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M(?MII.LAN, D. E. AND J. 1). LEANDER. Interactions between naloxone and narcotic analgesics under three schedules 
that induce polydipsia. PI1ARMA( 7. BIO(711[-M. BI'IIAV. 5(2) 195- 200, 1976. A pattern of schedule-induced 
polydipsia was maintained in rats by a fixed-time schedule where food pellets were presentcd every 90 scc, a 
fixed-interval schedule where licking the drinking tube produced pellets every 90 sec. or a fixed-interval schedule where 
lever presses produced pellets every 90 sec. Under all 3 schedules, injections of morphine, methadone, etonitazene and 
meperidinc generally decreased licking rates and amounts of water consumed, as well as rates of lever-pressing under the 
schedules where lever presses were required. Naloxone (I mg/kg) almost completely blocked the effects of morphine and 
etonitazenc, but the effects of methadone sometimes were blocked to a lesser degree. Small increases in the rate of 
licking and amount of water consumed after the lowest dose of meperidine under the schedule requiring lever-presses 
were blocked by naloxone, but the higher doses of mcperidine that decreased licking, lever-pressing and amount of 
water consunled under the three schedules were not blocked by naloxone. These data suggest that there are important 
differences in the ability of naloxone to antagonize the behavioral effects of different narcotic analgesics. 

Naloxone Polydipsia Narcotic analgesics 

FALK [21 first repor ted  that  rats would consume excessive 
amounts  of  water  when small food pellets were presented 
on an in te rmi t t en t  schedule (Schedule- induced polydipsia) .  
A number  of publ icat ions [3, 1 I, 16, 201, including some 
from this laboratory  18, 9, 10, 13, 141, have adapted  
versions of Falk 's  technique  to induce animals to ingest 
drug solutions.  Despite the f requent  adapta t ion  of  sched- 
ule-induced polydipsia to the s tudy of  drug ingestion, only 
a few investigators have repor ted  the acute effects  of  drug 
injections on the excessive water  consumpt ion  produced  by 
schedule- induced polydipsia [9,121. The major  purpose of  
the present  expe r imen t s  was to s tudy the acule effects  of  
several narcot ic  analgesics on pa t te rns  of  water  consump-  
lion under  3 variations of  Falk's  technique  that we have 
used to induce ingestion of  some of  these same narcot ic  
analgesics [8. ~), I0. 13].  Bccausc of somc interest ing 
differences arnong narcot ic  analgesics in the dcgree to 
which thcir  behavioral effects  in pigeons arc blocked by 
narcotic antagonis ts  [7,151,  the interact ion be tween  
naloxone anti these narcotic analgesics also was studied.  

M I-.'TI tot) 

A nimaL~ 

Sprague-Dawley rats approx imate ly  120 days old at the 

'Supported in part by USPHS (;rant DA 00570 03 

195 

start of the exper iments  were used. Body weights were 
maintained at approx imate ly  300 g by food pellets deliv- 
ered during test sessions and by postsession supplementa l  
feeding. Tap water was freely available in each rat 's  home 
cage, except  for 24 hr before the first training session. 

Apparatus 

The test cages were I.ehigh Valley Electronics  or 
Gerbrands  rat test chambers  housed in sound a t tenuat ing  
chambers.  Noyes rat pellets (94 rag) could he dispensed 
into a receptacle centered in the st imulus panel of  the test 
chamber.  A Gerbrands  rat lever was moun ted  on the right 
side of  the st imulus panel and on the left side a 1 cm hole 
allowed access to the drinking tube of  an external ly 
mounted  water  bot t le .  The drinking tube was recessed I cm 
behind the drinking panel and licks on the tube were 
recorded with a Grason-Stadler  dr inkomcter .  Licks, lever 
presses and food pellet deliveries were recorded on cumula- 
tive recorders  and digital counters .  The water  bot t le  was 
weighed before and after each session to de te rmine  the 
amount  of  water ingested (assuming 1 ml weighed I g, with 
a I ml correct ion for spillage). Programming and recording 
equipment  were housed in a separate room from tile test 
cages. 
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Drugs 

The drugs s tudied were m o r p h i n e  sulfate,  e lon i t azene  
h y d r o c h l o r i d e ,  m e t h a d o n e  hydroch lo r ide ,  meper id ine  
hydroch lo r ide  and na loxone  hydroch lo r ide .  All doses are 
expressed as these salts. All drugs were dissolved in disti l led 
water  and injected in t raper i tonea l ly  immedia te ly  before  the  
session in a vo lume of 1 ml /kg  of body  weight.  Distil led 
water  was also given as a vehicle cont ro l .  

In jec t ions  usually were given on Tuesdays  and Fridays,  
while Thursdays  served as non i n j ec t i on  con t ro l  days. 
Dose-effect curves were de t e rmined  for m o r p h i n e ,  me tha -  
done,  e ton i t azene  and meper id ine  admin i s t e red  con-  
cur ren t ly  wi th  dis t i l led-water  in ject ions  and wi th  I mg/kg 
na loxone  inject ions.  For  some rats the  dose-effect  curve for 
each narco t ic  was de t e rmined  wi th  disti l led wate r  first, then  
the dose-effect  curve was r ede te rmined  wi th  na loxone .  For  
o the r  rats the dose-effect  curve for  the  narcot ic  was 
de t e rmined  wi th  na loxone  before  it was r ede t e rmined  wi th  
distilled water.  Some rats received the  narcot ics  in an 
ascending dosage series beginning  wi th  distil led wate r  (or  
na loxone)  and some in a decend ing  dosage series ending  
with distilled water  (or  na loxone) .  The  narcot ics  were 
s tudied in a mixed order ,  a l though  expe r i m en t s  wi th  a 
narcot ic  in the  presence of  b o t h  disti l led water  and 
na loxone  were comple ted  before  e x p e r i m e n t s  wi th  ano the r  
narcot ic  were s tar ted .  

Procedure 

Three  groups of  rats were used. For  the first group,  
pellets were presented  90 sec apar t ,  regardless of  the ra t ' s  
behavior .  This schedule  of  pellet  p re sen ta t ion  will be 
referred to as the  f ixed- t ime (FT)  schedule.  A session 
t e rmina ted  af ter  60 pellets  had been delivered (90 rain). 
For  the  second group of rats, pellets  were delivered on a 
lick d e p e n d e n t  basis, so that  the  first contact with the  
dr inking  tube  af ter  90 sec had elapsed p roduced  the pellet. 
This schedule  will be referred to as the  f ixed- interval  l icking 
(FI-LK) schedule.  A session t e rmina t ed  wi th  the first pellet  
delivery af ter  90 rain had elapsed. For  the  final group of 
rats, lever presses were required to p roduce  food pellets,  
such that  the first lever-press af ter  90 sec had elapsed,  
p roduced  the pellet.  This schedule  will be referred to as the 
f ixed-interval  lever-pressing (FI -LV)  schedule.  A session 
t e rmina ted  with the first pellet  delivery af ter  90 ,nin had 
elapsed. 

Rats were tes ted  Monday  th rough  Friday.  The final 
r e in fo rcemen t  schedule  was in effect  at the  beg inning  of the  
initial session. No a t t e m p t  was made  to train the rats by 
successive a p p r o x i m a t i o n s  dur ing  initial sessions, since lever 
pressing a n d / o r  d r ink ing  were readily in i t ia ted by all rats. 
After  app rox ima te ly  25 sessions, pe r fo rmance  was con- 
sidered stable and drug tes t ing  began. 

RESUL I'S 

Baseline Performance 

Figure 1 shows typical  cumula t ive  records for basel ine 
pe r fo rmance  of  rats unde r  each of  the  3 schedules.  Unde r  
the FT schedule ,  shor t ly  af ter  pellet delivery a susta ined 
high-rate l icking episode occurred ,  which  t e rmina ted  prior  
to the  delivery of the next  pellet. Almost  every pellet 
delivery is fol lowed by a similar l icking episode.  

Under  the FI-LK schedule  a similar l icking episode 
occurred af ter  pellet  delivery (Fig. 1). There  is a pause af ter  
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FIG. 1. Representative cumulative records of licking (all frames) and 
lever-pressing (bottom frame only) under all 3 schedules, l'ach lick 
on the drinking tube drives the pen upward. Reset of the pen occurs 
at delivery of the food pellet. Pen dellections (bottom frame) 
indicate lever-presses under the FI-I,V 90-see schedule. The records 

show 30 rain segments from 90 rain sessions. 

the post-pel let  l icking episode,  which is fol lowed by a 
gradually increasing rate of l icking which p roduces  the next  
pellet. Under  the  FI-LV schedule ,  the pa t t e rn  is similar,  in 
that  the sus ta ined high-rate  l icking episode occurs  af ter  
pellet delivery,  and is fol lowed by a shor t  pause:  however .  
the gradually increasing rate of  r e spond ing  tha t  p roduces  
the food pellet occurs  on the lever under  the  FI-I,V 
schedule,  r a ther  than  on the dr ink ing  tube  as occurred  
under  the FI-LK schedule.  

Drug l-fJk'cts 

Figure 2 shows rates of l icking and volumes  of water  
ingested under  the  FT schedule  af ter  drugs. All 4 drugs 
produced  dose -dependen t  decreases in b o t h  the  rate of  
licking and the  volume of wate r  consumed ,  wi th  decreases 
m b o t h  measures occurr ing  at abou t  the same dose level. 
The order  of po t ency  wi th  b o t h  measures  was e ton i t azene  
> m e t h a d o n e  > m o r p h i n e >  meper id ine .  

The effects  of  m o r p h i n e  and e ton i t azene  on bo th  licking 
rate and vo lume consumed  were ahnos t  comple te ly  b locked 
by the  1 mg/kg dose of na loxone .  This dose of na loxone  
also b locked  m e t h a d o n e - i n d u c e d  decreases in l icking rate 
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|:IG. 2. The effects of narcotic analgesics on licking rate and volume of water consumed under the FT 
90-see schedule. Ordinate: licks on the drinking tube per sec (upper frame) and water intake in mls 
(lower frame). The brackets at C show ± 2 standard errors of the mean for noninjection sessions 
(Thursdays), based on at least 5 observations in each of 4 rats. The closed circles at 0 show the effects 
of distilled water injections and the open circles at 0 show the effects of 1 mg/kg naloxone. The closed 
circles connected by solid lines show the effects of the narcotics analgesic given concurrently with 
distilled water. The open circles connected by broken lines show the effects of the narcotic analgesic 
immediately after 1 mg/kg of naloxone. Each point is the mean of single observations in each of 4 rats. 

fairly well, but  it did not  seem to b lock  the  m e t h a d o n e -  
induced decrease in the  vo lume of  water  consumed .  The  
effects  of  meper id ine  on licking rate and vo lume c o n s u m e d  
were not  b locked  by this  dose of  na loxone .  In fact,  
na loxone  may have intensif ied the  effects  of  the  highest  
dose of  meper id ine .  

Figure 3 shows the  effects  of narcot ics  on the  rates  of  
licking and the  wate r  in take  unde r  the  F1-LK schedule.  As 
under  the FT schedule ,  the narcot ics  on ly  decreased rates 
of l icking and vo lume of  wate r  intake.  A l t h o u g h  e ton i t a -  
zene again was by far the  mos t  p o t e n t  drug, m e t h a d o n e  was 
only slightly more  p o t e n t  than  m o r p h i n e  and meper id ine .  

The 1 mg/kg  dose of  na loxone  a lmost  comple t e ly  
b locked the  effects  of m o r p h i n e ,  e ton i t azene  and metha -  
done on bo th  the  l icking rate and the  volume measure ;  
however  the  meper id ine - induced  decreases in l icking and in 
the vo lume of  water  c o n s u m e d ,  again were not  b locked  by 
na loxone .  In fact,  the effects  of  the  highest  dose of  
meper id ine  again may  have been intensi f ied by na loxone .  

Figure 4 shows the  effects  of  the  four  narcot ics  on rates 
of lever-pressing, rates of  l icking and wate r  in take  unde r  the  
FI-LV schedule.  Morph ine ,  m e t h a d o n e  and e ton i t a zene  
p roduced  only  decreases in rates of  lever-pressing and 
licking and in water  consumed .  A l though  meper id ine  also 
only decreased rates of  lever-pressing, the lowest dose 
p roduced  small increases in the  rate of l icking and in the  
volume of  water  consumed .  Higher doses of  meper id ine  
decreased rates of  lever-pressing and licking, as well as the  
volume of water  consumed ,  in a dose -dependen t  manner .  
Again e ton i t a zene  was mos t  po t en t ,  fo l lowed by me tha -  

done.  It was diff icul t  to separate  the  po tenc ies  of  m o r p h i n e  
and meper id ine .  

The  1 mg/kg  dose  of  na loxone  a lmost  comple te ly  b locked  
the effects  of  morph ine ,  e t on i t a zene  and m e t h a d o n e  on  
lever-pressing, l icking and dr inking.  A l though  the  effects  of  
m e t h a d o n e  on lever-pressing appear  to have been b locked  
almost  comple t e ly  by na loxone ,  the  effects  of  the  highest  
dose of  m e t h a d o n e  on licking and on  the  volume of  wa te r  
consumed  were only  part ial ly b locked  by na loxone .  
F u r t h e r m o r e ,  low doses of  m e t h a d o n e  (1 and some t imes  3 
mg/kg) ,  which  p roduced  li t t le or no effect  on lever-pressing, 
l icking and vo lume  of  water  consumed ,  p roduced  decreases  
when  c o m b i n e d  with na loxone .  

The  small  increases in the  rate of  l icking and the vo lume 
of water  consumed  af te r  3 mg/kg  of meper id ine  were 
b locked by 1 mg/kg  of  na loxone ,  a l though  this may be 
related to the ra te-decreasing effects  of na loxone  alone. As 
in previous  expe r imen t s ,  the  decreases in lever-pressing rate,  
l icking rate and vo lume of  water  c o n s u m e d  were not  
b locked by na loxone .  Again, na loxone  seemed to in tensi fy  
the effects  of  the  highest  dose of meper id ine  on  licking rate 
and the  vo lume of  fluid consumed .  

D I S C U S S I O N  

In these  expe r imen t s  the  narco t ic  analgesics general ly 
decreased rates of  licking, rates of  lever-pressing and 
a m o u n t s  of  water  consumed  u n d e r  3 schedules  t ha t  
generate  schedule - induced  polydipsia .  The only excep t ion  
was tha t  a small dose of  meper id ine  (3 mg/kg)  increased 
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I.IG. 3. The effects of narcotic analgesics on licking rate and v o l u m e  o f  w a t e r  ~.otlsumcd under the 
FI-LK 90-sec schedule of l'uod presentalion. Symbols are as in I'ig. 2. 

rates of  l icking and the  a m o u n t  of wate r  consumed  unde r  
the schedule  where  lever-pressing was required to p roduce  
the food pellet. We have previously repor ted  [91 dose- 
d e p e n d e n t  decreases in l icking and wa te r  c o n s u m p t i o n  
fol lowing in ject ions  of m o r p h i n e  and m e t h a d o n e  u n d e r  this 
schedule.  The  reasons for the small  increases in the rate of  
licking and the volume consumed  af ter  the  lowest  dose of  
meper id ine  u n d e r  the schedule  tha t  required lever-pressing 
arc not  apparen t .  

Increases in rates of r esponding  under  FI schedules  occur  
in pigeons [7,151 for many  of  these narcot ic  analgesics. 
Our failurc to  find similar  increases in FI responding  u n d e r  
bo th  the FI-LK and the FI-I.V schedules  is p robab ly  not a 
species d i f ference ,  since increases in FI rates af ter  narcot ic  
analgesics have been repor ted  for rats [ 2 1 , 2 2 ] .  Perhaps  it is 
a func t ion  of the size of the fixed interval,  or perhaps  it 
related to the polydipsia .  

It is well known  tha t  na loxone  can block a n u m b e r  of 
the effects  of  morphine- l ike  narcot ic  analgesics 161, in- 
c luding those  of meper id ine  [1, 4, 171 and m e t h a d o n e  [1, 
4, 19] .  Thus,  it was surpris ing to find tha t  the rate- 
decreasing effects  of m e t h a d o n e  on  dr ink ing  were not  
b locked to the same ex ten t  as those  of m o r p h i n e  and 
e ton i t azene  and tha t  the ra te-decreasing effects  of mcperi-  
dine on behav ior  were not  b locked  at all. It is possible tha t  
higher doses of na loxone  might  have b locked  the effects  of  
m e t h a d o n e  more  comple te ly  and perhaps  b locked  the  
effects of meper id ine ,  yet the  dose of  na loxone  tha t  was 
used did b lock  the doses of m o r p h i n e  and e ton i t azene  that  
comple te ly  e l iminated  dr inking  and lever-pressing. Our  data  
suggest tha t  there  may be subt le  d i f ferences  in the  
behavioral  effects  of these narco t ic  analgesics tha t  have not 
been emphas ized  previously.  

We have repor ted  recent ly  tha t  meper id ine  increases 
rates of  FI responding  by pigeons at low dose,.; and 
decreases rates of  r csponding  at higher  doses [71. The rate 
increases were b locked  by na loxone ,  but  there was no 
t endency  for na loxone  to b lock  the rate decreases. These 
in te rac t ions  be tween  na loxone  and meper id ine  in pigeons 
are cons i s ten t  wi th  these observa t ions  in rats. In the one 
ins tance where  increases were observed ( l icking and the 
anaount  of  water  consumed  under  tile FI-I.V schedule) ,  
na loxone  b locked the  effect ,  a l though  the block was not 
impressive since the rate increases were snlall and nah)xone  
somet imes  p roduced  small decreases in behav ior  when  it 
was given alone.  I towever.  when  meper id ine  decreased 
responding,  regardless of the schedule  or the measure of  
behavior  used, na loxone  failed to block the  effects.  
Recent ly ,  it has been repor ted  tha t  na loxone  only partially' 
blocks the  convulsan t  effect of meper id ine  in mice [51. 
Thus,  the failure of  na loxone  to block cer ta in  effects  of 
meper id ine  occurs  in at least 3 species and with a var iety of  
behavioral  measures.  

Our data suggest tha t  na loxone  may actual ly  have 
intensif ied the effects  of  the highest dose (30 mg/kg)  of 
meper id ine ,  in l:ig. 2, 3, anti 4, in all 7 ins tances  the 
c o m b i n a t i o n  of  na loxone  wi th  30 mg/kg mepe r idme  
produced a greater  decrease in responding  (licking. lever 
pressing or volume consumed) ,  than  was observed when  30 
mg/kg of meper id ine  was given with distil led water.  In no 
ins tance did the c o m b i n a t i o n  of the  highest dose of any of 
the o the r  drugs with na loxone  p roduce  a grealer  decrease in 
responding  than  was observed when  the drugs were given 
with distil led waler.  

Many effects  of narco t ic  analgesics are b locked by 
narcot ic  an tagonis t s ,  but  ou r  data  suggest tha t  some 
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consumed under  the FI-LV 90 sec schedule of  food presentation. Symbols  are as in Fig. 2, except that 
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naloxone. 

b e h a v i o r a l  e f f e c t s  o f  s o m e  n a r c o t i c  ana l ge s i c s  m a y  n o t  be  
b l o c k e d  so  easi ly .  With. r e s p e c t  to  s c h e d u l e - c o n t r o l l e d  
behav io r ,  w h e t h e r  o r  n o t  a b l o c k  o c c u r s  m a y  d e p e n d  on  t he  
p a r t i c u l a r  n a r c o t i c  ana l ge s i c  u n d e r  s t u d y ,  as well  as u p o n  
t he  b e h a v i o r  m e a s u r e d  a n d  t h e  spec i e s  e m p l o y e d .  
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