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Abstract

Here we review an urgent medico-social problem exists,
which integrates the social environment, psycho-
emotional state of people, and sleep disorders. A close
interrelation exists between the human psycho-emotional
state and sleep. Emotional stress is followed by sleep
disorders, while sleep deficiency increases the severity of
stress.

Experimental data illustrate the mechanisms for a
relationship between emotional stress and sleep at
various levels of organization, including the structural-
and-neurophysiological, neurochemical, and somatic-and-
autonomic levels.

The results of studies performed by Russian and foreign
researchers allowed us to make the principal conclusions
on a relationship between the emotional state and sleep.
These data show the existence of common
neurophysiological mechanisms and antagonistic relations
of neurochemical processes in emotional stress and sleep.

Keywords: Emotional stress; Sleep;
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Wakefulness;

Introduction

An urgent medico-social problem exists, which integrates
the social environment, psycho-emotional state of people, and
sleep disorders.

Emotional stress results from hard work, irrational
organization of the rest period, social-and- domestic problems,
environmental and technogenic accidents, numerous social
conflicts, etc. [1,2].

The adverse effects of stress are manifested in the
development of psychoneurotic diseases, depressive states,
and sleep disorders and increase in the incidence of alcoholism
and drug abuse [3-5].

A close relationship exists between human psycho-
emotional state and sleep [6-8]. A normal physiological sleep is
the major anti-stress factor, which determines the working
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capacity, fatigability, etc. By contrast, sleep deprivation
contributes to the development of emotional stress, which is
as a major cause of sleep disorders. The following vicious circle
is formed: stress-induced disturbances in sleep serve as an
additional provoking factor for the increased severity of stress.

A physiological role of wakefulness and sleep is determined
by different biological expediency of these states. The
emotional state in wakefulness characterizes an active goal-
seeking behavior of the subject, which is directed toward the
satisfaction of vital social and biological requirements. In fact,
sleep reflects the state of relaxation and termination of a goal-
seeking behavioral activity. In whole, wakefulness and sleep
are in reciprocal relationships. An increase in the degree and
prolongation of negative emotions are followed by emotional
changes in the brain activity and progression of emotional
strain, which violates a normal sleep.

A biological interrelation exists between emotions and
sleep. Therefore, a question arises regarding the similarity and
differences in certain mechanisms that combine the emotional
strain and sleep at various levels of organization (structural-
and-neurophysiological, neurochemical, and somatic and
autonomic).

Somatic and autonomic disorders in emotional
stress

H. Selye was the first to define the notions of stress as a
general nonspecific adaptation syndrome of the body [9].
Stress is the reaction of strain, which progresses as a
nonspecific body response to the influence of extreme,
unfavorable environmental factors, or “stressors”. They include
pathogenic agents, toxic and foreign substances, physical load,
and other inadequate factors.

The researches by P.K. Anokhin, KV. Sudakov, and E.A.
Yumatov showed that long-term negative emotions cause
emotional stress. This state develops in a conflict behavioral
situation, when any subject cannot satisfy the dominant
requirement for a long time [1,2,5].

Modern medical-and-biological and psychophysiological
studies illustrate that emotional stress has a variety of effects
on the body functions [10,11]. Emotional stress serves as a
cause of many psychosomatic diseases (psychoses, neuroses,
cardiovascular diseases, and ulcerative-and-atrophic injuries to
the gastrointestinal tract); immune dysfunction and increased
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predisposition to viral and infectious diseases; autoimmune
processes; rheumatic diseases and osteochondrosis;
oncological diseases; hormonal disturbances, sexual
dysfunction, and sleep disorders; etc. Stress affects the genetic
apparatus of cells, which contributes to congenital
developmental defects and child diseases.

Emotional stress is primarily formed as a central neurogenic
process. All peripheral manifestations of abnormalities in vital
somatic-and-autonomic functions are the secondary process,
which results from emotional over excitation [2].

The sympathetic and parasympathetic parts of the
autonomic nervous system are involved in emotional
reactions. An individual relationship between these
compartments determines the type of autonomic signs for
qualitatively different emotional reactions.

The realization of emotional excitations is also mediated by
the hormonal mechanisms (primarily, by the pituitary-adrenal
system). Emotional excitation is characterized by the following
hormonal changes: increase in blood catecholamine
concentration (epinephrine, norepinephrine, and dopamine)
due to their release from the adrenal glands; acceleration of
secretion of thyroid hormones; and elevation of the contents
of cyclic AMP, prostaglandins, and renin in blood plasma. The
elevation of plasma corticosterone level is typical of emotional
stress and progresses with an increase in the degree of stress.

In accordance with the stages of stress described by H.
Selye, hormonal reactions in emotional stress develop in
several phases. An initial increase in blood catecholamine level
is accompanied by a decrease in their concentration in the
adrenal glands. These changes are followed by activation of
the adrenocorticotropic  function and increase in
catecholamine synthesis. The concentration of corticosterone
in blood plasma decreases under conditions of long-term
stress exposures. An increase in the amount of catecholamines
and corticoids causes hyperglycemia and elevation of
glycoprotein content and blood cholesterol.

These humoral and hormonal reactions are triggered due to
activation of the hypothalamic-pituitary-adrenocorticotropic
mechanisms [2]. The nervous and humoral influences in
emotional stress are followed by a generalized reaction of
autonomic functions.

Emotional reactions due to stimulation of the ventromedial
hypothalamus are characterized by several somatic-and-
autonomic manifestations, including a change in the depth
and rate of respiration; increase in the heart rate (HR), blood
pressure, and cardiac output; defecation and urination;
elevation of corticosteroid concentration in blood plasma;
constriction of the intestinal, renal, and cavernous vessels; and
significant dilation of skeletal muscle vessels.

The cardiovascular response is manifested in blood pressure
changes and redistribution of the circulating blood. Emotional
stress is accompanied by an increase in blood supply to the
brain, heart, and lungs and decrease in the blood flow rate in
abdominal and pelvic organs. A significant pressor response is
observed under conditions of emotional strain due to short-
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term or long-term electrical stimulation of
emotiogenic structures in the hypothalamus [2,10,12].

negative

Persistent hypertension develops due to the vicious circle,
which is characterized by primary emotional excitation in the
limbic and reticular structures of the brain (activating the
hormonal function of the adrenal glands) and secondary
feedback effect of adrenal hormones on the central adrenergic
mechanisms in the midbrain reticular formation [2,13].

The hypertensive reaction to stimulation of negative
emotiogenic structures in the hypothalamus is related to
hypofunction of the baroreceptor sinocarotid and aortic
reflexogenic mechanisms. The hypertensive reaction during
emotional overload can result from an increase in the cardiac
output and total peripheral vascular resistance.

An increase in the peripheral vascular resistance is
associated not only with the nervous influences, but also with
the humoral and hormonal mechanisms. They include the
renin-angiotensin system, which determines a hypertensive
effect of blood renin and involvement of this agent in
enzymatic reactions. These processes are followed by the
appearance of angiotensinogen-2 in blood plasma, which has a
strong vasoactive effect.

Several humoral factors, which determine the elevation of
blood pressure under conditions of emotional stress, also
produce a hypertensive effect. These factors are presented by
epinephrine and corticoids (released from the adrenal glands
to the blood during emotional stress), as well as by hormones
of the hypophysis and thyroid gland (vasopressin and
thyrotropin). Emotional stress is accompanied by a change in
the sensitivity of beta-adrenoceptors, which also contributes
to the pressor reaction.

Much attention was paid to the specific features of heart
function during emotional reactions and stress [4,10]. Most
natural, negative emotional reactions, which are accompanied
by an aggressive and active defensive behavior or mental
emotional strain, cause an increase in HR. An increase in HR is
often related to activation of the sympathoadrenal system.
Sometimes, these changes are associated with a decrease in
the tone of vagal nuclei.

Emotional overload can cause cardiac dysfunction [2,4].
Stimulation of the ventromedial hypothalamic nucleus is
accompanied by a change of the P and T waves in ECG, which
illustrates the impairment of coronary blood supply.
Ventricular extrasystoles are observed under these conditions.
In these experiments, some animals died from acute heart
failure, vascular insufficiency, and ventricular fibrillation.
Histologically, the myocardium in animals exposed to long-
term stimulation of the hypothalamic emotiogenic zones was
characterized by degradation of mitochondria, damage to
myofibrils, vacuolar-granular degeneration, increase in the
number of lipoprotein granules and lysosomes, and loosening
of the chromatin in cell nuclei. These changes are typical of
acute myocardial ischemia and pre-infarction state.

Cardiac abnormalities in emotional strain are related to an
excessive effect of catecholamines that appear during
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hyperactivation of the sympathoadrenal mechanism.
Stimulation of the hypothalamic emotiogenic zones in rabbits
was accompanied by an increase in the content of
glucocorticoids and epinephrine and decrease in the level of
norepinephrine in the myocardium. Similar changes were
revealed during emotional-pain stress and restraint stress in
rats.

The sympathoadrenal influences contribute to atrial flutter,
fibrillation, and myocardial necrosis in animals during
experimental emotional stress. The cholinergic
parasympathetic influences on the heart have a protective role
and prevent cardiovascular disorders.

Negative emotions due to a passive defensive behavior,
depression, and fear can be accompanied by activation of the
parasympathetic autonomic nervous system, which results in
bradycardia (as shown in humans, monkeys, dogs, and cats).

Emotional stress of the hypothalamic origin causes a
decrease in the activity of Na+/K+-ATPase (enzyme for the
active transport of ions in myocardial cell membranes), which
is usually accompanied by the reduction of mitochondrial
phosphorylation activity. Emotional-pain stress and restraint
stress in rats were also accompanied by the inhibition of
respiration and oxidative phosphorylation in myocardial
mitochondria, as well as by a decrease in the membrane
potential of myocardial fibers and Na+/K+-ATPase activity.
These abnormalities can serve as a cause of the reduced
excitability in cardiac cells, which is mainly related to the
impairment of Na+/K+ transport across the cell membranes.

The pathogenesis of cardiac dysfunction during emotional
strain includes hypoxia and activation of lipid peroxidation in
the myocardium. This conclusion was made from the results of
experiments on rats subjected to immobilization and
emotional-pain stress.

A change in the concentration of glucocorticoids and
catecholamines promotes the development of hypoxia. These
changes are accompanied by the inhibition of energy
processes in the myocardium, activation of lipid peroxidation
in membranes, damage to membranes by peroxides and
proteolytic enzymes, and impairment of ion transport across
the cell membranes. These abnormalities are followed by
necrotic lesions, reduction or loss of the cell excitability, and
development of cardiac dysfunction.

Gastric ulceration is one of the major signs of emotional
stress. Emotional stress-induced ulceration is primarily related
to the sympathetic and parasympathetic influences and effect
of endogenous humoral and hormonal factors.

Emotional overstrain is one of the factors that determines
renal dysfunction and destructive processes in the liver
parenchyma.

Breathing is also involved in the emotional reactions.
Emotional stress is accompanied by the increase in pulmonary
ventilation and oxygen consumption.

Emotional stress causes a variety of blood changes,
including the degranulation of basophils, thrombocytopenia,
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neutrophilic leukocytosis, and decrease in the count of mature
granulocytes in the bone marrow.

Emotional stress is followed by a change in immune
reactivity and pain threshold. Stress-induced analgesia is a
typical reaction, which results in an increase of the pain
threshold (for example, to electrocutaneous stimulation).

Besides somatic-and-autonomic manifestations, emotional
stress can cause serious neurotic reactions and behavioral
inadequacy [14,15]. The subjects with these changes cannot
rapidly make a correct decision. They are characterized by
excessive emotionality in response to irrelevant events, over-
anxiousness, anxiety, suspiciousness, and tendency to long-
lasting emotional sufferings. Emotional reactions lose their
plasticity and cannot serve as a reliable factor to mobilize the
behavior to achieve a certain adaptive result. Sometimes,
neurotic patients cannot perform a particular action to
eliminate the unfavorable factor. Emotional overstrain in
animals causes a complex of the following neurotic symptoms:
impairment of conditioned behavior, reduction of the learning
capacity, sleep disorders, etc.

These data indicate that emotional stress is accompanied by
a complex of nonspecific reactions, which develop in any
conflict situation and concern the vital physiological functions.
It results in disintegration of various functional systems in the
body during wakefulness and sleep.

Characteristics and disturbances of sleep due
to emotional stress

A large body of evidence shows the interrelation between
psycho-emotional (characteristic) state of an individual, level
of emotional strain, sleep-wakefulness cycle, quality of
nocturnal sleep, and phase structure of nocturnal sleep [6,16].

A normal physiological sleep has several consecutive phases.
Each phase plays a particular biological role and is manifested
in specific features of EEG, eye movements, muscle tone, and
change in some autonomic functions [17,18].

Sleep is not a homogenous process. In humans and animals,
sleep occurs in various stages of non-rapid eye movement
sleep (NREM or non-REM sleep) and rapid eye movement
sleep (REM sleep). Human nocturnal sleep consists of 4-5
cycles of NREM sleep and REM sleep. The length of a whole
sleep cycle is relatively constant (90-100 min in healthy
people). The percentages of NREM sleep and REM sleep are
80-75 and 20-25%, respectively.

NREM sleep has the following characteristics.

1. Stage A: characterizes the transition from relaxation to
drowsiness. Alpha waves are present in EEG. This stage can be
considered as a manifestation of sleep motivation.

2. Stage B: reflects the state of drowsiness. EEG is
characterized by the decrease in alpha waves and presence of
theta waves, beta waves, and individual delta waves. Slow eye
movements can be found in the electrooculogram (EOG)
during stages A and B.
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3. State C: illustrates the state of light sleep. EEG includes
sleep spindles (frequency 14-16 oscillations per sec, amplitude
30-50 uV). K-complexes (two-to-three-phase waves of 0.5-1
sec) can be also observed. This state is accompanied by low-
amplitude slow oscillations in the delta and theta range and
mild beta rhythm. Slow eye movements are reduced or
disappear (as confirmed by the recording of EOG).
Electromyography (EMG) demonstrates a decrease in the
amplitude of muscle biopotentials.

4. Stage D: characterizes sleep of intermediate depth. The
EEG contains high-amplitude delta waves and sleep spindles.

5. Stage E: reflects deep sleep. The EEG is characterized by a
predominance of high-amplitude slow delta waves and
disappearance of sleep spindles and K-complexes.

NREM sleep (deep sleep) results in the normalization of
homeostasis (violated after many-hours-long wakefulness),
decrease in the respiratory rate and HR, reduction of blood
pressure and body temperature, muscle relaxation, and slow
eye movement. The total number of movements in a sleeping
individual becomes lowest with an increase in the depth of
NREM sleep.

American researches E. Azerinsky and N. Kleitman
discovered the phenomenon of REM sleep. During this stage,
NREM sleep is interrupted by the periods of low-amplitude
high-frequency EEG (30-40 oscillations per sec).

The stage of REM sleep can be characterized as follows:

1. No activity of the facial and neck muscles (the tone of
other muscles practically does not differ from that in
deep stages of NREM sleep);

2. Appearance of rapid eye movements (REM stage) of
0.5-1.5 sec in duration;

3. Presence of the wakefulness rhythm (beta waves) in EEG;
4. Pronounced fluctuations in autonomic indexes; and
5. Presence of dreams.

Sleep deprivation is first followed by an increase in the
duration of low-wave delta sleep [19,20]. Long-term insomnia
causes emotional stress with severe neurotic disorders.
Selective deprivation of REM sleep is followed by a change in
the brain mental activity (e.g., increase in emotional
irritability). Hallucinations and paranoid thoughts can be
observed with an increase in the severity of this state.

An extensively used, standard methodology of somnology is
directed toward studying the sleep of patients in ambulatory
and clinical environments, but does not allow us to perform a
control of human sleep under real, everyday home conditions.

The information system was developed, which allows
monitoring of human physiological functions during sleep in a
real everyday life. This system provides the following issues:
recording, identification, and analysis of the phase structure of
sleep; awakening of an individual in the certain time and pre-
determined optimal phase of sleep (as regards the
psychophysiological state of this individual); interruption of a
hazardous phase of sleep; monitoring of cardiac activity and
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breathing; cross-correlation analysis of HR and respiratory rate
(reflecting the degree of emotional strain [21]; and viewing
and analyzing the results on a personal computer [22,23].

A high level of emotional strain during wakefulness and
severe emotional sufferings cause insomnia (sleep disorder),
which is manifested in a decrease in the quality of sleep,
sleeplessness, difficulties in falling asleep, numerous
awakenings in the nighttime, early morning awakening,
sleepiness and fatigue after sleep, and excessive movements
and snoring during sleep.

Neurophysiological mechanisms of emotional
stress and sleep

Emotional stress is primarily formed as a central neurogenic
process. All peripheral manifestations of abnormalities in vital
somatic-and-autonomic functions are the secondary process,
which results from emotional over-excitation.

Emotional excitation is initially formed in the hypothalamic,
limbic, and reticular structures of the brain. Emotional
excitation is characterized by generalized spreading to the
brain cortex via ascending pathways. Moreover, emotional
excitation descends, involves the autonomic nervous system,
and stimulates the hormonal pituitary-adrenal activity to
realize somatic-and-autonomic and behavioral manifestations
of emotional reactions [2].

Limbic structures of the brain play a role in the formation of
emotional reactions. They include the paleocortex and
archicortex, some fields of the cerebral neocortex (orbital
areas and temporal regions), most part of the diencephalon,
and reticular formation of the midbrain.

Among a variety of central structures, the hypothalamus has
a triggering role in the formation of motivations and emotional
excitation. This structure has a particular sensitivity to humoral
factors, which are associated with various biological
requirements. The hypothalamus is a major triggering zone of
the autonomic and hormonal activity, which induces a
motivated emotional behavior for avoidance and self-
stimulation.

The studies by PV. Simonov demonstrated a major role of
four brain structures in the organization of emotional
reactions (anterior regions of the cerebral neocortex,
hippocampus, amygdala nuclei, and hypothalamus). The
frontal neocortex is required for probabilistic forecasting of
external events and evaluation of the possibility to satisfy a
requirement. High-probability events can be identified due to
activity of the frontal cortex [24].

Hippocampal function is associated with the detection of
signals from low-probability events under conditions of
uncertainty, when the level of emotional strain increases.

A particular function of the amygdaloid complex is to
identify the dominant requirement, which should be satisfied
first of all.

The hypothalamus plays a major role in the formation of
various biological motivations due to metabolic requirements.

This article is available from: http://www.jneuro.com/
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The ventromedial hypothalamic nucleus has a specific role
in the development of negative emotional reactions. Animal
experiments showed that local electrostimulation of the
ventromedial hypothalamus causes a complex of aggressive
behavioral reactions, which are followed by severe
hypertension.

Emotional reactions of the hypothalamic origin are primarily
accompanied by a change of bioelectric activity in emotiogenic
structures of the brain. For example, this state is characterized
by an increase of theta waves in the hippocampus, as well as
by desynchronization in the cerebellar amygdala and cerebral
cortex.

A continuous stimulation of the hypothalamic emotiogenic
zones for several hours was accompanied by significant phase
changes of electrical activity in the cortical and subcortical
structures. The majority of animals exhibited primarily a low-
amplitude, high-frequency desynchronized activity in cortex
leads over the 1st hour of stimulation. A regular “rhythm of
tension” was recorded in the following subcortical structures:
dorsal hippocampus, septum, amygdaloid complex, and
reticular formation of the midbrain. During stimulation, some
animals were characterized by the appearance of generalized,
slow, spiked high-amplitude waves (amplitude 200 V).
Elevation of the respiratory rate, tachycardia, and increase in
the muscle tone were observed at this stage of hypothalamic
stimulation. Defecation and urination were revealed in many
animals. Blood pressure was shown to increase and remained
high for 20-40 min [2].

Stimulation of the midbrain reticular formation also caused
a negative emotional state, which was accompanied by the
hypertensive reaction. By contrast, bilateral coagulation of the
reticular formation or transection of the midbrain prevented
the development of arterial hypertension of the hypothalamic,
renal, and baroreceptor origin and abolished the pituitary-
adrenal response to stress. Blockade of the mesencephalic
reticular formation by anodic polarization was followed by a
shortening of the pressor response to hypothalamic
stimulation.

The midbrain reticular formation is one of the major
structures, which plays a role (in addition to the
hypothalamus) in the regulation of blood flow. A close
relationship exists between the hypothalamus, midbrain
reticular formation, and limbic structures, which provides
long-term reverberation of excitations between the brain
structures.

Nonspecific medial regions of the thalamus are
morphologically and functionally related to the reticular
formation, hypothalamus, limbic structures, and neocortex.
The medial thalamus is involved in processing and transfer of
ascending activating influences from the reticular formation
and hypothalamus to the higher brain regions. The ascending
activating influences are a major component of the
motivational and emotional excitation. The nonspecific
thalamic regions have a particular role in the involvement of
adrenergic hypothalamic substrates and reticular formation in
the maintenance of emotional states.
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Due to descending influences, the cerebral cortex can
improve or diminish the manifestations of subcortical
emotional reactions.

Therefore, individual structures of the brain do not serve as
a center of certain emotional reactions. By contrast, the
interaction between these structures contributes to the
formation of emotional states. The central emotiogenic
structures of the brain induce emotional reactions. It should
be emphasized that emotional excitation involves a complex of
limbic and reticular structures, which determines the
development of somatic-and-autonomic manifestations of
emotional stress.

Summation of the negative emotional reactions forms a
basis for “stagnant emotional excitations”. A long-lasting
negative emotional state is associated with “persistent
changes of cellular metabolism in the hypothalamus and
brainstem” [1].

A wakeful state of the brain is provided by the reticular
formation, which triggers the cortical mechanisms for
wakefulness [25,26]. Electrical stimulation of the reticular
formation during sleep is immediately followed by awakening
of an animal. Destruction of the reticular formation or
transection of the brainstem at the level of the midbrain
causes sleep.

During wakefulness, sensory afferentation from the sense
organs contributes to activation of the reticular formation that
produces an ascending activating effect on the cerebral cortex.
Deep sleep is observed during blockade of ascending
activating influences on the cerebral cortex.

The limbic-and-hypothalamic and reticular structures of the
brain are in reciprocal relationships. Excitation of the limbic-
and-hypothalamic structures is accompanied by suppression of
the brainstem reticular formation, and vice versa.

Ascending activating influences of the reticular formation on
the cerebral cortex are reduced with a decrease in the sensory
inflow. Inhibitory influences of the frontal cortex on posterior
hypothalamic neurons are diminished under these conditions.
As a result, these cells produce a greater inhibitory effect on
the brainstem reticular formation.

Somnogenic structures of the brain are involved in the
formation of sleep behavior, as well as in synchronized and
desynchronized phases of the brain activity [27-29].

NREM sleep is associated with activity of EEG-synchronizing
structures in the brain [30]. Neurophysiological studies showed
that NREM sleep is induced by the raphe nuclei. Local
destruction of these nuclei is followed by chronic insomnia,
which can result in death [31,32].

Low-frequency stimulation of the solitary tract nucleus
causes synchronization in EEG [26]. Falling asleep s
accompanied the increase in neuronal activity in this zone. The
EEG-synchronizing effect during stimulation of baroreceptors
in the aorta and carotid sinus is realized via the solitary tract
nucleus.



JOURNAL OF NEUROLOGY AND NEUROSCIENCE

Stimulation of the anterior hypothalamus is accompanied by
the appearance of sleep spindles and slow-wave activity in
EEG, which results from the interaction of the hypothalamus
with the midbrain and thalamic structures [32,33].

Low-frequency stimulation of the head of the caudate
nucleus is followed by the appearance of synchronizing cortical
activity and behavioral signs of retardation [26,33].

Sleep and EEG synchronization are observed during
electrical stimulation of the lateral preoptic area [34].
Destruction of this region causes insomnia, cachexia, and
death of animals. W. P. Koella reported that the thalamus is a
major synchronizing structure of the brain [35].

The orbital cortex plays a particular role in the mechanisms
of synchronization. Extirpation of this structure s
accompanied by the disappearance of sleep-related slow-wave
activity.

A study of neurons in the orbital, parietal, and association
cortex, lateral geniculate body, hippocampus, hypothalamus,
thalamus, and reticular formation showed that neuronal
activity in some brain structures significantly increases during
sleep, which illustrates the absence of “generalized inhibition”
in sleep [36].

Hence, stimulation of many brain structures can be followed
by a synchronizing effect in EEG and behavioral signs of sleep.
The thalamocortical system, which is responsible for
synchronizing influences, serves as a major somnogenic
structure. Other structures produce the regulatory effect on
this system, which is mainly determined by activity of the
humoral and physiological systems and effect of exogenous
factors.

Paradoxical sleep is induced by the brain structures, which
are localized in the upper regions of the caudal reticular
nucleus and middle regions of the reticular nucleus in the pons
Varolii and medulla oblongata [30,37-41]. They include the
locus coeruleus, vestibular nuclei of the medulla oblongata,
superior colliculus, and midbrain reticular formation. Local
destruction of these areas was followed by the disappearance
of REM sleep, but had little effect on NREM sleep and
wakefulness.

These data indicate that the formation of emotional strain
and sleep involves the same structures of the brain.

Neurochemical mechanisms of emotional

reactions and sleep

Brain activity during wakefulness and sleep is mediated by
various interrelated neurochemical mechanisms.

The central mechanisms of emotional reactions involve
neurotransmitter processes (noradrenergic, serotoninergic,
and dopaminergic) [5,13]. Negative emotional reactions and
emotional stress are accompanied by specific changes in the
metabolism of major transmitters  (norepinephrine,
acetylcholine, and serotonin) in emotiogenic structures of the
brain. Previous studies revealed a change in the chemical
sensitivity of neurons in the medial hypothalamus, medial
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thalamus, and midbrain reticular formation to

neurotransmitters and neuropeptides.

A change in the chemical sensitivity of neurons is related to
variations in the conformation of receptor proteins and
functional activity of receptors [42].

The central mechanisms of emotional reactions are
determined by selective reorganization of neurochemical
properties and plastic reconstruction of the neurotransmitter
metabolism in neurons of emotiogenic brain structures. It
results in the formation of new neurotransmitter integration
for emotional excitation, which determines the development
of a negative emotional state and induces a complex of
somatic-and-autonomic manifestations of emotional reactions
[5,13]. By the neurochemical organization, neurotransmitter
integration of the emotional state is a polychemical process.

Our studies revealed that the central mechanisms of
emotional stress involve various endogenous peptides,
including substance P, Delta Sleep-Inducing Peptide (DSIP),
prolactin, etc. [43,44].

Catecholaminergic processes play an important role in the
neurochemical mechanisms of wakefulness. The ascending
activating system of the brain, which determines wakefulness,
is adrenergic. Urine excretion of epinephrine, norepinephrine,
DOPA, and dopamine is highest in wakefulness, becomes
minimum during NREM sleep, and occupies an intermediate
position under conditions of REM sleep.

Many anti-sleep substances are chemically close to
epinephrine or contribute to its accumulation in the nervous
system. Phenamine-similar pharmaceuticals cause EEG
desynchronization and lengthening of wakefulness. By
contrast, phenothiazine products (Aminazin) with adrenolytic
activity reduce the level and duration of wakefulness.

Various biologically active substances are involved in the
neurochemical organization of sleep [45-47].

Serotoninergic  substances, including L-tryptophan
(serotonin precursor), contribute to a decrease in the onset
latency and lengthening of REM sleep.

Monoamine oxidase inhibitors, which cause the
accumulation of serotonin and norepinephrine in the brain,
increase the length of NREM sleep and have an inhibitory
effect on REM sleep [48].

The inhibition of serotonin synthesis in the brain causes
insomnia, which can be prevented by treatment with 5-
hydroxytryptophan in intermediate doses (serotonin
precursor). Serotonin antagonists, methysergide and Deseril,
abolish the influence of tryptophan on the sleep structure. The
prevention of sleep after treatment with  p-
chlorophenylalanine is related to the inhibition of tryptophan
hydroxylase  (enzyme for the biosynthesis of 5-
hydroxytryptamine). Administration of 5-hydroxytryptamine
under these conditions has a normalizing effect on sleep. p-
Chlorophenylalanine decreases the content of serotonin in the
brain of rabbits and rats, which is accompanied by shortening
of sleep (mainly due to the phase of NREM sleep).

This article is available from: http://www.jneuro.com/
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The raphe nuclei are responsible for slow-wave sleep and
contain serotoninergic neurons. Administration of serotonin
into the raphe nuclei contributes to the maintenance of NREM
sleep [49].

Hallucinogenic agents (e.g., lysergic acid diethylamide)
cause blockade of serotonin synapses and decrease the
duration of REM sleep [50].

The content of a serotonin derivative, melatonin, in the
pineal gland is characterized by circadian variations [51,52].
Sleep deprivation in healthy subjects is followed by the
increase in 5-hydroxyindoleacetic acid excretion.

The influence of acetylcholine on the brainstem and
mediobasal temporal cortex was shown to induce
electroencephalographic and behavioral signs of sleep [53-55].
Physostigmine (eserine) with anticholinesterase activity
increases the length of REM sleep [37]. Pilocarpine produces
the same, but less significant effect. Deprivation of REM sleep
for 4-5 days is followed by a selective decrease in the content
of acetylcholine in rat brain. By contrast, the amount of
acetylcholine increases after total sleep deprivation for 1 day.

The effects of gamma-aminobutyric acid (GABA) on sleep
were studied in details. Experiments on cats showed that the
rate of GABA release from a perforated surface of the cerebral
cortex during sleep is threefold higher than in wakefulness. An
intraperitoneal injection of GABA to mice causes short-lasting
sleep. An intraperitoneal or intra-cerebroventricular infusion
of GABA to cats is accompanied by shortening of REM sleep,
but lengthening of NREM sleep. Administration of sodium
butyrate (GABA-like substance) at low and high doses
contributes to the onset of NREM sleep and REM sleep,
respectively [56]. Many products, including barbiturates,
tranquilizers, and alcohol, have a suppressive effect on the
phase of REM sleep.

Peptides play a role in the neurochemical mechanisms of
sleep. DSIP was isolated by M. Monnier in 1974. This peptide is
present in the pineal gland, hypothalamus, and limbic
structures of the brain and induces slow-wave sleep. Intra-
cerebroventricular administration of vasoactive intestinal
peptide has a stimulatory effect on REM sleep. Some
endogenous peptides (endorphin, enkephalins, and dynorphin)
are involved in the formation of emotional states during
wakefulness and slow-wave sleep. Prostaglandin D2 s
synthesized in the brain and modulates the activity of
adenosinergic neurons [57,58].

Serotonin and GABA are the main transmitters that play a
role in the formation of NREM sleep. Acetylcholine, glutamic
acid, and aspartic acid are involved in the neurochemical
mechanisms of REM sleep. M. Jouvet hypothesized that REM
sleep depends on the “triggering” serotoninergic mechanisms,
while noradrenergic and cholinergic processes play a
secondary role in this state [41].

In whole, these data illustrate the similarity of various
neurochemical mechanisms for emotional states and sleep.
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Conclusion

The results of studies performed by Russian and foreign
researchers allow us to make the following principal
conclusions on a relationship between the emotional state and
sleep.

1. The states of wakefulness and sleep are the interrelated
functional systems, which provide an adaptive and
resultant activity of the body.

2. The sleep-wakefulness cycle is characterized by a close
relationship between the emotional state of an individual
during wakefulness and type of nocturnal sleep.

3. Various phases of nocturnal sleep have a different
contribution to the sleep-wakefulness cycle.

4. A relationship exists between the individual, personal
features of a healthy subject and characteristics of
nocturnal sleep.

5. The mechanisms of emotional states and sleep are
interrelated with each other and characterized by
reciprocal relationships.

Due to the existence of common neurophysiological
mechanisms and antagonistic relations of neurochemical
processes, emotional stress and sleep are “tied in a tight knot”.
The goal of modern medicine is to solve this knot and to
restore a normal physiological sleep in people suffering from
emotional stress. Probably, a new class of pharmaceuticals
with the complex, selective neurochemical effects to prevent
stress and to activate the natural mechanisms of sleep will be
developed in the future. High efficacy of these products can be
achieved by an individual selection of the ratio between
various biologically active substances and objective monitoring
of the quality of sleep and its phase structure in a real
everyday life.
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