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STEINFELS, G. F. AND G. A. YOUNG. Effects of narcotic abstinence on schedule-controlled behavior in dependent 
rats. PHARMAC. BIOCHEM. BEHAV. 14(3) 393-395, 1981.--Female Sprague-Dawley rats were trained to lever press 
for food on a variable interval one minute schedule of reinforcement. Four of these rats were then made tolerant to and 
physically dependent on morphine by a series of automatic IV injections. Four other rats were made tolerant to and 
physically dependent on LAAM. During the dependence state behavioral tolerance was exhibited to the suppressant effect 
of morphine on lever pressing, but not to the suppressant effect of LAAM. Abstinence was induced by discontinuation of 
injections. During both the morphine and LAAM abstinence states from the fourth through twelfth days mean lever presses 
per session were significantly higher than pre-drug control values. However, there were quantitative differences. Mean 
lever presses per session were significantly higher during morphine abstinence than during LAAM abstinence. This 
difference in degree of increased lever pressing observed during morphine and LAAM abstinence in this study extends our 
previous reports which demonstrated that in the rat morphine abstinence was associated with more severe behavioral 
disruptions than LAAM abstinence. 

Morphine LAAM Abstinence Lever pressing 

T H E  purpose  o f  the present  study was to compare  the ef- 
fects of  morphine  and 1-alpha-acetylmethadol (LAAM)  ab- 
s t inence on operant  lever  pressing for food pellets in de- 
pendent  rats. Previous  studies have shown that changes in 
schedule-contro l led  behavior  may  be used as an index of  
to lerance deve lopmen t  to the behaviora l  effects  of  narcot ics  
[1, 2, 3, 4, 5]. In some of these same studies there were  some 
indications of  behavioral  effects  during narcotic  abst inence 
[1, 2, 3, 4]. We have repor ted  on several  differences in be- 
havioral  correla tes  be tween  morphine  and L A A M  absti- 
nence  in the rat [17, 19, 20]. In general ,  L A A M  abst inence 
was found to be associa ted with fewer  indications of  behav-  
ioral disruption than morphine  abst inence.  It was therefore  
of  interest  to assess  possible differences in the effects  of  
morphine  and L A A M  abst inence on schedule-contro l led  be- 
havior.  

METHOD 

Eight  female  Sprague-Dawley rats weighing be tween  300 
and 325 g were  used. During the exper iment  the rats were  
maintained at 80% of  their  free-feeding weights.  In addit ion,  
each rat was prepared with an indwell ing in t ravenous  can- 
nula for drug administrat ion [15] and a miniature Continental  
connec to r  which was a t tached to the skull with stainless 
steel screws and dental  acrylate  [7]. Each  rat was housed in 

an individual cage equipped with an infusion swivel  and a 
motor-dr iven syringe for drug injections.  Rats were  con- 
nected to the swivel  system via the Continental  connec tors  
and flexible cables.  

Daily exper imenta l  sessions were  conducted  in a BRS- 
L V E  Test  Cage (Model  143-21) which was enclosed in a 
sound-at tenuated box with cont inuous  white-noise in the 
background.  Twenty  to 25 g of  force was required to operate  
the lever.  Programming was accompl ished  with solid-state 
equipment .  Data  were  col lected with Gerbrands  cumulat ive  
recorders  and mechanica l  counters .  

L e v e r  pressing was re inforced by del iver ies  of  45 mg 
Noyes  food pellets on a variable interval one min schedule of  
re inforcement .  Daily sessions were  45 min in duration.  After  
lever  pressing patterns for food re inforcement  had stabilized 
(four weeks) ,  rats were divided into two groups o f  four  each 
for es tabl ishment  of  tolerance to and phsyical  dependence  on 
morphine  or  L A A M .  Four  rats were  made tolerant  to and 
physical ly dependent  on morphine  sulphate (dissolved in 
0.9% saline) by a series of  hourly automatic  IV injections.  
During the first day the rats rece ived  1.25 mg/kg/hr of  mor- 
phine (0.05 ml ove r  3 sec). The  dose was increased to 2.5, 5.0 
and 10.0 mg/kg/hr on success ive  days. On the fifth day the 
rats rece ived  10 mg/kg of  morphine  every  three hr and were 
maintained on this injection schedule for the next  three 
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DAY OF ABSTINENCE 
FIG. 1. Mean responses per session for food reinforcement are shown during 12 days of 
narcotic abstinence. The shaded horizontal bar represents mean responses per ses- 
sion _+ SEM for five days prior to any drug administration (control). Mean responses per 
session during the last five days of dependence are shown in the left of the graph. *Signifi- 
cantly different from pre-drug control, p<0.01. 

weeks. This final injection schedule was chosen so that the 
total daily morphine intake of these rats approximated the 
morphine intake that has been reported for rats during self- 
maintained dependence [11]. The other four rats were made 
tolerant to and physically dependent on L A A M  hydrochlo- 
ride by a series of automatic IV injections. During the first 
three days the rats received 0.125 mg/kg/3 hr of LAAM [9]. 
The LAAM dose was doubled on the fourth day and thereaf- 
ter every two days until a level of 1 mg/kg/3 hr was achieved. 
The rats were maintained on this I mg/kg/3 hr LAAM injec- 
tion schedule for the next three weeks. This final injection 
schedule was chosen so that the total daily LAAM intake of 
these rats approximated the L A A M  intake that has been 
reported for rats during self-maintained dependence [11]. 
During maintenance on morphine or LAAM rats were tested 
as usual in daily food reinforcement sessions. S ince the  in- 
terinjection intervals were three hr in duration, each rat was 
tested on different days during different thirds of the three hr 
interinjection interval. Abstinence from morphine and 
LAAM was then induced by discontinuation of automatic IV 
injections. Rats were tested in daily food reinforcement ses- 
sions during the first 12 days of abstinence. 

Data were studied with analyses of variance. In some 
cases when significant F tests were found, means during ex- 
perimental conditions were compared to the pre-drug mean 
by using the approach of Dunnett [16]. 

RESULTS 

Mean lever presses per session _+ SEM during the last 
five sessions prior to drug administration for all eight rats are 
represented by the shaded horizontal bar in Fig. 1. There 
was no significant difference in pre-drug mean lever presses 
per session between the four rats maintained on morphine 
and the four rats maintained on L A A M .  During the last five 
sessions of morphine dependence on the 10 mg/kg/3 hr injec- 
tion schedule mean responses per session were not signifi- 

cantly different from pre-drug control values. In the case of 
LAAM dependence, mean responses per session during the 
last five days were significantly lower than pre-drug control 
values. Since during dependence there were no apparent 
differences in amount of lever pressing when rats were tested 
during different thirds of the three hr interinjection intervals, 
the data were pooled in this respect for both the morphine 
and LAAM maintained groups. During morphine abstinence 
mean responses per session were significantly decreased on 
the first day compared to pre-drug values, were not signifi- 
cantly different from pre-drug values on the second and third 
days, and, finally, were significantly increased from the 
fourth through twelfth days. The same general pattern of 
changes in mean responses per session occurred during 
LAAM abstinence. However, changes in mean responses 
per session were significantly higher in magnitude during 
morphine abstinence than during LAAM abstinence, 
F(1,1 I)=23.50, p<0.01. 

DISCUSSION 

We found that morphine and LAAM abstinence had 
qualitatively similar effects on operant lever pressing for 
food pellets. In both cases when mean responses per session 
during abstinence were compared with pre-drug values, re- 
sponses per session were significantly decreased on the first 
day. Furthermore, during the second and third days of absti- 
nence mean lever presses per session were not significantly 
different from pre-drug values, while from the fourth through 
twelfth days of abstinence mean lever presses per session 
were for the most part significantly increased above pre-drug 
values. However, there were quantitative differences. 
Overall, mean responses per session were significantly 
higher during morphine abstinence than during LAAM ab- 
stinence. This difference in degree of increased lever press- 
ing during morphine and LAAM abstinence extends our 
previous findings which demonstrated that in the rat mor- 
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ph ine  a b s t i n e n c e  was a s soc ia ted  wi th  more  seve re  b e h a v -  
ioral d i s rup t ions  t han  L A A M  a b s t i n e n c e  [17, 19, 20]. 

One  may  specu la te ,  b a s e d  on  the  a b o v e  data ,  t ha t  the  
L A A M  a b s t i n e n c e  s y n d r o m e  was  re la t ive ly  mi lder  than  the  
m o r p h i n e  a b s t i n e n c e  s y n d r o m e  becaus e  the  level  of  depend-  
ence  dur ing  L A A M  d e p e n d e n c e  was lower  than  tha t  wi th  
morph ine .  H o w e v e r ,  in a p r ev ious  s tudy  w h e n  m o r p h i n e  and  
L A A M  d e p e n d e n t  ra ts  were  a d m i n i s t e r e d  hour ly  au toma t i c  
IV in jec t ions  of  na loxone  to p rec ip i ta te  ab s t i nence ,  the  de- 
gree  and  du ra t ion  of  R E M  sleep s upp r e s s i on  was  ana logous  
in the  two  g roups  [17]. This  suggests  tha t  the  level  of  de-  
p e n d e n c e  in the  m o r p h i n e  and  L A A M  d e p e n d e n t  ra ts  was  
also ana logous .  It is more  l ikely tha t  the  re la t ively  mi lder  
a b s t i n e n c e  s y n d r o m e  seen  wi th  L A A M  is re la ted  to the  long 
p lasma half-l ives of  the pharmacologica l ly  act ive N-demethyl -  
a ted  L A A M  metabo l i t e s ,  n o r - L A A M  and  d i n o r - L A A M  [6]. 

We  also found  tha t  t o l e rance  d e v e l o p e d  to the  suppres -  
sant  effect  of  m o r p h i n e  on  lever  p ress ing  dur ing  the  depend-  
ence  state .  O t h e r  inves t iga to rs  h a v e  r epo r t ed  a s imilar  find- 
ing [3,4]. In  con t r a s t ,  we o b s e r v e d  no behav io ra l  t o l e rance  to 
the  s u p p r e s s a n t  effect  of  L A A M  on lever  press ing.  The  ob- 
se rva t ion  of  lack of  d e v e l o p m e n t  o f  t o l e rance  to L A A M  has  
also been  r epo r t ed  by o the r s  [1,8], as well  as to m e t h a d o n e  
[10]. It has  b e e n  sugges ted  tha t  this  lack of  behav io ra l  
t o l e rance  to the  s u p p r e s s a n t  effect  of  L A A M  may  be  due to 
an  a c c u m u l a t i o n  of  pha rmaco log ica l ly  ac t ive  L A A M  
metabo l i t e s  [1] which  m ay  even tua l ly  p roduce  " b e h a v i o r a l  

t o x i c i t y "  [8]. H o w e v e r ,  in our  l abora to ry  we have  not  ob- 
s e rved  any  toxic  behav io ra l  ef fects  dur ing  th ree  to four  
weeks  of  s tabi l ized L A A M  se l f -admin i s t ra t ion  in ra ts  [18]. 
M o r e o v e r ,  if ac t ive  L A A M  metabo l i t e s  were  accumula t ing  
to a suff ic ient  degree  in this  se l f -admin i s t ra t ion  s i tuat ion,  the 
rats  would  have  p r e s u m a b l y  d e c r e a s e d  the i r  daily L A A M  
in take ;  this  did not  occur .  As an a l t e rna t ive  exp lana t ion  for  
the  lack of  behav io ra l  to l e rance  to L A A M ,  we wish to pro- 
pose  tha t  a s soc ia t ive  p roces se s  re la ted  to learning may  be 
involved .  It has  been  s h o w n  tha t  ce r ta in  aspec t s  of  to le rance  
d e v e l o p m e n t  to m o r p h i n e  are a f fec ted  by  Pav lov ian  condi-  
t ioning [12, 13, 14]. In the  case  of  L A A M ,  for  example ,  if the  
d e v e l o p m e n t  of  behav io ra l  to l e rance  requi res  tha t  an asso-  
c ia t ion  be  made  b e t w e e n  the  onse t  of  L A A M  effect  and  the  
daily food r e i n f o r c e m e n t  sess ion ,  then  the  fact  tha t  the  onse t  
of  L A A M  effect  is mos t  likely de layed  until  the p rope r  ac- 
cumula t ion  of  L A A M  metabo l i t e s  might  make  such  an asso-  
c ia t ion  difficult  to es tabl ish .  

In any  even t ,  a be t t e r  u n d e r s t a n d i n g  of  the  effects  of  
L A A M  d e p e n d e n c e  and  a b s t i n e n c e  on ope ran t  lever  press-  
ing might  be  accompl i shed  by fu r the r  u n d e r s t a n d i n g  the ef- 
fects  of  n o r - L A A M  and d i n o r - L A A M  d e p e n d e n c e  and  abst i -  
n e n c e  on  lever  press ing.  
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