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FORD, R. D. AND R. L. BALSTER. Schedule-controlled behavior in the morphine-dependent rat. PHARMAC. BIOCHEM. 
BEHAV. 4(5) 569-573, 1976 . -  The behavioral effects of acute and chronic administration of morphine and its 
withdrawal were studied using schedule-controlled responsing in the rat under a differential reinforcement of low rates of 
responding (DRL) schedule of food presentation. Acute morphine administration had a biphasic effect on response rate. 
Low doses (1.8--5.6 mg/kg) tended to produce a small increase and higher doses (10-30 mg/kg) decreased responding. 
Physical dependence was produced by twice daily injections, with an initial dose of 40 mg/kg/day which was increased by 
80 mg/kg/day until reaching 600 mg/kg/day which was continued for 14 days. Throughout chronic administration the 
pattern of responding remained disrupted resulting in a 27 47 percent decrease in presentations of the reinIk~rcer, while 
response rate was more variable and generally decreased. The effects of morphine withdrawal lasted 5 days and produced 
an initial marked decrease in reinforcements per hour and a biphasic change in response rate. A marked decrease in 
responding early in withdrawal (22.5 hr) was followed by a marked and more prolonged (70.5- 118.5 hr) response rate 
increase. 
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Differential reintbrccment of low rate schedule 

CHRONIC adminis t ra t ion of  morphine  to labora tory  
animals and humans of ten  results in the deve lopment  of  
physical dependence  which is manifested by a number  of  
characterist ic au tonomic  and behavioral  signs when drug 
adminis t ra t ion is d iscont inued.  Al though the physiological  
correlates of  chronic  morphine  adminis t ra t ion and with- 
drawal in rats have been carefully studied,  there is relatively 
little in format ion  on the behavioral  correlates and this data 
is of ten  in disagreement.  For  example ,  some investigators 
have characterized the behavioral  effects  o f  morph ine  
withdrawal  in the rat as " s e d a t i o n "  [11] and decreased 
motor  act ivi ty [14 ] ,  while others  describe " ex t r eme  irri- 
tabi l i ty"  [2] and " increased exci tabi l i ty  and increased 
ac t iv i ty"  [12] .  Certainly these discrepancies are due in no 
small part to differences in pharmacological  variables such 
as dose, length and f requency of  adminis t ra t ion,  tolerance 
deve lopment ,  whether  the wi thdrawal  syndrome was pro- 
duced by cessation of  morph ine  adminis t ra t ion or by the 
administrat ion of  a narcot ic  antagonist  and when the 
behavior was measured.  However ,  an impor tan t  con- 
tr ibuting factor  as noted  by Martin et al. [13] is the 
behavior was character ized "on  the basis of  unquant i f ied  
observat ions under  envi ronmenta l  condi t ions  that  were not  
rigorously def ined ."  

Schedule-control led behavior  has been used successfully 
as a stable and sensitive baseline upon which to study the 
development  of  behavioral  tolerance to the effects  of  a 
wide range of  drugs, in several animal species, using various 
schedules of  re inforcement  [5, 6, 7, 16, 20] .  However,  
rarely have studies sought to use these behavioral  baselines 
to detect ,  on cessation of  adminis t ra t ion,  a withdrawal  
syndrome indicative of  physical dependence.  Such pro- 
cedures might be useful for quali tat ively and quant i ta t ively  
assessing the behavioral  effects  associated with a withdrawal  
syndrome.  

Profound withdrawal  syndromes  occur  on the cessation 
of  chronic administrat ion of the narcot ic  analgesic and 
sedat ive-hypnot ic  classes of  drugs [4] .  Recent ly  marked 
alterations in schedule-control led behavior,  indicative of  
withdrawal  syndrome,  were demons t ra ted  to occur  on 
cessation of  chronic  morphine  administrat ion to rhesus 
monkeys  [10] and fol lowing abst inence from prolonged 
ethanol  drinking in rats [ 1 ]. We report  here on the effects  
of  chronic  morphine  adminis t ra t ion and withdrawal  on the 
schedule-control led behavior of  rats. The behavior was 
engendered by the same differential  re inforcement  of  low 
rate (DRL)  schedule as that  used by Ahlenius and Engel 
[1] to detect  an ethanol  withdrawal  syndrome.  The 
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regimen of  chronic  morphine  adminis t ra t ion used here was 
similar to those previously demons t ra ted  to produce 
physical dependence  on morphine  in rats [3 ,13[ .  

M E T H O I )  

A n imals  

Six male Sprague-Dawley (Hol tzman)  rats with no 
previous exper imenta l  history and weighing between 314 
and 364 g when given free access to food and water  were 
used. They were deprived of  food until they reached 85% 
of their  free-feeding weight,  and subsequent ly  maintained 
at this weight by adjusted feedings after each exper imenta l  
session. Except  for an hour each day consumed by the 
exper imenta l  session, rats were housed individually with 
free access to water.  

A ppara  t us 

Rats were trained to bar press for food re inforcement  in 
standard operant  chambers,  each equipped with one re- 
sponse bar. A bar press with a force of approximate ly  15 g 
const i tu ted a response. Centered in the wall containing the 
response bar was an opening through which 45 mg Noyes 
food pellets could be made accessible by means of  an 
electrically opera ted  dispenser. Each chamber  was il- 
luminated by a 6 W bulb and placed in a venti lated 
enclosure for light and sound a t tenuat ion.  Solid state 
programming equ ipment  located in an adjacent r o o m  was 
used to control  the exper imenta l  cont ingencies  and record 
data. 

P r o c e d u r e  

On the initial day in the exper imenta l  chamber ,  rats 
were trained to bar press and each response resulted in the 
presentat ion of  the food reinforcer.  On subsequent  days, 
the session t ime was set at 1 hr and the rats were placed on 
a 15-sec differential  re inforcement  of  low rates of  re- 
sponding (DRL 15) schedule. On this schedule inter- 
response t imes (IRTs) of  15 sec or  longer were reinforced 
by the presentat ion of  a food pellet. An IRT dis t r ibut ion 
was obta ined for 3 o f  the animals by recording successive 
3-sec IRTs in nine successive intervals, and all IRTs of  27 
sec or more were recorded in the tenth  interval. 

D r u g  Pro c e d u r e  

Morphine sulfate was dissolved in normal  saline and 
doses are in terms o f  the salt. After  responding on the DRL 
15 schedule stabilized (about  20 sessions) an acute dose- 
response curve for morph ine  was obtained.  All inject ions 
were IP 15 min before the init iat ion of  a session. The 
volume injected was 1 ml/kg. Contro l  inject ions consisted 
of  only  the saLine vehicle. Doses were administered weekly 
in an unsys temat ic  order.  

Af ter  an acute morphine  dose-response curve was ob- 
tained, chronic  doses of  morphine  were administered in a 
regimen similar to that  described by Bucket t  [3] and 
Martin e t  al. [131 as producing physical dependence  to 
morphine  in rats. All rats were injected twice each day. 
Four  rats were injected at 0900 and 1630 hr, and the 
remaining 2 rats were injected at 1015 and 1745 hr. 
Exper imenta l  sessions were init iated at 1500 and 1615 
hours, 6 hr after the morning inject ion.  The initial dose of  

20 mg/kg was administered twice on Day 1. Subsequent ly ,  
the dose was increased by 40 mg/kg each day until on Day 
8 the dose reached 300 mg/kg. The 300 mg/kg dose 
cont inued to be administered twice daily for 14 days. After  
Day 21, morphine  administrat ion was stopped.  

During the period of  chronic adminis t ra t ion,  doses of  
morphine  of  100 mg/kg or less were injected in a volume of  
1 ml/kg. A I00 mg/ml  solution was used to administer  
larger doses, so that the volume administered varied with 
dose and was 3 ml/kg for the largest dose of  300 mg/kg. 
Injections during the initial period of  chronic ad- 
ministrat ion were IP; however,  on the last 5 days of  
administrat ion,  inject ions were given s.c. due to signs of  
ulcerat ion of  the per i toneum.  

R E S U L T S  

The DRL 15 schedule of  food re inforcement  engendered 
in each rat the characterist ic steady pat tern of  low rate 
responding which has been previously described [15 ,18[ .  
The control  data for the acute morphine  dose-response 
curve was obta ined from saline control  sessions on the day 
preceding each drug session. The control  data as mean 
response rate and mean re inforcements  per hr is shown in 
Fig. 1, while the mean IRT distr ibut ion is shown in the 
upper left panel of  Fig. 2. During control  sessions the mean 
response rate was 0.068 responses per sec, and this 
produced on the average 151 re inforcements  during an hour  
session. The IRT distr ibut ion for three rats shows that  most 
responses occurred with IRTs of  1 5 - 1 8  and 18-21  sec and 
that shorter and longer IRTs were relatively infrequent .  
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FIG. 1. Effects of acute doses of morphine on rate of responding 
and reinlbrcements per session under DRL 15 schedule of rein- 
forcement. Abscissas: dose, log scale. Ordinates: response rate and 
numbcr of premntations of the food reinforcer during an hour 
.session. The vertical lines show one standard error above and below 
the mean. The points at S are the means of saline injection ,,cessions 
for 6 rats on the day before each drug session (42 ,sessions). Other 
points represent the mean of one sessions for six rats at each dose of 

morphine. 

As indicated in Fig. 1, a 1 mg/kg dose of  morphine  did 
not  alter the mean response rate nor the number  of  
presentat ions of  the reinforcer.  Acute morphine  doses of  
1.8, 3.0 and 5.6 mg/kg only tended to increase the mean 
response rate. Although the mean response rates at these 
doses do not  differ significantly from control  rates as 
determined by a paired t comparison,  one of  more o f  these 
doses produced a substantial response rate increase in each 
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FIG. 2. The mean inter-response time (IRT) distribution for 3 rats 
during acute and chronic administration of morphine and its 
withdrawal. IRTs are distributed into nine successive 3-sec class 
intervals and all IRTs longer than 27 sec are in the tenth class 
interval. The shaded area indicates the percentage of IRTs which 
were longer than 15 sec and reinforced. The unshaded area indicates 
the percentage of IRTs which were shorter than 15 sec and not 
reinlorced. The saline distribution (top left) is the mean of saline 
injection sessions for 3 rats on the day before each acute drug 
session (21 sessions). Each IRT distribution for acute morphine 
doses (1.8, 5.6, 18 and 20 mg/kg) is the mean of 1 .session for 3 rats 
at each dose of morphine. The saline distribution (center at bottom) 
is the mean of daily saline injection sessions for 3 rats on the 6 days 
preceeding chronic administration (18 sessions). The IRT dis- 
tributions for Sessions 21, 22 and 25 are each the mean of 1 session 

for 3 rats. 

rat.  Higher  doses ( 1 0 - 3 0  mg/kg)  of  m o r p h i n e  resul ted  in a 
dose-rela ted decrease  in r e spond ing  (p~<0.05). The  n u m b e r  
of p r e sen t a t i ons  o f  the  r e in fo rce r  was progressively de- 
creased as a f unc t i on  of acu te  m o r p h i n e  doses over the  
en t i re  dose range.  The  ef fec ts  on  the  IRT d i s t r i bu t ion  
p roduced  by  acute  m o r p h i n e  doses are i l lus t ra ted  in Fig. 2. 
Doses of  1.8 and  5.6 mg/kg  p roduced  an increase in the  
pe rcen tage  of  shor t  IRTs,  while the  highest  doses of  18 and  
30 mg/kg  resul ted  in increases  in the  relat ive f r e q u e n c y  of  
b o t h  shor t  and  long IRTs. Of  the  few responses  t ha t  did 
occur  fo l lowing 30 mg/kg,  near ly  all responses  had  IRTs of 
less t han  3 sec or more  t han  27 sec. 

The  c o n t r o l  base l ine  p e r f o r m a n c e  for ch ron ic  m o r p h i n e  
admin i s t r a t i on  is p rovided  in t e rms  of  mean  response  ra te  
and r e i n f o r c e m e n t s  per  h o u r  by  the  two po in t s  at the  left in 
Fig. 3. These  values were o b t a i n e d  f rom the  6 days  
immedia t e ly  preceding  ch ron ic  adm i n i s t r a t i on .  A low re- 
sponse ra te  was engende red  (0 .067  responses /sec)  which  
p roduced  a m e a n  of  152 r e i n f o r c e m e n t s  per  hr.  The  con t ro l  
IRT d i s t r i bu t ion  for 3 rats ,  s h o w n  in the  lower  cen te r  pane l  
of Fig. 2, was a lmos t  ident ica l  to  the  con t r o l  d i s t r i bu t ion  
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FIG. 3. Effects of chronic morphine administration and its 
withdrawal on rate of responding and reinforcements per session 
under DRL 15 schedule of reinforcement. Abscissa: daily sessions 
and dose of morphine administered twice each day. Ordinates: 
response rate and number of presentation of the food reinforcer 
during an hour daily session. The points at S are the means of daily 
saline injection sessions for 6 rats on the 6 days preceeding chronic 
administration (36 sessions). The horizontal lines show 2 standard 
errors above and below the mean values of these 6 days. Other 

points represent the mean of 1 daily session for 6 rats. 

dur ing  the  d e t e r m i n a t i o n  o f  the  acute  dose-response  curve 
and indicates  tha t  mos t  responses  had IRTs of  15 to 21 sec 
and were re in forced .  

The  ef fec ts  of  21 days chron ic  m o r p h i n e  admin i s t r a t i on  
and subsequen t  w i thd rawa l  on mean  r e i n f o r c e m e n t s  per  
hour  and  response  rate are s h o w n  in Fig. 3. During the first 
daily session,  6 hrs af ter  20 mg/kg,  the  mean  rate  of  

r e i n f o r c e m e n t  was decreased to 82% of  basel ine.  Sub- 
sequen t ly ,  the  mean  r e i n f o r c e m e n t s  per hr remained  de- 
creased,  f rom 53 to 73% of  basel ine,  t h r o u g h o u t  the  per iod  
of  ch ron ic  admin i s t r a t i on .  The  mean  response  rate was 
more  variable  bu t  was general ly  decreased dur ing  chron ic  
m o r p h i n e  admin i s t r a t i on .  However ,  some to le rance  to this 
effect  is suggested dur ing  the  last 5 days,  as the  mean  
response  ra te  was near  or wi th in  the  con t ro l  basel ine on 
three  of  these  days. 

Since, t oward  the  end of  chron ic  m o r p h i n e  adminis -  
t r a t ion ,  the  mean  response  rate was wi th in  or near  the  
con t ro l  basel ine,  while  at the  same t ime the  n u m b e r  of  
r e in fo rcemen t s  per hr was marked ly  decreased,  this  indi- 
cates an a l t e ra t ion  in the  pa t t e rn  of responding.  It is shown 
in Fig. 2 tha t  the  IRT d i s t r ibu t ion  for Session 21, the  last 
day of  m o r p h i n e  admin i s t r a t i on ,  is sh i f ted  to the  left f rom 
the con t ro l  d i s t r ibu t ion .  In compar i son  wi th  the  con t ro l  
d i s t r ibu t ion ,  there  is a subs tan t ia l  increase in the  percentage  
of  responses  w i th  IRTs of  1 2 - 1 5  sec, while  the  percen tage  
of IRTs of  15 21 sec is decreased.  In add i t ion  and unlike 
the effects  p roduced  by  acute  doses  of  m o r p h i n e ,  the  
percentage  of  very shor t  ( < 3  sec) and very long 
( > 2 7  sec) IRTs is no t  m u c h  a l tered f rom the  con t ro l  
d i s t r ibu t ion .  This  change in the  IRT d i s t r ibu t ion  p roduced  
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by chronic doses of morphine suggests an effect that is 
distinct from those obtained with acute morphine doses. 

Morphine administration was stopped following the 
second injection on Day 21. The sessions on Day 22 were 
initiated 22.5 hr after the last injection and, as shown in 
Fig. 3, both the mean response rate and number of  
reinforcements per hour were markedly decreased. On 
subsequent days, the mean response rate progressively 
increased until a maximum on Day 25, which was markedly 
increased from the control baseline. By Day 28 both the 
mean response rate and number of  reinforcements per hour 
approximated control values. 

Figure 2 shows the mean IRT distribution for session 22, 
when the mean response rate was markedly decreased, and 
for session, 25, when the mean response rate was markedly 
increased. Similar to the effects produced by high acute 
morphine doses, the mean IRT distribution for session 22 
was shifted to the right with an increase in the percentage 
of long IRTs. ltowever, there was no increase in very short 
IRTs as seen with acute morphine administration. On the 
other hand, much like the effects produced by low acute 
doses of morphine, the mean IRT distribution for session 
25 was shifted to the left by an increase in the percentage 
of short IRTs. 

DISCUSSION 

Acute morphine administration resulted in a biphasic 
effect on mean response rate. Low doses (1 .8 -5 .6  mg/kg) 
tended to produce a small increase in responding and higher 
doses (10  30 mg/kg) produced a decreased response rate. 
This biphasic effect on low baseline response rates has 
previously been demonstrated in the rat [8,9] and pigeon 
[7,17]. The effects of morphine on the pattern of  
responding was, at low doses, an increase in the frequency 
of very short IRTs and at higher doses an increase in the 
frequency of both very short and very long IRTs. This 
disruption in the pattern of responding, along with the 
effects on mean response rate, resulted in a dose-dependent 
decrease in reinforcements per hour over the entire range of 
active doses. 

Throughout the period of chronic morphine adminis- 
tration response patterning remained disrupted resulting in 
a consistently lower frequency of reinforced responses. 
Overall response rate was more variable and mostly de- 
creased from the control baseline. There was some evidence 
that mean response rate was returning to baseline levels 
toward the end of chronic administration after daily 
increases in dose were terminated and the route of 
administration was changed from IP to SC. 

Tolerance to the effects of morphine on schedule- 
controlled behavior have been reported to occur in the 
pigeon [7],  cat [51 and rhesus monkey [101. In all these 
studies a single dose was administered daily until tolerance 
development was observed. In the present study the 
purpose was to attain high dose levels as quickly as possible 
so that tolerance development was not allowed to occur 
before dose increases. It is probable that this masked most 
of the evidence for tolerance. However, the general lack of  
effect on overall response rate, the decrease in very short 

IRTs relative to acute morphine effects, and only a 35% 
decrease in reinforcement frequency for Session 21, six 
hours after 300 mg/kg was administered (600 mg/kg over 
the preceding 24 hr) provide some evidence that behavioral 
tolerance occurred with this dose regimen. 

A marked alteration of behavior from both the control 
baseline and the more variable baseline during chronic 
administration occurred following the cessation of mor- 
phine administration. That this alteration in behavior is 
indicative of a morphine withdrawal syndrome is suggested 
by its onset and duration, as well as the regimen of prior 
morphine administration. There is general agreement in the 
literature that the chronic administration of high doses of 
morphine ( I00  ms/ks/day or more) to rats results on 
cessation in a withdrawal syndrome with an onset of from 
8 - 1 6  hr which largely subsides in less than 168 hr 12, 13, 
14, 19]. In the present case, the schedule-controlled 
behavior of rats was assessed during one hour daily sessions. 
The onset of the effects produced by stoppage of morphine 
administration was less than 22.5 hr, as indicated by the 
marked decrease in mean response rate and frequency of 
reinforcement during the sessions on the first day off of 
chronic drug. Six days (142.5 hr) after the last dose of 
morphine, responding of rats approximated control baseline 
levels. This duration of a morphine withdrawal syndrome in 
rats is consistent with those of 5 to 6 days as determined by 
increased incidence of "wet dog" shakes [131, and of 120 
hours for the "fighting of rats during post-morphine 
withdrawal" [ 191. 

Morphine withdrawal produced a biphasic effect on 
mean response rate. A marked decrease in responding early 
in withdrawal (22.5 hr), was followed by a marked and 
more prolonged (70.5 to 118.5 hr) response rate increase. 
During the first phase of decreased response rates, charac- 
terized by long IRTs and few response bursts, the animals 
demonstrated overt signs of morphine withdrawal. Diarrhea 
and weight loss were the most notable. The period of high 
response rates may correspond to the "increased ex- 
citability and increased activity" observed by others 
[2,121. Holtzman and Villarreal [10] observed an increase 
in low rates of punished responding during morphine 
withdrawal in rhesus monkeys. They suggested that low 
rate responding may in general be increased by morphine 
withdrawal. Our results would support and extend this 
finding. 

In conclusion, wc have shown that the behavioral 
sequelae to chronic morphine administration and with- 
drawal can be studied under conditions suitable for careful 
quantification. It has been suggested [101 that schedule- 
controlled behavior may provide a useful means of eval- 
uating drugs for physical dependence liability since a highly 
stable and specific baseline is used. Drugs which produce 
morphine-like physical dependence should readily sub- 
stitute for morphine and reverse the behavioral effects 
during withdrawal. Since such a drug would be expected to 
prevent both the response rate decreasing and increasing 
effects of withdrawal, a great deal of specificity would be 
required. 
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