Physiology of dreaming

ing activity, inasmuch as variations of temperature are slow while
dreaming is a fast pace phenomenon. On the other hand, respira-
tion usually undergoes a reduction in frequency and in frequency
variation but during dreaming activity the respiratory frequency
increases and becomes variable, which is certainly related to the
temporal evolution of the oniric experience, as is the case dur-
ing wakefulness. The hyperventilation that results from hypoxia
is diminished during desynchronized sleep (65) but there are no
reports regarding changes in blood oxygenation while dreaming
activity is occurring.

Electrophysiological characterization

In humans the electro-oscillograms during desynchronized
sleep are expressed as overall cortical desynchronization, whence
the adequacy of the name created by Moruzzi, desynchronized sleep.
Generally, in humans oniric activity is expressed as eye move-
ments, what is obviously linked to vision as the main human
sensory channel. Often eye movements are preceded in the elec-
troencephalogram by small sawthoot-waves that superimpose
on desynchronized potentials (figure 3). However, human oniric
behaviors are also expressed as lips, tongue and facial movements,
as well as fingers, toes and whole limbs jerks, as described above.

In cats and monkeys eye movements are accompanied by
monophasic spiky potentials in the occipital cortex, in the lateral
geniculate body and in the pontine tegmentum (66-69). Accord-
ingly, they are known as PGO (pontine, occipital cortex and lateral
geniculate nucleus) potentials. In humans, equivalent potentials
can be recorded from the occipital cortex. In rats we found similar
potentials in the amygdala as related to olfactory dreams, expressed
as rostrum movements (32). No PGO potentials have been found
in rats (70). Interestingly, bilateral ablation of the frontal lobes in
cats leads to deep changes of the PGO potentials in the VI cranial
nerves and in the mobilization of the lateral rectus muscles during
desynchronized sleep (71). The number of PGO potentials under-
goes a high increase after the frontal ablation, which is suggestive
of a tonic inhibition of these potentials by the frontal cortex.

It is usually taken for granted that PGO potentials are essen-
tial manifestations for the electrophysiological identification of
dreaming activity but such view is not well founded. Essential
manifestations of dreaming are the conscious experience, the elec-
trophysiological, the motor and the vegetative expression of oniric
behaviors in humans as well as in other animals. The PGO poten-
tials are correlates of dreams. Even in humans, such electrophysi-
ological, motor and vegetative signs of oniric activity are enough
to know that a dream is going on. Considering that most dreams
in rats (31,32) are related to olfaction, not to vision, potentials
that resemble PGOs in the amygdala of this animal species should
also be taken as signs of dreaming rather than PGOs.

In cats desynchronized sleep appears also as tonic cortical
desynchronization (figure 3) but in the hippocampus, septal area
and amygdala theta waves predominate, as in rats and rabbits.
Theta waves, discovered by Jung and Kornmiiller in 1938 (72),
were extensively studied by Green & Arduini (73), who proved
they are related to arousal. Later, theta waves were also found in
rats during both attentive wakefulness and desynchronized sleep
(19,30,31,74-76). Recently, theta waves frequency were proved
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in our Laboratory to be linearly related to intelligence in rats, as
evaluated by the time necessary to learn operant conditioning
tasks (77).

Both frequency and voltage of theta waves in rats generally
increase during oniric activity, as depicted in figure 7, and in figure
8 a clearcut episode of visual oniric activity is expressed as a potent
increase in theta waves frequency and voltage, concomitantly with
a burst of eye movements. Figure 9 illustrates an episode of olfac-
tory and vibrissal movements.

By visually examining the amplitude of theta waves in these
examples it seems they vary at random but when the instant varia-
tion of voltage is plotted as a function of time, a regular varia-
tion appears during the phasic movements (figure 10). A regular
oscillation modulates the amplitude of the potentials. Frequency
clearly increases and becomes regular, as compared with the trend
before oniric activity. Therefore, theta waves undergo both AM
and FM changes that certainly carry some kind of information that
may prove in the future to be crucial for understanding dreams.

Figure 7. Desynchronized sleep and oniric activity of a rat. This is a
typical figure in which a correlation between theta waves and oniric
movements is quite clear. During the first episode the oniric activity,
expressed as rostrum (R) and eye (Ey) movements, occurs when theta
waves oscillate at a high frequency (8 Hz). It is then followed by a period
in which theta frequency decreases to 5.7 Hz and no movements are
detected in the recording. In the middle, a short burst of rostrum and
eye movements do occur in coincidence with a short duration increase
in voltage and frequency of theta waves. Finally, theta waves are again
highly activated and rostrum, eye and ear movements occur, reveal-
ing oniric activity. Preceding the last episode theta waves frequency
suddenly increases from 6.1 Hz to 9 Hz and then oniric activity starts
again. A, frontal area 10. A, fronto-parietal area 3. CA, CA, CA,
and CA , corresponding hippocampal fields. H, head movements. R,
rostrum+vibrissae movements. Ey, eye movements. Er, ear movements.

Fl, forelimb movements. H/, hindlimb movements. Time in seconds.
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Figure 8. An oniric episode in a rat, expressed as very intense eye move-
ments and a large increment in theta waves frequency (frequencies, in
Hz, are indicated above the electro-oscillograms), brief head and ros-
trum movements are present only during the earliest 300 milliseconds
of the oniric episode. During the first half of the figure synchronized
sleep suddenly becomes desynchronized sleep and a short period of
intense desynchronization lasting nearly one second breaks through
synchronization. Such a period may correspond to a brief but intense
arousal or to a brief but intense dreaming activity, in both cases without
any detectable movement. A
CA,,CA,, CA, and CA

movements. R, rostrum+vibrissae movements. Ey, eye movements.
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Figure 9. Oniric episode expressed as intense rostrum+vibrissae and
ear movements, whereas eye movements are very weak. The under-
lined portion in R (rostrum+vibrissae lead) is magnified in the inset.
The high frequency (around 7 Hz) of the R movements points to the
prevalence of vibrissae mobilization, similar to what occurs during
wakefulness when the rat is exploring the environment with its vibris-
sae. Ear movements are common as twitches of the ear. A, frontal area

4. A, fronto-parietal area 3. A , area 17 in the occipital cortex. CA,

17’

CA, CA, and CA_, corresponding hippocampal fields. H, R, Ey, Er, F/

and H/, head, rostrum+vibrissae, eye, ear, forelimb and hindlimb move-

ments, respectively. Calibration: 100 pV and 1 second.

Figure 10. A: time course of the change in peak voltage of theta waves
occurring in area 17, in CA, and CA | hippocampal fields and in nucleus
reticularis pontis oralis (NOP) of a rat during a brief oniric episode. At
right, colors correspond to the different curves. When the oniric epi-
sode begins, voltage of the theta potentials starts to oscillate regularly.
B: frequency of the same potentials in A. It is very interesting that dur-
ing a mere 0.5 period theta frequency went up quite steeply and in
phase in all sites and then started to occur at a different rate in each

site. Time: seconds.

Another change of the electro-oscillograms we disclosed in
rats by carefully analyzing their time-course while a dream is on
(as well as during attentive wakefulness) is the presence of short
periods of desynchronization that interrupt or superimpose on
theta waves. Considering that desynchronization is predominant
all over the cortex in humans and in the frontal cortex of both cats
and rats, we consider it to be a phylogenetically more recent func-
tional acquisition. Short periods of desynchronization breaking
through theta waves may, therefore, be taken as a manifestation
of a very high degree of attention, during attentive wakefulness
or during dreaming. In fact, it does frequently occur when move-
ments are expressed as high frequency potentials. During wakeful-
ness such periods in rats are concomitant with short but complete
immobilization, which is well known to occur when a high degree
of attention is being directed to some external object. In humans
it has been shown that not only EEG desynchronization but also
increase in vegetative functions, such as heart rate and ventilation
(27), accompany mental activity.

We hypothetize that theta waves are commanding signals that
recruit in due sequence the circuits that generate wakefulness and
desynchronized sleep and their components; their frequency and
voltage generally increase in parallel with heart rate and intensity
of movements (Valle & Timo-Iaria, unpublished results).

The command character of theta waves is probably the rea-
son why such potentials occur almost simultaneously in different
brain structures. In fact, when the voltage of each theta wave in
one site is compared with the voltage in another site it is possible
to assess the degree of coincidence or phase shift between the two
sites. For instance, during desynchronized sleep theta waves, in
rats, are highly coherent in nucleus reticularis pontis oralis and in
the fronto-parietal cortex, as well as with the hippocampus (78).
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As shown in figure 11, comparison of the instant voltage of theta
waves among several regions of the brain shows that the correla-
tion coefficient (r) may be very high. The value of 7 is as high as
0.9618 when theta waves in the hippocampal CA, field of one side
are matched with those in the nucleus reticularis pontis oralis,
what points to a close temporal relationship between theta waves
in hippocampus and in the nucleus reticularis pontis oralis. Also,
correlation is high when theta waves in the thalamic reticular
nucleus are matched to those occurring in the nucleus reticularis
pontis oralis. Usually 7 is very high between area 17 (visual cortex)
and the hippocampus. Such high values of 7 may mean that theta
waves arrive in such areas almost synchronously, coming from
some other sites in the central nervous system. Nucleus reticularis
pontis oralis is thought to contain the generator of theta rhythm
(78,79) and is known to send direct efferents to the hippocampus
and the cerebellar cortex, where we found theta waves that corre-
late closely with those in the hippocampus (Valle, Kubo, Iwamoto
& Timo-laria, in preparation for publication).

A B
2eozrinoaus BeidS A8 5ed 58 re0.4384 a0.15;re0 0662 a0 05: 10,0557 0,48 1e-0.5074
— 2,—; 2 Y - Y
Eu*- 20[\ Eo’ o ’ § o *J Eu‘
2 2 B K 3 a - E:
o 2 -1 a 1 -1 [] 1 o e <
ang a a? ! -?a b noct 2 o n?! =
Ba-0L08: ra-0.8054 B ; e-0EY DR 1u0. 7122 Be0.45: 105412 be-0.37; re-0. 2861 b0 65 r<0.9618
2 2 2 5 = il "
3 gl | y | |
£o \ Eo.‘_i £ o # #o ; 2 of ﬁ‘ §a.-/
L | - e I
R e Tz I R B0 2
o . © nop cad =1 eat
Be-0.01; re-0.0125 bl 16 e, 1857 B, 10 F0L09TT be-0.11; re-0 0881 be-0 68, 10,4558 B 4T, 1= 5708
1 e 2
o] (] Jee] ] T
3 v | > ;
- Y T e T Wooan oy k" 2 2 0 2

- o .
e " a0 ann w7 a1

Figure 11. Scatter diagram displaying the correlation between concomi-
tant theta waves voltage in several sites of the central nervous system
during two periods (A and B) of desynchronized sleep of a rat. Each
dot represents the peak voltage (expressed in mV), in a given instant,
of concomitant theta waves in two sites and measured each 3.9 mil-
liseconds. 2=768 measurements, r: coefficient of correlation, 4, slope of
the regression line. The slope leaning to one side or the other is not
relevant, inasmuch as it depends on the polarity of the potentials input
in the amplification system. The sites of recording are indicated in the x
and y axis. NRPO: nucleus reticularis pontis oralis. NRT: nucleus reticu-
Ajand A
correspond to cortical areas 10, 3 and 17, respectively. (Simdes, Valle &
Timo-laria 1996.)

laris pontis caudalis. CA and CA : hippocampal fields. A
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Not only theta waves do occur in the cerebellar cortex dur-
ing desynchronized sleep but also spindles and delta waves are
found in this organ in synchronized sleep, just as in neocortical
areas. In fact, all the phases of wakefulness and sleep, including
desynchronized sleep, occur in the cerebellar cortex. Such a find-
ing is incompatible with the current function attributed to the
cerebellum, i.e., only correction of movements. Our hypothesis is
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that the cerebellum is involved in overall corrections of the com-
ponents of all kinds of behavior, including sleep. Such hypothesis
is grounded on the following steps. When any part of the brain
programs a behavior it sends the program to the cerebellum.
This organ receives information from the entire body, including
the baroreceptors, as shown by Moruzzi (80). By comparing the
program with the peripheral information, that tells it how the
behavior is evolving, the cerebellum produces corrections, so that
the execution can match the program. If this hypothesis is cor-
rect, it is no surprise that the phases of wakefulness and sleep are
expressed in the cerebellar cortex by means of electrophysiological
potentials.

From the spinal cord Marini (1997) recorded slow (delta) reg-
ularly oscillating waves during desynchronized sleep (81), which
may be related to activation of spinal neurons during dreaming.
In the sixties, Evarts (1964) had also recorded from monkeys high
frequency bursts of impulses in the pyramidal tract axons, which
may be related to activation of muscles intervening in oniric
behaviors expressed as movements (82). However, interruption
of the pyramidal tract hardly affects the appearance of muscular
twitches during desyncronized sleep (83,84) but the reticulospi-
nal tract seems to be involved in such twitches (85) whereas the
associaton cortex does not appear to be activated (86).

By recording potentials from large ensembles of rat hippocam-
pal neurons related to the body position in space (place cells) during
behavioral tasks, Wilson & McNaughton (87) found that neurons
that fired together when the animals occupied particular locations
in the environment (hence the name place cells) also exhibited an
increased tendency to fire together during subsequent sleep, in
comparison to sleep episodes preceding the behavioral tasks. On the
other hand, cells that were silent during the behavioral task did
not show the increase in frequency. The authors concluded that
the correlation they found was probably involved in memory con-
solidation but such coincidence may indicate that during dream-
ing memorized information is being revoked to integrate a given
dreaming pattern. Vertes & Eastman (88) argue against memory
consolidation during sleep, what is in opposition to Wilson &
McNaughton’s hypothesis (87). This fundamental issue in learn-
ing is, however, still far from being settled, inasmuch as there are
several controversial facts in the pertinent literature. It may be
more appropriate to explain the latter authors’ results by reason-
ing that dreams are originated in memorized information and are,
accordingly, closely related to events occurring before sleep.

Genesis of dreaming

Generation of sleep is reasonably well known but not that
of dreaming. In 1963 we found that cholinergic stimulation of
a descending pathway (within Nauta’s /imbic-mesencephalic system)
causes sleep (33). The caudalmost portion of this system (then
labeled descending hypnogenic cholinergic) comprises the ventral and
dorsal Gudden’s nuclei, whose stimulation with carbachol trig-
gered sleep in nearly 20 seconds. The previous station of these
nuclei is the interpeduncular nucleus, whose stimulation with
carbachol caused sleep within nearly 30 seconds. In both instances
sleep evolved according to the phases of synchronized and then
of desynchronized sleep, during which eye movements always
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occurred. In more recent years several approaches confirmed these
findings (89).

After transection of the brain stem at the pontomesencephalic
transition, rostrally to locus coeruleus, desynchronized sleep still
occurs below the transection (10,90-93). Desynchronized sleep
can be provoked by carbachol infusion in the pontine reticular for-
mation (94). Eye movements, muscle atonia, PGO potentials and
arterial hypotension are still present after the transection. Above
the transection, synchronized and desynchronized sleep keep
occurring but without eye movements. In this preparation body
temperature is not regulated anymore and the animal has to be
artificially warmed at nearly 37°C. Interestingly enough, if body
temperature in cats subjected to pontomesencephalic transection
is lowered, the amount of desynchronized sleep increases. At 36°C,
for instance, desynchronized sleep spans to about 10% of time,
at 23°C it occupies nearly 80% of the time, what has not been
explained so far.

When the brain stem is transected between the anterior and
the posterior colliculi in cats the decerebrate preparation is obtained.
The main purpose of experimental decerebration is to study the
mechanisms of the fundamental posture, that is, the standing pos-
ture. It has, however, been utilized with a great success in sleep
studies. In decerebrate cats eye movements do occur and are inte-
grated below the midbrain (67,95). Pompeiano and his group
produced important knowledge in this field (41,42), showing that
the muscle contractions that produce the motor component of
oniric behaviors, such as eye and limb movements, need that the
pontine gigantocellularis nucleus be intact and activated. Reticu-
lospinal and reticulobulbar tracts are involved in conveying to
the motoneurons the impulses that cause oniric movements. Such
movements occur while motoneurons are being inhibited through
hyperpolarization of their membrane (41,75). The gamma-alpha
loop has been shown to play no role in producing the movements
that characterize dreaming. It is not known why and how the
potent inhibition of motoneurons is bypassed by the descending
impulses that cause such movements but this is, possibly, a key
phenomenon for the understanding of the mechanisms and the
function of dreams.

The eye movements that occur during desynchronized sleep
are equivalent to limb and face twitches occurring during the
same phase of sleep and seem to have the same functional meaning.
There is experimental evidence that eye movements are generated
near the nucleus of the abducent nerve but Pompeiano (1967) does
not agree with this view (10,41). Electrical potentials recorded
from the medial vestibular nuclei precede eye movements by 20
to 30 milliseconds, which points to these nuclei as the last synap-
tic stations in the pathway that produces eye movements during
desynchronized sleep. Such electrophysiological studies demon-
strate that the abovementioned sites in the central nervous system
are involved in the oniric movements but they do not prove that
such structures generate them. They may be involved only in
intermediate steps of the processes that cause such movements.

Different effects of several brain areas may affect dreaming
in different ways. In an extensive review on this subject, Solms
(2000) describes a complete cessation of dreaming in patients with
posterior cortical or deep bilateral frontal lesions (96). The poste-
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rior areas affected in this syndrome are the visual areas V3, V3a
and V4 (97). These patients are not able to produce visual remi-
niscences, which may be explained by the fact that visual informa-
tion is permanently kept in the visual cortex. Since evoking visual
reminiscences during wakefulness and the building up of dreams
with visual information are dependent on the visual cortex, both
facts can be correlated.

The meaning of dreams

This is for sure the most enigmatic issue about dreaming. There
are many hypotheses to account for the existence of dreams but it
is still a matter of debate why and what for we dream. In fact, we
ignore almost completely why we dream. Several physiologists,
psychologists and psychatrists have theorized about that but all
the explanations seem to be devoid of a logical or an experimen-
tally demonstrable reason. Some presently available explanations
seem science fiction, rather than true science.

To discuss this issue we will concentrate only on a few hypoth-
eses. As mentioned above, Plato, preceding by twenty four centu-
ries one of the dogmas of psychoanalysis, believed that “forbidden”
dreams, such as incestuous or criminal dreams, were only a way
of doing incestual sex or killing someone without punishment.
As such, this explanation may be interpreted as a way of doing
something that we should never be allowed to do without paying
for it. Dreams are still taken by a majority of the human kind as
premonitory, ascribing them the function of telling us that some-
thing important will happen.

A theory that has many followers is the one that connects
dreams, in particular, desynchronized sleep in general, with
memory consolidation. Despite several demonstrations that this
hypothesis is correct, a few argue against such a view. Vertes &
Eastman (2000), for instance, believe that the stressful conditions
in experiments intended to demonstrate a role of desynchronized
sleep and dreaming in consolidation of memory spoil the results
(88). These authors argue that despite the marked suppression of
desynchronized sleep provoked by tricyclic antidepressants neither
selective serotonine reuptake inhibitors and mono-amino-oxydase
nor learning and memory are disrupted.

Recently a more acceptable evidence in favor of the consolida-
tion hypothesis arises from the study of a gene involved in neuronal
activation This gene protein, zif-268 (98), binds to a specific DNA
molecule present in the promoters of a variety of genes expressed
in the nervous system (99) and its up-regulation is thought to
initiate a program of gene regulation leading to neuronal plas-
ticity (100). For instance, zif-268 has been shown to induce the
expression of a synapse-specific protein, synapsin II (101), and has
been linked to the induction of hippocampal long-term poten-
tiation (102,103) and other plasticity phenomena. In addition,
zif-268 is up-regulated in several novelty or learning behavioral
paradigms, including two-way active avoidance (104), brightness
discrimination (105), and enriched environment exposure (106).
Fos-like immunoreactivity was also found in association with cho-
linergically induced REM sleep (107,108). In 1999, Ribeiro et al.,
assaying zif-268 expression in control rats and in rats subjected to
a rich environment training, found that in control animals this
gene protein generally decreased, mainly in the cerebral cortex,
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from wakefulness to synchronized sleep and from synchronized to
desynchronized sleep (109). However, in the animals subjected to
a rich-environment zif-268 increased significantly from synchro-
nized to desynchronized sleep but decreased from wakefulness to
synchronized sleep. Such activation of zif-268, which is likely to
be correlated with the effect of learning on desynchronized sleep,
was larger in the frontal and hippocampal cortices, where memo-
rization is well known to occur.

Foulkes (1982) considered that dreams are so easily forgot-
ten because the brain in desynchronized sleep is in a “reflective
state”. We suppose, instead, inasmuch as dreams are forgotten if
we are not aroused while dreaming or within ten to fifteen min-
utes immediately after the dream has ceased, that it may well be
that dreams are forgotten because the reticular activating system
is highly deactivated during desynchronized sleep and thus the
memory of the dreams cannot be consolidated (110).

Electrophysiologically, it has been shown that the same type
of hippocampal cells that are activated during training in a radial
maze are also endogenously reactivated during sleep, which
accounts for memory consolidation and for a close correlation
between dreams and events preceding sleep (87).

The hypothesis has been recently put forward by Revonsuo
(2000) that the function of dreaming is to simulate threatening
events, and to rehearse threat perception and threat avoidance
(111). This seems to be a highly improbably conception, among
other reasons because, as dreaming is concerned, threatening
events are as dangerous to the organism as bad news we hear and
as crossing a street or watching a movie-film full of violence are as
well. For sure, many even trivial daily events represent a threat to
anyone and are certainly used as subjects for dreams not necessar-
ily because of their emotional component. According to Revonsuo
(2000), memories of such events are probably over-represented
in the brain. Since memorized information is the basic material
to build up dreams, it is understandable that many (but not all)
dreams are threatening and emotionally highly charged (111).

It is interesting that the representation of animals in dreams of
infants is quite conspicuous. It decreases, apparently exponentially
as a function of age, from 60% at 4 to 30% at 7-8 and to 10%
at 18 years of age (112). This may be related to the presence of
pet animals in most families in the Western countries and con-
sequently this “subject” probably becomes the main thought of
children. Later, school and work dominate the mental field and
the main features in dreams also change accordingly, supporting
this hypothesis.

Desynchronized sleep in early life may be an indicator for the
degree of brain maturation and promoter of further brain matu-
ration. Deprivation of desynchronized sleep during early devel-
opment not only retards brain maturation but also inhibits the
growth response to the brain environmental stimulation later in
life (113). In rats subjected to early desynchronized sleep depriva-
tion, ejaculation was deeply reduced in adulthood (114,115), what
is a profound impairment of a very important instinctive behav-
ior. The authors suggest that such a disturbance of reproduction
occurs because desynchronized sleep (and consequently dreaming)
was prevented to occur normally in infancy but the functional
meaning of this interesting phenomenon.
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Another hypothesis to account for desynchronized sleep func-
tion is that this phase of sleep is programmed to occur when
central temperature is low and that it has a thermoregulatory
function. Therefore, desynchronized sleep should be ascribed a
homeothermic function (116). Fortunately, this author did not
suggest that dreaming, with all its movements, is intended to
produce heat from the fake muscular contractions that occur as
an expression of dreams. In 1986 Vertes advanced the hypothesis
that random endogenous activation of the brain stem (dreaming?)
during desynchronized sleep prevents sustained brain inactivity,
which might occur during sleep.

A related point of view was put forward by Krueger & Obal
(1993), who proposed that, on the basis of use-dependent syn-
aptic stabilization, the neuronal assembly not activated during
wakefulness will be activated during sleep, to prevent it from
atrophy (117).

Another fancy hypothesis is the one that proposes that we
dream to forget, in order to delete “unwanted” information by
reverse learning or unlearning (118). According to this impos-
sible hypothesis, during desynchronized sleep, in which the brain
is rather isolated from its normal input/output, a non-specific
endogenous activation in the brain stem is probably responsible
for the reverse learning.

Jouvet (12,119), one of the most important researchers on
sleep, suggests that dreaming is “a guardian and programmer of
the hereditary part of our personality” and as such it plays a role in
our general behavior. Thanks to the extraordinary possibilities of
functional connections that take place in the brain when the “basic
circuitries of our personality are programmed”, dreams do contrib-
ute to shape new solutions for new problems. Jouvet believes that
dreaming activity plays a key role during the earliest years of life
and thus may be involved in continuously programming some of
the most subtle reactions of our consciousness during wakefulness.

Whereas Freud was convinced that dream forgetting was an
active function of repression, Hobson, Pace-Schott & Stickgold
(2000) attribute the failure to recall a dream to a state-dependent
amnesia caused by aminergic demodulation of the sleeping brain
(120). The waking level of aminergic modulation falls to 50%
during synchronized sleep and to nearly zero in desynchronized
sleep (121,122). It would appear that the intense activation of
desynchronized sleep must overcome this demodulation and per-
sist into subsequent waking, in order for very vivid dreams to be
remembered.

It has been proposed (120,123,124) that presleep mentation
is infrequently incorporated in top dreams and that “naturalistic”
day time events rarely enter dream content, but several authors
correlated dream content to the previous day events, starting with
Aristotle 2,400 years ago and with Calkins in 1893. Hobson, Pace-
Schott & Stickgold (2000) do not take into consideration that a
single object or a brief key fact or image occurring in the day pre-
ceding a given dream may be enough to trigger an entire dreamed
“story” related to it (120). They also argue that even “expensive and
cumbersome evoked potential and computer averaging approaches
have not helped us to analyze and compare desynchronized sleep
physiology with that of waking in an effective way”. This state-
ment is incorrect, inasmuch as electro-oscillograms during both
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states in humans are not so similar as to confound an observer and
in rats we have found that theta waves that occur in both atten-
tive wakefulness and in desynchronized sleep are largely different.
During wakefulness theta waves consistently exhibit a lesser volt-
age and are less regular than during desynchronized sleep, what
makes it easy to tell wakefulness from desynchronized sleep from
the shear inspection of the electro-oscillograms (21,30,31,125).

In rats bilateral lesion of the midbrain reticular formation
is followed by a long lasting state of synchronized sleep, with
predominance of phase III (Timo-laria, Assumpg¢io & Bernardi,
unpublished observations). If the animal is kept alive by forced
feeding and is kept warm, in six days frontal desynchronization
and theta waves in the other cortical areas reappear and then
not only wakefulness is fully recovered but also desynchronized
sleep, including oniric activity. Such a recovery means that other
mechanisms are put into action that are able to generate not only
wakefulness but desynchronized sleep as well. When only one side
of the reticular formation is also destroyed, the same pattern of
recovery does occur; if the other side of the reticular formation is
also destroyed after two or three weeks, recovery of wakefulness
and desynchronized sleep is even faster than when both sides are
lesioned at the same time. This is an additional fact to point to the
activation of other mechanisms capable of producing wakefulness
and desynchronized sleep, including dreaming.

According to Hobson, Pace-Schotter & Stickgold (2000), since
image studies show activation of “limbic” and “paralimbic” struc-
tures of the forebrain during desynchronized sleep, as compared to
wakefulness (120,126-128), emotion may be a primary shaper of
dream plots, rather than playing a secondary role plot instigation.
However, we all know that many dreams are not emotional at all.

Braun et al. (1997) found during desynchronized sleep a con-
sistent activation of the pons, midbrain, anterior hypothalamus,
caudate and medial prefrontal, caudal orbital, anterior cingulate,
parahippocampal and inferior temporal cortices (126). These
findings do not necessarily mean that such areas are involved in
generating dreaming. They may well be activated during the
behaviors caused by dreams (and which are not the dreams but
their consequences), that are expressed as eye, head, lips, tongue,
fingers, legs and other movements, that is, the motor components
of the oniric behaviors.

Selective deactivation of the dorsolateral prefrontal cortex
has been found in desynchronized sleep. Maquet et al. (1996)
and Braun et al. (1997), in their PET studies, found a significant
deactivation, in desynchronized sleep, of a large portion of the
dorsolateral prefrontal cortex, what was found also by Madsen et
al. (1991) and Lovblad et al. (1999) (126,127,129,130). No won-
der that dream recall is impaired in brain-damaged patients (97).
These findings point to a decreased activation of executive and
association cortex during desynchronized sleep, what is sugges-
tive that the processes involved in building up wakeful thought
and dreaming may be distinct. Despite such discrepancies, how-
ever, during synchronized sleep PRT studies reveal a decrease in
global cerebral energy metabolism relative to both waking and
desynchronized sleep. Metabolism during desynchronized sleep
tends, in fact, to be equal to or even larger than that of waking
(131,132). In addition, blood flow velocity in the middle cerebral
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artery decreases during synchronized sleep whereas in desynchro-
nized sleep it is similar to that occurring in waking (133).

Winson (1990) believes that dreams “reflect an individual
strategy for survival. The subjects of dreams are broad-ranging and
complex, incorporating self-image, fears, insecurities, strengths,
grandiose ideas, sexual orientation, desire, jealousy and love”.
According to this author, in children at the age of two, when the
hippocampus, which is still in the process of development at birth,
becomes functional, REM sleep takes on its interpretive memory
function (134).

According to Mancia (1995), the brain “produces dreams” as
“a symbolic process of elaborating, interpreting and reorganizing
in narrative sequences all the material accumulated in the memory
during waking hours”. This author “thus proposes a psychoana-
lytical model of dreaming, in which dreams constitute a way of
representing the individual’s inner world with internal objects
related with one another and with the self” (135).

Considering dreams as hallucinations, Herndndez-Pe6n (1966)
theorized that they are possible because the system responsible for
wakefulness is inactivated during sleep, releasing memory trac-
ings which are brought to consciousness. Although related to the
information fluxogram displayed in figure 2 of the present review,
Hernandez-Péon’s process involves the function of participating
in “adaptive waking behavior”, which does not seem to have a real
meaning (1306).

The meaning of dreams is therefore still an unsolved problem.
Many hypotheses have been advanced but so far they do not explain
why and what for we do dream. Despite the fact that many studies
have found that mental activity during wakefulness differs from that
during dreaming, the mechanisms involved in both may differ as to
the degree of control over the release and combination of memorized
information in wakefulness and in desynchronized sleep.

Inasmuch as dreaming seems to occur in most birds and mam-
mals, it is unlikely that it has no function in the animal organ-
ism. Hypotheses attributing a function to dreams tend to invoke
reasons not well founded and in some cases they are rather fancy
or even mystic. Much experimental work is needed before a con-
vincing function can be ascribed to the fascinating physiological
phenomenon that is dreaming.

REFERENCES

1. Aristotle. On Sleep and Dreams. Editor-translator: Gallop, D., Aris &
Phillips Ltd., Warminster, England 1991.

2. Lucrece. Rerum Natura, I et II. Les Belles Lettres, Paris 1978.
Rothschuch KR. Geschichte der Physiologie. Springer Verlag, Frankfurt
1953.

4. De Sanctis S. I Sogni e il Sonno. Studi Psicologici e Clinici di un Alieni-
sta. Fratelli Bocca Editori, Torino 1899.

5. Gardner Jr R, Grossman W1, Roffwarg HP, Weiner H. The relationship
of small limb movements during REM sleep to dreamed limb action.
Psychosomat Med 1975;37:147-59.

6. Darwin C. The Expression of Emotions in Man and Animals. University
of Chicago Press, Chicago & London edition 1985.

7. Timo-laria C. Early research on dreaming. World Fed Sleep Res Soc

112

Sleepscience  VOLUME 2-ISSUE 2 - APRIL/MAY/JUNE 2009



Physiology of dreaming

10.

11.

12.

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Newsletter 1997;5:20-1.

Kluger J. Sleep research: pictures from the early years. World Fed Sleep
Res Soc Newsletter 1997;5:22-3.

Kleitman N. Sleep and Wakefulness. University of Chicago Press, Chi-
cago 1963.

Berlucchi G. Mechanismen von Schlafen und Wachen. In: Baust, W.
(ed.), Ermiidung, Schlaf und Traum, Fischer Taschenbuch Verlag, Sttut-
gart 1971:173-242.

Schmidt MH, Sakai K, Valatrix JL, Jouvet M. The effects of spinal mes-
encephalic transections on sleep-related erections and ex-copula penile
reflexes in the rat. Sleep 1999;22:409-18.

Jouvet M. Programmation génétique itérative et sommeil paradoxal.
Confrontations Psychiatriques 1986;27:153-81.

Loomis AL, Harvey DN, Hobart GA. Distribution of disturbance pat-
terns in the human electroencephalogram, with special reference to sleep.
J Neurophysiol 1938;1:413-30.

Aserinsky E, Kleitman N. Regularly occurring periods of eye motility
and concomitant phenomena during sleep. Science 1953;118:273-4.
Jouvet M, Michel F, Courjon J. Sur un stade d’activité eléctrique cére-
brale rapide aucours du sommeil physiologique. C R Soc Biol (Paris)
1959;153:1024-8.

Klein M, Michel E, Jouvet M. Etude polygraphique du sommeil chez les
oiseaux. C R S Soc Biol (Paris) 1964;158:99-103.

Peyrethon J, Dusan-Peyrethon D. Etude polygraphique du cycle
veille-sommeil chez trois genres de réptiles. C R Soc Biol (Paris)
1969;163:181-6.

Thomas J, Benoit O. Individualisation d’'un sommeil a ondes lentes et
activité phasique. Brain Res 1967;5:221-35.

Timo-laria C, Negriao N, Schmidek WR, Rocha TL, Hoshino K. Phases
and states of sleep in the rat. Physiol Behav 1970;5:402-7.

Gottesman C, Gandolfo G, Zernicki B. Intermediate state of sleep in the
cat. J Physiol (Paris) 1984;79:365-74.

Timo-Iaria C, Valle AC. On the functional role of consciousness. Cien
Cult 1995;47:221-34.

Dement WC. Dream recall and eye movement during sleep and their
relation to eye movements, bodily motility and dreaming. Electroen-
cephal Clin Neurophysiol 1955:673-690.

Vogel GW, Foulkes D, Trosman H. Ego functions and dreaming during
sleep onset. Arch Gen Psychiat 1966;14:238-48.

Foulkes D. Children’s dreams. Longitudinal studies. John Wiley and
Sons, New York 1982.

Cravo SLD, Lopes OU, Fraga CAB, Timo-Iaria C. Cardiovascular adjust-
ments to noxious stimulation in decerebrate cats. Braz J Med Biol Res
1995;28:385-96.

Decety J, Jeannerod M, Durozard DR, Baveal J. Central activation of
autonomic effectors during mental stimulation of motor activity in man.
J Physiol (London) 1993;461:549-63.

Oswald I. Sleeping and Waking. Physiology and Psychology. Elsevier
Publishing Company — Amsterdam, 1962.

Fenn WO, Hursh JB. Movements of the eyes when the lids are closed.
Am J Physiol 1937;118:8-14.

Vanni-Mercier G, Pelisson D, Goffart L, Sakai K, Jouvet M. Eye sac-
cade dynamics during paradoxical sleep in the cat. Europ J Neurosci
1994;6:1298-1306.

Valle AC, Timo-Iaria C, Sameshima K, Yamashita R. Theta waves and

behavioral manifestations of alertness and dreaming activity in the rat.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

C. Timo-laria et al. | Sleep Science 2009; 2(2): 99 — 115

Braz ] Med Biol Res 1992;5:745-50.

Valle AC, Pellarin L, Timo-Iaria C. Oniric patterns in the rat. Brain Res
2002, submitted.

Timo-Iaria C, Yamashita R, Hoshino K, Sousa-Melo A. Rostrum move-
ments in desynchronized sleep as a prevalent manifestation of dreaming
activity in Wistar rats. Braz ] Med Biol Res 1990;23:617-20.
Herndndez-Peén R, Ibarra GC, Morgane PJ, Timo-Iaria C. Limbic cho-
linergic pathways involved in sleep and emotional behavior. Exptl Neurol
1963;8:93-111.

Hansotia P, Broste S, Ruggles K, Wall R, Friske M. Eye movement pat-
terns in REM sleep. Electroencephal Clin Neurophysiol 1990;76:388-99.
Miyauchi S, Takino R, Fukuda H, Torii S. Electrophysiological evi-
dence for dreaming. Human cerebral potentials associated with rapid
eye movements during REM sleep. Electroencephal Clin Neurophysiol
1987;66:383-90.

Roffwarg HP, Adrien J, Herman J, Pessah M, Spiro R, Bowe-Anders C.
The middle ear muscle activity in the neurophysiology and psychophysi-
ology of the REM state. Sleep 1973;2:36-42.

Roffwarg HP, Herman J, Lamstein S. The middle ear muscles: predict-
ability of their phasic action in REM sleep from dream recall. Sleep Res
1973;4:65.

Baust W. Die Phidnomenologie des Schlafes. In: Baust, W. (ed.), Ermiidung,
Schlaf un Traum, Fischer Taschenbuch Verlag, Sttutgart 1971:123-172.
Doneshka P, Kehaiyov A. Some peculiarities of the dreams of patients
with vestibular diseases. Acta Med Iug 1978;32:45-50.

Rechtschaffen A, Buchignani C. The visual appearance of dreams. In: The
Neuropsychology of Sleep and Dreaming, Antrobus, J. S. & Bertini, M.
(eds.) Erlbaum, 1992.

Pompeiano O. The neurophysiological mechanisms of the postural and
motor events during desynchronized sleep. Proc Assoc Res Nerv Ment
Dis. The Williams & Wilkins Company, Baltimore, 1967;45:352-423.
Pompeiano O. Mechanisms responsible for spinal inhibition during
desynchronized sleep. Experimental study. In: C. Guilleminaut, W. C.
Dement and P. Passouant (eds.) Advances in Sleep Research, vol. 3. Nar-
colepsy. Spectrum, New York 1976:411-449.

Chase MH, Morales FR. The atonia of myoclonia of active (REM) sleep.
Ann Rev Psychol 1990;41:557-884.

Kubin L, Davies RO, Pack Al Control of upper airway motoneurons
during REM sleep. News Physiol Sci 1998;13:91-7.

Baldissera F, Cesa-Bianchi MG, Mancia M. Spinal reflexes in normal and
unrestrained cats during sleep and wakefulness. Experientia 1964;20:1-3.
Baldissera F, Cesa-Bianchi MG, Mancia M. Phasic events indicating pre-
synaptic inhibition of primary afferents to the spinal cord during desyn-
chronized sleep. ] Neurophysiol 1966;29:871-87.

Baldissera F, Broggi G. An analysis of potential changes in the spinal cord
during desynchronized sleep. Brain Res 1967;6:706-15.

Hodes R, Dement WC. Depression of electrically induced reflexes (H-
reflexes) in man during low voltage EEG sleep. Electroencerph Clin Neu-
rophysiol 1964;17:617-29.

Magoun HW, Rhines R. An inhibitory mechanism in the bulbar reticular
formation. J Neurophysiol 1946;9:165-71.

Sakai K, Sastre JP, Salvert D, Touret M, Toyama M, Jouvet M. Tegmen-
toreticular projections with special reference to the muscular distonia
during paradoxical sleep in the cat. Brain Res 1979;176:233-54.

Sakai K, Sastre JP, Kanamori N, Jouvet M. State-specific neurons in the

ponto-medullary reticular formation with special reference to the pos-

Sleepscience  VOLUME 2+ ISSUE 2 - APRIL/MAY/JUNE 2009

113




Physiology of dreaming

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

tural atonia during paradoxical sleep in the cat. In: Pompeiano, O. &
Ajmone-Marsan, C. (eds.) Brain Mechanism and Perceptual Awareness.
Raven Press, New York 1981:405-429.

Oka T, Iwakiri H, Mori S. Pontine-induced generalized suppression of
postural muscle tone in a reflexively standing acute decerebrate cat. Neu-
rosci Res 1993;17:127-140.

Mori D, Shik ML, Yagodnitsyn AS. Role of pontine tegmentum for loco-
motor control in mesencephalic cat. ] Neurophysiol 1977;40:284-95.
Takakusaki K, Ohta Y, Mori S. Single medullary reticulospinal neurons
exert postsynaptic inhibitory effects via inhibitory interneurons upon
alpha-motoneurons innervating cat hindlimb muscles. Exp Brain Res
1989;74:11-23.

Matsuyama K, Kobaysahi Y, Takakusaki M, Mosi S, Kimuta H. Termina-
tion mode and branching patterns of reticuloreticular and reticulospinal
fibers of the nucleus reticularis pontis oralis in the cat: an anterograde
PHA-L tracing study. Neurosc Res 1993;17:181-202.

Mori S, Matysuyama K, Kohyama J, Kobayashi Y, Takakusaki K. Neu-
ronal constituents of postural and locomotor control systems and their
interactions in cats. Brain Develop (Tokyo) 1992;14:109-20.

Soja PJ, Lopez-Rodriguez F, Morales FR, Chase MH. The postynap-
tic inhibitory control of lumbar motoneurons during the atonia of
active sleep: effect of strychnine on motoneuron properties. J Neurosci
1991;11:2804-11.

Shiromani PJ, Lai YY, Siegel JM. Descending projections from the dor-
solateral pontine tegmentum to the paramedian reticular nucleus of the
caudal medulla in the cat. Brain Res 1990;517:224-8.

Kohyama J, Shimomira M, Iwakawa Y. Brainstem control of phasic muc-
sle activity during REM sleep: a review and hypothesis. Brain Develop
1994;16:81-91.

Kohyama T, Hori A, Sato T, Nikami T, Yamaki T, Veda S. Changes in cere-
bral blood flow velocity in healthy young men during overnight sleep and
while awake. Electroencephalogr Clin Neurophysiol 1997;102:125-31.
Spreng LF, Johnson LC, Lubin A. Autonomic correlates of eye movement
bursts during state REM sleep. Psychophysiology 1968;4:311-23.
Candia O, Favale E, Guissani A, Rossi G. Blood pressure during natural
sleep and during sleep induced by electrical stimulation of the brain stem
reticular formation. Arch Ital Biol 1962;100:216-22.

Guazzi M, Baccelli G, Zanchetti A. Carotid body chemoreceptors:
physiological role in buffering fall in blood pressure during sleep. Science
1966;153:206-8.

Schmidek WR, Hoshino K, Schmidek M, Timo-Iaria C. Influence of
environmental temperature on the sleep-wakefulness cycle in the rat.
Physiol Behav 1972;8:363-71.

Douglas NJ. Control of ventilation during sleep. Clin Chest Med
1985;6:563-75.

Brooks DC, Bizzi E. Brain stem electrical activity during deep sleep.
Arch Ital Biol 1963;101:648-68.

Jouvet M. Neurophysiology of the states of sleep. Physiol Rev
1967;47:117-77.

Perachio AA. Geniculate spike activity in primate sleep and wakefulness.
Assoc Psychophysiol Stud Sleep. San Diego, 1973.

McCarley RW, Nelson JP, Hobson JA. Ponto-geniculo-occipital (PGO)
burst neurons: correlative evidence for neuronal generators of PGO waves.
Science 1978;201:269-72.

Stern W, Forbes WN, Morgane PJ. Absence of ponto-geniculo-occipital
(PGO) spikes in rats. Physiol Behav 1974;12:293-5.

Gadea-Ciria M. Plasticity of ponto-geniculo-occipital waves dur-

ing paradoxical sleep after frontal lobe lesions in the cat. Expt Neurol

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

C. Timo-laria et al. | Sleep Science 2009; 2(2): 99 — 115

1976;53:328-38.

Jung R, Kornmiiller AE. Eine Methodik der Ableitung localisierter
Potentialschwankungen aus subcortikalen Hirngebieten. Arch Psychiat
Nervenkrankh 1938;109:1-17.

Green JD, Arduini A. Hippocampal activity in arousal. J] Neurophysiol
1954;17:532-57.

Roldan E, Weiss TT. The cycle of sleep in the rat (preliminary report).
Bol Inst Est Méd Biol México 1962;20:155-64.

Vertes RP. Brainstem control of the events of REM sleep. Progr Neuro-
biol 1984;22:241-88.

Gottesmann C. Theta rhythm: the brain stem involvement. Neurosci
Biobehav Rev 1992;16:25-30.

Santos LM, Valle AC, Sameshima K, Silva MTP, Timo-laria C. A linear
relationship between theta waves frequency and the speed of learning in
rats. Nature, 2002, submitted.

Simdes CA, Valle AC, Timo-Iaria C. Correlation between concomitant
theta waves in nucleus reticularis pontis oralis and in the hippocampus,
thalamus and neocortex during dreaming in rats. Braz ] Med Biol Res
1996;29:1645-50.

Vertes RP, Kocsis B. Brainstem-diencephalo-septohippocampal sys-
tems controlling the theta rhythm of the hippocampus. Neuroscience
1997;81:893-926.

Moruzzi G. Action inhibitrice du paléocervelet sur les reflexes circula-
toires et respiratoires d’origine sino-carotidienne. C R Soc Biol (Paris)
1938;128:533-9.

Marini G. Motor phenomena during sleep. In: M. C. Hepp-Reymond
& G. Marini (eds.) Perspective of Motor Behavior and its Neural Basis.
Karger, Basel, 1997:65-76.

Evarts EV. Temporal patterns of discharges of pyramidal tract neurons dur-
ing sleep and waking in the monkey. ] Neurophysiol 1964;27:152-71.
Gassel MM, Marchiafava PL, Pompeiano O. An analysis of the supraspi-
nal influences acting on motoneurons during sleep in the unrestrained
cat. Modifications of recurrent discharge of the alpha motoneurons during
sleep. Arch Ital Biol 1965;103:25-44.

Gassel MM, Marchiafava PL, Pompeiano O. Activity of the red nucleus
during deep, desynchronized sleep in the unrestrained cat. Arch Ital Biol
1965;103:369-96.

Vertes RP. Brainstem mechanisms of slow-wave sleep and REM sleep. In:
Klemm, W. R. & Vertes, R. P. (eds.), Brainstem Mechanisms of Behavior.
Wiley-Interscience, New York 1990:535-583.

Noda H, Adey WR. Changes in neuronal activity in association cortex of
the cat in relation to sleep and wakefulness. Brain Res 1970;19:263-75.
Wilson MA, McNaughton BL. Reactivation of hippocampal ensemble
memories during sleep. Science 1994;265:676-9.

Vertes RB, Eastman KE. The case against memory consolidation in REM
sleep. Behav Brain Sci 2000;23:867-76.

Hobson JA. Sleep and dreaming: induction and mediation of REM sleep
by cholinergic mechanisms. Curr Opin Neurobiol 1992;2:759-63.
Jouvet M. The role of monoamines and acetylcholine-containing neurons
in the regulation of the sleep-waking cycle. Ergebn. Physiol., Springer-
Verlag, Berlin 1972:166-307.

Moruzzi G. Active processes in the brain stem during sleep. Harvey Lect
1963;58:233-97.

Moruzzi G. Sleep and
1969;107:175-216.
Moruzzi G. The sleep-wakefulness cycle. Ergebn. Physiol., Springer Ver-
lag, Berlin, Heidelberg, New York 1972:1-165.

Bourgin P, Escourrou P, Gaultier C, Adrien J. Induction of rapid eye

instinctive behavior. Arch Ital Biol

114

Sleepscience  VOLUME 2-ISSUE 2 - APRIL/MAY/JUNE 2009



Physiology of dreaming

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

movement sleep by carbachol infusion into the pontine reticular forma-
tion of the rat. NeuroReport 1995;6:532-6.
Villablanca J. Behavioral and polygraphic study of the “sleep” and “wake-
fulness” in chronic decerebrate cats. Electroencephal Clin Neurophysiol
1966;21:562-77.
Solms M. Dreaming and REM sleep are controlled by different brain
mechanisms. Behav Brain Sci 2000;23:1008-9.
Doricchi F, Violani C. Dream recall in brain-damaged patients: a con-
tribution to the neuropsychology of dreaming through a review of the
literature. In: Antrobus, J.S. & Bertini, M. (eds.) The Neuropsychology
of Sleep and Dreaming. Erlbaum 1992.
Milbrandt J. A nerve growth factor-induced gene encodes a possible tran-
criptional regulatory factor. Science 1987;238:797-9.
Christy B, Nathans D. DNA binding site of the growth factor-inducible
protein Zif268. Proc Natl Acad Sci 1989;86:8737-41.

Chaudhuri A. Neural activity mapping with inducible transcription
factors. NeuroReport 1997;8:3-7.

Petersohn D, Schoch S, Brinkmann DR, Thiel G. The human syn-
apsin II gene promoter. Possible role for the transcription factor
zif268/egr-1, polyoma enhancer activator 3, and AP2. J Biol Chem
1995;270:24361-9.

Cole AJ, Saffen DW, Baraban JM, Worley PE Rapid increase of an
immediate early gene messenger RNA in hippocampal neurons by syn-
aptic NMDA receptor activation. Nature 1989;340:474-6.

Roberts LA, Higgins MJ, O’Shaughnessy CT, Stone TW, Morris B]J.
Changes in hippocampal gene expression associated with the induction
of long-term potentiation. Brain Res Mol Brain Res 1996;42:123-7.
Nikolaev E, Kaminska B, Tischmeyer W, Matthies E, Kaczmarek L.
Induction of expression of genes encoding transcription factors in the rat
brain elicited by behavioral training. Brain Res Bull 1992;28:479-84.
Grimm R, Tischmeyer W. Complex patterns of immediate gene induc-
tion in rat brain following brightness discrimination training and
pseudotraining. Behav Brain Res 1997;84:109-16.

Wallace CS, Withers GS, George VM, Clayton OF, Greenough WT.
Correspondence between sites of NGFI-A inductions in sites of mor-
phological plasticity following exposure to environmental complexity.
Mol Brain Sci 1995;32:211-20.

Shiromani PJ, Malik M, Winston S, McCarley RW. Time course of fos-
like immunoreactivity associated with cholinergically induced REM
sleep. J Neurosci 1995;15:3500-8.

Shiromani PJ, Winston S, McCarley RW. Pontine cholinergic neurons
show fos-like immunoreactivity associated with cholinergically induced
REM sleep. Mol Brain Res 1996;38:77-84.

Ribeiro S, Goyal V, Mello CV, Pavlides C. Brain gene expression
during REM sleep depends on prior waking experience. Learn Mem
1999,6:500-8.

Foulkes D. A cognitive-psychological model of REM dream produc-
tion. Sleep 1982;5:169-87.

Revonsuo A. The reinterpretation of dreams: an evolutionary hypoth-
esis of the function of dreaming. Behav Brain Sci 2000;23:877-901.
Van de Castle RL. The Psychology of Dreaming. General Learning
Press, 1970.

Mirmiran M, Van Someren E. The importance of REM sleep for brain
maturation. J Sleep Res 1993;2:188-92.

Mirmiran M. The function of fetal neonatal rapid eye movement sleep.
Behav Brain Res 1995;69:13-22.

Mirmiran M, Van den Dungen H, Uylings HBM. Sleep patterns during

rearing under different environmental conditions in juveline rats. Brain

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

132.

133.

134.
135.

136.

C. Timo-laria et al. | Sleep Science 2009; 2(2): 99 — 115

Res 1982;233:287-98.

Wehr TA. Brain warning function for REM-sleep. Neurosc Biobehav
Rev 1992;16:372-97.

Krueger JM, Obdl E A neuronal group theory of sleep function. J Sleep
Res 1993;2:63-9.

Crick F, Mitchison G. The function of dream sleep. Nature
1989;304:111-4.

Jouvet M. Le sommeil paradoxal est-il responsable d'une programma-
tion génétique du cerveau? C R S Soc Biol 1978;172:9-21.

Hobson JA, Pace-Schott EF, Stickgold R. Dreaming and the brain:
toward a cognitive neuroscience of conscious states. Behav Brain Sci
2000;23:793-842.

Steriade M, McCarley RW. Brainstem Control of Wakefulness and
Sleep. Plenum Press, 1990.

Kahn D, Pace-Schott EF, Hobson JA. Consciousness in waking and
dreaming: the roles of neuronal oscillation and neuromodulation in
determining similarities and differences. Neuroscience 1997;78:13-38.
Rados R, Cartwright RD. Where do dreams come from? A compari-
son of presleep and REM sleep thematic content. J Abnorm Psychol
1982;91:433-6.

Roussy F, Camirand C, Foulkes D, De Koninck J, Loftis M, Kerr NH.
Does early night REM dream content reliably reflect presleep state of
mind? Dreaming 1996;6:121-30.

Valle AC. Electrophysiological manifestations of wakefulness and
desynchronized sleep in the rat. Doctoral thesis, Federal University of
Sdo Paulo, 1995.

Braun AR, Balkin TJ, Wesenten NJ, Carson RE, Varga M, Baldwin
P, et al. Regional cerebral blood flow throughout the sleep-cyle — an
(H,0)-0O-15 PET study. Brain 1997;120:1173-97.

Magquet P, Peters JM, Aerts J, Delfiore G, Degueldre C, Luxen A, et
al. Functional neuroanatomy of human rapid-eye-movement sleep and
dreaming. Nature 1996;383:163-6.

Nofzinger EA, Mintun MA, Wiseman MB, Kupfer DJ, Moore RY.
Forebrain activation in REM sleep: an FDG, PET study. Brain Res
1996;770:192-201.

Madsen PC, Holm S, Vorstup S, Friberg L, Lassen NA, Wildschiotz LE.
Human regional cerebral blood flow during rapid eye movement sleep.
J Cerebr Blood Flow Metab 1991;11:502-7.

Lovblad KO, Thomas R, Jakod PM, Scammel T, Bassetti C, Griswold M,
et al. Silent functional magnetic resonance imaging demonstrates focal

activation in rapid eye movement sleep. Neurology 1999;53:2193-5.

. Buchsbaum MS, Gillin JC, Wu J, Hazlett E, Sicotte N, Dupont

RM, Bunney WE. Regional cerebral glucose metabolic rate in
human sleep assessed by positron emission tomography. Life Science
1989;45:1349-56.

Heiss W-D, Pawlik G, Herholz K, Wagner R, Weinhard K. Regional
cerebral glucose metabolism in man during wakefulness, sleep, and
dreaming. Brain Res 1985;327:362-6.

Kuboyama T, Hori A, Sato T, Mikami T, Yamaki T, Ueda S. Changes
in cerebral blood flow velocity in healthy young men during over-
night sleep and while awake.Electroencephalogr Clin Neurophysiol
1997:102:125-31.

Winson J. The meaning of dreams. Sci Am 1990;263:86-8,90-2,94-6.
Mancia M. One possible function of sleep: to produce dreams. Behav
Brain Res 1995;69:203-6.

Herndndez-Peén R. A neurophysiologic model of dreams and halluci-
nations. ] Ment Nerv Dis 1966;141:623-50.

Sleepscience  VOLUME 2+ ISSUE 2 - APRIL/MAY/JUNE 2009

115




events

23rd ANNUAL MEETING OF THE ASSOCIATED PROFESSIONAL
SLEEP SOCIETIES - APSS

June 6 - 11, 2009

Seattle / Washington / USA

www.sleepmeeting.org

"SLEEP

PNEUMOSUL 2009 — CONGRESSO DE PNEUMOLOGIA DA REGIAO SUL

II Congresso de Atendimento Multidisciplinar em Doencas Respiratérias

April 18 - 21, 2009

Hotel Mabt — Foz do Iguagu / PR / Brasil
www.eventos2009.net/2009/02/24/pneumosul-2009-congresso-de-pneumologia-da-regiao-sul

22° CICLO DE AVANCOS EM CLINICA PSIQUIATRICA
May 8 - 9, 2009

Centro de eventos AMRIGS — Porto Alegre / RS / Brasil
www.aprs.org.br

5° CONGRESSO GAUCHO DE NEUROLOGIA E NEUROCIRURGIA

3° Simpdsio Gaticho de Reabilitagdo Neurofuncional

2° Simpésio Latino-americano de Monitoriza¢do Neurofisiolégica Intra-operatéria
Encontro do DC de Moléstias Neuromusculares da ABN

May 14 - 16, 2009

Hotel Plaza SZo Rafael — Porto Alegre / RS / Brasil

www.ccmeventos.com.br/neuro2009

VII CONGRESSO PAULISTA DE MEDICINA DO SONO
May 15 -16, 2009

Associa¢do Paulista de Medicina — Sdo Paulo / SP / Brasil
E-mail: eventos@apm.org.br

XII SIMPOSIO - DOENCAS DE INVERNO RINITE, RINOSSINUSITE E ASMA
X Workshop de Otorrinolaringologia Pediatrica

XI Férum Interativo de Otites

May 15 - 16, 2009

Hotel Sheraton — Porto Alegre / RS / Brasil

www.doencasdeinverno.com.br

5° CONGRESSO BRASILEIRO DE CEREBRO, COMPORTAMENTO E EMOCOES
Simpésio de Atualizagdo em Doencas do SN

Jornada Nacional de Neuropsiquiatria Geridtrica

Sono, Epilepsia e Comportamento

June 11 - 13, 2009

ExpoGramado / Gramado / RS / Brasil

www.cbcce.com.br
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OF WORLD ASSOCIATION OF

sociation o

3rd WORLD CONGRESS ON SLEEP MEDICINE / ¢ 37 International Congress on Sleep Medicine

leep Medicine

eep Medicine

SLEEP MEDICINE - WASM y e WOk Ascoshaton of Sieen Mer
November 7 - 11, 2009 i
WTC Sheraton — Sdo Paulo / SP / Brazil
www.wasm2009.com.br

VII CONGRESSO PAULISTA DE NEUROLOGIA
June 25 - 27, 2009
Hotel Sofitel Jequitimar Guarujd / SP / Brasil

www.apm.org.br/neurologia

19TH INTERNATIONAL SYMPOSIUM SHIFTWORK AND WORKING TIME. HEALTH AND WELL- BEING IN THE

24-H SOCIETY
August 2 - 6, 2009
Venice / Italy

http://osha.europa.eu/en/campaigns/hw2008/19th international symposium shiftwork working time 01.26012009

XXIV REUNIAO ANUAL FESBE — FEDERACAO DE SOCIEDADES DE BIOLOGIA EXPERIMENTAL

August 19 - 22,2009
Centro de Convengcdes do Hotel Monte Real / Aguas de Lindéia / SP / Brasil
www.fesbe.org.br/fesbe2009

8° CONGRESSO IBERO AMERICANO DE OSTEOLOGIA Y METABOLISMO MINERAL

3° BRADOO - Congresso Brasileiro de Densitometria, Osteoporose e Metabolismo Osseo
October 1 - 3, 2009

Hotel Bourbon — Foz do Iguagu / PR / Brazil

www.ccmeventos.com.br/oste02009

6° ENCONTRO NACIONAL DE DISTURBIOS DO MOVIMENTO
October 5 - 7, 2009

Costao do Santinho — Florianépolis / SC / Brasil
www.ccmeventos.com.br/dm2009

X LATIN AMERICAN SYMPOSIUM ON CHRONOBIOLOGY
October 21 - 24, 2009

Eurosol Tibau (Pipa) Resort — Natal / RN / Brazil
www.cb.ufrn.br/labcrono/lasc

36th WORLD HOSPITAL CONGRESS — IHF RIO 2009
November 10 - 12, 2009

Windor Barra Hotel & Congressos

Rio de Janeiro / R]J / Brazil

www.ihfrio2009.com/portugues/index.html
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CONTACT

Associacdo Brasileira do Sono - Sleep Science
Rua Marselhesa, 500 - 132 andar - VI. Clementino
S&o Paulo, SP - Brazil

CEP 04020-060

Phone/fax: +55 11 5908 7111
sleepscience@sleepscience.com.br
www.sleepscience.com.br






