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MIDDAUGH, L. D. AND C. A. SANTOS, III. Effects of methadone on behavior maintained by fixed ratio reinforcement 
schedules. PHARMAC. BIOCHEM. BEHAV. 8(5) 521-526,  1 9 7 8 . -  The effects of subcutaneous injections of methadone 
hydrochloride (0.75 mg, 1.5 mg, and 2.5 mg/kg) on lever pressing maintained by fixed ratio schedules of reinforcement 
were examined in C57BL/6J and DBA/2J mice. Response output over a 30 min session decreased as a function of 
increasing drag dose when reinforcement was delivered for every 5 responses. Increasing the response to reinforcement 
ratio from 5 to 20 in a second experiment doubled and nearly quadrupled responding by DBA and C57 mice, respectively. 
Injecting animals maintained on this schedule with methadone reduced responding to the same extent as that observed in 
the first experiment when response rates were lower. Hence, these experiments provide no support for the effect of 
methadone being rate-dependent. In both experiments methadone disrupted responding of DBA more than that of C57 
mice. This finding is consistent with a previous report that other narcotic analgesics were more potent analgesics for DBA 
than for C57 mice. From these studies it appears that the opposite changes in locomotor activity upon an exposure to 
narcotic analgesics does not generalize to behavior under control of reinforcing stimuli; and that both the effects obtained 
in the present study and the analgesic action are dissociated from the effects of these drugs on locomotor activity. 

Operant behavior Methadone Inbred mice 

C U R R E N T L Y  there  are few repor t s  in the  l i t e ra tu re  
regarding the  e f fec ts  of  m e t h a d o n e  on  behav io r  of  labora-  
to ry  animals .  Hill et al. [8] early r epo r t ed  t ha t  m e t h a d o n e  
in jec ted  i n t o  ra ts  p r o d u c e d  a dose re la ted  i n t e r r u p t i o n  of  
c o n d i t i o n e d  suppress ion.  Thus,  ra ts  in jec ted  wi th  me tha -  
done made  more  responses  in the presence  of  a signal which  
had  previously  been  paired wi th  shock  t han  did con t ro l  
animals.  In add i t ion ,  the  drug at h igher  c o n c e n t r a t i o n s  
(3.0 m g - 4 . 5  mg /kg)  caused an overall  r educ t i on  in re- 
spond ing  by rats  w h e n  food  was delivered on a variable 
interval  (Mean Interval :  2 m i n )  schedule  of  r e in fo rcemen t .  
Others  have  r e p o r t e d  t h a t  m e t h a d o n e  disrupts  key peck ing  
by  p igeons  dur ing  b o t h  c o m p o n e n t s  of  a c o m b i n e d  fixed 
ratio,  f ixed in terva l  schedule  of  r e i n f o r c e m e n t  [ 7 , 1 2 ] .  In 
the l a t t e r  two  s tudies  low doses of  m e t h a d o n e  increased 
response  ra te  u n d e r  the  f ixed interval  c o m p o n e n t  of  the  
schedule  in some animals.  In all three  s tudies  the  effects  of  
m e t h a d o n e  were similar  to  those  ob t a ined  wi th  m o r p h i n e  
sulfate,  a l t h o u g h  it  was suggested in one  s tudy  t h a t  
m e t h a d o n e  was more  p o t e n t  [ 8 ] .  

Most  o t h e r  r epo r t ed  s tudies  regarding the  effects  of  
m e t h a d o n e  on behav io r  have ut i l ized some fo rm of  ac t iv i ty  
measure  as the  d e p e n d e n t  variable.  M e t h a d o n e  has been  
r epo r t ed  e i t he r  to  elevate  or  lower  act ivi ty  levels depend ing  
upon  the  drug dose, the  t ime  af te r  in jec t ion ,  and  the  species 
or s t ra in  of  an imal  tes ted.  In jec ted  i n to  rats,  m e t h a d o n e  has 
mos t  f r equen t ly  been  r e p o r t e d  to p r o d u c e  a ca ta lept ic  

response  [ 1, 1 I, 17] .  However ,  there  is one r epo r t  t h a t  low 
dose of  the  drug elevate act ivi ty  and  h igher  doses first lower  
then  elevate ac t iv i ty  [ 5 ] .  The r epo r t ed  biphasic  ac t ion  of 
m e t h a d o n e  on  act ivi ty of  rats  is cons i s t en t  wi th  results  
ob t a ined  fo l lowing in jec t ions  of  m o r p h i n e  [2 ,3 ] .  A l t h o u g h  
i t  is c o m m o n l y  accep ted  t ha t  in jec t ions  of  m e t h a d o n e  or 
m o r p h i n e  i n to  mice elevate act ivi ty  [3, 10, 11] ,  i t  has 
recen t ly  b e c o m e  evident  tha t  b o t h  of  these drugs can e i the r  
elevate or  lower  act ivi ty  levels depend ing  on the  par t icu lar  
s train o f  mouse  t es ted  [4, 13, 14] .  

Recen t ly  there  has  been  increas ing e f fo r t  to  a c c o u n t  for  
the  d i f ferences  b e t w e e n  species [ 11 ] or s t ra ins  [ 15] in the  
d i rec t ion  of  act ivi ty change  fo l lowing in jec t ions  of  na rco t ic  
analgesics. The purpose  of  the  e x p e r i m e n t s  r epo r t ed  here  
was to  examine  the  genera l i ty  of  s t ra in  d i f ference in 
reac t ion  to na rco t i c  analgesics by  de t e rmin ing  the  effects  of  
m e t h a d o n e  on  behav ior  u n d e r  the  con t ro l  of  re in forc ing  
s t imul i  in  s t rains  of  mice previously  r epo r t ed  to have 
oppos i te  changes  in act ivi ty  fo l lowing in jec t ions  of  na rco t ic  
analgesics. A l t h o u g h  narco t ic  analgesics elevate or lower  
act ivi ty of  C 5 7 B L / 6  (C57)  or DBA/2  (DBA) mice,  respec- 
tively, [ 4 , 1 3 ] ,  the  resul ts  of  the  cu r r en t  s tudy  d e m o n s t r a t e  
tha t  m e t h a d o n e  disrupts  behav io r  m a i n t a i n e d  by f ixed ra t io  
schedules  of  r e i n f o r c e m e n t  for  mice of  b o t h  strains.  

EXPERIMENT 1 

E x p e r i m e n t  1 was c o n d u c t e d  to de t e rmine  the  effects  of  

1This research was supported by Public Health Service Grant DA-01750 and by the South Carolina State Appropriation to the Medical 
University of South Carolina for Biomedical Research. 
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various doses of  m e t h a d o n e  on lever responding  by C57 and 
DBA mice when r e in fo rcemen t  was delivered for every f i f th  
response (FR5) .  

Method 

Animals. Ninety-day-old  C57 and DBA mice,  12 each, 
were used for this exper iment .  Mice were ob ta ined  f rom the 
Jackson Laborator ies  at 49 days of  age. Upon arrival they  
were housed  4 per  cage and main ta ined  in a t empera tu re  
regulated room (23 ° + 2°C) on a 12 hr  l ight :dark  cycle. 
Food  and water  were available ad lib unti l  the deprivat ion 
phase of  the expe r imen t  at which t ime the animals were 
individually housed  and fed on a schedule  to reduce body  
weight at 80% + 5% of  ad lib weights. 

Apparatus. Animals were tes ted in six operan t  chambers  
enclosed in sound a t t enua ted  boxes.  The chambers  (16 x 
16 × 11.4 cm) were cons t ruc t ed  by Plexiglas wi th  stainless 
steel grid floors. A food tray with a 1.9 x 2.5 cm 
opening was central ly located  on one 16 cm wall at f loor 
level. A Lehigh Valley Electronic  Model No. 1 2 1 - 0 3  
roden t  lever loca ted  4.0 cm to one side of  the food  tray and 
3.0 cm above the f loor served as the response indicator .  
Eight grams dead weight  on the lever closed the micro- 
switch. Subsequent  release of  the switch def ined a response 
and served as inpu t  to solid state p rogramming  equ ipmen t .  
Responses were cumula ted  and pr in ted  out  at 1 rain 
intervals. Food  pellets (Noyes,  20 mg) were delivered to the 

food tray f rom a dispenser  located  adjacent  to the operan t  
chamber .  

Procedure. After  seven days on res t r ic ted feeding 
(0.05 g - 0 . 0 8  g food /g  ad lib body  weight)  which reduced 
body weight  to 80% + 5% of  ad lib feeding levels, each 
animal was placed in an operan t  ch amb e r  for 15 rain on 
two successive days. During this t ime,  5 food pellets were 
initially present  in the food tray but  the r e in fo rcemen t  
mechanism was d isconnected .  On the fol lowing two days, 
the mice were al lowed 15 min per  day in the operant  
chamber  during which t ime each response p roduced  a food 
pellet. Animals that  failed to acquire the response (~15%)  
in the two  15 min sessions were al lowed addit ional  t ime in 
the chamber .  Af te r  response acquisi t ion (> 10 responses  in a 
15 min per iod) ,  the mice were run 30 min per day for three 
days with r e in fo rcemen t  available for each response.  At this 
t ime the FR5 schedule  of  r e in fo rcemen t  was init iated.  For  
the remaining t ime of  the expe r imen t  animals were run 
30 min sessions per  day, five sessions per  week. Beginning 
on the s ixth  session of  FR5,  animals were in jec ted  SC with 
physiological  saline (0.008 ml/g body  weight)  5 min prior to 
each daily session. This p rocedure  was con t inued  through-  
out  the e x p e r i m e n t  excep t  on the third day of  each 5 
session block which was used for drug assessment.  

Drug tests began af ter  7 days of  saline inject ion and 
occurred at weekly intervals over a four  week period.  On 
drug test  days mice were injected with e i ther  saline or one 
of  three doses of  m e t h a d o n e  hydroch lo r ide  (0.75 mg, 

TABLE 1 

LEVER RESPONSES BY C57BL/6 AND DBA/2 MICE MAINTAINED ON FR5 
SCHEDULE OF REINFORCEMENT FOLLOWING INJECTIONS OF SALINE OR 

METHADONE HYDROCHLORIDE* 

S train 

Response Output 
Drug 

Test Dose Pre-Drug Drug Post-Drug 
(mg/kg) Test Day Test Day~" Test Day 

± SEM X ± SEM X ± SEM 

C57B1/6 

DBA/2 

0.00 284 ± 15 298 ± 185 287 ± 21 

0.75 285 ± 13 265 ± 18 294 ± 15 

1.50 289 + 16 208 ± 20 289 ± 16 

2.50 289 ± 12 92 ± 22 267 ± 16 

0.00 227 ± 16 237 ± 12§ 205 ± 21 

0.75 221 ± 12 172 ± 12 212 -+ 12 

1.50 225 -+ 18 134 ± 18 211 ± 21 

2.50 226 ± 17 34 ± 12 216 ± 16 

*Male C57BL/6 and DBA/2 mice, 12 each were injected SC with saline 5 rain 
prior to 30 min lever-press sessions on Pre- and Post-Drug Test Days. On Drug Test 
Days they were injected with methadone at doses of 0 (saline), 0.75 mg, 1.5 mg or 
2.5 mg/kg. Results are expressed as mean X ± SEM number of responses generated 
during the 30 min sessions. 

tA 2{Strain) x 4(Drug Dose) analysis of variance established significant Strain 
and Drug effects. 

$0, 0.75>1.5>2.5 (Newman-Keuls test for multiple comparison, p<0.01) 
§0>0.75, 1.5>2.5 (Newman-Keuls test, p<0.01) 
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1.5 mg or 2.5 mg/kg body weight) 5 min prior to the 
session. Over the four drug test days, each animal received 
each dose of methadone and one saline injection. Since 
drug assessment occurred on the third day of each 5 day 
block, at least 7 days intervened between each drug 
injection. In addition, the order in which the various doses 
were given was balanced across drug assessment days 
according to the following scheme. Three mice from each 
strain were arbitrarily assigned to one of four groups. The 
order of methadone doses (mg/kg) was: for Group 1 - 0, 
0.75, 1.5, 2.5; for Group 2 - 0.75, 1.5, 2.5, 0; for Group 
3 - 1.5, 2.5, 0, 0.75; and for Group 4 - 2.5, 0, 0.75, 1.5. 

Statistical Analysis. Data were analyzed using 2 (Strain) 
× 4 (Drug Dose) analyses of variance with repeated 
measures on the drug factor. Statistical significance of 
group differences was assessed using the Newman-Keuls test 
for multiple comparisons [ 20]. 

Results 

Mean responses generated during the 30 min sessions on 
days prior to drug testing, on days of drug testing and on 
days following drug testing are summarized for both strains 
in Table 1. Inspection of these means indicates that within 
each strain the number of  responses per session during the 
days prior to and following drug testing was similar 
regardless of the particular dose injected on the intervening 
drug testing day. This result indicates that the effect of 
methadone observed on drug test days was absent 24 hr 
after injection. It is also evident that lever responding is 
reduced as a function of drug dose in both strains. For 
C57 mice, doses of 0.75 mg, 1.5 mg and 2.5 mg/kg reduced 
mean response output during 30 min sessions by 11%, 30% 
and 69% compared to mean responses following saline 
injections. Thse doses injected into DBA mice reduced 
responding by 27%, 43% and 86%. Finally, it is evident that 
C57 mice emit more responses over the 30 rain session than 
do DBA mice. The noted Drug and Strain effect was 
statistically supported by an analysis of variance (Strain, 
F(1,22) = 14.88, p~<0.1; Drug Dose, F(3,66) = 72.39, 
p<0.01 ). This analysis, however, did not support a Strain x 
Drug interaction, F(3,66) = p>0.1.  Since the Strain x Drug 
interaction mean square is influenced by the reduced level 
of responding by DBA mice without drug exposure as well 
as during drug exposure, the possibility of a strain 
difference in reaction to the drug is not adequately assessed 
by this analysis. 

To provide a more comprehensive examination of the 
influence of methadone on this behavior, within session 
response distributions under the various drug conditions are 
plotted in Fig. 1 as mean cumulative responses over 5 min 
intervals throughout the sessions. Inspection of these graphs 
indicates that DBA mice were more severely affected by the 
drug than were C57 mice. This is evident within 5 min of 
testing. During this 5 min period, mean response output 
following saline injections was similar for both strains: 68 -+ 
5 and 67 + 5 for C57 and DBA mice, respectively. The 
similar basal response rate for both strains when injected 
with vehicle allows assessing possible strain differences in 
reaction to the drug. Analysis of the variance of the data 
during this time interval again established significant Strain 
and Drug effects. In addition, a marginally significant Strain 
x Drug interaction, F(3,66) = 2.31, p<0.1,  was obtained. 
Compared to mean response output over the 5 rain period 
following injections of saline, injections of 0.75 mg, 1.5 mg 
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FIG. 1. Mean cumulative lever responses generated over a 30 min 
testing period following SC injections of saline (e), or methadone at 
0.75 mg (~), 1.5 mg (A) or 2.5 mg (o)/kg into C57BL/6J (upper 
graph) or DBA/2J (lower graph) mice. Animals were injected 5 min 
prior to testing and the lever response was maintained by food 

reinforcement for every five responses. 

and 2.5 mg/kg methadone reduced responding 1%, 24% and 
59% for C57 mice and 18%, 34% and 91% for DBA mice. 
Newman-Keuls tests for significance of mean differences 
under the various drug conditions within each strain 
established that only the high dose significantly reduced 
responding by C57 mice. All drug doses, however, signifi- 
cantly lowered responding by DBA mice. 

E X P E R I M E N T  2 

The results of the first experiment demonstrated that 
injections of methadone disrupted lever responding by mice 
maintained on the FR5 schedule of reinforcement. There is 
evidence originally published by Dews [6] and recently 
reviewed by Sanger and Blackman [ 16] that the effect of 
drugs on response rate is often influenced by the response 
rate under drug free conditions. The purpose of the second 
experiment was to determine if the disruptive effect of 
methadone observed in the first experiment would be 
altered if drug free response levels were higher than those 
obtained under the FR5 schedule of reinforcement. 
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Method 

Animals and apparatus. The appara tus  was t h a t  used and  
descr ibed for  E x p e r i m e n t  I. C57 and  DBA mice,  5 each,  
were housed  as descr ibed  for  E x p e r i m e n t  1. 

Procedure. F o o d  depr iva t ion  and  response  acquis i t ion  
were as descr ibed for  E x p e r i m e n t  1, however ,  in the  p resen t  
e x p e r i m e n t  animals  received daily 30 min  sessions 7 days 
per  week  r a t h e r  t han  5 days per  week  as in E x p e r i m e n t  1. 
Af te r  5 days of  r e spond ing  u n d e r  the  FR 5  schedule ,  the  
ra t io  was increased to  20 responses  per  r e i n f o r c e m e n t  
(FR20) .  The mice were in jec ted  wi th  saline 5 min  pr ior  to  
each daily session beg inn ing  on the  s ix th  day of  F R 2 0  
schedule  and  the  p rocedure  was c o n t i n u e d  un t i l  daily 
response  o u t p u t  had  stabil ized.  In this  expe r i men t ,  we 
assessed the  ef fec ts  of  on ly  the  i n t e r m e d i a t e  dose of  
m e t h a d o n e  (1.5 mg/kg)  and  used a wi th in  subjec ts  design 
wi th  each  animal  serving as its own cont ro l .  Each  an imal  
received two  SC in jec t ions  of  the  drug separa ted  by  th ree  
days on which  saline was in jec ted  pr io r  to  the  session. Drug 
effects  were assessed by c o m p a r i n g  m e a n  response  o u t p u t  
fo l lowing drug in jec t ions  wi th  m e a n  response  o u t p u t  dur ing  
the  th ree  days pr io r  to  drag  in ject ions .  

Results 

Mean responses  genera ted  dur ing  30  min  sessions a f te r  
saline or  m e t h a d o n e  in jec t ions  are s u m m a r i z e d  in Fig. 2. 
Baseline means  (B1 and  B2) ref lect  responses  averaged over  
the  three  daily sessions pr ior  to  drug test ing.  Response  
o u t p u t  r ema ined  c o n s t a n t  wi th in  each  s t ra in  across the  
e x p e r i m e n t  as ev idenced  by similar  m e a n  responses  dur ing  
days of  saline in jec t ions  (B1 and  B2). Mean response  o u t p u t  
on days of  m e t h a d o n e  in jec t ions  (DI and  D 2 ) i s  r educed  
c o m p a r e d  to baseline response  means  for  b o t h  s t ra ins  on  
b o t h  of  the  drug tes t  days. Compar i sons  of  means  dur ing  
test  days wi th  p receed ing  baseline days via t tests  for 
cor re la ted  means  es tab l i shed  tha t  these  r educ t ions  were 
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FIG. 2. Lever responses made by C57BL/6 and DBA/2J mice over a 
30 min testing period following SC injections of saline (B, and B 2 ) 
or 1.5 mg/kg methadone (D 1 and D~) when lever responding was 
maintained by food reinforcement for every 20 responses. The bars 
represent means (5 per group) and the vertical lines, standard error 

of the mean. Animals were injected 5 min prior to testing. 

s ta t is t ical ly  s ignif icant ,  C57: B1 vs D1, t (4 )  = 12.50,  
p~<0.01; B2 vs D2, t (4 )  = 7.78, p~<0 .01 ;DBA:  B1 vs D1, 
t (4 )  = 6 .248,  p~<0.01 ; B2 vs D2, t ( 4 ) - -  5 .451,  p~<0.01. 

To de t e rmine  the  in f luence  of  s t ra in  and  response  ra te  
on the  disrupt ive  effects  of  m e t h a d o n e ,  da ta  f rom this  
e x p e r i m e n t  were c o m p a r e d  wi th  those  f rom animals  of  the  
first e x p e r i m e n t  in jec ted  wi th  saline or  m e t h a d o n e  
(1.5 mg/kg)  when  r e spond ing  was m a i n t a i n e d  by the  FR5  
schedule.  Data  co l lec ted  u n d e r  these cond i t i ons  are 
summar i zed  in Table  2. As no ted ,  increas ing  the response  to  
r e i n f o r c e m e n t  ra t io  f rom 5 to  20 doub led  and  near ly  
quadrup led  response  o u t p u t  by DBA and  C57 mice 
respectively.  In spite of  the  h igher  response  rate u n d e r  the  
F R 2 0  sechedule ,  the  disrupt ive  ef fec t  of m e t h a d o n e  was 
a p p r o x i m a t e l y  the  same as w h e n  response  rates were lower  
(i.e., u n d e r  the FR5  schedule) .  To provide  a s tat is t ical  

TABLE 2 

LEVER RESPONSES BY DBA/2 and C57BL/6 MICE MAINTAINED ON FR5 OR FR20 
SCHEDULES OF REINFORCEMENT FOLLOWING INJECTIONS OF SALINE OR 

METHADONE HYDROCHLORIDE* 

Reinforcement Methadone Percent 
Strain Schedule Saline (1.5 mg/kg) Reduction 

-+ SEM X +- SEM 

C57BL/6 FR5 298 -+ 18 208 +- 20 30 

FR20 I l l l  -+ 79 796 -+ 90 28 

DBA/2 FR5 237 -+ 12 134 -+ 18 43 

FR20 559 -+ 106 289 +- 96 48 

*This table summarizes data generated by animals in Experiment 2 maintained on an FR20 
schedule of reinforcement and by animals in Experiment 1 maintained on an FR5 schedule of 
reinforcement during 30 min sessions following injections of either saline or methadone 
(1.5 mg/kg). The data indicate that lever responding is disrupted to about the same degree 
regardless of the base response rates generated under the saline condition and that DBA/2 mice 
are more severely disrupted by methadone than are C57BL/6 mice. (See text for statistical 
support.) 
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assessment of the influence of schedule or strain on the 
disruptive effects of methadone, response output following 
injections of methadone was divided by response output 
following injections of saline for each animal and the ratios 
were analyzed in a 2 (Strain) x 2 (Schedule) analysis of 
variance. The results of the analysis established only a 
significant Strain effect, F(1,30) = 4.375, p<0.05, with 
methadone being more disruptive on responding by DBA 
mice. The Schedule effect and the Schedule x Strain 
interaction were not significant. 

DISCUSSION 

The results of this study demonstrate: (1) tha t  metha- 
done hydrochloride injected into DBA or C57 mice disrupts 
behavior maintained by fixed ratio schedules of reinforce- 
ment;  (2 ) tha t  the disruptive effect of the drug appears to 
be unrelated to basal response rates; and (3) tha t  behavior 
of DBA mice is more disrupted by the drug than that of 
C57 mice. 

The disruptive effect of methadone on behavior under 
the control of reinforcing stimuli delivered on fixed ratio 
schedules observed in this study is consistent with previous 
reports on the effect of this drug on behavior of pigeons 
maintained on fixed ratio schedules [7,12]. Although there 
are no reports on the effects of methadone on behavior of 
rodents maintained on fixed ratio schedules, disruptive 
effectives have been reported when behavior was main- 
tained by a variable interval schedule [8]. Low doses of 
morphine (1 mg/kg), another narcotic analgesic, injected 
into rats, however, has been reported to elevate responding 
maintained by fixed ratio schedules [19].  In the same 
study, higher doses (3 mg and 6 mg/kg) were found to 
lower responding. The morphine induced elevated re- 
sponding under fixed ratio schedules, however, is not 
consistent with results obtained using pigeons and the 
results were obtained on only three animals. In the current 
study we did not observe elevated responding with any of 
the three doses of methadone tested. Both of the higher 
doses (1.5 mg and 2.5 mg/kg) produced significant disrup- 
tion of response output over the 30 min sessions for both 
strains of mice. In addition, the low dose (0.75 mg/kg) 
disrupted response output of DBA mice. 

As expected, increasing the ratio requirement from FR5 
to FR20 elevated responding. However, the elevation was 
not as extensive for DBA (approximately two-fold) as for 
C57 (approximately four-fold) mice. In spite of the higher 
basal response rates under the FR20 schedule, methadone 
disrupted responding to about the same degree as when 
behavior was maintained by the FR5 schedule (64% and 
65% of control levels for FR5 and FR20, respectively). 
Thus, within the response rate limits of the current study, 
there is no evidence to suggest that the disruptive effect of 
methadone is rate dependent. This finding is in accord with 
the recent review by Sanger and Blackman [ 16] who found 
very little empirical support for the rate dependency 
hypothesis regarding the behavioral effects of narcotic 
analgesics. Although DBA mice in the current study 
maintained on the FR20 schedule showed a slightly greater 
reduction following injections of methadone than those 
maintained on the FR5 schedule, this could be due to 
reduced reinforcement on the higher schedule since these 
animals received approximately half the number of rein- 
forcements. 

The strain differences in reaction to methadone observed 

in this study were not striking when compared to those 
reported when locomotor activity is the dependent variable. 
We previously reported that injections of methadone 
elevated and lowered locomotor activity of C57 and DBA 
mice, respectively [ 13]. This finding has also been observed 
following injections of morphine [4]. In the current study, 
however, methadone disrupted behavior under control of 
reinforcing stimuli in both strains of mice. Hence, the 
opposite effects of methadone on locomotor activity of the 
two strains does not generalize to the lever response 
maintained by fixed ratio schedules of reinforcement. It 
occurred to us that that drug effects on lever responding 
could be secondary to drug induced changes in activity 
since either heightened locomotor activity observed in C57 
mice or reduced locomotor activity observed in DBA mice 
following injections of higher doses of methadone are both 
incompatible with the lever response. Two factors, how- 
ever, negate this interpretation. First, we have not been able 
to observe activity changes in either strain of mouse 
until a dosage of 7.0 mg/kg at which C57 mice have 
elevated activity and DBA mice have lowered activity. 
Second, if the lever response decrement following injections 
of methadone were secondary to drug induced changes in 
locomotor activity, response output under drug should be 
approximately the same under both schedules of reinforce- 
ment. This, however, was not the case. Response output by 
drugged animals maintained on the FR20 schedule was 
higher than that of animals maintained on the FR5 
schedule both under drug and drug-free conditions. Thus, it 
appears that the effect of methadone on behavior main- 
tained by reinforcing stimuli is dissociated from its effects 
on locomotor activity. 

The strain difference observed was the degree and 
perhaps the time course of disruption. Methadone reduced 
responding to a greater extent in DBA than C57 mice and 
the reduction occurred earlier in the session. By l0 min 
after injection (5 min of responding), DBA mice injected 
with all three doses had lowered response output whereas 
only the highest dose reduced responding by C57 mice. By 
the end of the 30 min session, however, the two higher 
doses reduced response output in C57 mice. Certainly the 
most convincing evidence for a strain difference in reaction 
to methadone is the results obtained during the first 5 min 
of responding under the FR5 schedule. During this time, 
response rates were similar for animals of both strains 
following saline injections, however, DBA mice injected 
with methadone responded at much lower rates than C57 
mice at each of the three doses. The strain difference in 
reaction to methadone was also apparent when strain 
differences in basal response rates were artificially balanced 
by calculating ratios of responses under drug conditions to 
responses made following saline injections. An analysis of 
the variance of these ratios indicated a highly significant 
strain effect in reaction to methadone at 1.5 mg/kg. 

The more pronounced effect of methadone on DBA 
than on C57 mice in the current study is compatible with 
previous reports that other narcotic analgesics (e.g., 
morphine and heroine) have a greater analgesic effect on 
DBA than C57 mice [4].  It has also been reported that the 
analgesic effect but not the locomotor effect of morphine is 
dependent upon an intact limbic system since septal lesions 
attenuate the analgesic response but do not alter morphine 
induced running [14]. Other evidence has established that 
septal lesions increase responding on fixed ratio schedules 
of reinforcement [9]. Hence, it is possible that similar 
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neural  mechanisms  might  media te  the response dec remen t  
observed in the current  expe r imen t s  and the analgesic 
effects  of  narcot ic  analgesics; and that  b o t h  effects  are 

media ted  by neural  mechanisms d i f ferent  f rom those 
media t ing  the ef fec t  on l o c o m o t o r  activity. 
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