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WILSON, M. C. AND C. R. SCHUSTER. 67rolhlergic influence on intravenous cocaine self-administration by rhesus 
monkeys. PHARMAC. BIOCHEM. BEIIAV. 1(6) 643-649,  1973.-The effects of intramuscular administration of atro- 
pine, methylatropine and physostigmine on intravenous cocaine self-administration in the rhesus monkey were ascertained. 
Atropine (0.5-2.0 mg/kg) increased cocaine intake, whereas methylatropine, over the same dosage range, produced no 
change in this behavior. Physostigmine (0.1-0.5 mg/kg) significantly depressed this behavior. The effect of atropine was 
interpreted as being the result of its central anti-cholinergic action and that of physostigmine, since it was opposite to that 
of atropine, was attributed to its central cholinergic action. Furthermore it was hypothesized that the effect of these 
cholinergic interactions on cocaine self-administration resulted from a modulation of the factors which may control 
self-administration i.e. drug-induced aversiveness or nonspecific behavioral disruption rather than any specific interaction 
with the neurochemical mechanisms of cocaine mediated reinforcement. The drug effects support the concept of a central 
cholinergic behavioral inhibitory system which when blocked, e.g., with atropine, results in behavioral activation. 
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P R E V I O U S  invest igat ions  of  i n t r avenous  coca ine  self- 
admin i s t r a t i on  in rhesus m o n k e y s  have d e m o n s t r a t e d  the 
daily s tabi l i ty  of  this  behav io r  when  the  animals  were 
pe rmi t t ed  l imi ted access e.g. 4h r ;  to the  re inforcer .  Several 
s tudies  [12,  21, 14] have shown  an inverse re la t ionship  
be tween  rate  of  coca ine- re inforced  r e spond ing  and the  
dosage of  cocaine  received per  in jec t ion  (uni t  dosage)  over  a 
wide range of  uni t  dosages.  The result  of  this  re la t ionship  is 
tha t  the  a m o u n t  of  coca ine  se l f -adminis tered  per  day is 
fairly cons t an t  even t h o u g h  uni t  dosage may  be al tered 
several fold. Similar re la t ionsh ips  have also been  es tabl ished 
wi th  the  p s y c h o m o t o r  s t imu lan t s  p ipradro l ,  p h e n m e t r a z i n e  
and m e t h y l p h e n i d a t e  [211.  

A previous  inves t igat ion in rats has d e m o n s t r a t e d  the  
abil.ity of  the  cent ra l  an t icho l inerg ic  agent  a t rop ine  to 
p o t e n t i a t e  the  effects  of  d - a m p h e t a m i n e  on  c o n t i n u o u s  
avoidance  beahv io r  [6 ] .  Qual i ta t ive ly  similar  effects  were 
also p roduced  by equ imo la r  dosages of  m e t h y l a t r o p i n e  but  
the  behaviora l  a u g m e n t a t i o n  was much  less. There fore ,  the  
au tho r s  pos tu la ted  tha t  this  drug ef fec t  resul ted f rom cen- 
tral chol inergic  b lockage.  Similar results  have also been 
d e m o n s t r a t e d  wi th  s copo lamine  [5 ] .  O the r  invest igators  
[18]  d e m o n s t r a t e d  tha t  a t rop ine  p r e t r e a t m e n t  p o t e n t i a t e d  
the s t imu lan t  effects  of  coca ine  and d - a m p h e t a m i n e  on 
c o n t i n u o u s  avoidance  behavior .  Nei ther  the dose of  a t ro-  

pine nor  the  dose of  the  p s y c h o m o t o r  s t imu lan t  (used in 
c o m b i n a t i o n )  when  admin i s t e red  a lone  increased the  
f r equency  of  the  avo idance  behav io r  above  con t ro l  rates. 
The effect  of  cocaine was p o t e n t i a t e d  more  by  the  a t rop ine  
than  was tha t  of  d - a m p h e t a m i n e .  A t rop ine  me thy l  b romide  
p roduced  s imilar  results  bu t  on ly  at dosages 3 5 - 6 0  t imes 
greater  than  tha t  seen wi th  a t rop ine .  

O the r  invest igators  have d e m o n s t r a t e d  in mice the abil- 
ity of  the  centra l  an t ichol inerg ic  agents  s copo lomine  and 
t r i h e x y p h e n i d y l ,  to  p o t e n t i a t e  the  aggregated le tha l i ty  ef- 
fect  of  a m p h e t a m i n e  114].  This may  have resul ted f rom the  
abi l i ty  of  these c o m p o u n d s  to per iphera l ly  suppress  body  
heat  d iss ipa t ion  by re ta rd ing  sweat ing  t he r eby  augmen t ing  
a m p h e t a m i n e - i n d u c e d  h y p e r t h e r m i a .  It has also been  
d e m o n s t r a t e d  tha t  a t rop ine  faci l i ta tes  the  s t imu la to ry  
a c t i o n s  o f  m e t h a m p h e t a m i n e  on  in t racran ia l  self- 
s t imu la t ion  behav io r  in the  rat [ 191. 

Since the  results  of  these s tudies  tend to impl ica te  a 
faci l i tory effect  of  a t rop ine  on  behaviora l  a l t e ra t ions  pro-  
duced by  the  p s y c h o m o t o r  s t imulan t s ,  one  might  expec t  an 
a u g m e n t a t i o n  of the re inforc ing  eff icacy of  these com- 
p o u n d s  also. Therefore ,  the  present  s tudy  was c o n d u c t e d  in 
an a t t e m p t  to ascer ta in  the  effects  of  centra l  chol inergic  
b lockage on in t ravenous  cocaine  se l f -admin is t ra t ion  and 
more  specifically to d e t e r m i n e  if a t rop ine  admin i s t r a t i on  
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alters the re inforc ing  eff icacy of cocaine.  In add i t ion ,  the 
data  genera ted  by this research may indicate  the impor-  
tance of  central  chol inergic  processes in media t ing  cocaine-  
induced r e in fo rcemen t .  

M 1.71"1 lot)  

The animals  in this s tudy  were four  adult  drug-naive 
male rhesus monkeys  weighing 4.1 5.3 kg. Each animal  
was housed individual ly  in an open-faced expe r imen ta l  
cubicle con ta in ing  a response lever and s t imulus  light and 
restrained by a stainless steel harness and arm assembly for 
the du ra t ion  of  the expe r imen t  [9 ] .  The animals  had free 
access to water  and were fed twice daily at 8 :00  a.m. and 
4 :00  p.m. After  seven days o f a d a p l a t i o n  to this envi ron-  
ment ,  chronic  indwell ing jugular  ca lhe ters  (I.D. = 0.81 mm,  
O.D. = 1.(~2 mm) ,  cons t ruc led  of  si l iconized rubbe r  were 
surgically implan ted  under  p e n t o b a r b i t a l  anesthesia  (30 
mg/kg slowly admin i s te red  in l ravenously}.  Fol lowing sur- 
gery, t~00,000 uni ts  of  benza th ine  pencil l in-G mixed wi th  
. t00,000 uni ts  of  potass ium pencil l in-G (all Purpose Bicillin 
Inject ion,  Wye17h l , abora tor ies )  were admin i s t e red  intra- 
muscular ly  as a p rophylac t i c  measure  against in fec t ion  
resul t ing from the surgical p rocedure .  For  72 hr  fol lowing 
surgery, each lever-press response exceeding  100 g of  force 
and occurr ing dur ing  i l lumina t ion  of  the  s t imulus  light 
resulted in the  in t ravenous  admin i s t r a t i on  of  0.2 cc/kg of  
sterile physiological  saline. During this  three  day per iod the 
s t imulus  light was cons tan t ly  i l lumina ted  excep t  dur ing  an 
in ject ion cycle. All lever-press responses  were recorded on 
an Esterl ine Angus event recorder .  P rogrammed inject ions  
were admin i s te red  every 4 hr  in an effor t  to retard clot 
fo rmat ion  in lhe ca the ter .  During lhis saline per iod,  none  of 
lhe animals  emi t t ed  more than  twelve lever-press responses  
within any 24 hr segment .  

Fol lowing this 72 hr period the saline so lu t ion  was 
replaced by a so lu l ion  of cocaine hydroch lo r ide  in sterile 
physiological  saline. The s t imulus  light was i l luminated  24 
hr a day for five days {except dur ing  an in jec t ion cycle).  
l-Tach lever-press occurr ing  while the light was i l luminated  
resulted in the admin i s t r a t i on  of 0.2 mg/kg of  cocaine 
hydroch lor ide .  Solut ions  of  cocaine hyd roch lo r ide  were 
prepared every f if th day.  As previously m e n t i o n e d ,  pro- 
g rammed  inject ions  occurred  every 4 hr. The du ra t ion  of an 
in ject ion cycle lasted from 35 5 0  sec depend ing  on the 
animals  body  weight.  Each animal  ini t ia ted self-adminis- 
t ra t ion  hehav ior  well wi th in  this  five day period.  Drug 
access was then  reduced to a daily (7 clays a week)  4-hr 
session ( 1 0 : 0 0  a.m. - 2 :00  p.m.).  As previously indica ted ,  
drug availabil i ty was indicated 1D" the i l lumina t ion  of  the 
s t imulus  light, l .ever-presses in the absence  of the ilium- 
inaled s t imulus  light,  were recorded but  had no conse- 
quence.  Within two weeks daily drug in take  was stable 
(< 10% change in daily drug re take  over five consecut ive  
sessions) for each animal.  F u r t h e r m o r e ,  s t imulus  con t ro l  of 
responding  in each animal  v,'as evidenced by the small 
n u m b e r  of  responses  I-  10) emi t ted  by any subject  dur ing  
the twen ty  hour  period sept, ra t ing successive sessions. Pro- 
g rammed inject ions  con t inued  to be admin is te red  every 4 
hr. If a ca the te r  became inopera t ive  dur ing  the course of  
the s tudy it was e i ther  replaced or a ca the t e r  imph, nted in 
the oppos i te  in ternal  jugular  vein. If ca the r iza t ion  was 
required a subsequen t  seven d~,y r econd i t ion ing  period was 
in terposed to regain behavioral  s tahi l i ty .  

The effects  of acute p r e t r ea l m en t  with  a t rop ine ,  methy l -  

a t ropine ,  and physos t igmine  on s table  cocaine self-adminis- 
t r a t ion  behav ior  were ascer ta ined in each suhject .  Four  
dosages of  physos t igmine  ( 0 . 0 5 - 0 . 5  mg/kg) ,  four dosages 
of  m e t h y l a t r o p i n e  ( ( 0 . 5 - 3 . 0  mg/kg)  and six dosages of 
a t rop ine  (0 .125 3.0 mg/kg)  were s tudied.  All dosages were 
calculated on  the  basis of  the salt form. All p r e t r ea tmen t  
so lu t ions  were prepared u s i n g a  sterile physiological  saline 
vehicle on the  day on  which they were admin i s te red .  The 
so lu t ions  were refr igerated unt i l  30 rain pr ior  17o in i t ia t ing 
test ing wi th  the next  drug. The sequence  of  dosage tes t ing 
with each drug in each animal  was randomized .  The prc- 
t r ea tmen t  drug was admin i s te red  in t ramuscula r ly  5 rain 
pr ior  to session onset .  The  p r e l r e a t m e n t  drug volume was 
kept  cons tan t  at 0.5 cc with the c o n c e n t r a t i o n  of the pre- 
t r e a tmen t  so lu t ion  being varied. Three  sessions separa ted  
drug p r e t r e a t m e n t  sessions in an a t t emp t  to insure no carry 
over of  drug effects  from the previous p r e t r e a t m e n t  test 
session. Sessions in which 0.5 cc of  sterile physiological  
s~,line were admin i s te red  in t ramuscula r ly  5 min prior  to 
session onset  were in terspersed be tween  drug p r e t r ea tmen t  
sessions {after the  f requency  of  se l f -adminis t ra t ion  behav ior  
had re tu rned  to baseline ra tes)  to con t ro l  for cond i t i on ing  
of the p r e t r e a t m e n t  procedure .  The percentage  change in 
coca ine  se l f -adminis t ra t ion  seen in drug p r e t r e a l m e n t  
sessions was compared  to that  which occurred in saline pre- 
t r e a t m e n t  sessions. 

RI.;SU I. IS 

] 'he  effects  of  a t rop ine  p r e t r c a t m e n t  on cocaine self- 
admin i s t r a t i on  are i l lus t ra ted in Fig. 1. P r e t r ea tmen t  wi th  
0.125 mg/kg p roduced  litt le change in the rate of  this 
behav ior  in any of  the subjects :  however ,  a dose of  0.25 
mg/kg increased this  behav ior  above con t ro l  values in three  
of the four animals.  The mean increase was 21%, however ,  
the effects  of  this dosage were 11oi stat is t ical ly significant  
when  compared  to the effects  of  saline t r e a t m e n t .  As tile 
p r e t r e a t m e n t  dosage of  a t rop ine  was increased from 0.25 to 
2 . 0  m g / k g  a dose - r e l a t ed  increase in cocaine  self- 
admin i s t r a t ion  occurred.  The di f ferences  in the  mean  
increase in cocaine se l f -adminis t ra t ion  p roduced  by these 
three  dosages were not  s tat is t ical ly s ignif icant  ( p > 0 . 0 5  via 
S t u d e n t ' s  t - tes t )  f rom each o ther .  The mean  increase in this 
behavior  seen with the  0.5 mg/kg  dose was 42%; the  1.0 
mg/kg dose was 58%: and the  2.0 mg/kg dose was 70%. The 
effect  p roduced  by each of these three  dosages was signifi- 
cant ly  d i f ferent  ( p , : 0 . 0 5 )  f rom saline t r ea tmen t .  Three  of  
the four animals,  fol lowing t r e a t m e n t  with 0.5 mg/kg  of  
a t rop ine ,  exh ib i t ed  an increase in this behav io r  above con- 
t r o l  v a l u e s :  whereas ,  all four  of  the  animals  self- 
admin i s t e red  more  cocaine fol lowing t r e a t m e n t  wi th  1.0 
and 2.0 mg/kg of  a t ropine .  

Figure 2 demons t r a t e s  that  the la tency of  a t r o p m e ' s  
effect on  cocaine se l f -adminis t ra t ion  decreased as the 
dosage of  a t rop ine  was increased f rom 0.25 to 2.0 mg/kg. 
The 0.5 mg/kg dose of  a t rop ine  increased the f requency  of  
lhis behav ior  in the last three hours  of the session: whereas,  
the 1.0 and 2.0 mg/kg dosages po t en t i a t ed  the behav ior  
primari ly dur ing  the first two hot, rs of  the session. By the 
four th  hou r  of the session, the effects  of  the 1.0 and 2.17) 
mg/kg dosages of  a t rop ine  had dissipated.  P re t r ea tmen t  
with  3.0 mg/kg of  a t rop ine  produced  a mean  increase m 
cocaine se l f -adminis t ra t ion  of 25% which  was not  statis- 
tically d i f fe rent  f rom that  p roduced  by e i ther  0 .125 or 0.25 
mg/kg of a t rop ine  or by saline, i,1 two of the four  animals.  
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FIG. 1. Mean percentage change in cocaine self-administration as a function of the pretreatment dosage of atropine t , , - - , : )  and methyl- 
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of these control sessions were conducted in each animal. An asterisk (*) denotes those points significantly different from saline (p<0.05). 

th is  dosage of  a t rop ine  did increase this  behav io r  above  
con t ro l  values but  not  to  the  e x t e n t  seen wi th  the  2.0 
mg/kg  dosage. In those  animals  in which  the  3.0 mg/kg  
dosage s t imula ted  cocaine  se l f -admin i s t ra t ion ,  the  increase 
occur red  dur ing  the  init ial  half  of  the  session. 

Figure 1 also i l lus t ra tes  the  ef fec ts  o f  m e t h y l a t r o p i n e  
t r e a t m e n t  on  this  behavior .  Me t hy l a t r op i ne  in dosages of  
0.5, 1.0, 2.0, and 3.0 mg/kg  did not  change cocaine  self- 
admin i s t r a t i on  dur ing  any  part  of  any  session in any  of  the  
four subjects .  

The effects  of  physos t igmine  on  in t r avenous  cocaine  
se l f -adminis t ra t ion  are represen ted  in Fig. 3. P r e t r e a t m e n t  
wi th  0.05 mg/kg  of  physos t igmine  did not  s ignif icant ly  
a l ter  this  beahv io r  in any of  the  four  animals.  I towever ,  
t r e a t m e n t  wi th  0.1,  0.25 and 0.5 s ignif icant ly  decreased 
cocaine se l f -admin is t ra t ion  behav io r  when  c o m p a r e d  to 
saline (p< 0.05).  This behav io r  was depressed be low con t ro l  
values by these dosages in all four  animals .  The  mean  per- 
centage decrease  in this  behav ior  p roduced  by  0.1 mg/kg  of  
physos t igmine  was 59%; by  0.25 mg/kg,  6 9 % ; a n d  by  0.5 

mg/kg,  92%. Vomi t ing ,  d iarrhea  and malaise occur red  
dur ing  these  sessions in which  cocaine  se l f -admin is t ra t ion  
behav io r  was suppressed and  the  severi ty of  these effects  
appeared  to be dose-re la ted.  The t ime course of  the  effects  
of  physos t igmine  on cocaine  se l f -admin is t ra t ion  in one  
subject  is i l lustrated in Fig. 4. These data are essential ly 
ident ical  to those  seen wi th  the  o t h e r  three  animals .  Pre- 
t r e a t m e n t  wi th  0.05 mg/kg  p roduced  no  change in cocaine  
s e l f - admin i s t r a t i on  dur ing  any  per iod o f  the  session. 
Cocaine in take  was also not  a l tered dur ing  the  first hou r  of  
the  session fo l lowing p r e t r e a t m e n t  wi th  e i the r  0.1 or 0 .25 
mg/kg.  However ,  decreases in cocaine se l f -admin is t ra t ion  
were p roduced  dur ing  the  la t ter  three  hours  of  the  session 
wi th  these dosages.  P r e t r ea tmen t  wi th  0.5 mg/kg  a lmost  
comple t e ly  suppressed this behav ior  dur ing  the  ent i re  
session. 

DISCUSSION 

At rop ine  sulfa te  has been  shown to block the  neuro-  
t r a n s m i t t e r  f unc t i on  of  ace ty lcho l ine  at the  parasym- 
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pa the t ic  neu roe f f ec to r  j u n c t i o n  and also to have a def in i te  
centra l  ac t ion  [2 ] .  Me thy la t rop ine  has a similar per ipheral  
ac t ion [10]  but  does  not  exert  centra l  a t ropine- l ike  ac t ions  
as readily as a t rop ine  i.e. in equ imola r  doses [ 1 5 , 1 6 ] .  
Therefore ,  by using these two agents  it was possible to 
compare  the effects  of  centra l  and per ipheral  chol inergic  
b lockage on cocaine se l f -admin is t ra t ion  behavior .  The 
increase in cocaine se l f -adminis t ra t ion  behav ior  seen follow- 
ing a t rop ine  p r e l r e a t m e n t ,  bu t  not  fol lowing methy l -  
a t rop ine  p r e t r e a t m e n t  suggests tha t  this effect  is no t  due to 
per ipheral  chol inergic  blockage and secondly  tha t  this  
effect  could possibly be due to centra l  chol inergic  blockage.  
Even if it is assumed that  the  la t ter  ac t ion  is responsible  for 
this behaviora l  faci l i ta t ion,  the result of this b iochemica l  

in te rac t ion  which leads to the increase in cocaine in take  is 
uncer ta in .  A similar increase in the  f requency  of cocaine 
se l f -adminis t ra t ion  occurs  fol lowing a r educ t ion  in the  uni t  
dosage of  cocaine 121] and also fol lowing p , e t r e a t m e n t  
wi th  ch lo rp romaz ine  [22,231 and also fol lowing t r e a t m e n t  
with  alpha m e t h y l p a r a t y r o s i n e  (manusc r ip t  in p repara t ion) .  
F u r t h e r m o r e ,  it has been d e m o n s t r a t e d  in the rat tha t  treat-  
men t  wi th  a lpha me thy lpa r a ty ro s ine  reduces  pr imary  and 
secondary  r e in fo rcemen t  associated wi th  d - a m p h e t a m i n e  
se l f -adminis t ra t ion  181. Therefore ,  perhaps  a t rop ine  is 
an tagon iz ing  the  re inforc ing  eff icacy of  cocaine which  may 
be ana logous  to reducing  the  unit  dosage. 

l lowever ,  this  exp lana t ion  does not  seem plausible when  
one considers  the  in te rac t ions  repor ted  be tween  a t rop ine  
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FIG. 3. Mean percentage change in cocaine self-administration as a function of the pretreatment dosage of physostigmine. Each point 
represents the mean of four animals and vertical lines illustrate the range of change within these animals. The brackets at the left represent the 
range of change in cocaine self-administration which occurred following pretreatment with saline. Five of these control sessions were 

conducted in each animal. An asterisk (*) denotes those points significantly different from saline 6o<0.05). 

and  p s y c h o m o t o r  s t imulan t s  on  o t h e r  behaviors .  A t r o p i n e  
has been  s h o w n  to e n h a n c e  the  s t i m u l a n t  ac t ion  of  b o t h  
coca ine  and  d - a m p h e t a m i n e  on  c o n t i n u o u s  avo idance  
r e spond ing  [ 6 , 1 8 ] .  F u r t h e r m o r e ,  a t rop ine  has been  d e m o n -  
s t ra ted  to faci l i ta te  h y p e r m o t i l i t y  p roduced  by  cocaine  and 
d - a m p h e t a m i n e  [ 11 ]. The  abi l i ty  of  cent ra l  chol inergic  
b lock ing  agents  to e n h a n c e  the  tox ic i ty  of  a m p h e t a m i n e  in 
grouped  mice has also been  repor ted  [ 1 4 ] .  The  abi l i ty  of  
a t rop ine  to enhance  the  faci l i tory effects  of  m e t h a m p h e t -  
amine  on in t racrania l  se l f - s t imula t ion  has also been  shown  
[ 1 9 ] .  F u r t h e r m o r e ,  it has been  d e m o n s t r a t e d  t h a t  
a m p h e t a m i n e - i n d u c e d  s t e r e o t y p y  and  hype rac t iv i ty  in rats 
were enhanced  by an t icho l inerg ic  drugs and  an tagon ized  by  
chol inerg ic  agents  [ 1 ] .  There fore ,  since in all of  these  
repor t s ,  a t rop ine  e n h a n c e d  the  ac t ions  of  p s y c h o m o t o r  
s t imulan t s ,  one would  have expec ted  to see a decrease  in 
the f r equency  of  cocaine  se l f -admin i s t r a t ion  since increases 
in un i t  dosage resul t  in a decrease  in coca ine  self- 
admin i s t r a t i on  behav io r  [ 2 1 ] .  P r e t r e a t m e n t  wi th  o the r  
agents  which  faci l i ta te  m a n y  of  the  behaviora l  and auto-  
nomic  ac t ions  of coca ine  e.g. d - a m p h e t a m i n e ,  p h e n m e t r a -  
zine and imip ramine ,  decrease  the  f r equency  of  cocaine  
se l f -admin i s t ra t ion  behav io r  [23 ]. 

"[he present  inves t igators  have pos tu la t ed  tha t  e i the r  an 
aversive or a nonspec i f ic  behaviora l  d i s rup t ing  ac t ion  of  the  

p s y c h o m o t o r  s t imulan t s  (e.g. p r o m i n e n t  s t e r eo typy )  may 
func t ion  in l imi t ing  the  a m o u n t  of  these  agents  which  is 
se l f -adminis tered  dai ly,  and  the re fo re  provides  for a s table  
se l f -admin is t ra t ion  behaviora l  basel ine [ 21 ]. Po t en t i a t i on  of  
these effects  by  a t rop ine  would tend to reduce  the  fre- 
quency  of this  behavior .  However ,  if these aversive or 
behaviora l  d i s rup t ing  ac t ions  are chol inergic  in na tu re  t hen  
a t rop ine  would an tagon ize  them.  This an tagon i sm of  an 
aversive effect  of  cocaine would result  in an increase in the  
re in forc ing  eff icacy of  the cocaine ,  which  is ref lected as an 
increase in cocaine  se l f -admin is t ra t ion  behavior .  

A second possible exp lana t ion  for  the  effect  of  a t rop ine  
on this  behav io r  is suggested in a review of  the  effects  of  
this agent  on behav io r  [ 7 ] .  On the basis of  his l i t e ra ture  
review Car l ton  hypo the s i zed  tha t  a chol inergic  i nh ib i t o ry  
sys tem func t ions  in an tagon iz ing  behav io r  ac t ivat ions .  
A t rop ine  would then  block such an i nh ib i t o ry  sys tem 
the reby  pe rmi t t i ng  behaviora l  ac t iva t ion  which  in the  case 
of  the present  data  would result  in an increase in coca ine  
se l f -adminis t ra t ion .  There fore ,  pe rhaps  there  is no a t rop ine -  
cocaine  in t e rac t ion  per  se and that  the  increase in cocaine  
se l f -admin is t ra t ion  is due  to a non-specif ic  behaviora l  
d i s inh ib i t ion  p roduced  by a t rop ine .  

The results  of  p r e t r e a t m e n t  wi th  pbysos t igmine  are very 
diff icul t  to  in te rp re t  since decreases in cocaine  self-adminis-  
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b i g  4. Alteration in hourly cocaine intake in a typical animal as a function of the pretrcatment dosage of physostigmme. The height of the 
bars illustrates the amount of cocaine self-administration during that hour following pretreatment with a given dosage of physostigmine. The 
height of the vertical bars over the letter S represents mean cocaine intake in that period following pretreatment with saline on five different 

occasions. The vertical lines represent the range of cocaine intake for these five control sessions. 

t r a t ion  were only seen with p re t r ea tmen t  dosages which  
produced  vomit ing ,  diarrhea and malaise. Conceivably  the 
d e c r e m e n t  in cocaine se l f -adminis t ra t ion  was the  result  of 
this pathological  state, l lowever ,  t r ea tmen t  wi th  dosages of 
reserpine which  produce  a similar degree of d iar rhea ,  mal- 
aise and behaviora l  depress ion  does not  suppress  cocaine  
se l f -adminis t ra t ion  (manusc r ip t  in prepara t ion) .  Therefore ,  
pe rhaps  the  depress ion  in cocaine se l f -adminis t ra t ion  fol- 
lowing physos t igmine  p r e t r e a t m e n t  was unre la ted  to the 
malaise and nausea. 

Physos t igmine  in general tends  to depress  cond i t i oned  
behavior .  It decreases active [17] and passive avoidance  
responding  [3] as well as food re inforced re spond ing  [ 4 ] :  
These effects  on bo th  avoidance  responding  and food-  
re inforced responding  have been conf i rmed  by o the r  inves- 
t igators [ 2 0 ] .  This response suppress ion can be an tagon ized  

with a t rop ine  hut  not  wi th  a m p h e t a m i n e .  Physos t igmine  

which is a central  and per ipheral  act ing an t icho l ines te rase  
agent [13] facil i tates chol inergic  t ransmiss ion  and would 
act ivate  the chol inergic  inh ib i to ry  sys tem previously pos tu-  
lated and the reby  would decrease ongoing  behavior .  

One must  also consider  the possibi l i ty  tha t  physo-  
s t igmine may be enhanc ing  aversive or behaviora l  d isrupt ive  
act ions  of  cocaine,  if these are func t ion ing  in c o n h o l l i n g  
this behav ior  and are media ted  by chol inergic  systems.  
Present ly  there  is li t t le evidence to suppor t  this concep t  of  
faci l i ta t ion of  the behaviora l  effects  of  the  p s y c h o m o t o r  
s t imu lan t s  by  an t icho l ines te rase  agents,  f l owere t ,  the  
per ipheral ly  induced salivation seen wi th  cocaine would 
cer ta inly  be enhanced  by physos t igmine .  Certa inly many  
per ipheral  a u t o n o m i c  ac t ions  of  cocaine based on b locking  
the r eup take  of the  adrenergic  t r ansmi t t e r ,  no rep inephr ine .  
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would tend to be reduced by the c o n c o m i t a n t  use of  low 
dosages of  a chol inesterase inhibi tor .  However,  larger doses 
may via sympa the t i c  ganglionic s t imula t ion  and adrenal 
medullary s t imula t ion  po ten t ia te  the au tonomic  ef fec ts  o f  
cocaine.  If these au tonomic  effects  are aversive to the 
animal then  perhaps  it is via this mechanism that physo-  
st igmine reduces cocaine self -adminis t ra t ion.  

It is also quite  conceivable that  the animals exper iencing  
the vomit ing and diarrhea a t t r ibute  these effects  to the 

cocaine if there is a tempora l  congrui ty  be tween  the effect  
and emission of the lever-press operan t .  This in turn may be 
analogous to punished responding and therefore  the animals 
refrain from addit ional  se l f -adminis t ra t ion behavior.  

Al though these data suggest that  the central cholinergic 
sys tem may mediate  cocaine r e in lo rcement ,  it present ly  is 
more  pars imonious  to consider  the effects  of  these agents 
on this behavior  to be due to an in terac t ion  with the factors 
which limit or regulate cocaine self-adminis t rat ion.  
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