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PHARMAC. BIOCHEM. BEHAV. 13(2) 183--186, 1980.--Rats were chronically treated with once daily injections of either 
0.5 mg/kg scopolamine hydrochloride or isotonic saline for 21 days. When spontaneous locomotor activity or acquisition of 
active avoidance in a two-way shuttle box were measured at 48 hours after the cessation of chronic treatment, no 
differences were observed between the two chronically treated groups. Tolerance to scopolamine's locomotor stimulatory 
effects was evident as the increase in locomotor activity following acute treatment was smaller in the group which had been 
chronically treated with scopolamine. On the other hand, acutely administered scopolamine facilitated the acquisition of 
active avoidance responding to an equal degree in both chronically treated groups. The reasons which may account for this 
task-dependent tolerance development to scopolamine are discussed. 
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T O L E R A N C E  development is frequently associated with 
the chronic administration of drugs. However,  it is becoming 
increasingly apparent that multiple factors are involved in 
determining the characteristics of tolerance development. 
These include variables such as type of task, the drug itself, 
and the schedule of administration, e.g. dose and time [2, 3, 
5, 8, I1, 15]. A considerable amount of literature has ac- 
cumulated on the consequences of chronic administration 
with amphetamine and there is evidence for tolerance devel- 
opment to some of its effects, slight or no tolerance devel- 
opment to others, and reverse tolerance to still others [3, 4, 
10, 15, 16]. Much less attention has been paid to the conse- 
quences of  chronic administration with scopolamine, an an- 
ticholinergic agent which is similar to amphetamine in its 
acute behavioura[ effects (see 11]). There is evidence that 
animals performing an operant task can learn to compensate 
for the effects of scopolamine [9], but in general there is 
relatively little information about the characteristics of 
tolerance development to this agent. 

There has also recently been an increased interest in the 
possibility that alterations in neurotransmitter receptors ma} 
be involved in the development of tolerance to drugs (see 
[12]). However,  there have been comparatively few reports 
which have conclusively demonstrated the involvement of a 
specific receptor alteration in the development of tolerance 
to a particular drug. The present set of experiments were 
designed to characterize the development of tolerance to 

scopolamine in order to provide the basis for subsequent 
studies on the possible involvement of receptor alterations in 
the development of tolerance. In the present paper we report 
that tolerance development to the stimulatory effects of 
scopolamine on spontaneous locomotor activity (SMA), but 
not to its facilitatory effects on acquisition of an active 
avoidance (AA) response. 

METHOD 

Aninlals 

The animals were male Wistar rats, approximately 90 
days old and weighing between 200-250 g at the beginning of 
the experiments. They were housed in groups of 7 under 
conditions of constant temperature and humidity, with free 
access to water and food. 

Apparatus 

Spontaneous locomotor activity (SMA) was recorded in 
two automated Animex motility meters (I,KB-Stockholm), 
whose sensitivity was tuned at 40 p,A. 

Acquisition of two-way active avoidance (AA) was 
studied in a series of automatically operated commercial 
shuttle-boxes and programming-recording units (Ugo Basile, 
Italy). Boxes measured 48×21 ×22.5 cm and were used with- 
out the central partition. 
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"FABLE 1 

EFFECTS OF SCOPOI,AMtNt- ON SPON'I ANEOUS t,OCOMOTOR ACTIVITY IN RATS CHRONICAI,LY 
TREATED WITH SCOPOLAMINE OR ISOTONIC SALINE 

Dose of scopolamine 
acutely administered 

Mean activity , SEM (n) 

First replication* Second replication* 
scopolamine saline scopolamine saline 

t) (Baseline) 1222 "- 70 (29) 1231 ± 61 129) 1001 • 75 (23) 1183 "- 78~24) 
0. I 1500 • 104 (8) 1479" 232 (8) 1760 ' 137 (5) 2036 _+ 368 (5) 
0.5 2456 -+ 113 (8) 3187 -z 157 (8)+ 1921 +_ 222 15) 3451 -' 219 (5) + 
1.0 1700 +- 124 (5) 2393 z 310 (5)- 2502 ' 262 (5) 3443 ~ 259 (5)~ 
2.0 2210 ' 124 (8) 2922 ~-308 (8)- 2440 . 114 (8) 3438 ~ 245 (9)+ 

*This experiment wax carried out twice with separate groups of animals. The baseline measure was 
taken 48 hr after cessation of chronic scopolamine or saline treatment. 

~Siginificantly different, p,:0.05, from corresponding scopolamine groups (two-tailed t-tests for inde- 
pendent samples). 

Administration ofScopolamine 

in all e x p e r i m e n t s  ra ts  were  t rea ted  s u b c u t a n e o u s l y  e i the r  
with  scopo lamine  or i sotonic  saline in ject ions .  The  vo lume 
of  in jec t ion was 1 ml/kg. 

Dur ing ch ron ic  t r ea tmen t  rats  were  in jected once  daily 
with e i the r  0.5 mg/kg scopo lamine  hydroch lo r ide  or isotonic  
sal ine for 21 days.  All tes t s  for SMA  or AA acquis i t ion  were  
c o n d u c t e d  at least  48 hours  a f te r  the last t r e a tmen t  of  the 
chron ic  regimen.  

Dur ing acute  admin i s t r a t ion  of  s copo lamine ,  all ra ts  were  
tes ted  for S M A  or AA acquis i t ion .  30 min af ter  drug adminis -  
t ra t ion.  

Pto¢edure 

SMA. All of  the an imals  were individual ly  p laced in the 
An imex  r eco rde r  48 hours  af ter  the  last in ject ion of  
s copo lamine  or sal ine for the record ing  of  base l ine ,  30 min 
per iod of  act ivi ty .  On the fol lowing day,  the an imals  were 
p laced also individual ly  in the An imex  immedia te ly  af ter  re- 
ce iv ing an acu te  in jec t ion of  e i the r  0. I. 0.5. 1.0 or  2.0 mg/kg 
of  s copo lamine  hydroch lo r ide .  In o rder  to avoid  the influ- 
ence  of  the hab i tua t ion  p rocess ,  a 30 min per iod of  act ivi ty  
was r ecorded  30 minu te s  la ter  (or, SMA  act iv i ty  was meas-  
ured b e t w e e n  30 and 61) minu te s  a f te r  d rug  t r ea tmen t ) .  In all 
acute  e x p e r i m e n t s ,  rats  were t rea ted  and  used only once .  
Data  are p re sen ted  as the total  amoun t  of  act ivi ty c o u n t s  
dur ing  the  30 rain record ing  sess ion.  

Acquisition ~fAA.  A conven t iona l  two-way  AA schedule  
was used with trials s tar t ing at 30 sec in tervals .  Each  trial 
began with the turn ing  on of  a non-d i rec t iona l  light con-  
d i t ioned signal (CS). p rov ided  by two 10 W light bulbs  at the  
cen t re  of  the ceiling, fol lowed 3 sec later  by a 1.5 mA 
sc rambled  foot shock (US) admin i s t e red  th rough  a t rans-  
fo rmer  and res is tor  in series.  A c ross ing  r e sponse  dur ing  the 
CS (avo idance  response)  t e rmina ted  the CS and p r e v e n t e d  
US onse t .  A r e sponse  a l t e r  US onse t  (escape  re sponse )  ter- 
mina ted  bo th  CS and US. ln ter t r ia l  c ross ing  was not pun- 
ished.  

The  effects  of  scopo lamine  on acquis i t ion  of  AA were  
s tudied unde r  two dif ferent  expe r imen ta l  (behav ioura l )  pro- 
cedures ,  massed  and  spaced  trials respec t ive ly .  In the 
massed  trials cond i t ion ,  the  an imals  were  given two sess ions  
each  of  100 trials,  o v e r  two cons ecu t i ve  days .  On the first 

day,  all an imals  were t ra ined wi thout  any acute  t r ea tmen t .  
This  was done  in o rde r  to assess  the " ' f loor e f f ec t "  of  AA 
condi t ion ing  (to ob ta in  a base l ine  level of  responding) .  On 
the  lb l lowing day,  all an imals  rece ived  a second  sess ion  of  
100 trials in the  shu t t l e -boxes :  howeve r ,  ha l f  the animals  in 
bo th  g roups  ( scopo lamine  and sa l ine- t rea ted  rats)  rece ived  
an acute  inject ion of  0.5 mg/kg scopo lamine ,  and half  an 
acu te  inject ion of  isotonic  saline 30 min before  being placed 
in the shu t t l e -box .  All e x p e r i m e n t s  car r ied  out  on the second 
day were  ba lanced  for a s s ignmen t  to different  shu t t l e -boxes ,  
t imes  of  day which  an imals  were tes ted  and  basel ine  ob- 
ta ined on the first day of  training.  The  data  are expressed  as 
d i f fe rences  in AA re sponses  be tween  first and second  ses- 
sions.  

In the spaced  trials condi t ion ,  the an imals  were  given 
daily 50-trial sess ions  for four consecu t ive  days .  Hal f  of  the 
an imals  rece ived  an acute  in ject ion of  scopo lamine  (0.5 
mg/kg) and hal f  rece ived  acute  isotonic  sal ine 30 min before  
each  daily sess ion of  AA training.  The  design of  expe r imen t s  
was  ba lanced  for a s s ignmen t  of  rats  to shu t t l e -boxes  and 
t ime of  day.  The  data  are expres sed  as mean  n u m b e r  of  total 
AA re sponses  dur ing  all 4 days  of  t raining.  

To d e t e r m i n e  w h e t h e r  the faci l i ta tory effects  of  
s copo lamine  on acquis i t ion  of  ac t ive  avo idance  were state-  
d e p e n d e n t ,  a fifth sess ion  of  50 trials was  given to some 
animals .  At the appropr ia t e  t ime before  this  sess ion  (30 min),  
the  an imals  rece ived  e i the r  the same t r ea tmen t  they had been  
rece iv ing  on the p rev ious  four  days  or  a d i f ferent  t r ea tmen t :  
i.e. 0.5 mg/kg scopo lamine  or  isotonic  saline.  

RESUI,TS 

The  effects  of  s copo lamine  on S M A  are summar i zed  in 
Table  I. No d i f fe rences  in locomoto r  act ivi ty  were  obse rved  
b e t w e e n  the two chronica l ly  t rea ted  g roups  when  SMA was 
m e a s u r e d  at 48 hours  a f te r  cessa t ion  of  chron ic  drug treat-  
ment  (0 basel ine  in Table  I). 

Fol lowing acute  admin i s t r a t ion  of  scopo lamine ,  SMA was 
e leva ted  ove r  base l ine  in bo th  groups .  With in  group 
ana lyses ,  i.e. looking for s tat is t ical ly s ignif icant  d i f fe rences  
before  and  af ter  acute  scopo lamine  within each  of the dosage 
level groups ,  conf i rmed  that  SMA was signif icant ly e levated  
o v e r  base l ine  for each  dose  of  s copo lamine  in the group 
chron ica l ly  t rea ted  with saline.  Howeve r ,  S M A  was not sig- 
nif icant ly e leva ted  o v e r  base l ine  for the 0.1 mg/kg dose  of  
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TABLE 2 

EFFECTS OF SCOPOLAMINE ON ACQUISITION OF MASSED TRIALS 
ACTIVE AVOIDANCE RESPONDING IN RATS CHRONICAI,LY 

TREA'I'ED WITH SCOPOI,AMINE OR SALINE 

Acute treatment 

Mean differences 
in active avoidance responses* 

Chronic treatment 
Scopolamine Saline 

Scopolamine 
Saline 

+42 .74  ± 7.1 (8) , 4 1 . 2 3  L 4 . 2 ( 1 0 )  

+20.00 t 4.3 (7) +20.5 + 3.8(10) 

For mean differences see Methods. 

scopolamine in the group chronically treated with 
scopolamine. 

Although the higher doses of scopolamine significantly 
increased SMA in both groups, the increase in activity was 
not as marked in the group that had been chronically treated 
with scopolamine (Table 1). In fact, these groups were signif- 
icantly less active than the groups that had been chronically 
treated with saline at each dose level of acutely administered 
scopolamine, except the lowest. Thus, tolerance develop- 
ment to the locomotor stimulatory effects of scopolamine is 
evident. 

Animals which were trained under the massed trials con- 
dition performed better on the second session, as can be seen 
in Table 2. It is also apparent, however, that acute adminis- 
tration of scopolamine significantly facilitated acquisition of 
the active avoidance responses, as the difference scores 
were much higher for these groups (see Table 2). A final 
feature of Table 2 is that the facilitation of AA responding by 
acutely administered scopolamine was similar in both chron- 
ically treated groups, i.e., there did not appear to be any 
tolerance development to scopolamine. 

The effects of scopolamine on acquisition of AA over the 
spaced trials of 50 per day for four consecutive days, sum- 
marized in Table 3, lead to similar conclusions. Acutely ad- 
ministered scopolamine significantly increased the number 
of avoidance responses regardless of whether the animals 
had been chronically treated with scopolamine or isotonic 
saline. Again, there was no evidence for tolerance develop- 
ment to scopolamine's facilitatory effects on acquisition of 
AA. 

As can be seen in Table 4, these stimulatory effects of 
scopolamine were state-dependent. When saline was substi- 
tuted for scopolamine on the fifth sessions, there was a dra- 
matic decrease in the number of avoidance responses. The 
degree of decrease was similar for both chronically treated 
groups. Also evident in this table is the stable high perform- 
ance of the groups which continued to receive scopolamine. 

I)ISCUSSION 

These findings clearly demonstrate that tolerance devel- 
opment to scopolamine is task-dependent. There is a clear- 
cut, although partial, development of tolerance to the 
stimulatory effects of scopolamine on SMA (Table 1), but no 
obvious tolerance development to its facilitatory effects on 
acquisition of AA (Tables 2 and 3). This task-dependent de- 
velopment of tolerance may be related to the earlier findings 
of Florio et al. [9l, who reported that tolerance developed to 
the effects of scopolamine on go-no go responding, but not to 
its effects on cortical electrical activity. It is tempting to 
suggest that the former is related to the tolerance develop- 
ment to the locomotor stimulatory effects of scopolamine 
whereas the lauer may be related to the lack of tolerance 
development to its facilitatory effects on acquisition of active 
avoidance reported in the present experiment. 

In the present experiments, the argument of behavioural 
desensitization cannot be used to account for tolerance de- 
velopment to the locomotor stimulatory effects of 
scopolamine because the behaviour of the animals was not 
recorded during the period of chronic administration, in con- 
trast to the experiment of Florio e t a / .  [9]. The observation 
that task-dependent tolerance development to scopolamine 
may occur offers an alternative interpretation of the findings 
of Florio et al. [9]. Only further studies with additional tasks 
can determine which of these two hypotheses is the more 
likely. 

Previous investigators have suggested that the facilitatory 
effects of scopolamine and amphetamine on AA responding 
are closely related to their locomotor stimulatory effects [ 1]. 
The present findings, on the other hand, suggest that these 
two effects of scopolamine are separable. It is important to 
note. however, that the dose of scopolamine used in the 
avoidance experiments (0.5 mg/kg) was large enough to 
produce some locomotor stimulation in the group chronically 
treated with scopolamine (see Table 1). Whether this small 
amount of residual locomotor stimulation is sufficient to sub- 

TABLE 3 

EFFECTS OF SCOPOLAMINE ON ACQUISITION OF SPACED TRIAI,S ACTIVE AVOIDANCE 
RESPONDING IN RATS CHRONICALLY TREATED WITH SCOPOI.AMINE OR SAI.INE 

Acute treatment 

Mean number of total 
active avoidance responses - (SEM) 

First replication* Second replication* 
Scopolamine Saline Scopolamine Saline 

Saline 56.4 _+ 15/8) 44.2 • 12(8)  3 8 . 5 - 8 1 1 7 1  4 2 . 5 - 7 1 1 5 )  
Scopolamine 106.2 = 1018) + 75.9 ± 11 (SF 94.8 • 7<28) + 93.7 _- 4127)- 

*This experiment was carried out twice with separate groups of animals. The first session 
occurred 48 hr after cessation of chronic scopolamine or saline treatment. 

tSignificantly different,p ~-0.05, from corresponding group acutely treated with saline Itwo-tailed 
t-test for independent samplesl. 
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T A B L E  4 

STATE-DEPENI)ENT EFFECTS OF SCOPOLAMINE 
ON ACTIVE AVOIDANCF 

Treatment* 

Mean number of active 
avoidance responses ± SEM 

Fourth session Filth session 

Sc-Sc-Sc 38.7 z 5.0 35.3 -+ 3.8 
Sc-Sc-Sal 41.8 -" 7.6 11.0 -- 3.2 
SaI-Sc-Sc 27.7 ± 7.0 30.3 ' 7.5 
SaI-Sc-Sal 33.7 , 3.3 11.2 _- 7.0 

*The first symbol refers to the period of 2 l-day chronic treatment 
with 0.5 mg/kg scopolamine 1So) of isotonic saline (Sal): the second 
symbol refers to the acute treatment received 30 min before each of 
the four training sessions: the third symbol refers to the acute treat- 
ment received 30 rain before the fifth AA session. Each of these 
subgroups consisted of 5 rats. 

serve  the increase  in acquisi t ion of  AA cannot  be de te rmined  
at this t ime. 

The reasons  for the t a sk -dependen t  deve lopmen t  of  
to lerance  to scopolamine  are not clear. It is possible  that 
they may be related to separa te  effects  o f  scopolamine  on 
different  neurological  subsys tems .  For  example ,  the locomo-  
tor s t imulatory effects  o f  scopolamine  may be related 
primarily to its ant ichol inergic  act ion in the s tr iatum, while 
its facili tatory effects  on acquisi t ion of  act ive avoidance  may 

be related to its ant ichol inergic  action in the h ippocampus  or 
cor tex.  If this hypothes i s  were cor rec t ,  then al terat ions in 
muscar inic  cholinergic receptors  may occur  in the str iatum, 
but not in the h ippocampus  or  cor tex following chronic  
scopolamine  t rea tment .  Studies are underway to examine 
this possibility.  

The t ask-dependen t  deve lopment  of  tolerance to 
scopolamine  might also be related to the stimulus proper t ies  
of  this agent.  The present  findings have conf i rmed those of  
o thers  that the effects  o f  scopolamine  on acquisi t ion of  var- 
ious r e sponses  are s ta te -dependent  (Table 4 [1, 2, 13]). More 
recent ly ,  it has been  shown that animals can use the stimulus 
proper t ies  of scopolamine  and o ther  drugs in performing op- 
erant tasks (see 17,141). Although the reasons  are still un- 
clear,  it appears  that the deve lopment  of  to lerance to the 
st imulus proper t ies  of  narcot ics  is o f  a smaller  magnitude 
than the deve lopmen t  of  tolerance to their  analgesic effects  
16]. This may be related to the smaller doses  used to demon-  
strate st imulus proper t ies .  If so. then the dose  used in the 
avoidance  s tudies  may have been a supra threshold  dose  such 
that it was still de tec tab le  even though some deve lopment  of  
to lerance  had occurred .  More extens ive  s tudies  are required 
to address  this quest ion.  
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