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CARNEY, J. M., M. E. LLEWELLYN AND J. H. WOODS. Variable interval responding maintained by intravenous codeine 
and ethanol injections in the rhesus monkey. PHARMAC. BIOCHEM. BEHAV. 5(5) 577-582,  1976. - Rhesus monkeys 
were trained to respond under a variable interval 2 min schedule for codeine or ethanol injections. Both codeine and 
ethanol were effective in the initiation of variable-interval responding; responding was maintained over a range of codeine 
(0.003-1.0 mg/kg/injection) and ethanol doses (32.0-560 mg/kg/injeetion). Maximum rates of responding were obtained 
at the 0.01 mg/kg/injection codeine dose (0.14 responses/see) and at the 180 mg/kg/injection codeine dose (0.19 
responses/sec). Rates of responsing were bitonic functions of the reinforcer dose for both codeine and ethanol; maximum 
rates were obtained at intermediate doses and lower rates occurred at the extremes of the dose range. Both codeine and 
ethanol showed within-session decreases in responding across the range of reinforcer doses. Codeine-reinforced responding 
declined in rate within the one-hour session without a similar change in the frequency of drug injection; in contrast, both 
ethanol-reinforced responding and the frequency of ethanol injections declined within each session across a range of doses. 
Increasing or decreasing the codeine dose half-way through the one-hour session resulted in increases or decreases in 
codeine responding compared to controls. These data indicate that the progressive decline in codeine-reinforced responding 
is not the result of a generalized disruption of responding. 
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THE S C H E D U L E  of  r e i n f o r c e m e n t  has been  s h o w n  to  be  a 
p r imary  d e t e r m i n a n t  of  the  ra te  and p a t t e r n  of  o p e r a n t  
r e spond ing  across a range of  d i f f e ren t  re inforcers  [1,  5, 6, 
11, 12, 14, 16, 18] .  Under  schedules  of  food  or drug 
r e i n f o r c e m e n t  in which  the  re in forcer  is delivered af te r  a 
fixed n u m b e r  (n)  of  responses  ( f ixed-rat io  n, F R  n),  
r e i n f o r c e m e n t  is fo l lowed by a per iod  of  t ime  in which  no  
responses  are em i t t ed  and  this  per iod  is fo l lowed b y  
r e spond ing  at a relat ively cons t an t ,  h igh rate .  Downs  and  
Woods [5] r epo r t ed  tha t  dur ing  each session rhesus 
m o n k e y s  exh ib i t ed  a progressive decl ine in F R  30 re- 
spond ing  m a i n t a i n e d  by  codeine  in jec t ions .  Respond ing  
occur red  at a relat ively high rate  in the  ini t ial  po r t i on  of  
each session and  progressively decl ined dur ing  the  session to 
a relat ively low rate  of  r e spond ing  in the  t e rmina l  por t ions  
of the  session.  As the  code ine  re in forcer  dose was increased 
across b locks  of  sessions f rom 0 . 1 - 1 . 0  mg /kg / in j ec t ion ,  the  
degree of  negative acce le ra t ion  increased.  Negat ively accel- 
era ted  pa t t e rn s  of  r e spond ing  also have been  descr ibed for  
e thanol ,  d - a m p h e t a m i n e ,  cocaine ,  and  food  r e i n f o r c e m e n t  
[7, 15, 17, 19 ] .  

In the  ma jo r i ty  of the  se l f -adminis t ra t ion  s tudies  in 
which  negat ive acce lera t ion  was observed,  drug re inforce-  
men t  was available under  FR schedules.  A fea ture  of  FR 
schedules  is tha t  the  ra te  of r e spond ing  de t e rmines  the  
f r equency  of re in forcer  delivery. Thus ,  a negat ively  ac- 
celerated p a t t e r n  of F R  respond ing  would  resul t  in a 
negat ively accelera ted  p a t t e r n  of drug inject ions.  In con- 
trast  to FR schedules,  unde r  a variable  interval  (VI)  
schedule  of  r e i n fo r cemen t ,  responses  are re in forced  on  the  
basis of the  t ime  since the  last r e i n f o r c e m e n t  [ 3 ] .  For  this  
reason,  the  f r equency  of r e in fo rce r  delivery unde r  a VI  
schedule  is relat ively i n d e p e n d e n t  of  the  rate of r e spond ing  
across a wide range of  response  rates.  The  first purpose  of  
the present  s tudy,  the re fore ,  was to de t e rmine  if the  
dose-related negative acce lera t ion  of r e spond ing  observed 
for  e t hano l  and  codeine  r e i n f o r c e m e n t  u n d e r  F R  schedules  
would also occur  unde r  a VI schedule  of  r e in fo rcemen t .  
The second purpose  was to quan t i t a t ive ly  descr ibe the  
re la t ionship  be tween  the  re in force r  dose of  code ine  or 
e thano l  and the  degree of negat ive acce le ra t ion  observed.  
The th i rd  purpose  was to de t e rmine  the  effects  of  changing 
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the magn i tude  of the  code ine  r e in fo rce r  dose m i d w a y  
t h r o u g h  the  session, since it is possible t ha t  r e spond ing  
decl ined due to  e i the r  a general ized behaviora l  d i s rup t ion  
caused by  c u m u l a t e d  code ine  doses or due to  some o the r  
effect ,  such  as the  d e v e l o p m e n t  o f  acute  to le rance  to the  
behaviora l  ef fec t  of  codeine .  

M E T H O D  

Animals  and E q u i p m e n t  

Five rhesus  m o n k e y s  (Macaca  m u l a t t a )  wi th  no  pr ior  
e x p e r i m e n t a l  h is tor ies  were used. The  an imals  weighed 
a p p r o x i m a t e l y  4 kg at the  beg inn ing  of the  s tudy  and were 
housed  in individual  cages. They  were fed a s t andard  
p r ima te  diet  to  which  the  an t i t ube r cu l a r  drug isoniazid had  
been added  (608 .3  g / ton) .  T h r o u g h o u t  the  s tudy,  an imals  
were fed ad lib and  had  free access to  wa te r  in the i r  h o m e  
cages. Pr ior  to  the  s tar t  of  the  expe r i m en t s ,  m o n k e y s  were 
p repared  wi th  ch ron ic  i n t r avenous  ca the t e r s  u n d e r  ket- 
amine  anes thes ia  (30  mg/kg ,  IM) similar to the  m e t h o d  of 
Deneau ,  et al. [4 ] .  Each an imal  wore  a lea ther  vest to  
p ro t ec t  the  ca the t e r  which  passed u n d e r  the  skin and exi ted  
f rom the  cen te r  of the  an imal ' s  back.  Animals  were placed 
in p r ima t e  res t ra in ing  chairs  and e x p e r i m e n t s  were con-  
duc t ed  in a w o o d e n  s o u n d - a t t e n u a t i n g  cubicle,  similar in 
design to tha t  descr ibed  by  Downs  and Woods  [5 ] .  Drug 
so lu t ions  were del ivered t h r o u g h  the  indwel l ing ca the t e r  by  
means  of per is ta l t ic  p u m p  (Watson,  Marlow Limi ted ,  
F a l m o u t h ,  Cornwal l ,  Eng land ;  No. MHRK 55). In jec t ion  
dura t ion  was 15 sec and  the  dose per  in j ec t ion  was varied 
by a l ter ing drug c o n c e n t r a t i o n  and  the  vo lume of  tile 
so lu t ion  delivered.  

Procedure 

Three  m o n k e y s  were t ra ined  to press a lever in the  
presence  of  a green l ight  to  receive an in jec t ion  of code ine  
(0.1 m g / k g / i n j e c t i o n )  and  the  o the r  two m o n k e y s  were 
t ra ined  to r e spond  in the  presence  of a green s t imulus  l ight 
for  e t h a n o l  in jec t ions  (100  mg /kg / in j ec t i on ) .  The  an imals  
were ini t ial ly t ra ined  u n d e r  a V1 15-sec schedule  of  
r e in fo rcemen t .  U n d e r  this  schedule ,  drug in jec t ions  were 
del ivered c o n t i n g e n t  on the  first  response  af te r  a variable 
t ime  interval ,  since the  t e r m i n a t i o n  of  the  last drug 
r e in fo r cemen t .  Af te r  several sessions u n d e r  the  FI  15-sec 
schedule ,  the  interval  value was gradual ly  increased over a 
n u m b e r  of  sessions to the  t e rmina l  V1 2-min  value. Unde r  
the VI 2-min schedule  the  t ime  interval  be t ween  each 
available in jec t ion  varied b e t w e e n  5 and  455  sec. During 
drug in jec t ions ,  the  green l ight  was tu rned  of f  and  a red 
light was t u r n e d  on for the  du ra t ion  o f  the  in jec t ion .  
Responses  dur ing  drug in jec t ions  had no  p r o g r a m m e d  
consequences .  Fo l lowing  a per iod  of a p p r o x i m a t e l y  20 days 
at  the  0.1 m g / k g / i n j e c t i o n  code ine  and  the  100 mg/kg /  
in jec t ion  e t h a n o l  doses, animals  were tes ted  for  10 days at 
each of  a range of  code ine  ( 0 . 0 0 3 - 1 . 0  m g / k g / i n j e c t i o n )  and 
e thano l  ( 3 2 . 0 - 5 6 0 . 0  m g / k g / i n j e c t i o n )  doses. Only the  last 
5 days at  each dose were used in calcula t ions .  Animals  were 
tes ted in an increasing-dose sequence  and then  r e tu rned  to 
the basel ine  dose (0.1 m g / kg / i n j ec t i on ,  code ine ;  100 
mg /kg / i n j ec t i on  e thano l . )  

Each l -h r  session was divided in to  six 10-min segments  
and the  n u m b e r  of responses  and  drug r e i n f o r c e m e n t s  in 
each segment  were separa te ly  recorded .  The  m e a n  overall  
VI response  rates were calcula ted and  the  to ta l  n u m b e r  of  
drug r e i n f o r c e m e n t s  in each session were recorded .  A 

quarter- l i fe  value for VI r e spond ing  and drug in jec t ions  was 
calculated by an a d a p t a t i o n  of the  m e t h o d  of Gol lub  [ 8 ] .  
In this  case, responses  were cumula t ed  across successive 
s ixths  of the  session and  quar ter- l i fe  was calcula ted in t e rms  
of  the  a m o u n t  of  t ime,  expressed as a percen tage  of  the  1-hr 
session, requi red  for the  emiss ion  of the  first one -qua r t e r  
of all responses .  A similar measure  was calculated for  drug 
inject ions.  

In the second  phase  of  the  expe r imen t ,  the effects  of 
changing the  codeine  dose hal f -way t h r o u g h  the  session 
were examined .  The basic VI 2-min schedule  was in effect  as 
descr ibed above.  In add i t ion ,  a blue s t imulus  l ight  was illumi- 
na ted  to signal the  second  hal f  of the  session. The blue l ight  
remained  on in the  c h a m b e r  dur ing  b o t h  the  VI 2-min and 
d r u g  i n j e c t i o n  c o m p o n e n t s  in  t h e  second ha l f -hour  
of  the  session. The s t andard  0.1 mg /kg / i n j ec t i on  codeine  
dose was always available in the  first ha l f  of the  session. 
The dose in the  second half  of  the  session was one of four  
possible doses: saline, 0 .01,  0.1, and 1.0 mg /kg / in j ec t ion .  
Each an imal  was tes ted  for 10 sessions at each of the  four  
doses; on ly  the  last 5 sessions were used in calculat ions.  
Doses in the  first and  second  halves of  the  session were 
separate ly  delivered by means  of  a Y - c o n n e c t o r  a t t ached  to 
the indwel l ing ca the t e r  (Bec ton  Dickenson ,  No. 3091) .  

Drugs 

E t h y l  a lcohol  ( e t h a n o l )  and code ine  p h o s p h a t e  were 
dissolved in 0.9% saline. Codeine  doses refer  to the  salt. 

R E S U L T S  

Rates of  r e spond ing  unde r  the  V1 2-rain schedule  were 
b i tonic  func t ions  o f  the  re in forcer  dose for b o t h  code ine  
and e thano l  (Fig. 1). The m a x i m u m  rate  of codeine  
re in forced  r e spond ing  (0 .14 responses / sec)  was m a i n t a i n e d  
by the  0.01 mg /kg / in j ec t i on  dose and the  m a x i m u m  rate of 
e thano l  re in forced  r e spond ing  (0.19 responses /see)  was 
ma in t a ined  by the  180 mg /kg / i n j ec t i on  dose. Higher or 
lower re in force r  doses resul ted  in lower  rates  of  responding .  
The to ta l  a m o u n t  of  drug se l f -adminis te red  in a 1-hr session 
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FIG. 1. Response rates (responses/second; upper graph) and drug 
intake (amount of drug/kg/hr; lower graph) at the various codeine 
and ethanol reinforcer doses on a VI 2-rain schedule. Each point is 
the mean (+ 1 SE) for fifteen observations (5/animal) at each 
codeine dose and 10 observations (5/animal) at each ethanol dose. 
Replication of the baseline performance under the 0.1 mg/kg/ 

injection dose of codeine is included (A A). 
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FIG. 2. Cumulative records of performance in individual sessions across a range of 
codeine and ethanol reinforcer doses in monkeys Nos. 688 (codeine) and 702 (ethanol). 
Each lever press response moved the response pen (upper pen) upwards one step while 
the paper moved from right to left at a constant speed. A deflection of the response pen 
indicated the delivery of a drug injection. The response pen automatically reset after 
about 500 responses and was reset after the session terminated. A downward deflection 
of the lower pen in each record indicated the availability of drug reinforcement, 
contingent on a lever press response. When the reinforcement was collected, the lower 

pen returned to its normal position. 
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FIG. 3. Effects of various reinforcer doses on quarter-life values for 
drug injection and VI responding. Quarter-life values are expressed 
as a percentage of the total 1-hr session. Each codeine point is the 
mean (-+ 1 SE) for 15 observations (5/animal) at each codeine dose 

and 10 observations (5/animal) at each ethanol dose. 

was a power  f u n c t i o n  of the  codeine  dose and a log 
func t i on  of the  e thano l  dose. 

In general ,  b o t h  codeine  and  e thano l  showed  negat ively  
accelera ted pa t t e rns  of r e spond ing  wi th in  individual  ses- 
sions (Figs. 2 and  3). Tha t  is, more  responses  were emi t t ed  
early in the  session t han  were em i t t ed  in the  t e rmina l  
segments  of the  session. Relat ively  few responses  were 

emi t t ed  dur ing codeine  in jec t ions  at any  of  the  doses 
tes ted;  in cont ras t ,  r e spond ing  dur ing e thano l  in jec t ion  
f r equen t ly  occurred.  

Calcula t ion  of the  quarter- l i fe  values for  b o t h  responses  
and drug in jec t ions  provided  quan t i t a t i ve  es t imates  of  the  
degree of negat ive  acce le ra t ion  at each of the  various 
re in forcer  doses (Fig. 3). The  quarter- l i fe  values for  b o t h  
codeine  and e t h a n o l  r e spond ing  were b i ton ic  f u n c t i o n s  of  
the  re in forcer  dose. The  0.01 mg /kg / in j ec t i on  codeine  and 
100 mg /kg / i n j ec t i on  e thano l  doses resul ted  in the  smallest  
degree of negative acce le ra t ion  or showed  n o n e  at all. 
Higher or lower  doses resul ted  in greater  degrees of  negat ive 
accelera t ion ,  ind ica ted  by  decreases in the  quarter- l i fe  
values for responses .  The  func t i ons  re la t ing response  ra te  to  
re inforcer  dose were similar for  the  two drugs. A di f ference  
be tween  the  drugs was observed in t e rms  of  the  d i s t r ibu t ion  
of  in jec t ions  wi th in  the  session. Codeine  in jec t ions  were 
delivered at a rough ly  cons t an t  ra te  t h r o u g h o u t  the  session 
at doses b e t w e e n  0 .003 and 0.32 mg/kg/injection, ind ica ted  
by quar te rq i fe  values for  in jec t ions  of  a p p r o x i m a t e l y  25% 
(Fig. 3). In cont ras t ,  the  e thano l  in jec t ion  quar ter- l i fe  
values were also b i ton ic  f u n c t i o n s  of the  re in force r  dose 
and closely paral leled the  response  ra te  quar ter- l i fe  curve. 

Observa t ion  of the animals  at the  end of the  session 
fu r the r  d e m o n s t r a t e d  di f ferences  in the  behaviora l  effects  
of the  two  drugs. Monkeys  tha t  se l f -adminis tered  codeine  
appeared  no rma l  when  examined ,  regardless of the  dose. On 
the o the r  hand ,  animals  tha t  se l f -adminis tered e thano l  
exh ib i t ed  a n u m b e r  of gross behaviora l  ef fects  at the  end of  
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the  1-hr session. At  the  180.0, 320 .0  and 560 .0  mg/kg /  
in j ec t ion  e t h a n o l  doses,  m o n k e y s  were a taxic  and had  
impai red  corneal  reflexes.  At  the  560.0  m g / k g / i n j e c t i o n  
dose, an imals  f r e q u e n t l y  se l f -adminis te red  suff ic ient  quan-  
t i t ies of e t hano l  to  abol ish  the  cornea l  ref lex and  to 
p roduce  a s ta te  of  unconsc iousnes s  for  several hours .  

R e d e t e r m i n a t i o n  of  the  0.1 m g / k g / i n j e c t i o n  code ine  
dose af ter  c o m p l e t i o n  of  the  code ine  re inforcer -dose  series 
resul ted  in response  ra tes  and p a t t e r n s  of  r e spond ing  similar 
to  those  ob t a ined  in the  original  d e t e r m i n a t i o n s .  In 
cont ras t ,  a par t ia l  r e d e t e r m i n a t i o n  of the  e t h a n o l  re in force r  
dose series resu l ted  in increases in r e spond ing  at each of  the  
doses t es ted ,  c o m p a r e d  to the  values o b t a i n e d  on  first 
d e t e r m i n a t i o n  (Fig. 4). In add i t ion ,  the  degree of  negat ive 
acce le ra t ion  was less on  second  de t e r m i na t i on .  

The  effects  of changing the  codeine  dose hal f -way 
t h r o u g h  the  session are shown  in Fig. 5. When the  s t andard  
codeine  dose (0.1 m g / k g / i n j e c t i o n )  was available t h rough-  
out  the  session, VI responses  were d i s t r ibu ted  in a 
negat ively  acce le ra ted  p a t t e r n ;  the  grea tes t  n u m b e r  of 
responses  were e m i t t e d  in the  first  10-min segment  of  the  
session and  r e spond ing  decl ined t h r o u g h o u t  the  session. 
When the  dose in the  second ha l f  of the session was saline 
there  was a decrease  in r e s p o n d i n g  t h r o u g h o u t  the  second 
hal f  c o m p a r e d  to the  s t anda rd  curve. A similar decrease  in 
r e spond ing  in the  second hal f  was seen when  the  dose was 
1.0 mg /kg / i n j ec t i on .  However ,  w h e n  the  dose in the  second  

half  was 0.01 m g / k g / i n j e c t i o n  there  was a t r ans ien t  increase 
in responding ,  ind ica t ing  t h a t  the  reduced  rate  of code ine  
r e spond ing  was no t  necessar i ly  due to a general ized 
suppress ion  o f  behav io r  by c u m u l a t e d  code ine  doses. 

D I S C U S S I O N  

The present  s tudy  d e m o n s t r a t e d  tha t  b o t h  codeine  and  
e thano l  can func t ion  as re in forc ing  s t imul i  in the  acquisi-  
t ion  and m a i n t e n a n c e  of r e spond ing  under  a VI schedule  of  
r e in fo rcemen t .  Moreover ,  code ine  and  e thano l  m a i n t a i n e d  
roughly  similar  m a x i m u m  rates of  responding .  The dose 
effect  curve for  code ine- re in forced  r e spond ing  under  the  VI 
2-min schedule  was similar  to  t h a t  r epo r t ed  by  Downs  and  
Woods [5] for code ine  under  a FR 30 schedule  of 
r e in fo rcemen t .  In add i t ion ,  the  data  ob ta ined  for  the  
d i s t r i bu t ion  of  VI r e spond ing  for  code ine  were cons i s t en t  
wi th  the  resul ts  of  Downs  and  Woods [5] for code ine  under  
a FR 30 schedule .  

The data  ob t a ined  in the  p resen t  s tudy  suggest tha t  
to le rance  to the  behaviora l  ef fects  of e t hano l  can develop 
under  a schedule  of  once-dai ly  sessions of e t h a n o l  self- 
admin i s t r a t ion .  While the  degree of  e t h a n o l  to le rance  was 
no t  d i rec t ly  de t e rmined ,  compar i son  of  the  wi th in-sess ion 
p a t t e r n s  of r e spond ing  and  the  to ta l  e t h a n o l  in t ake  per  
session on  first and second d e t e r m i n a t i o n  showed  t h a t  af ter  
a h i s to ry  of e t hano l  se l f -admin is t ra t ion  m o n k e y s  in jected 
subs tan t ia l ly  greater  a m o u n t s  of e t hano l  and t ha t  at  all 
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doses the  degree of wi thin-sess ion decl ine in VI  r e spond ing  
was less on  second d e t e r m i n a t i o n ,  c o m p a r e d  to the first  
exposure .  None  of  the  m o n k e y s  showed  any  evidence of  
physical  d e p e n d e n c e  d e v e l o p m e n t  t h r o u g h o u t  the  course of 
the  s tudy.  Previous  s tudies  have s h o w n  tha t  to le rance  to 
e t hano l  and var ious  seda t ive -hypno t ics  can develop over the  
course of days to a few weeks [ 1 0 ] .  Also,  it has been  
repor ted  tha t  while  to le rance  always accompan ies  physical  
dependence ,  to le rance  can be p roduced  i n d e p e n d e n t  of  
physical  d e p e n d e n c e  [ 1 0 ] .  In the  present  s tudy ,  daily 
se l f -adminis t ra t ion  of  relat ively h igh doses of e thano l  
appeared  to resul t  in the  d e v e l o p m e n t  of to le rance  to some 
of the  behaviora l  e f fec ts  of e t hano l  in the  absence  of  
physical  dependence .  The  results  of the  present  s tudy  also 
indica te  tha t ,  at least  in the  case of codeine ,  it is possible  to  
d e m o n s t r a t e  a negat ively  accelera ted p a t t e r n  of  VI respond-  
ing in the  absence  of a change in the  f r equency  of in jec t ions  
across a range of  r e in fo rce r  doses. Such a separa t ion  of  the  
pa t t e rn  of r e spond ing  f rom the  p a t t e r n  of drug in jec t ions  is 
no t  possible  unde r  a F R  schedule  of r e i n f o r c e m e n t  because  
the f r equency  of  in jec t ions  is d i rect ly  re la ted to the  ra te  of 
FR responding .  The  negat ively  accelera ted  pa t t e rn  of 
code ine- re inforced  re spond ing  was no t  the  resul t  of  a 
code ine- induced  suppress ion  of responding ,  since b o t h  
increases and decreases in r e spond ing  could  be p roduced  by  
changing the  codeine  dose half-way t h r o u g h  the  session. 
Under  a mul t ip le  FR 30 schedule  of  f o o d - a n d  codeine  
r e in fo r cemen t ,  Carney  and Woods  [2] f o u n d  tha t  code ine  
re in forced  r e spond ing  was negat ively accelera ted  across a 
range of  doses and  t h a t  food- re in forced  r e spond ing  which  
fol lowed code ine  se l f -admin is t ra t ion  was unaf fec ted .  Thus,  
it appears  t ha t  negat ively  acce lera ted  pa t t e rn s  of  drug- 
re inforced  r e spond ing  can occur  in the  absence of  a 
general ized d i s rup t ion  of  responding .  

FIG. 5. Effects of changing the codeine reinforcer dose half-way 
through the 1-hr session on VI responding in successive sixths of the 
session (10-min segments). For reference, responding in successive 
sixths of the session when the standard 0.1 mg/kg/injection codeine 
dose was available (closed symbols) throughout the session is 
plotted in each panel. Conditions in which the dose was changed 
half-way through the session (open symbols) are shown in each of 
the panels. In all cases the standard dose was available in the first 
half of the session. Each point is the mean (+_ 1 SE) of 15 
observations (5/animal) under each of the codeine dose change 
conditions and when the standard dose was available throughout the 

session. 
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