
Pharmacology Btochemtstry& Behawor, Vol 10, pp 585-589 Planted m the U S A 

Spontaneous vs. Naloxone-Induced Abstinence 
in Dependent Rats Self-Administering 

L-Alpha-Acetylmethadol (LAAM) or Morphine I 

G E R A L D  A. Y O U N G ,  2 G E O R G E  F. S T E I N F E L S  A N D  N A I M  K H A Z A N  

Department of Pharmacology and Toxicology, University of Maryland School of Pharmacy, Baltimore MD 21201 

( R e c e i v e d  25 A u g u s t  1978) 

YOUNG, G. A , G F STEINFELS AND N KHAZAN Spontaneous vs naloxone-mduced abstinence m dependent rats 
seOC-admmtstermg I-alpha-acetylrnethadol (LAAM) or morphme PHARMAC. BIOCHEM. BEHAV 10(4) 585-589, 
1979 --Rats mamtmned dependence by the self-administration of LAAM or morphine Following the subsututmn of saline 
for LAAM, REM sleep was not disrupted, and the frequency of lever pressing for saline self-mjectmns peaked at about 24 
hr In contrast, following the substttUtlOn of sahne for morphine, REM sleep was suppressed for 24 hr while the frequency 
of lever pressmg for saline self-mjecttons peaked wtthm 8 hr When abstinence was reduced by hourly tv naloxone 
mjectmns, REM sleep occurrences were suppressed to a s~mtlar degree and for smular durations dunng naloxone-lnduced 
abstinence from both morphine and LAAM These results suggest that the level of physical dependence maintained dunng 
self-admm~stratmn of LAAM and morphine was slmdar The relatively mild abstinence syndrome that was seen during 
sahne substitutmn in LAAM-dependent rats was most hkely related to the long plasma half-hves of the pharmacologically 
active N-demethylated metabohtes of LAAM 

LAAM Self-Administration Abstinence REM sleep Lever pressing 

PREVIOUS reports have contained descriptmns of  behav- 
rural and electroencephalographic (EEG) correlates during 
self-administration of  and abstinence from l- 
alpha-acetylmethadol (LAAM), morphine and methadone in 
the dependent  rat [ 1, 9, 11, 14] Abstinence from L A A M  was 
assocmted with less lever pressing dunng saline substitutmn, 
less disruption of rapid eye movement (REM) sleep, and 
fewer head shakes than abstinence from morphine and 
methadone. Irfitabihty scores increased for morphine and 
methadone during the first day of  abstmence but did not 
show any increase until the third day for LAAM This differ- 
ence m the degree of  mtensity of  the abstinence syndrome 
between LAAM and morphine or methadone may have been 
the result of  a lower level of  physical dependence produced 
by LAAM compared with that produced by morphine and 
methadone. An alternative explanation m~ght be that the 
milder abstinence syndrome associated with withdrawal 
from LAAM was related to the relatively long plasma half- 
hves of the two active N-demethylated LAAM metabolites,  
nor-LAAM and dmor-LAAM [3, 4, 10]. In this case, 
naloxone treatment should precipitate a more severe absti- 
nence syndrome m a LAAM-dependent  rat than was seen m 
the earher  study [14]. On the other hand, ff LAAM self- 
mmntained dependence was assocmted with a lower level of  
physical dependence,  then naloxone-mduced abstinence in 

LAAM-dependent  rats should still be of  lower intensity than 
that in morphine and methadone-dependent rats 

Prevtous studies showed that the degree and time course 
of REM sleep suppressmn during morphine abstinence 
coincided with occurrences of  hypenrfi tabil i ty,  pfloerection, 
ptosis, diarrhea, and decreases in mean EEG voltage output 
[6,9]. Thus, disruptions m REM sleep provide an index of the 
seventy and duration of  a narcotic abstinence syndrome. In 
an attempt to delineate possible differences in the levels of  
physical dependence with morphine and LAAM, naloxone- 
induced abstmence was precipitated in LAAM and in 
morphine-dependent rats and the degree of  REM sleep dls- 
ruptmn was measured and compared 

METHOD 

Seventeen female Sprague-Dawley rats (250-300 g) were 
used. For  drug rejections, a chronic sihcone rubber cannula 
was implanted under ketamine anesthesia (100-150 mg/kg, 
tp) into the right external jugular vein [12,13] For  bipolar 
EEG recordings, stainless steel screws were ~mplanted over 
the ipsdateral frontal and parietal cortices [5]. For  elec- 
tromyograpluc (EMG) recordings, stmnless steel wires were 
inserted into the temporalis muscles Electrodes were sol- 
dered to a mmmture Continental connector which was at- 
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TABLE 1 

MEAN REM SLEEP TIMES (MIN/24 HOURS) 

Spontaneous Abstinence Naloxone-lnduced Abstinence Naloxone Control 
Morphine LAAM Morphine LAAM Naloxone 

(10 mg/kg/inj ) (1 mg/kg/mj ) (I0 mg/kg/mj ) (1 mg/kg/mj ) (0 5 mg/kg/hr) 

Day 1 21 88 70 00 1 75 1 17 75 17 
Day 2 48 10 74 00 30 25 14 17 69 33 
Day 3 63 94 75 63 50 17 43 58 74 33 
Day 4 66 56 79 13 70 58 62 25 74 00 

tached to the skull with dental acrylate and Eastman 910 
adhesive 

Throughout the study each rat was maintained m an indi- 
vidual cage that was equipped with a response lever, a swivel 
cable connector for EEG and EMG recordings and a feed- 
through cannula for drug administration [5,9] Lighting con- 
ditions consisted of a timer-regulated period of darkness 
from 10 p.m to 6 a.m EEG and EMG activities were re- 
corded continuously on a Grass Model 7D polygraph. The 
EEG was filtered to pass frequencies between 1 and 35 Hz 
Lever presses and drug injectmns were recorded on an 
Esterline-Angus event recorder as well as on the event 
marker channels of the Grass polygraph 

Morphine sulfate and LAAM hydrochlonde were dis- 
solved in physiological saline and delivered by 
electronically-controlled Harvard synnge drivers Fourteen 
rats were made tolerant to and physically dependent on mor- 
phine by a series of hourly automatic intravenous injections 
During the first day rats received 1.25 mg/kg/hr of morphine 
The dose was increased to 2 5, 5 0, 10 0 and 20 0 mg/kg/hr on 
successive days Each of these rats was then trained to lever 
press on a fixed ratio (FR) schedule of reinforcement to re- 
ceive morphine (I0 mg/kg/injection, 0 05 ml over 3 sec). An 
FR of one lever press was initmlly required per injection 
which was gradually rinsed to FR-20. When the daily number 
of morphine self-injections had stabhzled at 8-12 injections 
per day, in seven of the rats LAAM (1 mg/kg/lnjection) was 
substituted for morphine. After stabilized responding for 
both LAAM and morphine had been established, saline was 
substituted for both LAAM and morphine in four rats in each 
group In the other six rats, automatic hourly tv reJections of 
naloxone (0 5 mg/injection) were delivered for seven days, 
LAAM or morphine self-injections were no longer available 
In three additional drug-naive rats, similar naloxone in lec- 
tlons were delivered for seven days 

The main parameter studied was the d|stribution of REM 
sleep episodes during LAAM and morphine self- 
administration and dunng saline substitution or naloxone- 
reduced abstinence Lever pressing pattern of behavior was 
also studied during self-administration and during saline 
substitution The rejection level for all statistical analyses 
was set at the 5% level Behavioral states of sleep, REM 
sleep and wakefulness were identified by the corresponding 
changes m EEG and EMG recordings [6,7] 

RESULTS 

REM sleep data obtmned dunng self-administration of mor- 
pbane and LAAM and during spontaneous abstinence are shown 
in the left side of Table 1 The rats averaged 60 25 -+ 6 03 

(mean +_ s.e m.) mln of REM sleep dunng the last day of 
morphine self-administration and 70 81 +_ 3.36 mm of REM 
sleep dunng the last day of LAAM self-administration REM 
sleep data obtained during spontaneous abstinence from 
morphine and LAAM were compared with an analysis of 
variance The main treatment variables were drug group 
(morphine vs LAAM) and day of abstinence (Day 1 through 
Day 4). There were sigmficant effects of both drug group and 
day of withdrawal on REM sleep time. The rats engaged in 
more REM sleep during spontaneous abstinence from 
LAAM than from morphine, F(1,6)=36 30, and engaged in 
more REM sleep dunng the last two days of abstinence 
studied than dunng the first one or two days, F(3,18)=26 23 
The drug group x day of withdrawal interaction factor was 
also stgmficant, F(3,18)= 12 84. An examination of the data 
in the left rode of Table 1 suggests that this interaction oc- 
curred because REM sleep times increased at a higher rate 
over the four days of abstinence from morphine than dunng 
abstinence from LAAM 

Self-injection data obtained dunng spontaneous absti- 
nence from morphine and LAAM are shown in Fig 1 The 
rats took an average of 12.25 _+ 0 73 morphine injections 
during the last day of self-administration and an average of 
3 75 -+ 0.87 LAAM injections dunng the last day of self- 
administration Saline self-rejection data obtained dunng 
spontaneous abstinence from morphine and LAAM were 
compared with an analysis of variance. The main treatment 
variables were drug group (morphine vs LAAM) and suc- 
cessive 6-hr periods for two days after abstinence (1 through 
8) There was a significant effect of time after initiation of 
spontaneous abstinence on the number of saline self- 
reJections The rats took more saline reJections during the 
first one or two 6-hr periods during spontaneous abstinence 
than during later 6-hr periods, F(7,42)=7.82. The drug group 
× 6-hr period interaction factor was also significant, 
F(7,42) = 14 40 An examination of the data m Fig 1 suggests 
that this lnteractton occurred because the number of saline 
self-injections was the highest during the first 12 hr of spon- 
taneous withdrawal from morphine, while the number of 
saline self-injections was the highest between the 18th and 
30th hr after spontaneous abstinence from LAAM The drug 
group variable was not significant 

The pattern of morphine self-injections and REM sleep 
distribution with one of the morphine-dependent rats is 
shown in the top of Fig 2 In this particular case single 
injections of morphine were taken on the average of every 2 
to 3 hr Furthermore, morphine self-rejections typically sup- 
pressed occurrences of REM sleep for 30 mm or more, after 
which they reappeared and persisted until just  before each 
subsequent self-injection Similar observations have been 
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FIG 1 Mean number of sahne self-inJections are shown as a func- 
tion of successive 6-hr periods dunng spontaneous abstinence from 

morphine and L A A M  m dependent rats 
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FIG 3 REM sleep dtstnbutmn for the last day of self-maintained 
dependence on LAAM and the first four days after the substltutmn 
of sahne for LAAM LAAM self-mjecUons are indicated by the 
arrows Saline self-mjectmns are indicated by the open circles The 
timer-regulated period of darkness is indicated on the 24 Hours 

scale 

MORPHINE SELF-ADMINISTRATION {IOMGIKOIINJ FR20) 
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FIG 2 REM sleep distribution for the last day of self-mmntalned 
dependence on morphine and the first four days after substltutmn of 
saline for morphine Morphine self-injections are indicated by the 
arrows Saline self-rejections are indicated by the open circles The 
hmer-regulated period of darkness is indicated on the 24 Hours 

scale 

prevmusly reported [8, 9, 11]. During the substRutmn of 
sahne for morphme, REM sleep was completely suppressed 
for the first 24 hr Although REM sleep occurrences reap- 
peared dunng the next three days, dally amounts of REM 
sleep were stdl below normal levels. The frequency of saline 
self-rejections peaked within 6--8 hr after the last morphine 
rejection. 

The pattern of LAAM self-inJections and REM sleep dls- 
tnbutmn with one of the LAAM-dependent rats is shown m 
the top of Fig 3 In this example, single rejections of LAAM 
were taken about every 8 hr REM sleep occurrences and 

LAAM self-injections were not related to one another in any 
apparent manner. SubstJtution of saline for LAAM did not 
result m any suppression of REM sleep. There was a gradual 
increase in the daily amount of REM sleep over the four days 
following saline substitution. Self-injections of saline gradu- 
ally increased in frequency during the first 24 hr of absti- 
nence and reached a peak m frequency at about 24 hr. 

REM sleep data obtained dunng self-administration of 
morphine and LAAM and dunng naloxone-lnduced absti- 
nence are shown m the mlddle of Table 1 The rats averaged 
57 00 - 5.88 min of REM sleep dunng the last day of mor- 
phine self-administration and 63.58-+ 6.80 mm of REM 
sleep during the last day of LAAM self-administration. The 
REM sleep data obtained dunng naloxone-mduced absti- 
nence were compared in an analysis of variance. The main 
treatment variables were drug group (morphine vs LAAM) 
and day of abstinence (Day 1 through Day 4). There was a 
significant effect of day of abstinence on REM sleep time. 
The rats engaged in more REM sleep in the later days of 
abstinence than in the earlier days, F(3,12)=8 27. The drug 
group variable and the mteracUon factor were not signifi- 
cant. Data obtained dunng naloxone administration in con- 
trol rats ~s shown In the right s~de of Table 1. The rats aver- 
aged 75 25-6 96 min of REM sleep per day while recewmg 
automaUc tv mjectmns of saline There was no apparent ef- 
fect of naloxone treatment on REM sleep in these control 
rats 

The amount and distribution of lever pressing dunng 
naloxone-mduced abstinence from morphine and LAAM did 
not differ. For example, the rats averaged 263 _+ 99 lever 
presses dunng the first day of naloxone-mduced abstinence 
from morphine and 219 _+ 35 lever presses dunng the first 
day of naloxone-mduced abstinence from LAAM. 

The pattern of morphine self-mjectmns and REM sleep 
d~stributmn with one of the morphine-dependent rats is 
shown m the top of Fig 4. During naloxone-mduced absti- 
nence from morphine REM sleep was contmuously suppres- 
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FIG 4 REM sleep dtstnbutton for the last day of self-mmntmned 
dependence on morphine and the first four days of naloxone-mduced 
abstinence. Morphine self-reJections are indicated by the arrows 
During abstinence naloxone (0 5 mg/kg, w) was automatically ad- 
ministered at one-hour intervals The timer-regulated penod of 

darkness is indicated on the 24 Hours scale 
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FIG 5 REM sleep distnbutlon for the last day of self-mmntmned 
dependence on LAAM and the first four days of naloxone-mduced 
abstinence LAAM self-reJections are indicated by the arrows Dur- 
ing abstmence naloxone (0.5 mg/kg, w) was automatically adminis- 
tered at one-hour intervals The timer-regulated period of darkness 

ts mdtcated on the 24 Hours scale 

sed during the first day, and only two episodes emerged 
during the second day 

The pattern of LAAM serf-injections and REM sleep dis- 
tribution with one of the LAAM-dependent rats is shown in 
the top of Fig. 5 Naloxone-induced abstinence in this rat 
produced a complete suppression of REM sleep for two 
days The reappearance of REM sleep during the third and 
fourth days of abstinence from LAAM resembled that which 
occurred with morphine 

DISCUSSION 

The study demonstrated that naloxone-mduced absti- 
nence in morphine and LAAM-dependent rats resulted in a 
similar degree of REM sleep suppression. This finding 
suggests that morphine and L A A M  offer similar levels of 
physical dependence. Thus, the relatively mild abstinence 
syndrome found in the present study and that was reported 
earlier [14] after the substitution of saline for LAAM, com- 
pared to that for morphine and methadone, is most likely 
related to the relatively long plasma half-lives of the two 
pharmacologically active N-demethylated LAAM metabo- 
htes, nor-LAAM and dmor-LAAM [3, 4, 10] 

The pattern of lever pressing dunng spontaneous absti- 
nence also differed between morphine- and LAAM- 
dependent rats. Self-injections of saline peaked within the 
first 12 hr during spontaneous abstinence from morphine and 
between the 18th and 30th hr after abstinence from LAAM 
These results are similar to those previously reported [14] 
Patterns of lever pressing did not differ dunng naloxone- 
induced abstinence from morphine and LAAM. It also ap- 
peared that the amount of lever pressing, m general, was 
greater during spontaneous abstinence than dunng 
naloxone-mduced abstinence Observations of the rats indi- 
cated that they were experiencing more physical distress 
during naloxone-induced abstinence than during spontane- 
ous abstinence That is, more wet-dog shaking, abdominal 
stretching, diarrhea, etc., were evident during naloxone- 
induced abstinence. The greater degree of physical distress 
during naloxone-lnduced abstinence may have contributed 
to partial suppression of lever pressing behavior. In a similar 
vein, it has been reported that more aggression occurred 
dunng spontaneous abstinence than dunng naloxone- 
induced abstinence m morphine-dependent rats [2] 
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