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BALSTER, R. L., C. E. JOHANSON, R. T. HARRIS AND ('. R. SCHUSTER. Phencyclidine self-administration in the 
rhesus monkey. PHARMAC. BIOCHEM. BEHAV. 1(2) 167--172, 1973.-Two experiments were performed in which 
rhesus monkeys self-administered phencyclidine through indwelling venous catheters. In the first experiment, monkeys 
trained to lever press for cocaine injections, maintained higher response rates as compared to saline control rates when 
phencyclidine at unit doses from 1.5-25.0 ug/kg were substituted for the cocaine baseline. In the .second experiment, 
experimentally naive monkeys spontaneously initiated lever-pressing for injections of 50 ~g/kg/inj phencyclidine. In both 
studies the animals self-administered enough drug to produce behavioral effects resembling general anesthesia. 
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Drug abuse Cocaine 

THE l abora to ry  s tudy  of  p rob lems  of  drug abuse  has 
f r equen t ly  used the  se l f - admin i s t r a t ion  of  drugs  by  animals  
as an i m p o r t a n t  research tool .  A n u m b e r  of  s ignif icant  
advances  have been  made  in this  field in recen t  years since 
the  i n t r o d u c t i o n  o f  t e chn iques  for  a l lowing an imals  to 
se l f -adminis ter  drugs in t r avenous ly ,  using a r e m o t e l y  oper-  
a ted in fus ion  p u m p  c o n n e c t e d  to a chron ica l ly  imp lan t ed  
venous  ca the t e r  [ 1 4 ] .  Most s tudies  to  date  have been  
conce rned  pr imar i ly  wi th  the  opia tes  116] ,  p s y c h o m o t o r  
s t imu lan t s  [ 1 1 , 1 5 ] ,  and  ba rb i tu r a t e s  [ 2 , 5 ] .  There  has been  
on ly  one  r epo r t ed  a t t e m p t  to  s tudy  t he  in t r avenous  
se l f -admin is t ra t ion  of  a p s y c h o t o m i m e t i c  drug. Deneau,  
Yanagi ta ,  and  Seevers [3] found  tha t  m o n k e y s  would  no t  
se l f -adminis ter  mescal ine  e i the r  s p o n t a n e o u s l y  or  a f t e r  one  
m o n t h  of  p r o g r a m m e d  admin i s t r a t i on .  

The  present  paper  repor t s  two s tudies  d e m o n s t r a t i n g  
tha t  rhesus m o n k e y s  will se l f -adminis ter  phencyc l id ine ,  a 
drug wi th  marked  p s y c h o t o m i m e t i c  effects  in man.  In the  

first s tudy ,  m o n k e y s  wi th  a long h is tory  of  drug self- 
admin i s t r a t i on  were tes ted  to see if they would  c o n t i n u e  
se l f -admin is t ra t ion  when  phencyc l id ine  was subs t i tued  for  a 
k n o w n  drug re inforcer ,  cocaine.  In the  second s tudy ,  
expe r imen ta l ly  naive animals  were tes ted  to see if they  
would s p o n t a n e o u s l y  ini t ia te  lever pressing for phencycl i -  
dine r e in fo rcemen t .  

EXPERIMENT I 

SUBSTITUTION OF PHENCYCLII)INE IN MONKEYS 
MAINTAINED ON COCAINE SELF-ADMINISTRATION 

Method 

Animals. One female ( A 0 1 9 )  and two male (A041 ,  
A 0 5 5 )  rhesus m o n k e y s  weighing 4 . 0 - 6 . 1  kg, wi th  histories  
of  se l f -admin is t ra t ion  of  p s y c h o m o t o r  s t imu lan t  and  op ia te  
drugs using the  basic p rocedure  of  this  s tudy ,  were used. 
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first author was a postdoctoral fellow supported by NIH Training Grant MH-07,083. 
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They  were f i t ted wi th  a stainless steel harness  [3] and a 
connec t ing  arm cons t ruc t ed  f rom a steel spring• Under  

120 p e n t o b a r b i t a l  anes thes ia ,  the  animals  were surgically pre- 
pared wi th  indwel l ing venous  ca the t e r s  of  si l iconized 
rubber .  The  ca the t e r  exited t h r ough  the  skin on  the  8 0  
m o n k e y ' s  back and ran th rough  the harness  and arm to the  
outs ide  of the  expe r imen ta l  cubicle  where  it c o n n e c t e d  to a 
peris tal t ic  infus ion pump .  4 0  

Apparatus. The  expe r imen ta l  cubicles were commer -  
cially available, t op  loading,  large an imal  cages modi f ied  for  
the  present  expe r imen t  by m o u n t i n g  an intel l igence panel  >.- 
on the  f ron t  of  the  cage. This  panel  consis ted of  a response  ,~ 1 6 0  
lever and  two s t imulus  lights. One light was m o u n t e d  above  rn 
the lever, and the  o the r  in the  center  of  the  panel.  All er 
p rogramming  and recording was accompl i shed  a u t o m a t -  w 120 13. 
ically wi th  e lec t romechan ica l  e q u i p m e n t  located in an 03 
adjacent  room.  Z 

Procedure. Prior to this  expe r imen t  the  m o n k e y s  had O 8 0  
been t ra ined to press the  response  lever for  an in jec t ion  of  1- 
200 jsg/kg cocaine hyd roch lo r ide  dur ing  a daily t h r e e - h o u r  uJ 4Oi-- 
session. The  session was signalled by the  i l lumina t ion  of  the  
light over the  response  lever. Ten  responses  were required Z 
to p roduce  an in jec t ion  [ f i x e d - r a t i o ( F R )  10] The  infus ion tL 

• O 
dura t ion  was approximate ly '  10 sec depend ing  upon  the  or 
an imal ' s  body  weight.  During in fus ions  the  light over  the  ua 
response  lever was tu rned  off  and the  cen te r  light was on 1 6 0  
i l l iminated.  Responses  dur ing  in jec t ions  had no conse-  ::3 
quences .  Bo th  drugs used in this  s tudy  were dissolved in ~" 1 2 0  
physiological  saline to allow the  uni t  dose to be delivered in 7 
0.2 ml/kg. All doses refer  to the  salt. '~ [ laJ 

The  subs t i t u t i on  tests  consis ted of  replacing the  cocaine  ~ 8 0  P 
solu t ion  wi th  the  test  so lu t ion  for six consecut ive  daily 
sessions• Between  tests  the  animals  were r e tu rned  to [ 
cocaine se l f -adminis t ra t ion  for a m i n i m u m  of  th ree  days to 4 0  
r e e s t a b l i s h  b a s e l i n e .  P h e n c y c l i d i n e  h y d r o c h l o r i d e  
(Sernylan~0?) at uni t  doses of 3.1, 6.2,  12.5, and  25.0 ug/kg 
and physiological  saline were tested in all three  animals• In 
addi t ion ,  animal  A041 was tes ted with 1.5 ug/kg/ in j .  
phencycl id ine .  ] ' h e  order  of  tes t ing was r andomized  for 
each animal.  

Results and Discussion 

The  tota l  n u m b e r  of  in jec t ions  of  phencyc l id ine  or  saline 
sel f -adminis tered each session was recorded.  Only the  last 
three  days at each test dose are included in the  data 
analyses. Figure 1 presents  the  mean  n u m b e r  of  in jec t ions  
and the  range over the  last three  days for each test  dose for  
each monkey .  When saline was subs t i tu t ed  for  cocaine,  
responding  was cons iderably  reduced,  no t  exceeding  40  
in ject ions  per session. A l though  the  data for the  first three  
days of  saline subs t i t u t i on  are no t  g raphed ,  all the  animals  
se l f -adminis tered a large n u m b e r  of  in jec t ions  on  the  first 
day of  saline,  wi th  the  rate decreasing to an a s y m p t o t e  by 
the  last three  days of  subs t i t u t ion .  It is for  this  reason t ha t  
only the last three  days  of r esponding  are used for  
compar ison•  Respond ing  on  these  days  p resumably  repre- 
sents  e x t i n c t i o n  levels for  an ineffect ive  re inforcer ,  saline. 

Each of  the  m o n k e y s  se l f -adminis tered at least th ree  uni t  
doses of  phencyc l id ine  above  the i r  saline con t ro l  range• The  
re la t ionship  be tween  unit  dose and response rate is an 
inverted U-shaped f u n c t i o n ;  the  uni t  dose main ta in ing  the  
highest  rate was d i f fe rent  for  each animal.  

The  mean  tota l  phencyc l id ine  in take  per session for  each 
of the  three  animals  is presented in Fig. 2. Drug in take  is 

S A L I N E  P H E N C Y C L I D I N E  H C L  
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FIG. 1. The number of saline and phencyclidine injections self- 
-administered as a function of unit dose. Values represent the mean 
and range for the last three days of substitution on a cocaine 

baseline for each of the three animals. 

general ly  posit ively related to uni t  dose, reaching  levels of  
0.5 to  1.2 mg/kg/session.  Monkeys  A019  and  A055 
sel f -adminis tered up to twice  as m u c h  phencyc l id ine  as did 
Monkey  A041.  In general ,  Monkey  A041 was more  
sensitive to this  drug in tha t  response  rate reached a 
m a x i m u m  at a dose lower t han  tha t  needed for  the  o t h e r  
two animals. .  

It is clear f rom these results  tha t  phencyc l i d ine  can serve 
to re inforce  se l f -adminis t ra t ion  behav io r  in rhesus m o n k e y s  
ma in ta ined  on  cocaine.  A l though  no sys temat ic  a t t e m p t  
was made  to assess the  behaviora l  effects  of  the  doses of  
phencyc l id ine  se l f -adminis tered by  these animals,  observa- 
t ion  of  the  m o n k e y s  showed  them to be highly in toxica ted .  
They  o f t en  were unab le  to remain  in the  s i t t ing pos i t ion  
w i t h o u t  suppor t ing  themselves  wi th  the i r  arms• Phencycl i -  
dine is used extens ively  as a general  anes the t i c  in s u b h u m a n  
pr imates  [9] wi th  a dose of  1.0 mg/kg injected in t ramus-  
cularly being suff ic ient  for comple t e  immob i l i z a t i on  of  the  
animal.  This  dose is comparab l e  to  t he  doses self- 
admin i s te red  in t ravenous ly  in the  present  s tudy  over  the 
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FIG. 2. Drug intake of phencyclidine self-administered as a function 
of unit dose. Values represent the mean and range for the last three 
days of substitution on a cocaine baseline for each of the three 

animals. 

three hour test session. It was the nonspecific disruption of  
behavior produced by these high doses that undoubtedly 
prevented the animals from self-administering as many 
injections at high unit doses as at lower ones. 

E X P E R I M E N T  2 

S P O N T A N E O U S  I N I T I A T I O N  O F  P H E N C Y C L I D I N E  
S E L F - A D M I N I S T R A T I O N  BY N A I V E  M O N K E Y S  

Experiment 1 demonstrated that monkeys experienced 
at drug self-administration will self-administer phencycli- 
dine to high total doses. It is important to know if naive 
monkeys will spontaneously initiate self-administration of 
this drug when given unlimited access. In addition, 24 hr a 

day access provides data on the pattern of  drug self- 
administration and on the behavioral toxicity associated 
with doses chosen by the experimental animal [ 13 ]. 

Method 

Animals and Apparatus. Two male rhesus monkeys 
weighing 3.0 and 4.0 kg, with no experimental history, 
were used. They were catheterized as described in Experi- 
ment 1. The only significant differences in the apparatus 
from Experiment 1 was that in this experiment the 
restraining arm was constructed of jointed steel tubing {3}, 
the infusion pump was of the syringe type, and the 
intelligence panel was mounted on the side of a front- 
loading cubicle. 

Procedure. After adaptation to restraint and catheteriza- 
tion, operant rate of saline self-administration was deter- 
mined for I 0 days for both animals. The light over the lever 
was illuminated 24 hr per day, and responses on the lever 
resulted in the infusion of 0.5 ml/kg physiological saline. 
During infusions the light over the lever was turned off and 
the center light was illuminated. Infusion duration was 10 
sec for both animals. 

On Day 11 the saline solution was replaced with 
phencyclidine hydrocloride. Each response produced an 
injection (FRI )  of 50 #g/kg dissolved in 0.5 ml/kg saline. 
The animals were allowed unlimited access to this dose for 
8 consecutive days, following which the response require- 
ment was raised to FR2 on Day 19 and FR5 on Day 21. 

After 7 days of fixed-ratio responding the access period 
was shortened to 4 hr per day beginning at 12:00 noon and 
the response requirement was returned to FR1. After 8 
days of 4-hr access to 50 #g/kg/inj phencyclidine, the drug 
solution was replaced with saline for 7 days. 

Results and Discussion 

Daring the 24-hr access periods, data was recorded at 
12:00 noon and the mean number of infusions per hour 
was calculated for the preceeding 24-hr period. Figure 3 
presents these results for each animal. The operant rate for 
saline injections was uniformly low averaging between 12 
and 24 injections per day. The range for the 10 days is 
shown for each animal. 

On the first day of phencyclidine access both monkeys 
increased their response rate, one animal to 46 injections 
and the other to 118 for a total daily drug intake of 2.3 
mg/kg and 5.9 mg/kg respectively. Although there was 
some variability from day to day, the response rate for 
phencyclidine continued above saline control levels. Obser- 
vation of the animals during this period showed them to be 
even more highly intoxicated than in Experiment 1. 
Frequently the animals could be found lying in awkward 
positions on the floor of the cubicle, briefly raising 
themselves up to press the lever only to fall back down to 
the floor after the injection. Periods of almost complete 
anesthetization were followed by periods in which the 
animals were only mildly uncoordinated. During these 
latter periods the animals would eat and drink close to their 
normal amount of food and water. 

The pattern of self-administration of  phencyclidine over 
a 24-hr period was assessed by counting the number of 
injections self-administered each hour. A typical day for 
each monkey is presented in Fig. 4. The animals almost 
always showed periods of nonresponding lasting 3 - 8  hr 
each day. This period always occurred at night. When the 
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animals  were observed dur ing these per iods  they  w o u l d  
appear  to be asleep, for  if aroused they  would f r equen t ly  
resume bar pressing. 

The  animals  ma in ta ined  the i r  levels of  drug in take  w h e n  
the  response  r e q u i r e m e n t  was raised f rom FR 1 to F R 2  (Fig. 
2); in fact,  Monkey  T R I  4 increased the  n u m b e r  of 
in ject ions  self -adminis tered.  However ,  when  the  response  
r equ i r emen t  was fu r the r  increased to FR5 the  n u m b e r  of  
in jec t ions  decreased for  b o t h  animals.  This  result  parallels 
the  effect  of  changing the  f ixed-rat io  pa r ame te r  f rom 1 - 1 0  
on  p e n t o b a r b i t a l  se l f -adminis t ra t ion  [ 5 ] ,  where  the  n u m b e r  
of  in jec t ions  earned also decreased wi th  increasing FR.  This  
is in con t ras t  to the  effect  of  changing f ixed-rat io  values 
f rom 1 10 [5] or  1- .20 [10]  responses  for  cocaine  where  
the  n u m b e r  of  in jec t ions  remained  cons tan t .  

Respond ing  for phencyc l id ine  r e i n f o r c e m e n t  was rapidly 
rees tabl ished by re tu rn ing  the  response r e q u i r m e n t  to  FRI  
(Fig. 3). This,  in c o m b i n a t i o n  wi th  a res t r ic ted  access of  4 
hr per day,  increased the  hour ly  in take  to a b o u t  12 
infusions.  At  these  rates the  animals  se l f -adminis tered abou t  
2.5 mg/kg /4 -h r  session. This  dose is well above  the  
m i n i m u m  in t ramuscu la r  dose necessary for anesthesia  in 
naive animals.  These  high levels of  in take  are evidence  for  
the  d e v e l o p m e n t  of  to lerance .  This  to le rance  and the  lower  
response r equ i r emen t  u n d o u b t e d l y  accoun t s  for  the  high 

levels o f  se l f -adminis t ra t ion  seen in these animals  compared  
wi th  those  in E x p e r i m e n t  I. 

When phencyc l id ine  access was t e rmina t ed  and saline 
made  available 4 hr  per  day,  response  rate decreased to well 
below the  levels seen for drug r e in fo rcemen t  (Fig. 3). Tha t  
these levels were higher  than  on  Days 1 - 1 0  of  the  
expe r imen t  can be accoun ted  for  at least in part  by the  
d i f ference  in access t ime  resul t ing in a change in s t imul i  for  
the  l imited access cond i t ion .  The  animals  on  l imited access, 
af ter  20 hr  of  t imeou t ,  would  usually se l f -adminis ter  8 10 
in jec t ions  of  saline w h e n  the  s t imulus  light ind ica t ing  an 
expe r imen ta l  session was first i l luminated ,  and t hen  rapidly  
quit  r e spond ing  each session. 

( ; E N E R A L  DISCUSSION 

Phencyc l id ine  is a c o m p o u n d  which  is appear ing  wi th  
increasing f r equency  in s treet  samples  of  drugs sold as 
ha l luc inogens  [6 ,12 ] .  The  drug is os tens ib ly  abused because  
of  its marked  p s y c h o t o m i m e t i c  p roper i t es  in man [1 ,7 ] .  
The  present  expe r imen t s ,  the re fore ,  descr ibe  a successful 
a t t e m p t  to ob ta in  an an imal  se l f -admin is t ra t ion  model  for  
p s y c h o t o m i m e t i c  drug abuse.  However,  a s ignif icant  ques-  
t ion  which  remains  is w h e t h e r  phencyc l id ine  is representa-  
tive of  p s y c h o t o m i m e t i c  drugs since it has o the r  pha rmaco -  
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logical properties not possessed by most hallucinogens 
which might account for its reinforcing properties in 
monkeys. 

The primary pharmacological effect of  phencyclidine 
not characteristic of other psychotomimetics is its anes- 
thetic properties [4]. In this regard, phencyclidine self- 
adminstration may be expected to parallel barbiturate 
self-administration. A study of  pentobarbital self- 
administration in rhesus monkeys [5] evidenced the follow- 
ing parallels to the present experiments. First, the animals 
would self-administer pentobarbital to levels which would 
produce general anesthesia, particularly at higher unit 
doses. Secondly, the number of  injections of  pentobarbital 

decreased with increases in the fixed-ratio requirement. 
And thirdly, there was a greater tendency for animals to 
show an increase in total drug intake with increases in unit 
dose for pentobarbital than observed for cocaine. 

The question of whether or not phencyclidine is 
self-administered for its psychotomimetic properties or for 
its CNS depressant effects cannot be resolved here. An 
assessment of the relative reinforcement efficacy of  phen- 
cyclidine and a related compound, ketamine (Ketelar®), 
would provide some evidence relating to this question since 
signs of CNS depression are more predominant with 
ketamine than with phencyclidine [8]. 
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