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SCHAAL, D W AND M N BRANCH Alterations tn the e.[.[ects o.~ atropine on the behavior oJ pigeon, .[ollowmg 
chronic adrmmstratlon PHARMACOL BIOCHEM BEHAV 28(3) 375-380, 1987 --The acute effects of atropine (0 01-1 0 
mg/kg) on pigeons' key-pecking mamtmned under a variable-interval tVl) 60-sec schedule of food reinforcement were 
determined Atropine decreased key-peck rates m a dose-dependent manner A rate-decreasing dose of physosngmlne, an 
acetlychohnesterase lninintor, was studied m combination with the range of atropine doses The rate reduction produced by 
physostlgmlne was attenuated by some doses of atropine An atropine dose which decreased key-peck rates was then 
administered to the pigeons every day after their experimental sessions (chronic post-session phase) Dunng this regimen, 
the dose-effect curves for atropine and the combinations of atropine and physostigmme were redetermlned Atropine was 
then given chronically prior to experimental sessions (chronic pre-session phase), and the dose-effect curves for atropine 
and the combinations of atropine and physostlgmme were determined agmn The pigeons became tolerant to the rate- 
reducing effects of atropine following chromc post-session admlmstration Physostigmine's effect alone was unchanged 
following chronic atropine administration for two pigeons, and was slightly greater for a third The rate reduction caused by 
physostigmme was attenuated across a wider range of atropine doses In the two pigeons for winch the effect of physostlg- 
mine alone was unchanged. The atropme/physostigmme interaction curve for the third pigeon was slufied to the right 
following chronic post-sessmon atropine administration No further changes in effects of either atropine alone or in combi- 
nation with physostigmine were seen following chronic pre-session atropine admlmstration Tolerance to atropine's 
rate-suppressing effects in tins preparation, then, did not depend on the interaction of the pigeons while drugged with 
factors specific to the experimental situation, I e ,  it was not "contingent" or "behavioral" tolerance The tolerance 
exhibited some specificity, however, in that initially effective doses continued to antagonize the suppressive effects of 
physostigmlne in two of three pigeons That is, although larger doses of atropine were required to suppress key-pecking, 
they were not required to antagonize physostigmine's effects 

Acetylchohne Acetylchohnesterase Antagonism Antlchohnergic Antichohnesterase 
Antimuscanmc Atropine Key-peck Physostigmme Pigeons Tolerance Varlable-interval 

A T R O P I N E  is a compet i t ive  antagonist  o f  acetylchol ine  
(ACh),  it blocks synapt~c t ransmission primari ly at mus- 
carinic receptor  sites [25] Physost igmlne is an 
ace tychol ines terase  (ACHE) inhibitor,  and thus prevents  the 
enzymatm degradat ion o f  acetylchol ine  at all cholinerg~c re- 
cep tor  sites [22]. Thei r  opposi te  recep tor  effects  (antagomst  
vs. agonist-hke) has p rompted  much research  aimed at 
elucidat ing the specifici ty o f  their  respec t ive  pharmacologic  
mechan isms  of  action. Some o f  this research  has used behav-  
moral measures  as dependen t  variables.  F o r  example ,  Vail- 
lant found that p igeons '  key-pecking under  a multiple fixed- 
interval  (FI) f ixed-rat io (FR) schedule that was comple te ly  
suppressed by about  0.25 mg/kg physost igmine  could be re- 
s tored to control  levels  by 0.03 mg/kg at ropine [23]. The  
same dose o f  physost~gnune was found to suppress  com-  
pletely d~scnminated shuttle box avoidance  in cats ,  an effect  

a t tenuated by 1 2 mg/kg atropine [12] Physost igmine (0 1 
mg/kg) suppressed rates o f  lever-press ing by dogs main- 
tained under  an FR  1 schedule o f  intra-cranial  brain stimula- 
t ion across  a range o f  current  levels ,  an effect  again at- 
tenuated by 0.2 mg/kg atropine [20] Physostmgm~ne also has 
been  found to al leviate the deleter ious effects  o f  scopolamine 
(a drug with pharmacologic  actions mmflar to atropmne) on 
humans '  r e m e m b e n n g  of  new word  hsts [13,17]. It ms well 
es tabhshed,  then, that  a t ropine and o ther  an t imuscannics  
can antagonize behawora l  effects  of  physostlgm~ne across a 
range o f  p rocedures  and specmes 

Al though the effects  of  a tropine and physost igmlne  have  
recemved some attentmon by behaviora l  pharmacologis ts ,  at- 
rop ine ' s  effects  fol lowing chronic  adminis t ra t ion have  re- 
cemved very  httle,  al though those o f  scopolamine  have  re- 
ce ived  some (e.g.,  [2, 9, 10, 18]). Of  part icular  mnterest is the 
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question of whether tolerance to atroplne's behaworal ef- 
fects will develop during chronic administration, and, if so, 
will that tolerance depend on subjects encountering some of 
the environmental variables that control the measured be- 
havior while drugged, 1 e., will the tolerance be "behav- 
ioral" or "cont ingent"  tolerance [6,11]. 

The procedure employed here was modeled after the one 
described by Branch [4] He examined tolerance to pen- 
tobarbltal in single subjects by determining dose-effect 
curves acutely, then agmn following chromc post-session 
drug treatment, and finally after a second chronic regimen of 
pre-session drugging. In this procedure, if tolerance to the 
behavioral effects of the drug is not apparent after the post- 
session drug treatment but develops as a result of pre-session 
chronic drug admlmstrations, then the tolerance is stud to be 
behavioral A similar procedure was employed here to allow 
within-subject comparisons w~th atropine 

A second purpose of the present study was to determine 
the extent of atropme's ability to antagomze behavioral ef- 
fects of physostlgmlne, and to see if this antagonism changes 
following chronic atropine administration 

METHOD 

SubJects 

Three male, White Carneaux pigeons, approximately 8 
years old, served as subjects. The pigeons had participated 
in an experiment on briefly-signaled delay of reinforcement 
using the same baseline reinforcement schedule as the one 
used m the present experiment, but had never been given 
drugs. They were deprived of food to approximately 80% of 
their free-feeding body weights, and between sessions were 
housed mdwldually in a temperature-controlled colony w~th 
a 16-hr hght, 8-hr dark cycle They had free access to water 
and digestive grit when not m an experimental session 

Apparatus 

Experimental sessions were conducted seven days a 
week in a custom-built conditioning chamber for pigeons, 30 
cm wide by 31 cm long by 31 cm deep. The front wall was a 
brushed-aluminum three-key operant panel equipped with a 
standard mixed grain feeder below the middle key and two 
houselights mounted in either upper corner. The middle key, 
the only one used in this experiment, required a force of 0.14 
N to operate a feedback relay and be recorded as a response 
White masking noise and the sound of a ventilating fan were 
continuously present. A mlmcomputer, located in an adja- 
cent room, programmed the contingencies and collected the 
data A Gerbrands cumulative recorder provided continuous 
records of key-pecking. 

Behavtoral Procedure 

Since the pigeons' key-peckmg had been shaped and 
mamtalned for a previous experiment, no prior tralmng was 
necessary. Pecks to a translucent response key lighted from 
behind with a green light produced 4 sec access to mixed 
grmn according to a variable-interval (VI) 60-sec schedule 
constructed from the constant-probablhty distribution of 
Catanm and Reynolds [7]. Sessions began 10-rain after the 
pigeon was placed in the chamber, during which time the 
chamber was dark and the key was not operative The 
houselights and key-hght were then illuminated, and 
key-pecking could commence. Houselights and key-hght 
were extinguished and a feeder light was illuminated during 
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FIG 1 Cumulative response records ~nd~cat~ve of the performance 
of P~geon 190 after administration of a range of atropine doses alone 
(left column) and Pigeon 165 after adm~mstrat~on of 0 125 mg/kg 
physostxgmme combined w~th the vehicle (sterile water, upper right 
frame, 0 mg/kg) and a range of atropine doses (right column) Re- 
cords are taken from the acute administration phase Performance 
for a session in which no mject~on was g~ven ~s shown by the record 
marked "CONTROL" (upper left frame) Pen deflect~ons indicate 
m~xed gram presentations 

grain presentation Sessions ended after 30 reinforcers, or 
after 45 mm, whichever came f'wst. 

Drug Procedure 

Atropine sulfate and physostlgmine sahcylate (obtained 
from the U.S Army Research and Development Command) 
were dissolved in sterile distilled water and injected into the 
breast muscle in a volume of I 0 ml/kg body weight Dosages 
are expressed tn terms of the salt 

When response rates had become stable, effects of two 
ascending series of atropine doses (0.03-1 0 mg/kg for PI- 
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FIG 2 Effects of a range of doses of atropine sulfate on the key-peck rates of all three pngeons Fdled squares depict the acute dose effects on 
key-peck rates, open c~rcles depict dose effects after chromc post-session atropine adm~mstrat~on, and open triangles depict dose effects after 
chromc pre-sess~on atroptne adm~mstratton No-drug control rates, taken from sessions ~mmedmtely prior to drug and vehicle adm~mstratnon 
sessions, are plotted over the letter C, and rates from sessions in which the vehicle (sterde water) alone was ~njected are plotted over the letter 
V Vertical hnes on points |nd~cate ranges, range bars are omitted where the point covers the entnre range 
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FIG 3 Effects of the combination of a single dose ofphysost~gmme sahcylate and a range of doses of atropnne sulfate on key-peck rates of all 
three p~ge~ons Physostngmme doses were 0 125 mg/kg for P~geons 165 and 190, and 0 08 mg/kg for P~geon 844 Filled squares indicate acute 
dose effects on key-peck rates, open c~rcles depict dose effects after chronic post-session atropine administration, and open triangles depict 
dose effects after chromc pre-sess~on atropine admlmstrat~on Effects of physost~gm~ne alone are depicted for each condition above the letter 
P No-drug control rates, taken from sessnons ~mmed~ately prior to drug and vehicle admlmstrat~on sessions, are plotted above the letter C, 
and rates from sessions m which the vehicle (sterile water) alone was given are plotted above the letter V Vertical hnes on points nnd~cate 
ranges, range bars are omitted where the point covers the entire range 

geons  190 a n d  844, 0 .01-1.0  mg/kg for  P igeon 165, the  lowes t  
dose  se rved  to a n c h o r  the  dose -e f fec t  c u r v e  at  a dose  tha t  
had  no  ef fec t  on  r e s p o n s e  ra tes )  and  tts vehic le  (steri le  wa te r )  
were  d e t e r m i n e d .  Thi rd  d e t e r m i n a t i o n s  were  p e r f o r m e d  as 
n e e d e d  as  ex t r a  c h e c k s  on  rehabd~ty.  Doses  were  admims -  
t e red  m a s c e n d i n g  ser ies  to  f a o h t a t e  the  o b s e r v a t i o n  of  
poss ib le  sys t ema t i c  changes  in dose  ef fec ts  ac ross  r epea t ed  
admin i s t r a t i ons .  In jec t ions  were  spaced  by  at  leas t  3 days  
Fo l lowing  d e t e r r m n a t i o n  of  the  acu te  dose-e f fec t  cu rve ,  
doses  o f  p h y s o s t i g m m e  were  a d m l m s t e r e d  un td  one  t ha t  re- 
duced  k e y - p e c k  ra t e s  be low 50% of  b a s e h n e  but  a b o v e  ze ro  
was  found  for  e a c h  p~geon (0.08 mg/kg  for  P igeon  844, 0.125 
mg/kg for  P igeons  190 and  165), th~s dose  was  the  on ly  one  
u sed  ~n the  res t  o f  the  expe r i m en t .  P h y s o s t i g m m e  was  ad- 
min i s t e r ed  m c o m b i n a t i o n  ( two ~njections.  one  ~n each  b r e a s t  

musc le)  wi th  the  vehic le  and  wi th  each  o f  the  a t r o p m e  doses  
twice ,  agmn ~n a scend ing  order ,  to p roduce  an  mterac tzon  
cu rve  Again ,  doses  were  spaced  by  at  leas t  3 days  Af te r  
these  acu te  d e t e r m i n a t i o n s  a dose  of  a t rop ine  t ha t  r e d u c e d  
key -peck  ra tes  apprec iab ly  (1 0 mg/kg for  P igeons  190 and  
844, 0.3 mg/kg  for  P igeon 165) was  a d m i n i s t e r e d  e v e r y  day  
a b o u t  30 mln  af te r  e x p e r i m e n t a l  se s s ions  (pos t - sess ion  
ch ron ic  phase) .  S h a m  lnjectzons ( inser t  need le  bu t  in jec t  no  
fired) p r e c e d e d  e a c h  sess ion  d u n n g  th~s phase .  Af te r  the  f irst  
20 sess ions  (days)  of  pos t - s e s s ion  c h r o m c  drug  admin i s t ra -  
t ion,  the  veh ic le  and  two a s c e n d i n g  ser ies  o f  a t rop ine  doses  
were  a d m i n i s t e r e d  pre-sess~on (as " p r o b e s " )  ~n the  s ame  
m a n n e r  as acu te  admin i s t r a t i ons  ( tha t  ~s, spaced  a t  leas t  
t h r ee  days  apar t ) .  I n t e r v e n i n g  sess ions  c o n t i n u e d  to be  fol- 
lowed  by  a t rop ine  admin i s t r a t i on  S h a m  in jec t ions  were  
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given about 30 rain after each probe session. Physostlg- 
mine's  effects alone and in combination with atropine were 
determined again dunng this phase In the same manner as 
above The chronic atropine dose was then admlmstered 
prior to experamental sessions (pre-sesslon chronic phase). 
After the first 20 sessions of this regimen the vehicle and the 
other atropine doses were substituted for the chromc at- 
ropine dose in two ascending series as before, with interven- 
ing sessions still preceded by administration of the chronic 
atropine dose. Physostlgmlne and atropine combinations 
were then substituted for the chromc atropine dose 0n the 
same manner) to determine the final interaction curve 

RESULTS 

Acute effects of a range of atropine doses (for Pigeon 190, 
left column) and the combination of a single dose of physo- 
stigmlne with a range of atropine doses (for Pigeon 165, right 
column) are illustrated in the cumulative response records ~n 
Fig. 1. Records are representative of the performance of all 
three birds Under non-drug conditions, performance typical 
of that usually observed under VI schedules was observed 
Key-pecking occurred at a steady, nearly constant rate The 
records show the progressive decrease in key-peck rates and 
d~sruptlon of steady, VI-like response patterns with ~ncreas- 
lng doses of atropine alone (left column) Physostlgmme 
(0 125 mg/kg, right column, top frame) produced long 
periods with no pecks when administered alone Increasing 
doses of atropine attenuated physostlgmme's rate-reduction 
maximally at 0 1 mg/kg, larger doses were less effective or 
combined to produce more complete suppression of rates 

Figure 2 shows dose-effect curves for each subject over a 
range of atropine doses administered alone under acute 
conditions (filled squares), and dunng the post-session 
chronic (open circles) and pre-sess~on chronic (open triang- 
les) phases Under acute admlmstratlon, atropine decreased 
rate as its dose was increased, with 1 0 mg/kg reducing rates 
to between zero and 20 pecks/mln among subjects Dunng 
the post-session chromc phase dose-effect curves were 
shifted to the right, ~ndlcatlng that the p~geons had become 
tolerant to the drug's rate-reducing effect. During the pre- 
session chromc phase the dose-effect curves were essentially 
unchanged from the post-session chromc phase. 

Effects of the comblnat~on of a single dose of physost~g- 
mine with a range of atropine doses under acute conditions 
(filled squares), and dunng the post-session chronic (open 
c~rcles), and pre-session chromc (open triangles) phases are 
presented in Fig 3 Across each condition the rate-reducing 
effect of physostlgmlne in combination with the sterile water 
vehicle (plotted for each condition above the letter P) was 
unchanged for Pigeons 190 and 844, but was greater for Pi- 
geon 165 after each chromc phase relative to physostig- 
mine's  initial effect Acutely, 0 1 mg/kg atropine restored 
key-peck rates suppressed by physostlgmme to basehne 
levels for each subject Following post-session chromc at- 
ropine administration the interaction curves were shifted to 
the right, either making atropine an effective antagonist 
across a wider range of doses (e.g., lhgeons 190 and 844) or 
making larger doses effective antagonists (e .g ,  P~geon 165) 

DISCUSSION 

Atropine administered acutely produced dose-dependent 
decreases ~n rates of key-pecking for three pigeons respond- 
~ng under a VI 60-sec schedule of food reinforcement, and at 

small and moderate doses antagonized the rate-reducing ef- 
fect of a single dose of physostigmlne. Results obtained dur- 
ing acute administrations of atropine alone concur with the 
findings of other researchers who demonstrated dose- 
dependent decreases in response rates mmnta~ned under VI 
schedules of food or water reinforcement with rats [3,15] and 
sqmrrel monkeys [8], and under fixed-ratio (FR) schedules 
of food or water reinforcement m rats [3,26] and pigeons 
[24] In contrast, some doses of atropine have produced in- 
creases in rates of behawor maintained under fixed-interval 
(FI) schedules of food or water reinforcement ~n rats [3], and 
pigeons [24], under FI schedules of e~ther food reinforce- 
ment or termination of a stimulus associated with impending 
shock in squirrel monkeys [16], and with behavior maln- 
tanned under differential reinforcement of low rates (DRL) 
schedules of food or water reinforcement ~n rats [5,26] Re- 
sults of acute admlmstratlon of atropine suggest its effects 
are somewhat dependent on the control rate of responding 
[26] 

Chronic post-session atropine admlmstratlon resulted in 
tolerance to atroplne's rate-reducing effects, and the 
tolerance was not augmented by subsequent chromc pre- 
session drug treatment Tolerance to atropine under these 
conditions, therefore, was not contingent upon interaction of 
the p~geons while drugged with variables specific to the ex- 
perimental s~tuatlon, ~.e, ~t was not "behavioral" or "con- 
t~ngent" tolerance. Whether pre-sesslon chronic admlmstra- 
tlon would have resulted in a greater degree of tolerance had 
it preceded post-session chronic adm~mstratlon cannot be 
known given the present data Further experiments In which 
the order of chromc adm~mstratlon (pre-sesslon vs post- 
session) is counterbalanced could reveal quantitative differ- 
ences ~n the effects of these chromc regimens not revealed ~n 
the current study However, the present results concur w~th 
those of Charney and Reynolds [9,10], who found that 
tolerance developed to the rate-reducing and pattern disrupt- 
~ng effects of scopolamine, another antlchohnerglc drug, on 
the fixed-~nterval performance of two groups of rats maln- 
tanned by water reinforcement, and that tolerance developed 
to a simdar degree whether the drug was given prior to or 
after experimental sessions 

Although Charney and Reynolds' results and those of the 
current study suggest that tolerance to the effects of these 
ant~chohnerglc drugs develops independently of the influ- 
ence of behavioral factors specific to the test situations, 
others have demonstrated rapid development of tolerance to 
scopolamine that was either not observed in subjects that 
were not allowed to ~nteract with the experimental condi- 
tions while drugged [2,18] or was delayed [2] These findings 
do not preclude the poss~bdlty that extended exposure to the 
drug may result In tolerance without a contribution from 
drug-behavior interactions (as observed in the present 
study); they do show that under certain conditions a rapid 
tolerance to behavioral effects of scopolamine can develop, 
and that more than mere exposure to the drug Is required to 
observe ~t (see [ 1] for a discussion of these divergent effects) 

Physost~gmlne's effect m combination with sterile water 
was a reduction m key-peck rates that was unchanged after 
chromc atropine administration for Pigeons 190 and 844, but 
was slightly greater after chronic admimstrat~on for Pigeon 
165 Changes in the interaction curves following the chronic 
atropine regimens are more difficult to characterize than the 
changes m the dose-effect curves for atropine alone. For all 
three pigeons the rate-reduction caused by physostlgmlne in 
combination with 1 0 mg/kg atropine was considerably less 
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after chromc admlmstratlon than it was when this combina- 
tion was given acutely This is probably due to the fact that 
this dose of  atropine given alone had much less of a rate- 
reducing effect following chronic drug treatment,  so that an- 
tagonism of  effects of  physostlgmme could be observed 
without being obscured by the severe rate-reducing effect of  
that atropine dose alone, l . e ,  the antagonism was "un-  
masked"  (see [24]) For  two subjects, 190 and 844, small 
doses of  atropine continued to act as effective antagonists 
For  P~geon 165, by contrast,  0 03 mg/kg of  atropine was no 
longer effective as an antagonist after chronic treatment,  
suggesting that tolerance to this action had developed. This 
interpretation, however,  may be compromised by the fact 
that for this pigeon the effects of  physostigmme were slightly 
greater following chronic treatment with atropine (though 
the difference in the reduction of  response rates by physo- 
stlgmine following chromc atropine admlmstratlon may be 
too small to account for the changes m the interaction 
curves) The interaction curves,  while complex in their 
pharmacological ~mphcat~ons, nevertheless can be said to 
support the conclusion supported by the atropine-alone 
dose-effect curves. That ~s, pigeons became tolerant to the 
rate-reducing effects of  atropine following chronic post- 
session drug treatment,  and tolerance was essentially un- 
changed following chronic pre-session drug treatment.  At- 
ropine, however,  still continued to act as an effective 
antagonist of  physostlgmlne, indicating that httle ~f any 
tolerance to thts action of the drug had developed Therefore, 
even though the tolerance observed was contingent on 
behavioral tolerance according to accepted criteria, at stdl 
exhibited some specificity, tolerance developed to a t ropme's  
major behavioral effect but not (or at least, less so) to its 
effectiveness as an antagonist. 

Although ~t appears that tolerance to atropine 's  effects 
did not depend on interaction with factors specific to the 
experimental  s~tuatlon while drugged, Interpretation of  the 
tolerance m terms of  changes ~n chohnerg~c receptors be- 
comes difficult when one considers that the effect of  physo- 
stlgmme alone d~d not change in two subjects (and changed 
httle in the third) even though each subject became tolerant 
to atropine alone Although the current data cannot be used 
to draw conclusions regarding possible pharmacological 
mechanisms of  the tolerance observed,  several speculative 
interpretations exist. The degree of  up-regulation of  mus- 
cannlc receptors observed ~n the hippocampus,  s tnatum and 
cerebral cortex of  Sprague-Dawley rats [21], and in the same 
brain structures of  guinea pigs [27] after chromc atropine 
administration is somewhat small, and has resulted from 
daily doses 20 times the chromc dose used in the present  
study If  a similar ~ncrease in muscannic receptors was 
produced by chronic atropine administration ~n the pigeons 
of  the present  study (a fact that could account for the 
tolerance observed),  one might expect  to observe greater 
sensitization to the behavioral effects of  physostlgmme m 
these ammals than was observed However ,  chronic at- 
ropine administration also has been shown to result in mus- 
carlnlC up-regulation in the periphery,  Hedlund et al [14] 
produced a more than 100% Increase in muscanmc receptor  
number in the salivary glands of  Sprague-Dawley rats with 

the same dally dose used in the Yamada et al [27] study 
(which resulted in a 23% increase in striatal muscarinlc re- 
ceptors of  guinea pigs). I f  a troplne 's  effects on peripheral 
structures contribute to its rate-reducing action, and physi- 
ological tolerance to atropine develops more readily and to a 
greater extent  in the periphery than centrally, the tolerance 
observed ~n the present study could have been a function of 
muscarlnic up-regulation in the periphery Physostigmine's  
rate-reducing effect seems to involve central as well as pe- 
ripheral mechanisms since atropine is less potent as an 
antagonist of  the stmdar rate-reducing effect of  neostigmine, 
a quaternary amine of  physostlgmine which crosses the 
blood-brain b a m e r  with difficulty [23], and since methylat- 
roplne, a troplne 's  quaternary amine, is less potent as an 
antagomst of  this effect of  physostigmlne [24] Changes m 
muscannlc receptor  number in the periphery would not be 
expected to change physost lgmlne 's  central effect. 

Physostlgmlne prevents ACh degradation at mcotmlc re- 
ceptor  sites as well as muscannlc s~tes, and thus nicotinic 
action may be involved in the physostlgmine-lnduced rate- 
reduction observed One would not expect  an increase in 
muscanmc receptor  number to increase th~s suppressant ef- 
fect if ~t ~s predominantly due to nicotinic effects Such an 
interpretation, however,  does not account for the antago- 
msm by atropine of  physost igmme's  behavioral effects in 
th~s and other studies (e g ,  [12, 19, 20, 23, 24]). Further- 
more, Vadlant [24] showed that antl-mcotmic drugs 
mecamylamme and d~hydro-fl-erythrold~ne failed to antago- 
raze physost~gm~ne's response rate-reducing effect. Th~s 
suggests that physost~gmlne's rate-reducing effect may be 
more h~ghly correlated w~th its effects on muscannlc recep- 
tors than with its effects on mcotlnic receptor~ 

In summary, although tolerance to atrop~ne's rate- 
reducing effect was produced w~th chronic adm~mstratlon, 
and this tolerance could not be called "cont ingent"  or "be-  
havioral ,"  explanations ~n terms of muscanmc receptor 
changes are complicated by the lack of  reliable changes ~n 
physostlgm~ne's effect. Tolerance in the present  s tudy's  sub- 
jects  may have been correlated w~th up-regulation of periph- 
eral muscannlc receptors,  a change that would be less likely 
to result m a change in physost lgmme's  primarily central 
effect. While interpretations in terms of muscanmc receptors 
seem plausible, it ~s possible that chromc atropine adminis- 
tration could produce changes m the interaction of  chohner- 
glc with other neurochem~cal systems. Interestingly, 
Takeyasu et al. [21] found that atropine-tolerant rats were 
more sensitive to the activity-increasing effect of apomor- 
phme, a dopam~nergic agonlst, than untreated controls. De- 
scriptions of atropine tolerance in terms of  such complex 
neurochemlcal ~nteract~ons, as well as the explanations al- 
ready suggested, await empirical ~nvestlgatlon 
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