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Effects of Opioid Microinjections in the Nucleus of
the Solitary Tract on the Sleep-Wakefulness

Cycle States in Cats

Francisco Reinoso-Barbero, M.D., Ph.D.,* Isabel de Andrés, Ph.D.t

Background: Previous studies have shown that the region
of the nucleus of the solitary tract (NST) is involved in the
control of electrocortical activity and in sleep mechanisms.
It also is well known that this region contains the highest
concentration of opioid receptors within the medullary
brainstem. The involvement of the NST opioid system in sleep-
wakefulness states was evaluated.

Methods: Ten cats were implanted with electrodes for
chronic polygraphic recordings of their sleep-wakefulness
states and provided with an implanted guide cannula stereo-
taxically aimed at the NST region. Microinjections of saline,
morphine sulfate, morphiceptin (specific agonist), D-pen-2-
D-pen-5-enkephalin (5 agonist), and U-50488H (« agonist) were
given to the freely moving animals (doses 0.8-2.4 X 1077 m, in
a volume of 0.05 ul of saline). After microinjections, sleep-
wakefulness recordings were obtained for 8 h.

Results: Morphine microinjections in NST provoked a dose-
dependent enhancement of all the polygraphic and behavioral
manifestations of slow wave sleep. This effect was blocked by
the prior intraperitoneal administration of naloxone. The u
and & agonists also produced a hypnotic effect by enhancing
slow wave sleep. By contrast, the  agonist caused no changes
in sleep-wakefulness states.

Conclusions: These results indicate that endogenous opioids
could be involved in controlling electrocortical activity gen-
erated by NST and that activation of u and § NST opioid recep-
tors enhanced the electroencephalographic synchronization
associated with behavioral slow wave sleep in cats. (Key
words: Brain, brainstem: nucleus of the solitary tract. Cat. An-
algesics, opioid: é-receptor agonist; x-receptor agonist; mor-
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phine; p-receptor agonist. Sleep: electroencephalogram; slow
wave sleep.)
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NATURALLY occurring opioids have been used for many §
thousands of years for their ability to depress the level §
of consciousness. Their strong analgesic effects were &
recognized much later. Although the central nervous $
system (CNS) structures and the opioid receptors in%
volved in this analgesic effect have been identified, the %
sites of action and the opioid receptors that mediateg
other CNS effects of opioids, such as behavioral changess
and variations in the electroencephalogram (EEG) and g
in the sleep-wakefulness cycle (SWC) remain unclear.®
The need to understand the mechanisms of opioid ac-
tions in the CNS in relation to the latter actions is im-
portant in anesthesiology given the EEG and sleep dis-g
turbances produced by opioids during intraoperatives
and postoperative periods."? Additionally, the problem
of intraoperative recall and awareness under general$
anesthesia often has been reported,® and the drowsinessg
and decreased awareness commonly observed after§
opioid administration are considered adverse effects ing
pain treatment.* Furthermore, the incidence of peri-g
operative cardiopulmonary complications associatedg
with the sleep state in patients who have receivedS
opioids is also significant.’

The behavioral effects provoked by opioids are typ=
ically complex because excitatory and inhibitory bc-;;
havioral patterns coexist in humans and in different
animal species. Systemic administration of morphineé®
suppresses both slow wave sleep (SWS) and paradoxical
sleep (PS)°®; however, animal studies during the in-
somnia period have documented that opioids cause a
typical EEG/behavioral dissociation, i.e., high-voltage
slow-frequency waves are present in the EEG while the
animals remain awake exhibiting stupor”®'? or other
more active behavior.®""

A number of experimental findings have indicated
that the interaction of morphine with the forebrain has
an excitatory effect on behavior'? that is associated with
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EEG desynchronization,'*'? this in contrast to mor-
phine’s effects in the whole lower brainstem, where,
with a dose-dependent decrease of PS,'* it produces
behavioral signs of SWS'* and EEG synchronization.'?
Recent experiments using microinjection techniques'’
have indicated that local administration of morphine
in the medial pontine reticular formation inhibits both
SWS and PS. However, little is known about other spe-
cific brainstem structures and receptors that could be
implicated in the excitatory and/or inhibitory behav-
joral and EEG effects produced by opioids.

The density of opioid receptors'®™'® as well as neu-
ronal enkephalinergic endings and somata'” in the re-
gion that Ramon y Cajal*’ called complex of the solitary
tract, located in the floor of the fourth ventricle, is very
high. The visceral sensitive information from the 7th,
9th, and 10th cranial nerves is organized in the region
of the nucleus of the solitary tract (NST), which
mediates the most important respiratory’’ and
cardiovascular?? reflexes. In addition, it has long been
recognized that electrical stimulation of the NST pro-
duces EEG synchronization,?* and more recent exper-
imental data confirmed the important hypnogenic and
EEG synchronizing role of this region.?*"%’

These facts led us to evaluate the possible involve-
ment of NST opioid receptors in both EEG synchroni-
zation and behavioral depression. To test this hypoth-
esis, morphine sulfate and highly specific agonists of
u, 6, and « opioid receptors were unilaterally microin-
jected into the NST of intact, unanesthetized cats and,
after the microinjections, their SWC states were mon-
itored. The results revealed that administration of mor-
phine, or of either of the specific u and 6 agonists in
the NST, enhanced EEG synchronization associated with
SWS behavior.

Material and Methods

After institutional approval was obtained, ten adult
cats were anesthetized with sodium pentobarbital (35
mg-kg ' intraperitoneally) and, under sterile condi-
tions, implanted with electrodes for chronic poly-
graphic recordings of the SWC states. These electrodes
recorded EEG, electroculogram, electromyogram, and
ponto-geniculo-occipital waves from the lateral genic-
ulate bodies of the thalamus. As part of the same sur-
gery, a 20-G cannula provided with a stylet was im-
planted, stereotaxically aimed at the NST according to
the coordinates of the Reinoso-Suarez’ atlas®® (AP —
10.0,V 3.5, and L 3.0, § = 18° from vertical). The tip
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of the cannula was left 4.0 mm above the target site.
All the electrodes were terminated in an Amphenol
connector. The electrodes and the cannula were se-
cured permanently with acrylic cement to the skull of
the animal. :

Eight to 10 days after surgery, each cat was accli-
matized for 2-3 days to the recording conditions. The
animal was placed in a sound-attenuated ventilated re-
cording chamber, with food and water ad libitum,
where it could be observed through a one-way mirror.
After becoming familiar with the chamber, all cats had
a baseline polygraphic recording before starting the
treatments with opioid microinjections in the NTS area.
“ When the cat was awake, but gently restrained in a
loosely fitting bag, morphine sulfate, morphiceptin
(specific u agonist®?), D-pen-2-D-pen-5-enkephalin
(DPDPE, a highly selective § agonist®”) or U-50488-H
(x agonist®") in a volume of 0.05 ul of saline was in-
jected into the NST using a 0.5 ul Hamilton syringe
inserted through the stereotaxically implanted cannula.
The tip of the needle protruded 4 mm from the cannula.
All cats received single equimolar microinjections of
each opioid agonist separated by an interval of at least
a week from the next microinjection. Six cats received
a dose of 1.7 X 107? m of each opioid agonist (three
of them received additional treatments with the lowest
dose 0.8 X 10™? m of each agonist); the remaining four
cats received the high dose (2.4 X 1077 m) of each
opioid agonist. In all cats, control data were collected
using identical procedures after microinjecting 0.05
ul of saline in the NST area. Without strictly following
a Latin square design, opioid and saline microinjections
were given in a quasirandomized order. Finally, in six
cats in which opioids had been administered previ-
ously, microinjections of morphine sulfate (2.4%X107°
M in three cats and 1.7 X 10~? M in the remaining three)
were repeated 10 min after administering intraperito-
neal naloxone 2 mg/kg. These combined morphine-
naloxone experiments were done at the end of the se-
ries of opioid treatments in four animals and in middle
of the series in the remaining two animals. After re-
ceiving the microinjections, the cats were released in
the sound-attenuated chamber, and the polygraphic re-
cordings were immediately begun. Baseline and ex-
perimental polygraphic recordings lasted at least 8 h.
Behavioral observations and videotape recordings were

made during the first 2 h of the recordings.

Since behavioral observations indicated that none of
the cats presented any EEG/behavioral dissociation af-
ter opioid delivery in the NST region, polygraphic re-
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cordings were scored visually in 1-min epochs accord-
ing to the polygraphic criteria of wakefulness, drows-
iness, SWS, and PS of the cat.''*? Wakefulness is
characterized by desynchronized EEG with low volt-
age/fast activity, well sustained electromyogram, and
frequent eye movements; drowsiness by synchronized
EEG with bursts of high voltage waves superimposed
over low voltage/fast activity, well sustained electro-
myogram and occasional eye movements; SWS by syn-
chronized EEG with continuous high voltage /slow ac-
tivity, diminished electromyogram activity and no eye
movements; and PS by desynchronized EEG with low
voltage /fast activity, ponto-geniculo-occipital waves,
muscle atonia and rapid eye movements. The sleep re-
cordings were blocked in 1-h intervals. The percentage
of time spent in each SWC state and the mean duration
and the number of its episodes were calculated for each
1-h interval. All statistical analyses were based on the
values of the 1-h blocks after baseline and saline con-
trols and the different opioid treatments.

According to the dose and the location of the mi-
croinjections, the cats were classified into three groups
(Results). In each group of cats, changes in wakeful-
ness, drowsiness, SWS, and PS among baseline, saline,
and the different opioid treatments during either the
entire 8 h or the first 4 h of recordings were assessed
by one-way analysis of variance for repeated measures.
Further multiple pair contrasts were made using Fish-
er’s pairwise comparison test. Statistical significance
was set at P < 0.05.

After the experiments were finished, the cats were
deeply anesthetized with sodium pentobarbital. Brains
were perfused by cannulating the aorta and infusing
saline and a 10% formalin solution. Brains were frozen,
sectioned at 50 um thickness, and stained with Nissl
stain. Each frontal section containing the needle tract
was projected on sagittal planes of the cat’s brain.

Results

Behavioral observations during the polygraphic re-
cordings indicated that there was a strict correlation
between behavior and the polygraphic events that
characterize the different SWC states of the normal in-
tact cat in all our experiments. Local microinjections
of morphine and the other opioids delivered in the
lower brainstem did not produce the typical EEG/be-
havioral dissociation observed after systemic adminis-
tration of low doses of morphine in intact cats®'' and
in other species.””
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The photomicrograph of figure 1 shows the injection
site in one animal whose microinjections were located
in the NST region, and figure 2 shows the sequential
organization of the SWC states in representative ex-
periments in the same cat during the first 2 h of re-
cordings. After a saline microinjection in the NST (sa-
line-NST, fig. 2) the different states of the SWC alter-
nated one after another. However, when morphine was
microinjected in the NST (morphine-NST, fig. 2), the
cat exhibited a long episode of SWS with all its behav-
ioral and polygraphic characteristics. Further facilita-
tion of SWS episodes also took place in the second hour
of the recording. However, this SWS enhancement did
not occur when intraperitoneal naloxone was admin-
istered before the microinjection of morphine into the
NST (intraperitoneal naloxone plus NST-morphine,
fig. 2).

Histologic analyses revealed that the microinjections
were located within the NST region in seven cats,
whereas in the three remaining cats, the microinjec-
tions were situated in neighboring lower brainstem
structures. The location of all the microinjection sites
is summarized schematically in figure 3. The cats were
divided into three groups depending on the location
of the microinjection and the doses of the opioids:
group A, four cats with NST microinjections of which
received the highest (2.4 X 107? m) opioid dose; group
B, three cats with NST microinjections of 1.7 X 107° m
of opioids (one animal on this group also had the treat-
ments with the lowest opioid dose (0.8 X 1077 m));
group C: the remaining three cats with 1.7 X 107" m

Fig. 1. Photomicrograph of a Nissl stained cross-section of the
medulla oblongata in one cat with the injection site within
the NST (arrow). NST = nucleus of the solitary tract; ST = sol-
itary tract; X = dorsal motor nucleus of vagus nerve.
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Fig. 2. Representative 2-h hypnogram in experiments in a sin-
gle cat whose microinjection site in the nucleus of the solitary
tract region is shown in figure 1. D = drowsiness; PS = para-
doxical sleep; SWS = slow wave sleep; W = wakefulness.

of opioid microinjections located outside the NST re-
gion (two animals of this group also had microinjec-
tions at the 0.8 X 10~° dose). Because analyses of vari-
ance for repeated measures were used in three groups
to determine statistically significant changes in each
state of the SWC, data from the 0.8 X 107° m experi-
ments were excluded from groups B and C.

In group A, analyses of variance showed that there
were significant variations among treatments in the
amount of time spent in both SWS (Fs;ss = 9.127, P
< 0.001) and wakefulness (Fs ;55 = 4.158, P<0.001)
during the entire 8 h of recordings; changes in drows-
iness and PS did not reach statistically significant values
(time for drowsiness, Fs ;55 = 2.271, P< 0.10; for PS,
Fs .55 = 1.839, P < 0.20). Pairwise comparisons (fig.
4) indicated that none of the SWC states presented sta-
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Fig. 3. Reconstruction from the Reinoso-Suarez cat atlas of the
sagittal planes of the brainstem 2 and 3 mm from the middle
line, with location of the injection sites in the different cats
used in the current study. Full circles = the seven cases with
microinjections located in the NST region; triangles = the three
cases with microinjections situated in structures neighboring
on the NST. AP = area postrema; C = cuneate nucleus; FC =
cuneate fascicle; NST = nucleus of the solitary tract; P = py-
ramidal tract; ST = solitary tract; X = dorsal motor nucleus of
vagus nerve.

tistically significant variations in baseline and saline
control experiments, however, the effects of NST ad-
ministration of 2.4 X 10~° M morphine, morphiceptin
or D-pen-2-D-pen-5-enkephalin (DPDPE) significantly
increased the amount of SWS as compared to baseline

GROUP A

mmwmmﬂnm

O %W | %D W %SWS B %PS

Fig. 4. Group A. Hourly mean percentages of the different sleep-
wakefulness cycle states and their standard errors during the
8 h of recordings in control baseline and saline experiments
and after NST microinjections of 2.4 X 10~° m of different opioid
agonists. Asterisks indicate statistically significant differences
(Fisher’s test, P < 0.05) in pairwise comparisons between the
different opioid treatments and the saline control values.

5w |
s ST c b
vk\i%

1‘



148

F. REINOSO-BARBERO AND |. DE ANDRES

or saline controls, and the increase in SWS occurred
mainly at the expense of wakefulness, which was sta-
tistically decreased with the same opioid treatments
(fig. 4). NST microinjections of U-50488-H did not
provoke any statistically significant change in the pro-
portions of the SWC states as compared with the base-
line and saline controls (fig. 4). As shown in table 1,
the enhancement of SWS produced by the morphine
microinjections in the NST was produced by a signifi-
cant increase in the mean duration of its episodes (F2 62
= 3.694, P = 0.03) and not in the number of the SWS
episodes (F, 62 = 1.249, P= 0.294). The mean duration
and the number PS episodes after administration of
morphine in the NST did not significantly differ from
the values of the baseline (F;¢, = 0.508, P = 0.604)
orsaline (F,4, = 0.379, P= 0.686) control recordings.
In group B, changes in the proportions of wakeful-
ness, drowsiness, SWS, and PS did not reach statistically
significant levels for the entire 8 h of recordings, as
shown by the corresponding analyses of variance (time
for wakefulness, Fs ;5 = 1.315, P < 0.30; for drows-
iness, Fs 115 = 1.281, P < 0.30; for SWS, Fs 1,5 = 2.184,
P < 0.10; and for PS Fs 1,5 = 1,219, P < 0.40). How-
ever, the different treatments produced significant
variations in the amount of time spent in SWS and
drowsiness during the first 4 h of recordings (table 2).
Changes in wakefulness and PS did not reach statisti-
cally significant differences (table 2). Pairwise com-
parisons indicated that the effects of the administration
of 1.7 X 10~? m of morphine, morphiceptin, or DPDPE
in the NST significantly increased the time spent in SWS
during the first 4 h as compared with baseline or saline-
injected controls. These substances also decreased the
time spent in drowsiness, but these changes only were
significant in comparison with baseline controls. In this
group of cats, NST microinjections of U-50488-H did
not change proportions of the SWC states when com-
pared with the proportions in baseline and saline con-
trols.

In the three group C animals, in which the microin-
jections did not reach the NST, during the whole 8 h
of recording or during the first 4 h of recording (table
2), wakefulness, drowsiness, SWS, and PS were unaf-
fected after the different treatments.

Figure 5 shows the amount of time spent in SWS dur-
ing the first hour of recordings in combined experi-
ments of naloxone intraperitoneally administered 10
min before morphine delivery in the NST in three cats
from group A. In these experiments, the amount of
SWS did not significantly differ from that found in the
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Table 1. Hourly Means and Standard Errors in the Group A
of Cats of the Duration (in minutes) and Number of Slow
Wave Sleep (SWS) and Paradoxical Sleep (PS) Episodes in
Baseline Experiments and after Microinjections of Saline (50
nl) and Morphine (2.4 X 10”° m in 50 nl of Saline in the NST

SWS Episodes PS Episodes
Duration Frequency Duration Frequency
o)
Baseline 56 +0.5 46+04 5107 15+02 %
Saline 56 +04 47 +03 46 +0.6 1.7+028
Morphine 0.5 52+03 44+06 16+0228

Data are based on 8-h recordings

* The increase in the duration of SWS episodes after NST morphine was
statistically significant versus baseline and saline controls (Fisher's test, P
0.05).
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saline controls: furthermore, in the morphine-naloxone
experiments, these animals spent significantly less time
in SWS than they did after NST administration of mor-g
phine alone. Thus, pretreatment with naloxone etfec-g
tively blocked the increment of SWS produced by mor-5

phine-delivered NTS.
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Discussion

0/ %6

Parenteral administration of clinical doses of opioi
provokes drowsiness and decreases the level of cong
sciousness in humans. However, EEG and polygraphicj
studies after parenteral administration of morphine ing
humans contradictorily reveal both a decrease in SW&Z
sleep (stages 111 and IV) and PS and an increase it§
wakefulness and stage I sleep.® Likewise, both excessive
sedation or behavioral excitation, with different timé
courses, can be observed after intrathecal administrag
tion of morphine. Studies in other species have cong
firmed the sleep-suppressing effects of systemic or ins
traventricular morphine”®'" and other opioids.**** Iff
addition, these studies have indicated that, during thig
insomnia, there is an EEG/behavioral dissociation: the
desynchronized EEG pattern typical of normal wake-
fulness is usually absent; instead, behavioral wakeful-
ness is accompanied by a synchronized EEG with high-
voltage slow waves resembling the pattern that appears
during physiologic SWS.

Several factors might explain the complex excitatory/
inhibitory actions evoked by opioids, namely: dose de-
pendency, the stimulation of different types of opioid
receptors, and different sites of interaction within the
CNS. Although experimental studies in different animal
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species have demonstrated hyperactive or depressive
behavioral states respectively associated with high and
low doses of morphine,”*® this duality in the effects
does not depend exclusively on the dose, because
studies in rats’ and cats®'' have shown that low doses
of systemic morphine provoke the EEG /behavioral dis-
sociation typical of opioids. It is also unlikely that the
excitatory/inhibitory actions depend on different spe-
cific types of opioid receptors, because the adminis-
tration of more selective agonists of opioid receptors,
such as enkephalin analogs®* or cyclazocine,* still
provokes EEG/behavioral dissociation.

The current study demonstrates that microinjection
of morphine and other agonists of u- and é-opioid re-
ceptors into the NST increases SWS. No EEG /behavioral
dissociation was observed in our experiments when
small microinjections of morphine and other opioids
were locally delivered in the NST region or in neigh-
boring structures, because we always observed that
fully synchronized EEG was associated with behavioral
sleep and with other polygraphic features that char-
acterize SWS. The opioid-induced increase of SWS seen
in the current study was site-specific. The hypnogenic
and EEG synchronizing action occurred only when
morphine and the u and 6 opioids were administered
in the NST region. Estimates based on microinjections
of dyes in the NST of a volume similar to the one used
in our study (50 nl) have indicated that the initial area
of diffusion has a long diameter, about 500 pm.>? In
our experiments, morphine and the p and 6 opioids

'NALOXONE-MORPHINE EXPERIMENTS

% 80 Y

m *

8 o

20

0

SALINE NALQXONE MORPHINE
MORPHINE

‘O %W @ %D H %SWS %PS

Fig. 5. Percentages of the different sleep-wakefulness cycle
states and their standard errors during the first hour in saline
experiments and after the delivery of 2.4 X 107° m in the nu-
cleus of the solitary tract (NST) and with the previous intra-
peritoneal administration of naloxone in three cats from
group A. Note that the slow wave sleep (SWS) increase pro-
duced by the NST morphine delivery was already noticeable
in the first hour of the experiment (*P < 0.05, comparisons
with saline values). Intraperitoneally administered naloxone
blocked the SWS enhancement produced by the NST microin-
jection of morphine (#P < 0.05, comparisons with the mi-
croinjection of morphine into the NST plus prior intraperi-
toneal naloxone).

were unable to increase SWS when microinjected into
sites only 1 mm away from NST (fig. 3).

Previous studies dealing with the sites of action of
morphine for generation of EEG and SWC effects have

Table 2. Hourly Mean Percentages of the Different Sleep—Wakefulness Cycle States and Their Standard Errors during the First
4 Hours of Recordings in Baseline and Saline Control Experiments and after Microinjections of Different Opiate Agonists in
Group B (NST Opiate Microinjection at the Dose of 1.7 X 10° M) and in Group C (Opiate Microinjections in the Medulla
Oblongata in the NST Neighboring Structures at the Dose of 1.7 X 10° m)

Baseline Saline U-50488-H Morphine Morphiceptin DPDPE Fess P Value
Group B
w 19.0+35 236+ 8.2 205 +47 133+44 14.0 + 41 16.0 = 3.6 0.756 0.5854
D 20419 16.8 + 3.0 199 +25 108 + 1.6 118+ 34 82+15 5.034 0.0007
SWs 496 + 3.6 50.3+ 7.0 50.7.+5.9 68.7 + 4.8* 64.4 + 34* 66.2 + 2.9* 3.589 0.0070
PS 11.0 + 3.1 93+25 89+25 T2 +25 98+37 96 +32 0.238 0.9440
Group C
w 29.3+6.0 - 285+ 6.6 31.7+56 29.0 +6.7 36.3+54 244 +66 0.508 0.7691
D 175+23 139+ 16 145+28 189 +37 157+ 27 122+22 0.902 0.4865
SWsS 46057 431 +52 46.0 £ 5.8 402 +56 43.1+49 50.7 + 5.9 0.504 0.7722
PS 6.2+23 145+ 36 78+22 119+ 34 49+19 133+ 3.0 2.202 0.6710

Statistical analysis with the F value of ANOVA for repeated measures and corresponding statistical significance are shown for each SWC state in both groups of

cats.

* Statistically significant differences (Fisher’s test, P < 0.05) between the different oﬁatenamrswwwmmmmwmmmm.
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reported a variety of results depending on the region
of the CNS that received the stimulation. EEG and be-
havioral activating effects mediated by the prosen-
cephalon have been described in morphine-treated an-
imals with occlusion of the aqueduct of Sylvio'’ or
with a brainstem transection'?; in contrast, synchro-
nized EEG and sleep behavior seem to be the result of
the interaction of the drug with the whole lower brain-
stem.'?'¥ The role of specific brainstem structures other
than the NST in mediating sleep opioid effects has been
examined previously using the microinjection tech-
nique. Keifer et al.'’ reported that morphine locally
administered in the medial pontine reticular formation
promotes behavioral and electrographic wakefulness
with inhibition of both SWS and PS; however, morphine
microinjections in the dorsolateral pontine tegmentum
at the level of the locus ceruleus increased SWS.*°
Therefore, it is evident that either activating or de-
pressing actions can be obtained depending on the CNS
loci at which the opioids act. All of these results em-
phasize the importance of determining the brain sites
through which opioids alter EEG and behavioral
arousal.

Interspecies differences between cats and humans
partially limit the extrapolation of the results of the
current study on behavioral effects and EEG changes
associated with perioperative use of opioids to humans.
However, the EEG and sleep responses of cats®'' to
relatively low doses of morphine are similar to those
found in humans and other species. These findings,
along with the wide use of the cat in the research of
sleep mechanisms, support the validity of this species
as an experimental model for the study of the neural
mechanisms involved in EEG and sleep effects of
opioids. Thus, the complex and often contradictory
behavior observed in humans®?** under systemic mor-
phine, as well as the EEG/behavioral dissociation de-
scribed in animals,”® could be explained by the si-
multaneous activation of both EEG-desynchronizing
and EEG-synchronizing structures. Also, the perioper-
ative hypnosis and EEG synchronization induced by
small doses of opioids, when administered with other
anesthetic agents,*' could be explained by the activa-
tion of synchronizing structures like the NST region
and the inhibition of the CNS-activating mechanisms
by the anesthetic drugs. What is more, the very high
doses of u-opioid agonist required for adequate intra-
operative hypnosis**** could be explained by the need
for predominant stimulation of u receptors located in
synchronizing structures. On the other hand, because
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interaction of morphine with NST lengthens the SWS§
episodes, opioids also would strengthen the hypnotic
effects of anesthetic drugs** by enhancing the duration
of the SWS episodes once these were induced by the
anesthetic agents. This would explain why the drows-
iness after administration of parenteral opioids can be
strongly exacerbated by the concomitant use of any
hypnotic drug, even in small doses, or by the presence
of a physiologic period of sleep, independently of ad-
equate therapeutic plasmatic concentration of the
opioid drug employed.*’

In our experiments, intraperitoneal pretreatment
with naloxone effectively blocked the SWS increase
produced by the NST morphine microinjection. Pre-
treatment with the antagonist blocked the sleep-sup-
pressing effects of morphine in the medial pontine re-
ticular formation.'> These findings are consistent with
the hypothesis that the sleep effects of morphine in-
teracting in distinct regions of the brainstem are opioid-
receptor phenomena. Microdialysis studies performed
in the medial pontine reticular formation have indi-
cated that inhibition of acetylcholine release in this
area could be a mechanism through which morphine
may inhibit PS.*° In addition to the well known EEG-
synchronizing and SWS-enhancing effects mediated by
the NST,**** this region has a role in PS mechanisms,
because both the administration of cholinergic agonists
into the NST?” and destruction of its serotoninergic
innervation”® produces enhancement of PS. Despite this
and the fact that NTS contains muscarinic receptors,'®
this study shows that PS was unchanged after NST ad-
ministration of the different opioids. No significant
changes were detected in the amount of PS or the du-
ration and number of its episodes. It seems that u and
6 opioids in the NST cause an enhancement of SWS that
mimics the results observed after serotoninergic**>*7
and not acetylcholine stimulation.

Concerning the identification of the opioid receptors g
that mediated the increase in SWS caused by the NST &
morphine injections in cats, the present study showed *
that the microinjection of morphiceptin and DPDPE
(highly specific agonists of u- and é-opioid receptors,
respectively) into the NST provoked an increase in SWS
like that produced by morphine. These effects were
also dose-dependent and site-specific. However, mi-
croinjection of U-50488-H, the most selective k-opioid
agonist,®" into the NST did not produce any significant
changes in the SWC states. It therefore seems that the
SWS enhancement caused by NTS administration of
morphine in cats is mediated by the u- and é-opioid
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receptors. However, further studies using specific an-
tagonists to block the effects of morphiceptin and
DPDPE are needed to provide unequivocal evidence
of the involvement of both p and é receptors in the
enhancement of SWS produced by opioids in the NST.

The NST has been reported to be basically enkephal-
inergic,'® but the NST neurons can produce dynorphins
and endorphins.*® Nevertheless, the opioid-receptor
subtype distribution varies among the different species:
Thus, u- and k-opioid receptors have been localized in
the rat NST,'” whereas p and 6 but not k receptors have
been demonstrated in the NST of rabbits*® and cats.'*'®
Therefore, the lack of effect of the specific k agonist U-
50488-H in the current study would seem to be ex-
plained by the absence of  receptors in the feline NST.
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