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DE ANDRl?S, I. AND A. CABALLERO. Chronic morphine administration in cats: Effects on sleep and EEG. PHAR- 
MACOL BIOCHEM BEHAV 32(2) 519-526, 1989.-Sleep-wakefulness and EEG responses to a chronic morphine treat- 
ment (2 mg/kg/day, IP, during 15 days) were studied in 8 cats provided with electrodes for EEG, EMG and EOG ECO~S. 

Results indicated that, in contrast to a resistance of the cats to exhibit overt signs of tolerance in the immediate behavioral 
and EEG responses to morphine, tolerance developed in sleep since: 1) there was a reduction in its onset latency after the 
initial insomnia period; 2) despite that the initial insomnia period was present throughout the treatment, compared to the 
effects of the first MS day, the total amount of both NREM sleep and REM sleep significantly increased in subsequent drug 
days, the total amount of REM sleep reached similar placebo values from day 5; 3) the restoration in the total amount of 
both sleep states was due to significant increases that occurred from day 5 after the first 6 hours of the MS injection. During 
the 19-24 hours after MS injections, increases of NREM and REM also resulted statistically significant compared to 
placebo values. A biphasic depressed and aroused response occurred during early withdrawal. REM sleep rebound was 
present after MS discontinuation and in the following week. Similarities with effects of opiate chronic administration in 
other species are discussed. These results support the potential use of the cat for the study of neural mechanisms involved 
in sleep chronic effects of opiates. 

Morphine Sleep-wakefulness Cat Tolerance Withdrawal 

IN spite of the wide use of the cat in neuroscience and sleep 
research, this species has been commonly disregarded as an 
experimental subject to investigate acute and chronic actions 
of morphine and other opiates. This fact may be due to the 
strong excitatory effects produced in the cat (“feline 
mania”) by the administration of relatively high customary 
doses of morphine (4,5, 18,26) and to the high mortality rate 
of cats undergoing chronic administration of such doses (16). 
However, in more recent studies-using relatively low doses 
of morphins-we were able to assess the suitability of the cat 
for the study of the behavioral effects of morphine: single 
morphine injections in the cat, in a range of 0.5 to 3 mg/kg IP, 
elicit a characteristic quantifiable and reproducible pattern of 
behavioral responses. We were also able to disclose CNS 
sites of drug action involved in the expression of these ef- 
fects (2, 29, 30). On the other hand, two weeks of daily 
administration of these low morphine doses produce mild 
signs of tolerance in the behavioral responses of cat, together 
with strong withdrawal manifestations precipitated by 
naloxone (6). 

Single injections of morphine within the abovementioned 
range produce a dose-dependent suppression of both non- 
Rem (NREM) and Rem sleep (REM) which is followed by 
sleep rebound (especially NREM) in this species (3). La- 
tency to onset of this latter rebound effect is likewise dose- 
dependent. The immediate behavioral wakefulness state in- 

duced by morphine was accompanied by a characteristic 
EEG pattern with high voltage, slow frequency bursts (3). 
Since sleep deprivation and EEG/behavioraI dissociation 
during the initial insomnia period are peculiar phenomena 
under morphine reported in other species, including man 
(11-14, 20, 21, 23), it seems probable that the cat shares, 
together with other species, the basic features produced by 
morphine on EEG and the sleep-wakefulness cycle (SWC). 

The EEG and the continuum SWC have proven to be 
useful tools for assessing physical dependence properties of 
morphine and other opiates (13). The present study was de- 
signed to examine the EEG and sleep responses of the cat 
following chronic administration of low doses of morphine, 
considering that the single administration of low doses of 
morphine has validated the use of the cat for the study of 
behavioral and electroencephalographic effects of opiates. 
Considerable information about wakefulness and sleep 
mechanisms has been accumulated in this species. We there- 
fore believe that the knowledge of such responses could be 
of particular interest for further examination of the neural 
basis of opiate tolerance and physical dependence within the 
framework of SWC. 

METHOD 

Under general anaesthesia (Ketolar 7 mgikg, IM and 
Nembutal 22 mg/kg., IP) 8 adult cats were implanted with 

IRequests for reprints should be addressed to Dr. Isabel de Andtis, Depto. Morfologla, Fat. Medicina, UAM, C/ Arzobispo Morcillo s/n, 
Madrid, 28029, Spain. 
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FIG. 1. Polygraphic patterns of SWC states in the cat during baseline placebo records. 1: Wakefulness (W), 2: Drowsiness (D), 3: 
Nonrapid-eye-movement sleep (NREM), 4: Rapid-eye-movement sleep (REM). Key: EOG=electrooculogram; EMG=electromyogram; 
LGen=EEG, lateral geniculate body: FrCx=EEG. frontal cortex; OccCx=EEG, occipital cortex; l=left; r=right. All records are 
bipolar with the reference electrode. 

neocortical, lateral geniculate, orbital and neck muscle 
standard electrodes to record EEG, EOG and EMG respec- 
tively. An additional reference electrode was placed in the 
midline of the frontal sinus. All electrodes were terminated 
in an Amphenol connector and secured in a pedestal of den- 
tal cement. 

After 8 to 10 days from surgery, each cat was acclimatized 
for 3 or more days to the recording conditions. The animal was 
placed in a sound-attenuated, ventilated recording chamber, 
with food and water ad lib, where it could be observed through 
a one-way mirror. After habituation, the cats received placebo 
injections (saline vehicle) that were followed by two 24hr 
polygraphic records to be used as baseline controls. 

Chronic treatment of morphine consisted of the adminis- 
tration of 2 mg/kg/day of morphine sulfate (MS) IP during 15 
days. All injections were given between 9.30 a.m.-lo.30 a.m. 
Sleep was continously monitored for 24 hr on days 1, 5, 10 
and 15. Sleep records were extended for the following 3 days 
(early withdrawal) after discontinuation of MS administra- 
tion and with placebo injections. In 4 animals, 24-hr sleep 
records were also obtained between the 6th and 10th days 
after the last MS dose (late withdrawal). Naloxone (1 mg/kg, 
IP) was administered two hours after the last MS dose (on 
the 15th day) in 3 animals. 

Sleep records were scored visually, according to poly- 
graphic criteria (Fig. 1) for wakefulness (W), relaxed wake- 
fulness or drowsiness (D), NonRem sleep (NREM) and Rem 

sleep (REM) of the cat (25,28). Behavioral observations of 
the cats were also performed on the different recording days 
for the first 6-7 hr after MS. These observations were also 
taken into account when scoring the polygraphic records. 

Initially, sleep records were blocked in I-hr intervals. The 
percentage spent in each SWC state was calculated, and the 
results were accumulated into 24-hr or 6-hr intervals. In the 
three cats in which naloxone was administered on the 15th 
day of treatment, values of the two following hours after 
administering the antagonist were excluded from the data. 
t-Tests for paired samples were used to assess the MS effects 
in the onset latencies of both NREM sleep and REM sleep 
and in their total 24hr proportions during chronic treatment. 
The time course of the MS effects in the different testing 
days was examined. Two-way ANOVAS (days and time) 
were used to compare the average of 6-hour samples 
throughout MS treatment. Multiple pair contrasts were car- 
ried out using the Tukey test, comparisons were concen- 
trated between baseline and fast day values and those of 
subsequent drug days. 

During early and late withdrawal periods, changes in the 
four SWC states proportions during the whole 24-hr records 
were examined using one-way ANOVAS. Six-hour block 
values of the three first days after MS discontinuation were 
also included in the two-way ANOVAS for examination of 
the time course of changes during early withdrawal. 
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FIG. 2. Polygraphic records taken from a cat 20 minutes after injection of morphine sulfate in the fust and the last day of chronic treatment. 
Lettering as in Fig. 1. Note, in both days, the similar slow pattern in the EEG while the cat was behaviorally awake (see EGG, EMG). 

RESULTS 

Chronic Treatment 

Chronic treatment with 2 mg/kg/day of MS during 15 days 
did not produce substantial variations in the animal’s body 
weight, nor other signs that could indicate an overall deteri- 
oration of the physical status of the cats. 

Through the behavioral observations that were performed 
in the course of the first 6-7 hours after MS administration in 
the different testing days, it was possible to assess that the 
immediate response of the cats to chronic administration of 
low doses of MS was similar throughout the whole treat- 
ment. MS administration was invariably followed by the 
peculiar behavioral state of wakefulness already described 
after similar single MS doses (29,30) from the first to the last 
days. That is, during each day of the chronic treatment, 
when behaviorally aroused, the cat presented, the stage of 
“autonomic signs,” the alert “quiet stage” and finally the 
“head movement*’ stage. The EEG was also found to be 
similar on the first and last day of the chronic treatment 
during these stages (Fig. 2). As in the case of single doses (3), 
and in spite of the aroused behavior of the cats, the EEG 
slowed up during quiet periods, but it had a detectable tend- 
ency to present a decrease in voltage and an increase in 
frequency when the cats presented bouts of body or head 
movement (Fig. 2). 

With regard to the sleep-wake continuum, the onset 

latencies of both NREM and REM sleep decreased in the 
course of the treatment. As shown in Table 1, comparisons 
between the effects on day 1 and subsequent drug days indi- 
cated that diminution of the onset latency for REM reached 
significant values from day 5, while the decrease for NREM 
was statistically significant on day 15. However, as indicated 
above, the initial insomnia period produced by MS was still 
present on the last drug day (day 15) when compared with 
baseline values. 

This effect tended to be compensated during the MS 
treatment as proven by the changes undergone in the total 
proportions for both NREM and REM in the different drug 
days (Fig. 3). REM sleep reached similar placebo values 
already from day 5, while full NREM sleep restoration was 
achieved only.on day 15. Comparisons between day 1 values 
and those of subsequent drug days showed that increases in 
the total amount of both NREM and REM on days 5, 10 and 
15 were statistically signiticant. 

A more particularized analysis on the SWC effects of the 
MS chronic treatment was provided by comparisons among the 
six-hour block proportions of each SWC state in the different 
testing days. Two-way ANOVAS indicated that the day-de- 
pendency of all SWC states changed significantly throughout 
the course of the treatment and subsequent early withdrawal 
period, as shown by the interaction effects between day x time 
for wakefulness, F(21,244)=11.745, p<O.OOOl, drowsiness, 
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TABLE 1 

DEVELOPMENT OF TOLERANCE IN THE ONSET LATENCIES OF 
NONRAPID-EYE-MOVEMENT SLEEP (NREM) AND 

RAPID-EYE-MOVEMENT SLEEP (REM) AFI’ER MORPHINE 
(2 mgikglday) INJECTIONS 

Baseline Day 1 Day 5 Day 10 Day 15 

NREM meat? 0.8 9.5 7.6 7.2 5.0 
t 0.2 0.2 2.4* 

REM mean= 3.1 11.7 11.0 11.6 8.9 
t 4.9t 2.2* 2.8* 

“Mean latency values for the experiments with saline placebo (Baseline) 
and for the different days of the chronic morphine treatment. 

t =t-test for paired samples between day 1 and subsequent drug days. 
*pco.o5, tpkO.O1. 

-MORPHINE- 

q NREM 

m REM 

BASELINE DAY 1 DAY 5 DAY 10 DAY 15 

FIG. 3. Nonrapid-eye-movement sleep (NREM) and rapid-eye- 
movement (REM). Whole day (24 hr) mean percentages during 
placebo (Baseline) and morphine days (Morphine). AApsO.01, 
ApsO.05 (comparisons with baseline values. t-Test for paired sam- 
ples). fl;n=SO.Ol, Tp~O.05 (comparisons with the first morphine day. 
t-Test for paired samples). 

F(21,244)=3.182, p<O.OOOl, NREM sleep, F(21,244)=8.808, 
p<O.OOOl, and REM sleep, F(21,244)=4.046, pCO.0001. 

Details of SWC effects on the different days of the 
chronic treatment are shown in the histograms of Fig. 4 
(Morphine), where the percent time spent in each SWC state 
during the 24 hr of the experiments is plotted. Changes in each 
6-hr period were examined with multiple comparison tests. 

W was significantly increased @<O.Ol) at the expense of 
both sleep states and drowsiness for at least 12 hr after MS 
during the different testing days of the chronic treatment, 
compared to baseline placebo values. Moreover, compari- 
sons of the values of the first block (&6 hr after MS) indi- 
cated that W increases, with a practically total suppression 
of both sleep states, were similar in days 1, 5 and 10 of 
treatment. However, in day 15, although W was still signifi- 
cantly increased compared to baseline values, it was signifi- 
cantly decreased (p<O.Ol) compared to the values reached in 
all preceding days of treatment. This W decrease correlated 
with a significant increase (~~0.05) of NREM sleep values 
compared to NREM sleep of previous days under MS treat- 
ment. The appearance of REM sleep also took place in the 
initial six-hour block of day 15 (see also Fig. 4, Morphine). 

A tendency to diminish the insomnia produced by the 

drug also occurred during hours 7-12 (2nd block) starting 
from the 5th day of MS administration. Total REM sleep 
suppression was prolonged until this period in the first day, 
but this effect was not observed in subsequent drug days. 
Moreover, compared to the effects observed in day 1, a sig- 
nificant decrease (~~~0.01) of W occurred in days 5, 10 and 
15. Decrease of W paralleled with both NREM and REM 
statistically significant increases on days 5 (psO.05) and 15 
(p<O.Ol). 

In hours 13-18 (3rd block, Fig. 4, Morphine), W was still 
significantly increased in the first day of MS administration 
@sO.OS), but this effect was not present in the remaining 
drug days. In general for sleep states-except for REM sleep 
that was significantly increased on day 5-only slight differ- 
ences occurred during this period with respect to the corre- 
sponding baseline values. However, when compared to the 
values reached in the first day, during the third 6-hr block, 
sleep increases reached statistically significant values on 
days 5 (NREMpc0.05 and REMp~0.01) and 15 (NREM 
psO.05). 

The tendency to present sleep increases with MS chronic 
administration was even more detectable in the following 
1%24 hours (4th block, Fig. 4, Morphine). Significant 
changes from day 5 and during the rest of the chronic treat- 
ment differed to both baseline and day 1 values. With regard 
to baseline placebo values, these changes consisted of a sig- 
nificant increase in both NREM (~~0.01) and REM (psO.05 
orpaO.O1) sleep at the expense of both W and D. Increase of 
NREM, together with decrease of W on days 5, 10 and 15, 
were statistically significant (p<O.OS) whencompared to day 1. 

Withdrawal Period 

In chronically-treated cats, discontinuation of MS admin- 
istration did not produce overt signs of spontaneous behav- 
ioral discomfort. Only whole body or body segment “wet 
dog shakes” were occasionally observed. However, in 
animals administered with naloxone two hours after the last 
MS dose as described by Harris et al. (a), clear precipitated 
withdrawal signs were detected. During the 30-40-minute 
period in which the cats had strong precipitated withdrawal 
manifestations (salivation, panting, tachypnea, vocaliza- 
tions, escape behavior) the EEG was totally desyn- 
chronized. 

In spite of the scarce spontaneous behavioral withdrawal 
manifestations exhibited by the cats, there were changes in 
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FIG. 4. Frequency histograms of mean percent values of sleep-wakefulness stats during 6-hr 
periods recorded after the administration of saline placebo (Baseline), sfter morphine in 
different days of the chronic treatment and during early withdrawal. Key: REM=rapid- 
eye-movement sleep; NREM=nontapid-eye-movement sleep; D=drowsiness, W=wakeful- 
ness; Percent=cumulative percentage of the four behavioral states for each 6-hr period. The 
individual percentage for each of the states is indicated by different shadings in each of the 
bars. AAp~0.01, ApsO.05 (comparions with baseline values). tTpc0.01, tpsO.05 (com- 
parisons with fust morphine day). 

the SWC during early and late withdrawal periods. There NREM which occurred during specific 64~ periods of the 
was a rebound in the total time spent in REM sleep during second withdrawal day. The time course of SWC states 
the early withdrawal period that was maintained in the rec- throughout the 3 days following MS discontinuation was as 
ords taken in the following week (late withdrawal, Table 2). follows: Both NREM and REM sleep augmented with re- 
REM sleep increases occurred in both withdrawal periods at spect to the corresponding baseline values, mainly at the 
the expense of D. Neither total amount of W nor NREM expense of D, during day 1 and the firat 6 hours of day 2 
were significantly different from the baseline in early or late (NREM, psO.05, firat and fourth blocks of day 1 and REM 
withdrawal. However, six-hour block comparisons between psO.01 during the same periods and during the first 6 hours 
the three days of the early withdrawal period (Fig. 4, With- of day 2). During the following 12 hours (2nd and 3rd 6 hr 
drawal) indicated that besides changes in REM sleep and D, blocks of day 2) a statistically significant increase of W oc- 
there were moderate but significant changes in W and curred. This W increase was due to a decrease of either D or 
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TABLE 2 
SLEEP-WAKEFULNESS STATES DURING MORPHINE WITHDRAWAL 

Baseline 

Early With- 
drawal (days 

1-3) 

Late With- 
drawal (days 

7-10) (252) 

REM 10.5 (k4.9) 15.0 (k3.3) 16.0 (k5.4) 6.54* 
NREM 41.7 (rt8.5) 41.6 (k9.3) 43.3 (27.2) 0.12 n.s. 
D 18.9 (25.5) 8.6 (k2.3) 8.0 (k2.9) 33.67t 

W 28.9 (k8.5) 34.8 (k9.8) 32.7 (+- 10.1) 1.72 n.s. 

Values are mean and standard deviations of 24-hr experiments with 
saline placebo in the days prior to the chronic morphine treatment 
(baseline) and in the first and second weeks (early and late withdrawal 
respectively) after morphine discontinuation. 

F=F-test (One-way ANOVAS). *pGO.Ol; tp~O.001; n.s., not statisti- 
cally significant differences. 

NREM sleep. REM sleep maintained similar values to those 
observed during the equivalent 6-hr periods of baseline rec- 
ords. A significant increase (pcO.01) of REM sleep took 
place during the last 6-hr period of day 2 and continued to 
day 3 @40.01, first block). Comparisons between early 
withdrawal days showed that the increase of W in third 6-hr 
block of day 2 was statistically significant to the correspond- 
ing values of day 1. 

DISCUSSION 

Tolerance 

Previous studies on animal models for opiate tolerance 
and physical dependence have been carried out mainly in the 
rat (13-15, 24, 31). These studies-using multiple MS injec- 
tions at increasing doses-report that by the third day of the 
treatment, the immediate stupor period produced by MS in 
the rat is reduced and the total amount of sleep and REM 
sleep approached normal values. However, to establish 
further comparisons with results in the cat found in the pres- 
ent study, is interesting to point out that in rats under a state 
of self-administration of the drug, sleep predominated in the 
period before injections, while wakefulness prevailed during 
the first 30 or 60 minutes after an injection (13,14). 

In the cat, even on the fifteenth day of treatment, the 
immediate sleep-suppressing effects of MS can be observed. 
Each MS injection was invariably followed by a behaviorally 
active period. When compared to baseline values in all drug 
days, insomnia was present during the fust 6 hours after MS 
injections as shown by the proportions reached by Wand the 
delayed onset latencies for both NREM sleep and REM 
sleep. However, in comparison to the effects obtained in the 
first day, NREM and REM sleep onset latencies were re- 
duced throughout the treatment. Furthermore, when com- 
pared to the first day, amount of NREM sleep was signifi- 
cantly increased during the fast 6 hours of the last day of the 
treatment. The appearance of REM sleep in this period of 
time also took place in some of the cats. There was a trend to 
restore the total amount of the two sleep states in spite of the 
initial insomnia during the MS chronic treatment. When 
comparing the values reached in the first day with those of 
subsequent drug days, there was a significant increase of 
both NREM sleep and REM sleep. When compared to 
baseline values, REM sleep reached similar placebo values 

from day 5, while NREM sleep full restoration took longer 
(on day 15). 

It therefore seems that the basic facts indicating devel- 
opment of tolerance are similar in the cat and in rat, the 
prolonged time required by the cat might not reflect a differ- 
ent response of this species to chronic morphine, rather it 
could be due to the distinct procedures used in MS adminis- 
tration: multiple increasing injections each day in the case of 
the rat (abovementioned studies) and a single constant dose, 
administered daily in our cats. On the other hand, our 
results-indicating a slow development of tolerance in the 
immediate sleep suppression produced by MS, but a prompt 
trend back to control values in the total percentage of REM 
sleep-are similar to the results found in nonaddicted men 
under administration of a constant single dose of heroin dur- 
ing 3 or 7 consecutive nights (17). 

The delayed increases in REM sleep (13,14) and in 
NREM sleep that occurs between the administration of two 
doses during chronic MS treatment are well documented in 
our study. In the cat, compared to the effects observed on 
the first day, the amount of both NREM sleep and REM 
sleep increased during the 7-12-hr period after MS from the 
5th day of the treatment. The same trend, though less 
prominent on day 10, occurred in the following 6-hr block. 
Finally, also from the 5th day, rebound of both NREM sleep 
and REM sleep occurred at the end of each day before the 
following MS injection with respect to placebo values. Con- 
cerning this last point, it is interesting to mention that in a 
previous study (3), where single MS injections at different 
low doses were administered to the cat, sleep rebound ap- 
peared within the first 24 hr with only the smallest dose (0.5 
mg/kg), while single doses of the range used in the present 
chronic treatment produced NREM sleep rebound in the fol- 
lowing day after MS administration. 

Accordingly, our study shows that in the cat, the analysis 
of changes in sleep provides a more sensitive index of 
tolerance than the visual examination of the EEG patterns 
produced by the drug. Slow frequency EEG bursts associ- 
ated with the peculiar wakefulness behavior-previously de- 
scribed in the cat under low single MS doses (3, 29, 30>- 
invariably followed MS from the first to the last day of the 
chronic treatment. In the rat-using computer analyzed 
EEG-tolerance effects have been described under chronic 
treatment of multiple MS injections (24,27). Also, single dose 
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delayed tolerance to morphine EEG effects has been re- 
ported in this species (19). However, slow f?equency bursts 
still prevail immediately after an MS injection, even when 
the rat is in a dependent state with self-administration of the 
drug (13). In man (lo), effects of partial tolerance have been 
described in sleep. There is a reduction of the initial wake- 
fulness produced by morphine and other opiates, but in spite 
of the tendency to develop tolerance in the sleep-wake con- 
tinuum, slow frequency bursts were still present 3 weeks 
after initiation of a period of induction of dependence with 
administration of increasing doses of morphine (10). 

ioral manifestations took place not only in the last day of MS 
administration, they were still obvious 15-30 days after MS 
discontinuation (6). 

Therefore, it seems to be a common fact among the 
studied species that, independently of the procedure used for 
chronic administration of morphine, there are specific time 
course differences in the development of tolerance of the 
distinct actions produced by opiat$s. 

This fact seems to be esgecially so in the cat. Within sleep 
for the various parameters examined, this study shows 
differences between NREM sleep and REM sleep. On the 
other hand, Labrecque and Domino (16) indicated a fast de- 
velopment of tolerance for the gastrointestinal actions of the 
drug, with a chronic treatment of multiple increasing doses 
of morphine. However, pupil midriasis and general behav- 
ioral excitatory effects only presented diminished signs when 
almost lethal doses of the drug were reached. More recently, 
Harris et al. (6), with a chronic MS treatment similar to that 
of the present study, reported clear tolerance signs in the 
hyperthermic effects produced by morphine in the cat. How- 
ever, as corroborated in this study, and extending observa- 
tions to the associated EEG, it was difficult to detect 
tolerance development in the peculiar behavioral manifesta- 
tions under the drug exhibited by intact cats without brain 
lesions. 

Changes in sleep related to the suppression of opiate ad- 
ministration are well-documented in other species. In man an 
immediate and long-lasting REM rebound (up to two 
months) followed discontinuation of daily administration of a 
constant single dose of heroine over a short period (17). In 
humans with a long dependency history, however, irritation 
and decrease of both NREM and REM sleep are associated 
to &he early withdrawal syndrome (7-9). On the other hand, 
in morphine-dependent rats, a protracted REM sleep re- 
bound followed an earlier biphasic depressed and aroused 
pattern of behavior (14,lS). This biphasic response of the rat 
was restricted mainly to the first 24 hours after abrupt mor- 
phine suppression and consisted of an initial increase of 
sleep followed by wakefulness in which clear behavioral 
withdrawal signs were manifested (13). The profile of the 
changes in the sleep-wake continuum of our cats during the 
first 72 hours after morphine discontinuation closely resem- 
bles the immediate biphasic response of the rat. In the cat, 
increase of both NREM and REM sleep occurred during the 
fust withdrawal day and the latter remained enhanced during 
the first 6 hours of the second day. Increase of wakefulness 
was observed during the following 12 hours of the second 
day. There are further similarities between cat and rat before 
the protracted sleep rebound starts. The early biphasic pat- 
tern of response was followed in both species by a period in 
which the sleep-wake continuum tended to reach normal 
placebo values. This was the case in the third day for the cat, 
in NREM sleep and wakefulness. However, some increases 
of REM sleep already occurred during the same day. 

Given the difficulty to reach tolerance development in 
behavioral actions produced by morphine in the cat-even in 
the strong excitatory effects (“feline mania”) evoked by 
relatively high doses (I)-it is not surprising that there is a 
generalized opinion as to the unsuitability of the cat for ex- 
perimental studies on chronic effects of opiates. However, 
our study demonstrates that in a not very long period of time 
and with a simple procedure of chronic morphine adminis- 
tration, tolerance signs related to sleep states can easily be 
detected in this species. Moreover, no mortality problems 
were observed. 

Concerning behavioral signs of morphine withdrawal, 
once again it seems that the measure of the SWC can dis- 
pense a more sensitive index of morphine addiction than the 
examination of overt behavior. In contrast to rats treated 
with multiple increasing doses (13,14), our cats, after dis- 
continuation of the daily constant low dose MS treatment, 
did not present overt signs of spontaneous behavioral dis- 
comfort during abstinence period. Nevertheless, a clear 
withdrawal syndrome could be precipitated with naloxone 
administration associated with a fully desynchronized EEG. 

Abstinence 

The presence of rebound of REM sleep is common during 
the period of abstinence of drugs that produce addiction (22). 
In our cats, increases of both NREM sleep and REM sleep 
have been detected during specific periods of time in the 
three days immediately after MS discontinuation. A pro- 
tracted REM sleep rebound could also be identified in the 
following week. In cats with a chronic MS treatment similar 
to the present study, definite naloxone-precipitated behav- 

Finally, taking into account previous studies (2,3,29,30), 
we believe that the results found in the present investigation, 
which in part can be matched to the results found in other 
species, provide further support to the validity of the cat as 
an experimental model for the study of neural mechanisms 
involved in chronic effects of opiates. 
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