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Study Objectives: Acute myocardial infarction (MI) is followed, within a few hours, by neuronal loss in the central nervous system (CNS), including
the limbic system, the hypothalamus, and the brainstem. Sleep before and after Ml was investigated in the first experiment. In a parallel experiment,
2 weeks after MI, we quantified brainstem cholinergic neurons known to control paradoxical sleep (PS).

Measurements and Results: Data were obtained from 28 adult male Sprague-Dawley rats weighing 350-375 g and maintained under a 12-12
light-dark cycle in 2 experiments on 16 and 12 rats, respectively. The 16 animals in the first experiment were implanted with chronic electroen-
cephalographic (EEG) and electromyographic (EMG) electrodes. A week after surgery, these animals were habituated for 2 days to the recording
equipment, and baseline sleep was charted for 24 h. The next morning, Ml was induced in 8 rats by occluding the left anterior descending coronary
artery for 40 min. The remaining 8 rats served as sham-operated controls. Sleep was recorded again 2 weeks after MI. The number of choline
acetyltransferase (ChAT)-positive neurons was counted in the second, parallel experiment on 6 Ml and 6 sham rats.

Compared to the sham controls, Ml rats displayed longer latency to sleep onset, shorter latency to paradoxical sleep (PS), and curtailed PS dura-
tion. The number of ChAT-positive neurons in the pedunculopontine tegmentum (PPT) area of Ml rats was significantly decreased compared to the
sham controls, while the number of laterodorsal tegmentum (LDT) cholinergic neurons was not different.

Conclusion: Acute Ml is accompanied, within 2 weeks, by PS-specific insomnia that can be explained, at least partly, by a specific loss of cholin-

ergic neurons in an area known to control PS.
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ACUTE MYOCARDIAL INFARCTION (MI) IS FOL-
LOWED, WITHIN A FEW MONTHS, BY MAJOR DEPRES-
SION IN 15% TO 30% OF PATIENTS.! WE RECENTLY
replicated this phenomenon in a rat model in which behavioral
signs of depression, such as despair and anhedonia, were en-
countered 2 weeks after MI and reversed by antidepressant
treatments.>* In humans, depression is also accompanied by
sleep disorders, including difficulties initiating and maintaining
sleep, less slow wave sleep (SWS) together with facilitation of
rapid eye movement (REM) sleep, also identified as paradoxi-
cal sleep (PS).’ These sleep disorders have also been document-
ed in rat models of depression, such as learned helplessness,*
chronic mild stress,” olfactory bulbectomy,® the Flinders Sensi-
tive Line,” and the neonatal clomipramine model of endogenous
depression.'” The present studies were undertaken to verify if
the post-MI rat model of depression® replicates the sleep find-
ings reported in other animal models of depression and whether
brainstem cholinergic neurons, known to be involved in PS
control, are also targeted. Our hypotheses were that 2 weeks af-
ter MI and compared to sham-operated controls, MI rats would
show: (a) increased sleep latency; (b) decreased total sleep
time; (c) diminished SWS; (d) reduced latency to PS; and (¢)
greater total time spent in PS.
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METHODS

Experiment 1: Sleep Recording
This experiment was performed to characterize sleep archi-
tecture after MI in rats.

Animals

Sixteen adult male Sprague-Dawley rats weighing 350-375
g were acquired through regular trade (Charles Rivers, St-Con-
stant, Quebec, Canada) and housed individually under stan-
dard conditions of 12/12-h light/dark cycles with light onset at
08:00, temperature 21-25°C, relative humidity 40%-50%, food
and water ad libitum. All procedures described below were
conducted according to Canadian Council on Animal Care
guidelines and were approved by the animal ethics committee
of the Biomedical Research Centre at Hopital du Sacré-Coeur
de Montréal.

Surgical Procedures

Sleep

The animals were first anesthetized with ketamine/xylazine
(50 mg/kg i.m. and 5 mg/kg i.m., respectively), then maintained
on isoflurane (1%-1.5%) ventilation. Body temperature was
controlled by rectal probe connected to a thermostat-equipped
heating pad set at 37°C. EEG electrodes were positioned bilat-
erally with stainless steel screws (diameter = 1.2 mm) in the
skull bone over the sensorimotor and frontal cortices; a ref-
erence electrode was placed at midline over the cerebellum.
Three EMG electrodes, made of fine, flexible, Teflon-coated
wire loops (diameter = 0.2 mm, bared 2 mm along the loop),
were sown between the levator scapulae dorsalis and acromio-
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trapezius neck muscles; pairs of EMG electrodes were ref-
erenced against each other. All electrodes were attached to a
socket (Ginder Scientific, Ottawa, Ontario, Canada) that was
fixed to the skull with dental acrylic cement. The animals were
returned to their cages after receiving an antibiotic (15,000 TU
penicillin G, i.m.) and an analgesic (2 mg/kg of butorphanol,
s.c.). The socket was linked to a swivel connector, which was
attached to a counter-balancing weight system, enabling the rats
to move about freely. Electrophysiological signals were relayed
to a Grass Model 78D polygraph, filtered and amplified, before
being digitized at 256 Hz and written on disk with a computer-
assisted system (Eclipse, Stellate Systems, Montreal, Quebec,
Canada). After 5-day postoperative recovery, the rats were con-
nected for 2 days of habituation to the recording equipment un-
der standard housing conditions, and baseline sleep was tracked
for 24 h on the seventh day post-surgery. Sleep recordings were
initiated after awakening, enforced by brief, gentle handling at
light onset (08:00), for 10 to 15 s.

Myocardial infarction

On the morning after baseline sleep recording, the rats were
randomized into 1 of 2 groups: those in the experimental (MI)
group were subjected to coronary occlusion for 40 min, fol-
lowed by reperfusion, according to a standard method already
published by our group (see below).>* The control (sham-oper-
ated) group of 8 rats were submitted to the same thoracotomy
protocol but without actual coronary artery occlusion. Ketamine
and xylazine (50 mg/kg i.m. and 5 mg/kg i.m., respectively)
were combined for anesthesia induction, after which the animals
were intubated and placed on an artificial respirator, with anes-
thesia maintained by isoflurane (1.0%-1.5%) ventilation. Then
a left thoracotomy was undertaken at the fifth intercostal space,
and the left anterior descending coronary artery was occluded
for 40 min with a silk thread in 8 rats. Electrocardiogram, tem-
perature, heart rate, and oxygen flow were monitored throughout
the surgery. Ischemia was confirmed by ST segment alterations
and ventricular subepicardial cyanosis. After 40 min of occlu-
sion (ischemia), the ligature was loosened so that the myocardial
tissue could be reperfused. Transient arrhythmias can occur dur-
ing MI surgery, but no cardiac failure was observed (see below).
Reperfusion was confirmed by the disappearance of cyanosis,
and the thorax was closed, followed by injections of an antibi-
otic (15,000 IU penicillin G, i.m.) and an analgesic (2 mg/kg of
butorphanol, s.c.), with the animals then being returned to their
cages. The analgesic was given every 8 h during the 24 first h
post-MI surgery. Two weeks after M1, sleep was recorded again
in the same manner as described above.

General condition of animals after surgery

All animals recovered optimally from sleep and MI surger-
ies. From the beginning of this study to the end, the general
condition (quality of hair and grooming, as monitored by ani-
mal health technicians of our research centre) and weight gain
were similar in control (136.17 + 23.97 g) and MI rats (122.83
+ 20.17 g). Lung weight after sacrifice served as an indicator
of possible heart failure, but no significant differences were ap-
parent between the controls (1.52 + 0.06 g) and MI rats (1.55
+ 0.07 g). Finally, control and MI rats displayed similar swim-
ming performances in the Morris water maze,’ and run similar
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distances for 24 h in a running wheel (unpublished data), indi-
cating intact motor performance. It thus can be concluded that
there was no sign of pain or heart failure symptoms in MI rats.

Dependent Measures and Data Analysis

Vigilance states

The best 2 EEG and EMG derivations were selected for the
measurement of vigilance states with 10-s epochs. The fol-
lowing scoring criteria were implemented, using 10-s epochs:
wakefulness was scored on the basis of low-voltage, high-
frequency (= 6-8 Hz) EEG coupled with high EMG levels.
Slower EEG frequencies, vertex sharp waves, and decreased
EMG signal were scored as drowsiness. Light SWS (SWS-1)
was scored from EEG sleep spindles (5-12 Hz) and more than
20% but less than 50% of EEG delta waves (2-4 Hz) per epoch.
Deep SWS (SWS-2) scores were based on the predominance
of EEG delta waves and more than 50% of epochs. Finally, PS
was scored when EEG activity was low amplitude and stable,
with theta activity (5-8 Hz) and general EMG atonia. The fol-
lowing sleep parameters were computed and examined in the
data analysis: sleep onset latency was the time elapsed from
the beginning of sleep recording at light onset, after forced
awakening, to the first occurrence of any sleep stage; the la-
tency to sleep stages was defined as the time elapsed between
sleep onset and the first epoch of that stage; total sleep time:
total time spent in any of the sleep stages after sleep onset;
wake time after sleep onset: number of minutes during the total
recording time after sleep onset; sleep efficiency: percentage
of total sleep time during recording time after sleep onset; PS
periods: uninterrupted bouts of PS lasting > 3 min and termi-
nated by at least 10 consecutive epochs of SWS or wakeful-
ness. All recognizable PS episodes were computed in terms of
duration (min) and occurrence (fragments).

Infarct size

Infarct size data were drawn from the animals used for sleep
recordings and were analyzed according to a standard method
described in our previous work.”* Briefly, at the end of the ex-
periment, the rats were sacrificed and their hearts were prompt-
ly removed. The left anterior descending coronary artery was
occluded at the same site occluded earlier with 4.0 silk suture.
Then, the heart was removed and rinsed with saline (0.9%), fol-
lowed by 0.5% Evans Blue infusion into the aorta to measure
the area at risk (AR). The hearts were then frozen at —80°C for
5 min and sliced into 4 coronal sections of 2 mm. Each section
was stained at 37°C for 5 min in a 2,3,5-triphenyltetrazolium
chloride solution (TTC 1%, pH 7.4) to assess the area of necro-
sis (I). MI was expressed as a percentage of I of the AR (I/AR).
The AR was also expressed as a percentage of left ventricle
(LV) area (AR/LV). In terms of appearance, each area was ex-
amined according to morphological properties intensified with
TTC treatment: necrosed tissue was colored white, healthy tis-
sue was colored red, and Evans Blue identified the area spared
from ischemia (colored blue).

Statistical Analyses
The 24-h sleep recording sessions were divided into light
and dark periods. The data were evaluated by 1-tailed #-tests
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for independent groups, with an a level of 0.05. They were first
analyzed for homogeneity of variance and for normality, which
was the case.

Experiment 2: Quantification of Brainstem Cholinergic Neurons

This experiment was undertaken to examine the relation-
ship between expected group differences in PS and PS control
mechanisms located in the brainstem.

Animals

Twelve rats (6 MI and 6 sham) weighing 350-375 g and
acquired through regular trade (Charles Rivers, St-Constant,
Quebec, Canada) were housed individually under standard
conditions (see experiment 1 above). All procedures were con-
ducted according to Canadian Council on Animal Care guide-
lines and were approved by the animal ethics committee of the
Research Centre where the experiments were performed. All
surgical procedures for sleep recording and MI were the same
as those detailed above (experiment 1). At the end of the sleep
recording (i.e., 2 weeks after MI), the rats were sacrificed ac-
cording to the method explained below.

Perfusion and Histology

The animals were deeply anesthetized with ketamine/xyla-
zine (50 mg/kg and 5 mg/kg i.m., respectively) and perfused
transcardially with 100 mL of 0.9% NacCl, followed by 700
mL of ice-cold 4% paraformaldehyde in 0.1 M sodium tet-
raborate buffer (pH 9.5). Their brains were post-fixed for 3 h
and then cryoprotected in 15% sucrose in KPBS buffer (potas-
sium phosphate 0.02 M; NaCl 0.9%; pH 7.4) overnight at 4°C.
Frozen coronal brainstem sections (30 um thick) were cut in a
freezing cryostat at in four 1-in-4 (1-4) series throughout the
brainstem, referring to the rat atlas of Paxinos and Watson."
The beginning and end of the pedunculopontine tegmentum
(PPT) were set between Bregma —6.72 and —8.76, respec-
tively; the beginning and end of the laterodorsal tegmentum
(LDT) were set between bregma —8.16 and —9.48, respective-
ly (Figure 1). Sections were collected in cold cryoprotectant
(sodium phosphate 0.05 M; sucrose 15%; ethyl glycol 30%;
pH 7.4) and stored at —20°C until histochemical procedures
were performed.

Immunohistochemistry

To ascertain the number of choline acetyltransferase
(ChAT)-positive neurons, brain sections were first rinsed in
KPBS buffer to remove the cryoprotectant, then pretreated for
10 min with 0.3% hydrogen peroxide to reduce endogenous
peroxidase activity and for 8 min with 1% sodium borohydrate
solution to eliminate free aldehyde, followed by incubation
with primary goat anti-ChAT antibody (Chemicon, Temecula,
CA) at 1:2,000 in KPBS buffer with 0.3% Triton X-100 and
2% rabbit serum for 48 h at 4°C. The primary antibody was
detected with biotinylated rabbit anti-goat immunoglobulin
(Vector Laboratories, Burlingame, CA) at 1:200 (48 h) and
avidin-DH-biotinylated horseradish peroxidase-H-complex
(Vectastain Elite ABC kit, Vector Laboratories). The diami-
nobenzidine (DAB) reaction product was developed with the
DAB substrate kit for peroxidase (Vector Laboratories) ac-
cording to the manufacturer’s instructions.
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Dependent Measures and Data Analysis

The PPT and LDT areas were defined by the boundary of
the outermost cholinergic neurons in each section. Cells were
quantified with a non-stereological method, since MI was not
expected to change cell size. Cholinergic neurons were counted
from 1-in-4 series of coronal brainstem sections representing
14-16 sections. ChAT-positive stained neurons with a discern-
ible nucleus were counted under 10X magnification to discern
any numerical differences between MI and sham-operated rats.
The data represent total counts from the left plus the right sides
of the brain.

Statistical Analyses

An independent 2-tailed #-test was applied to compare the
means of ChAT-positive neurons, with P < 0.05 considered as
significant. The data were first analyzed for homogeneity of
variance and for normality, which was the case.

RESULTS

Infarct Size

The infarct size data, derived from animals used for sleep
recording, corresponded to 46.78% =+ 1.34% of the AR in the
MI group and > 50% of the LV. No cardiac tissue damage was
observed in the sham-operated controls, similar to values re-
ported in our own previous studies as well as those of others. '

Sleep

Before MI, both groups presented similar baseline sleep or-
ganization (data not included). The results obtained 2 weeks
after MI are summarized in Table 1. Compared to the sham con-
trols, Ml rats displayed longer latency to sleep onset (¢, = —2.88,
P <0.01) and shorter latency to PS (¢, = 2.26, P < 0.05). Ml rats
also manifested significantly less PS time (¢, = 2.17, P < 0.05)
and a lower number of PS periods (¢, = 3.66, P < 0.01) dur-
ing the light period, with significantly fewer PS fragments both
during the 24-h recording period (#, = 2.62, P < 0.05) and in
the light period (¢, = 3.52, P < 0.01). There were no significant
differences in any sleep parameters analyzed in the dark period
except for drowsiness: relative to the sham controls, MI rats
showed significantly less drowsiness time (168.70 + 23.93 vs.
97.75 £13.67;t,=2.58, P < 0.05).

Immunohistochemistry

In comparison to the sham controls, MI rats exhibited a sig-
nificant diminution of ChAT-sensitive neurons in the PPT area
(t,=2.84,P<0.01) but not in the LDT area (¢, = 0.84, P> 0.05)
(Figures 2 and 3A to 3D). In both groups, ChAT-sensitive neu-
rons were equally distributed on the right and left sides.

DISCUSSION

The present paper deals with sleep organization and con-
trol mechanisms related to PS/REM sleep after acute MI. The
fact that MI is followed by depressed mood and actual major
depression in a certain proportion of patients' suggests that
post-MI sleep may be altered either by MI-related mechanisms
themselves or by mechanisms associated with the develop-
ment of depression. In humans, sleep after MI'*-'* and sleep in
depressed patients'®'® are both characterized by sleep mainte-
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Bregma: -6.72 mm Bregma: -8.76 mm

LDT

Bregma: -8.16 mm Bregma: -8.76 mm Bregma: -9.48 mm

Figure 1—Stereotaxic coordinates based on The Rat Brain in Stereotaxic Coordinates by Paxinos and Watson." 1A and 1B: Adapted figures respectively
showing the beginning and end of the PPT nucleus and LDT nucleus in the brainstem.
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Table 1—Sleep organization (mean + standard error of the mean) in 24-h recording time and light period 2 weeks after Ml (n = 8/group).
SHAM P
Sleep parameters 24h Light 24h Light 24h  Light
Sleep latency (min) 10.29 £ 2.52 10.29 £ 2.52 2041 +£2.79 2041 +2.79 0.01* 0.01*
Total sleep time (min) 893.60 £51.12  563.64 £ 18.59 816.29 £49.07 53047 +21.27 0.29 0.27
Wake time after sleep onset (min) 51500 £38.45  143.87 +18.82 578.39 £ 53.73 156.58 + 20.46 0.35 0.65
Sleep efficiency (%) 62.65 + 3.54 79.66 + 2.64 57.76 + 3.57 76.86 + 3.05 0.34 0.50
Drowsy duration (min) 35710 £47.14  193.54 £23.92 250.52 + 22.07 151.70 + 13.04 0.06 0.14
SWS-1 duration (min) 42462 £43.12  286.77 £ 27.65 462.45+2713  303.39+13.29 0.46 0.59
SWS-2 duration (min) 17.60 £7.58 13.97 £6.40 2447 £7.65 19.73 £7.52 0.53 0.57
PS latency (min) 40.62 +5.70 40.62 +5.70 2214 +3.95 2214 +3.95 0.01* 0.01*
PS duration (min) 103.52 +7.78 76.08 +5.79 82.70 +8.75 58.00 +5.97 0.09 0.04*
PS fragments (number) 83.37+7.08 60.87 + 5.46 57.50 + 6.86 38.50 +3.22 0.02* 0.003**
PS periods (number) 61.00 + 3.55 43.87 +2.28 48.62 +6.25 31.62 +2.45 0.10 0.002**
nance difficulties, with high amounts of wakefulness and poor
sleep efficiency. REM sleep, however, differs between the 2 ChAT positive neurons [JCTRL
conditions: post-MI sleep in humans features long REM sleep 1200 - C L
latency, a short duration of REM sleep, and a low number of
REM sleep periods'*!5; while depressed patients show overall
facilitation of REM sleep.''® In the present experiments on 1000+
rats, we recorded long sleep latency compatible with findings .
in humans after MI or upon depression while the PS data were 800
mixed: PS latency was facilitated while PS duration was de- 5
creased relative to the sham controls. <
Laboratory sleep recordings in persons with depression also § 600
ry sleep gsmp p =
disclose a reduction of SWS together with diminished latency
and increased duration of REM sleep.’ These sleep patterns have 400 -
been attributed to many possibilities, including faulty mecha-
nisms of SWS control,' heightened REM sleep pressure,” and 2004
ultradian rhythm disorders.?' Most rat models of depression are
compatible with this profile.>**# In our experiments, the find-
ing that insomnia was almost exclusively attributable to loss of 0 |
PS was the opposite of what was expected, since post-MI rats PPT LDT
display clear behavioral signs of depression that can be blocked Figure 2—Number of ChAT-positive neurons in myocardial-infarcted
by antidepressants.>* Indeed, the present results could consti- (M) rats and sham controls (CTRL) in the left + right PPT and LDT
tute another demonstration that the relationship between PS areas. There were no differences between the left and right sides of the
. . . brainstem. *P < 0.05.
and depression may sometimes diverge from the usual profile.

Indeed, while it is known, for example, that most antidepres-
sant treatments inhibit PS, molecules, such as trimipramine,
monoamine oxidase inhibitors, trazodone, and bupropion, do
not suppress PS*; whereas nefazodone might even increase
it.» In any case, cholinergic control of PS is achieved through
interaction between brainstem cholinergic and cholinoceptive
neurons,”® and our data show that a subgroup of pontine cholin-
ergic neurons, namely, the PPT, is decreased 2 weeks after MI
compared to the sham controls. Since it has been reported that
lesions of PPT cholinergic neurons significantly reduce PS,*"*
the present results may be sufficient to explain the decline of
PS seen here in MI rats, even though other mechanisms, such
as decreased number of post-synaptic cholinoceptive neurons
or increased “REM-off” neuron activity,”® should not be dis-
missed. It is noteworthy that although the pontine cholinergic/
cholinoceptive system has been found to play a role in at least
one of the models (the Flinders Sensitive Line),” ChAT-positive
neurons do not seem to contribute to the PS facilitation it dis-
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plays.?** These observations are in accordance with the present
data, showing facilitation of REM sleep latency in rats in the
face of diminished PPT cholinergic neurons. They further in-
dicate that other elements, selectively and specifically involved
in the control of REM sleep onset and shared with the physio-
pathology of depression, may be important here in maintaining
high pressure on PS onset.

The decreased PS time reported here is compatible with what
has been observed in patients after MI'*' and can be concep-
tually associated with a reduced number of ChAT-sensitive
brainstem neurons, as illustrated in the present study. Still, the
mechanism(s) by which brainstem cholinergic neurons are lost
after MI is unclear. One possibility is that circulating neuro-
toxic substances released upon post-MI reperfusion might be
implicated. It is known that pro-inflammatory cytokines, such
as interleukin-1 (IL-1), IL-6, and tumor necrosis factor-alpha
(TNF-a) are released after MI1.2!** We have previously observed
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Figure 3—Examples of ChAT-positive neurons in the left brainstem of a Ml and a sham rat. 3A, 3B: left PPT. 3C, 3D: left LDT. There were no differences
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that pentoxifylline, a nonspecific cytokine synthesis inhibitor,
prevents neural apoptosis in the amygdala after MI without
effect on infarct size? and that TNF-a is involved.* We have
also demonstrated that inhibition of the inducible inflammatory
enzyme cyclooxygenase-2 (COX-2), during the reperfusion
period, attenuates the apoptotic process (decreased number of
terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL)-positive cells and reduced caspase-3 activation) in
the amygdala without affecting infarct size.* Cholino-sensitive
cells of the amygdala are thought to be engaged in the control of
PS.3637 Moreover, a relationship between apoptosis and PS loss
has been noted: selective PS deprivation,*® but not unselective
sleep deprivation, induces apoptosis in the amygdala and PPT/
LDT as well as in several other brain regions, including the
habenula, locus coeruleus, hippocampus, and areas of the hypo-
thalamus.*®** The present results thus indicate that pro-inflam-
matory cytokines could be involved in the decreased post-MI
duration of PS reported here, through apoptosis in the amygdala
and PPT cholinergic area.
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In summary, these data reveal that acute MI is accompanied,
within 2 weeks, by PS-specific insomnia that can be at least
partly attributed to a particular loss of cholinergic neurons in
brainstem areas known to control PS. We conclude that PPT
cholinergic neurons are more sensitive than LDT cholinergic
neurons to central insults induced by acute MI, a phenomenon
that could be explained by the heterogeneity of neuronal cell
neurotransmitters released in these 2 nuclei, as well as pro-in-
flammatory cytokine activity and triggers of cell death.

Study Limitations and Future Studies

Sleep was recorded 2 weeks after MI, but it is possible that
sleep patterns were affected at an earlier stage. This possibil-
ity needs to be investigated since we have reported the pres-
ence of apoptosis in various brain regions as early as 72 h after
MI.2% If such is the case, then sleep disorders could be con-
sidered as early effects of early apoptosis. Moreover, given
the reciprocal connectivity of the amygdala with the myocar-
dium and its influence on heart rate control,*! it is crucial to
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ascertain which nucleus of the amygdala is specifically sensi-
tive to early apoptosis.

Another possible limitation of the present study is that direct
insult to the brain, caused by hypoxia during the MI procedure,
may have contributed to the results. Although this possibility
needs to be considered, many hypoxia-independent functional
routes, through which circulating pro-inflammatory cytokines
may act on the brain, also deserve to be examined. It is known,
for example, that peripheral circulating cytokines have clear
effects on the brain by accessing it via circumventricular or-
gans,* by crossing the blood-brain barrier,*** or indirectly, by
stimulating peripheral vagal afferents.**® Pro-inflammatory
cytokines may recruit peripheral immune cells into the brain,
which may then express cytokines.*” Finally, it is also apparent
that pro-inflammatory cytokines can be produced endogenously
within the brain* through the induction of inducible cyclooxy-
genase (COX-2) activity in the cerebral microvasculature.*-°

Finally, future research should further explore cholinergic
neurons in other areas of the brain, including the hippocampus
and the basal forebrain, together with cholinergic receptors and
apoptosis markers, possibly by quantified analysis of EEG ac-
tivity during SWS and PS. The fact that PS was inhibited rather
than facilitated should lead to further investigation to evaluate
the effects of antidepressants on sleep in post-MI rats.
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