of  rats tha t  
d i f fered wi th  respect  to  the  1TI and  trial du ra t ions  of  the i r  
t ra in ing  and  tes t ing  sessions. Groups  were des ignated  by ITI 
(first  n u m b e r )  and  trial du ra t ion  ( second number ) .  G r o u p  
1 0 - 1 0  consis ted of  7 rats tha t  received pre l iminary  t ra in ing  
wi th  a barr ier  and  were t ra ined  and  tes ted  wi th  an ITI of  10 
sec, a m a x i m u m  trial du ra t ion  of  10 sec, 5 sec pret r ia l  
delay, and  200  r e in fo rcemen t s  per  session. G r o u p  1 0 - 5  
consis ted of  6 rats ( the  Barrier  Tra in ing  group f rom 
E x p e r i m e n t  1) tha t  were t ra ined  and tes ted  wi th  an ITI of  
10 sec, a m a x i m u m  trial du ra t ion  of  5 sec, a pretr ial  delay 
of  1 sec, and  100 r e in fo rcemen t s  per  session. Group  4 0 - 5  
(4 animals)  was similar to  G r o u p  10 5 excep t  tha t  the ITI 
was 40 sec, and  a l ight t ra in ing  p rocedure  (as descr ibed in 
E x p e r i m e n t  i )  was used for pre l iminary  training.  

Pro ce du re 

Table  1 summar izes  the  various dosages of scopolamine ,  
m e t h s c o p o l a m i n e ,  a t rop ine  and  d - a m p h e t a m i n e  t ha t  were 
given to the  3 groups.  Effects  of  drugs on sequent ia l  trial 
r e spond ing  were d e t e r m i n e d  by ana lyz ing  runs of  consecu-  
tive e r ror  responses  ob ta ined  when  the  rats in the  groups 
des ignated in Table 1 received 0.5 and  1.0 mg/kg scopola-  
mine and  1.0 mg/kg  d - amphe t amine ,  excep t  for 4 sessions 
on which  3 of  the  rats ob t a ined  fewer than  50 percent  of  
the  a l lo t ted  n u m b e r  of  r e in forcements .  The n u m b e r  o f  
e r ror  responses  made  at each er ror  run  pos i t ion  dur ing  each 
of  these drug sessions was expressed as a percentage  of  the  
n u m b e r  of  init ial  responses  made  dur ing the  session, and  
p lo t t ed  against er ror  run pos i t ion  on semi- logar i thmic  
coord ina tes  in Figs. 4 and 5. Similar plots  were made  for 
the  er ror  run  curves ob ta ined  f rom each animal  on its 
co r re spond ing  con t ro l  runs. 

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

Table  1 summar izes  the mean  results  for drugs tes ted  
wi th  the  3 groups. Compar i son  of  drug effects  on perfor-  
mance  of  the  two 10 sec ITI groups (Groups  10 5 and  
10 10) indica tes  tha t  measured  drug effects  did no t  
depend  on whe the r  the  m a x i m u m  trial du ra t ion  was 5 sec 
or 10 sec. Table  1 also indicates  tha t  a high level of  
a l t e rna t ion  pe r fo rmance  was no t  a t t a ined  wi th  G r o u p  
4 0 - 5 ,  p resumably  because of the  40 sec gap be tween  
successive trials. 

Table  l shows that  the admin i s t e red  doses of  the  2 
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T A B L E  1 

DRUG EFFECTS ON SPATIAL ALTERNATION 

Drug Dose (mg/kg) Group* 

Error Responses / 
Trial Responses 

Number of Rats Doses per Rat Control Drug 

Scopolamine Hydrobromide 0.5 10-5?  

10-10?  

4 0 - 5  t 

1.0 10-5?  

10-10  

6 4 0.13 0.47 

7 2 0.04 0.45 

4 3 0.29 0.50 

4 2 0.12 0.43 

3 2 0.06 0.55 

Methscopolamine Bromide 0.5 1 0 - I 0  3 3 0.03 0.10 

Atropine Sulfate 5.0 10-5  

10-10  

10.0 10-10  

5 2 0.13 0.32 

3 1 0.03 0.29 

3 2 0.04 0.39 

d-Amphetamine Sulfate 0.5 

1.0 

10-5  5 2 0.11 0.16 

10-10  3 1 0.05 0.12 

10-5  5 2 0.12 0.19 

10-10  t 3 2 0.04 0.13 

10-10  3 1 0.04 0.21 

*Groups are designated by ITI (first number) and trial duration (second number) tData used for analysis of sequential responding 

chol inergic  blockers ,  s copo lamine  aand  a t rop ine ,  subs tan-  
t ial ly impa i r ed  a l t e rna t ion  accuracy .  The ef fec t  wi th  scopol-  
amine  h y d r o b r o m i d e  was d e m o n s t r a t e d  to be due to  
in t e r f e rence  wi th  cen t ra l  r a t h e r  t han  per iphera l  ne rvous  
sys tem func t ion ing ,  since 0.5 mg/kg  m e t h s c o p o l a m i n e  
b romide ,  a q u a t e r n a r y  c o m p o u n d  t h a t  does  n o t  readi ly  pass 
the  b lood  bra in  bar r ie r  [ 13 ] ,  a f fec ted  p e r f o r m a n c e  signifi- 
can t ly  less t han  s copo lamine  in t e r t i a ry  fo rm ( t  = 7.64,  dr= 
22, p < 0 . 0 0 5 ) .  1.0 mg/kg  d - a m p h e t a m i n e  also s igni f icant ly  
decreased accuracy  c o m p a r e d  to  c o n t r o l  p e r f o r m a n c e  ( t  = 
8.76,  dr= 30, p < 0 . 0 0 5 ) .  

Figure 4 shows all the  e r ror  run  curves o b t a i n e d  for  
indiv idual  animals  f rom all sessions in which  the  groups  
de,; ignated in Table  1 received scopo lamine .  The  e r ro r - run  
curves o b t a i n e d  f rom the  an imals  in G r o u p  1 0 - 1 0  on  the i r  
sessions wi th  1.0 mg/kg  d - a m p h e t a m i n e  are p r e sen t ed  in 
Figure 5. 

The  e r ro r  run  curves as p lo t t ed  in Figs. 4 and  5 make  
possible  a direct  compar i son  of  the  cond i t i ona l  p robab i l i t i e s  
o f  the  e r ror  responses  (e r ro r  responses  per  o p p o r t u n i t y )  
made  by  the  d i f fe ren t  animals  at  t he  var ious e r ror  r un  
pos i t ions  on  the i r  ind iv idua l  e x p e r m e n t a l  sessions. Thus  for  
the  ini t ia l  e r ror  responses  on a session the  cond i t i ona l  

p robab i l i t y  of  an ini t ial  e r ror  response  ( e r ro r  responses  at  
e r ro r  run  pos i t ion  I / in i t i a l  responses)  is ind ica ted  d i rec t ly  
in Figs. 4 and  5 by  the  o rd ina te  co r r e spond ing  to er ror  run  
pos i t ion  1. The  n u m b e r  of  errors  at  e r ror  run  pos i t ion  2, 
also divided by  the  n u m b e r  of  ini t ial  responses,  appears  at  
e r ro r  run  pos i t ion  2. Hence  the  cond i t i ona l  p robab i l i t y  o f  
an e r ro r  response  at  e r ror  run  pos i t ion  2 is given by  the  
ra t io  be tween  the  o rd ina te  at  pos i t ion  2 and  the  o rd ina te  at  
pos i t ion  1 (i.e., errors  at pos i t ion  2 /e r ro rs  at  pos i t ion  1) 
since each occur rence  of  an error  at  pos i t ion  1 is an 
o p p o r t u n i t y  for an e r ro r  response.  Similarly,  the  condi-  
t iona l  p robab i l i t y  of  an e r ro r  at  pos i t ion  3 is ind ica ted  in 
Figs. 4 and  5 by  the  ra t io  b e t w e e n  the  o rd ina t e  at pos i t ion  
3 and  the  o rd ina te  at  pos i t ion  2, since the  errors  at pos i t ion  
2 were the  o p p o r t u n i t i e s  for  errors  at  pos i t ion  3, and  so on. 

The e r ror  run  curves in Figs. 4 and  5 would  be s t ra ight  
l ines (i.e., t he i r  slopes would  be c o n s t a n t )  i f  the  cond i t i ona l  
p robab i l i t y  of  an e r ror  response  were cons t an t  over  the  
e r ro r  run  ( t h a t  is, if  the  ra t io  of  the  n u m b e r  o f  e r ro r  
responses  at  any  er ror  pos i t ion  n to the  n u m b e r  of  e r ror  
responses  at e r ror  run  pos i t ion  n - 1  were cons t an t ) .  For  
each un i t  change in e r ror  run  pos i t ion  on the  l inear  abscissa, 
the re  would  be a c o n s t a n t  change in the  co r r e spond ing  
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session. Individual curves were terminated when the number  of  error responses at an error run posit ion fell below 5. 

va iue  o f  t h e  l o g a r i t h m i c  o r d i n a t e  ( s ince  l o g a r i t h m s  o f  e q u a l  
r a t i o s  are e q u a l )  a n d  c o n s e q u e n t l y  t h e  s l ope  o f  t h e  e r r o r  
r u n  cu rve  w o u l d  also be  c o n s t a n t .  

T h e  i n d i v i d u a l  a n i m a l  d a t a  o b t a i n e d  f r o m  Fig. 4 a re  
s u m m a r i z e d  in Fig. 6, in w h i c h  t h e  m e a n  c o n d i t i o n a l  
p r o b a b i l i t i e s  o f  e r r o r  r e s p o n s e s  for  t h e  s c o p o l a m i n e  s e s s i o n s  
a n d  fo r  t h e  c o r r e s p o n d i n g  c o n t r o l s  a re  p l o t t e d  for  e a c h  
g r o u p  as a f u n c t i o n  o f  e r r o r  r u n  p o s i t i o n .  

T h e  m e a n  c o n d i t i o n a l  p r o b a b i l i t y  o f  an  e r r o r  r e s p o n s e  
i n c r e a s e d  as e r ro r  r u n  p o s i t i o n  i n c r e a s e d  for  o n e  g r o u p  
( 1 0 - 5 )  t r e a t e d  w i t h  0 .5  m g / k g  s c o p o l a m i n e ;  F ( 4 , 9 1 )  
b e t w e e n  e r r o r  r u n  p o s i t i o n s  = 5 .11 ,  p < 0 . 0 0 1 ) ,  a n d  was  n o t  

s i g n i f i c a n t  fo r  t h e  o t h e r  t h r e e  g r o u p s  a t  s c o p o l a m i n e  d o s e s  
r e p r e s e n t e d  in Fig.  6. T h e  c o n d i t i o n a l  p r o b a b i l i t y  o f  an  
e r r o r  r e s p o n s e  also i n c r e a s e d  s i g n i f i c a n t l y  w i t h  e r ro r  r u n  
p o s i t i o n  fo r  t h e  c o n t r o l  s e s s i o n s  w i t h  g r o u p s  1 0 - 1 0  a n d  
1 0 - 5 ;  F ( 1 , 3 5 )  b e t w e e n  e r r o r  r u n  p o s i t i o n s  = 6 .6 9 ,  
p < 0 . 0 1 4 ,  a n d  F ( 2 , 6 8 )  = 8 .17 ,  p < 0 . 0 0 1 .  

A n a l o g o u s  r e su l t s  were  o b t a i n e d  for  a d m i n i s t r a t i o n  o f  
1.0 m g / k g  d - a m p h e t a m i n e  to  G r o u p  1 0 - 1 0 .  T h e  c o n d i -  
t i o n a l  p r o b a b i l i t y  o f  an  e r r o r  r e s p o n s e  i n c r e a s e d  w i t h  e r ro r  
r u n  p o s i t i o n  o n  t h e  d r u g  s e s s i o n s ,  F ( 2 , 2 1 )  = 6 .6  l ,  p <  0 . 0 0 6 ,  
as well  as on  t h e  c o n t r o l  s e s s i o n s  o f  th i s  g r o u p .  

T h e  q u e s t i o n  o f  w h e t h e r  or  n o t  t h e s e  r e s u l t s  are 
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appropr ia te ly  described as perseverat ion is deferred for the 
General  Discussion. 

E X P E R I M E N T  3 

Exper iment  2 demonst ra ted  that  scopolamine disrupted 
delayed spatial a l ternat ion performance.  Exper iment  3 was 
designed to separate possible drug effects  on (1) the control  
o f  delayed al ternat ion behavior (e.g., effects  such as 
perseveration,  disinhibition, amnesia, etc.) f rom effects on 
(21, responding per se, i.e., on performance  of  the sequence 
of  m o t o r  responses involved in pressing the two  levers in 
a l ternat ion on successive trials. Drug effects on responding 
were evaluated in Exper iment  3 with rats trained to 

per form an al ternating discrimination,  in which al ternat ion 
was control led by a light that  was on al ternately over  the 
two  levers on successive trials. Thus, in Exper iment  3 the 
rats per formed essentially the same sequence of  lever 
presses as in Exper iment  2, but the al ternat ion behavior  in 
Exper iment  3 was control led by stimuli  present at the t ime 
of  the response rather than (as in Exper iment  2) by events 
and stimuli  f rom the preceding trial. 

White [17] repor ted  that  scopolamine did not  appre- 
ciably alter per formance  of  a s imultaneous light-no light 
discr iminat ion similar to that  employed  in Exper iment  3. 
Therefore,  if  scopolamine were to disrupt per formance  of  
the light-cued al ternating discrimination of  Exper iment  3, 
the result could be a t t r ibuted to an effect  on al ternat ion 
responding rather than on discrimination of  the light. If, on 
the o ther  hand, scopolamine does no t  alter performance on 
the al ternating discrimination,  it can be concluded that  the 
drug affects nei ther  discrimination of  the light nor  alterna- 
t ion responding. 

M E T H O D  

Animals and Procedure 

Nine rats were trained according to the Light Training 
procedure,  as described under  Exper iment  1. The correct  
lever switched randomly from side to side on successive 
trials; a panel light was i l luminated over  the correct  lever 
during each trial. Trials were repeated if the animal ei ther  
pressed the incorrect  lever, or did not  press the lever. The 
max imum trial durat ion was 5 sec, ITI was 10 sec, and 
pretrial  delay was 1 sec. There were 100 reinforced trials 
per session. 

Training on this random discriminat ion was cont inued 
unti l  each rat had comple ted  2 successive sessions in which 
it responded correct ly  on over 85 percent  of  the trials in 
the session. All rats then received prel iminary inject ions of  
0.5 and 1.0 mg/kg scopolamine.  (Results  of  these prelimi- 
nary inject ions are no t  repor ted  here.) 

Upon comple t ion  of  the prel iminary injections,  each rat 
received the fol lowing sequence of  exper imenta l  sessions: 
al ternat ing discrimination - 2 sessions; random discrimina- 
t ion - 3 sessions; and al ternating discr iminat ion - 1 
session. All 3 al ternat ing discrimination sessions were test 
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TABLE 2 

EFFECT OF SCOPOLAMINE ON LIGHT-ON, LIGHT-OFF GO]GO ALTERNATING DISCRIMINATION 
(N = 9) 

Saline Control Scopolamine 

0.5 mg/kg 1.0 mg/kg 

Percent Responses 

Mean 78 50 39 

Median 84 63 68 

(Range) (44-98)  (20-100)  (3-98)  

Percent Correct 

Mean 98 95 96 

Median 97 96 99 

(Range) (94-  100) (76-99)  (90-100)  

sessions: a saline in jec t ion  was admin i s t e red  on the  first 
a l t e rna t ing  d i sc r imina t ion  session, and  scopo lamine  (0.5 
and  1.0 mg/kg)  was given on the  o the r  two a l t e rna t ing  
d i sc r imina t ion  sessions. 

Expe r imen t a l  sessions wi th  the  a l t e rna t ing  discr imina-  
t ion  were held to the  abso lu te  m i n i m u m  needed  for tes t ing  
in order  to minimize  the  possibi l i ty  t ha t  the  a l t e rna t ion  
behav ior  could  be con t ro l l ed  by s t imul i  f rom preceding  
trials (as in de layed a l t e rna t ion )  ra ther  than  by the  
discr iminat ive  s t imuli  (l ight on over the  correc t  lever) 
present  on  the  trial. 

RESULTS AND DISCUSSION 

Table  2 shows the effects  of  saline and  0.5 and  1.0 
mg/kg scopolamine  on pe r fo rmance  on the  a l t e rna t ing  
d iscr imina t ion .  (Table  2 shows b o t h  mean  and  med ian  
pe r fo rmance  because d iscrepant  results  were o b t a i n e d  wi th  
several rats.) Even t h o u g h  b o t h  doses of  scopo lamine  were 
suff ic ient  to reduce subs tan t ia l ly  the p r o p o r t i o n  of  trials on 
which  the  rats r esponded ,  ne i the r  dose af fec ted  the  
accuracy of  the  a l t e rna t ion  lever pressing. On those  trials on 
which  the  rats did respond ,  the  mean  (and  median)  
percentage of  correc t  responses  was always 95 percen t  or 
higher.  

Thus,  doses of  scopo lamine  which  p r o f o u n d l y  d i s rup ted  
the  accuracy of  delayed a l t e rna t ion  behav ior  in E x p e r i m e n t  
2 did n o t  affect  accuracy of pe r fo rmance  on the  a l t e rna t ing  
d i sc r imina t ions  in Expe r imen t  3. Since the  sequence  of  
m o t o r  responses  was essential ly the  same in de layed 
a l t e rna t ion  as in the  a l t e rna t ing  d i sc r imina t ion  it is unl ike ly  
tha t  the  drug apprec iab ly  affected pe r fo rmance  of  the  
a l t e rna t ion  lever pressing response.  Ins tead,  the  m u c h  
greater  ef fec t  of  scopo lamine  on delayed a l t e rna t ion  mus t  
be a t t r i b u t e d  to the  dif ference in the  s t imulus  con t ro l  in 
the  2 expe r imen t s :  in de layed a l t e rna t ion  re spond ing  was 
con t ro l l ed  by  s t imuli  or events  no  longer  present  in the 
e n v i r o n m e n t  when  the  response  was made,  whereas  in the  

a l t e rna t ing  d i sc r imina t ion  the s t imulus  tha t  con t ro l l ed  
a l t e rna t ion  was present  in the  e n v i r o n m e n t  at the  t ime  of  
the  response.  

G E N E R A L  DISCUSSION 

Cholinergic  b lockers  and d - a m p h e t a m i n e  increased the  
cond i t iona l  p robab i l i t y  of  error  responses  by rats pe r fo rm-  
ing on  a basel ine of  discrete trial de layed spatial  a l te rna t ion .  
Scopolamine ,  in par t icular ,  increased the  cond i t iona l  proba-  
bi l i ty  of  e r ror  responses  to near ly  0.50. The effects  of  
scopo lamine  on  a l t e rna t ion  behav io r  will be e x a m i n e d  in 
t e rms  of  3 possible descr ip t ions  or i n t e rp re t a t i ons  of  the  
behaviora l  effects  of  the  drug: persevera t ion,  d i s inh ib i t ion ,  
and  d i sc r imina t ion  deficit .  

Perseveration 

Perseverat ion has been  so casually and  variously used to 
describe repet i t ive behav ior  t ha t  any  def in i t ion  of the  t e rm 
must  be unavo idab ly  arb i t rary .  Perseverat ion as a drug 
ef fec t  implies an increased t e n d e n c y  to repeat  the  same 
response  on  successive trials; in spat ial  a l t e rna t ion  all such 
repe t i t ions  are e r ror  responses.  However,  the  general  in- 
crease in e r ror  responses  observed in spat ial  a l t e rna t ion  does 
no t  by i tself  war ran t  a special des ignat ion persevera t ion ,  
since all a l t e rna t ion  errors  consis t  of  pressing the same lever 
on  successive trials. Therefore ,  in this  discussion the  t e rm 
persevera t ion  will be reserved for an increase in response  
repe t i t ion  on the  trial  t ha t  follows the  occur rence  of  an 
er ror  response.  Specifically,  persevera t ion  will be said to  
occur  when  the  cond i t iona l  p robab i l i ty  of  e r ror  responses  
(e r ro r  responses  per o p p o r t u n i t y ,  or cond i t iona l  p robab i l i ty  
of  an e r ror  response given an er ror  response)  increases over 
the  er ror  run. 

E x p e r i m e n t  2 showed  tha t  the  cond i t iona l  p robab i l i ty  of  
an e r ror  response  t ended  to increase wi th  error  run  posi t ion 
for  the  animals  t rea ted  wi th  scopolamine .  However  this 
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increase was statistically significant for only one group and 
scopolamine dosage (Group 10 -5  and 0.5 mg/kg). Further- 
more, the conditional probability of an error response also 
increased significantly on the non-drug (control) sessions 
for both Groups 10 -5  and 10-10.  Thus it is doubtful that 
drug treatment caused an increase in the repetition of error 
responses during the error run. 

Others have also failed to observe perseveration with 
scopolamine in alternation situations. Warburton and Heise 
[ 16] found that on discrete trial 2 lever double alternation 
the number of  errors increased with increasing dose of 
scopolamine, but the proportions of  switch and stay errors 
did not change with dosage and did not differ from each 
other. Similarly Leaton and Utell [9],  who studied the 
effects of  scopolamine on spontaneous alternation by rats 
in a T-maze, reported that high doses of  scopolamine (1.2 
mg/kg) significantly reduced the percentage of spontaneous 
alternations, but did not produce significant perseveration. 

The conclusion that animals treated with scopolamine 
do not perseverate in various alternation situations may 
hold only if successive responses are separated by time 
intervals of several seconds. For example, Hearst [5] 
concluded that rats treated with scopolamine perseverated 
in a double discrimination task (the rats were required to 
pre, ss one lever when a tone was on, and to press the other 
lever when a clicking sound was on). In Hearst's experiment 
the'. ratio of stay to switch responses changed from 
approximately 1.0 under control conditions to 3.2 under 
drug. However, Hearst tabulated all responses - responses 
during the ITI's as well as responses during trials - when 
calculating the proportion of switch and stay responses. 
Thus his measured proportion of stay responses included 
the bursts of rapid responding on one lever that sometimes 
occurred during the ITI. 

Disinhibition 

Carlton and Markiewicz [3] define disinhibition pro- 
duced by a drug as the occurrence of responses that do not 
normally occur in the nondrugged state. Thus Carlton [2] 
has proposed that errors increase following administration 
of  cholinergic blockers in delayed alternation because 
extinguished error responses (stay responses) reappear that 
compete with alternation (switch responses). Carlton and 
Markiewicz [3] describe a variety of situations (e.g., 
extinction, habituation, passive avoidance) in which previ- 
ously extinguished responses reappear following treatment 
with cholinergic blockers. However, these are all no go 
situations, in which there is a specific occasion for not 
responding and the disinhibited responses that intrude 
under the drug can be identified and measured. In delayed 
alternation and other choice or go/go situations, there are 
no no/go trials; all error responses are competing responses 
made on the wrong lever. Since error responses and 
competing responses are thus indistinguishable, the proposi- 
tion that competing responses account for the error 
responses in delayed alternation is not directly testable in 
the delayed alternation situation. 

Discrim ination Deficit 

Experiment 3 showed that scopolamine did not affect 
the motor expression of the alternation response, since the 
drug did not  disrupt alternation performance controlled by 
visual stimuli present at the time of the response. Appar- 

ently scopolamine disrupts alternation only when (as in 
Experiment 2) the behavior is controlled by stimuli or 
events that are no longer present at the time of the 
response. These stimuli or events come from prior trials, 
and are somehow remembered over the ITI delay. 

Analogous observations have been reported by Laties 
[7] and by Laties and Weiss [8],  who compared the effects 
of  various drugs on the performance of pigeons under 
various externally controlled (control by stimuli present at 
the time of the response) and internally controlled sched- 
ules of reinforcement. Their experiments generally confirm 
the proposition that " . . .  behavior under control of 
external discriminative stimuli is less sensitive to modifica- 
tion by drugs than behavior not under such control"  [7]. 

There are 2 principal ways in which scopolamine might 
interfere with control of alternation behavior by prior trial 
stimuli or events: by interference with the storage of the 
controlling stimuli over the ITI delay, or with the registra- 
tion and retrieval of these stimuli. The former possibility 
was examined by Heise and Conner (described in [6] ) who 
compared accuracy of delayed alternation performance 
under nondrug and drug conditions when ITI duration was 
systematically varied during the experimental session. 
Accuracy of alternation performance decreased with in- 
creasing ITI duration under control conditions, and was 
further decreased by administration of scopolamine. How- 
ever the magnitude of the scopolamine effect did not 
increase with increasing ITI: the decrement produced by 
the drug was as great for short ITI durations (e.g., 2.5 sec) 
as for much longer ITI's. It was concluded that scopolamine 
did not alter a time-dependent storage process but rather 
affected registration and/or retrieval of the prior trial 
stimuli that controlled alternation. This conclusion is 
consistent with the results of a Theory of Signal Detection 
analysis of  scopolamine effects on discrimination behavior 
reported by Warburton [15]. Warburton found that scopol- 
amine impaired stimulus detectability (but not response 
bias) both when behavior was controlled by stimuli no 
longer present at the time of the response and when 
behavior was controlled by small changes in stimulus 
intensity at the time of the response. 

The conclusion that scopolamine altered discriminability 
of  the stimuli or events that controlled alternation must 
necessarily remain tentative, since we do not know precise- 
ly what these stimuli or events are. However, we do know 
that delayed alternation is not controlled by orienting or 
postural responses that fill the gap between trials, since 
systematic observations of rats well trained in delayed 
alternation showed that they did not  perform a consistent 
or stereotyped sequence of responses throughout the ITI 
[10]. Although scopolamine did not interfere with a 
simultaneous light-no light discrimination in Experiment 3 
when there was no delay between stimulus presentation and 
response, the drug does impair discriminations between 
presumably less salient stimuli such as auditory stimuli [5] 
or steady and flashing lights (unpublished observations). It 
seems reasonable to suppose that discriminations between 
the very similar prior trial stimuli that control the left and 
right alternation responses would also be susceptible to 
disruption by scopolamine. 

In summary, the present experiments have shown that 
perseveration does not appropriately describe the effects of 
scopolamine on sequences of delayed alternation respond- 
ing. The drug does not interfere with the execution of  the 
required alternating sequence of responses when the behav- 



1002 HEISE, HRABRICH,  LILIE AND MARTIN 

ior  is con t ro l l ed  by visual s t imul i  present  at  the  t ime  of  the  
response.  A l t h o u g h  the  specific ef fec t  of  scopo lamine  on 
delayed a l t e rna t ion  has no t  been  ident i f ied ,  it is k n o w n  tha t  
scopo lamine  does no t  al ter  r e t e n t i o n  or storage (as distin- 
guished f rom d i sc r imina t ion)  of  the  s t imul i  f rom the  

preceding  trial  t ha t  con t ro l  pe r fo rmance  on a trial. Scopola-  
mine  has been  shown  to impai r  s t imulus  de tec tab i l i ty :  it is 
pos tu la t ed  tha t  the  drug disrupts  de layed a l t e rna t ion  
pe r fo rmance  by impai r ing  regis t ra t ion a n d / o r  retr ieval  of  
the  pr ior  trial  s t imul i  t ha t  con t ro l  the  behavior .  
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