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Short Description of the Work

The Subject Actuality

Depression is one of the serious mental disorders having the growing spread to all over the
world. However, the effectiveness of pharmacological agents, used for its treatment until today, is
still limited and incomplete knowledge of the mechanisms involved in the pathogenesis of the
disease is the main reason for such condition. A comprehensive understanding of the pathogenesis
of unipolar depression is the necessary condition for the development of new, more adequate
antidepressant drugs. Therefore, it is important to search the new, more adequate, neurochemical
targets, involved in the pathogenesis of depression. Our attention was targeted to the brain
orexinergic system.

For the clarifying of causal involvement of hypothalamic orexinergic system in the
pathogenesis of depression, in the dissertation work, pre-clinical studies were conducted, for the
first time, on the two types of animal models of depression developed by different mechanisms
and methodical approaches.

We believe that the results obtained on of these animal models of depression will be able to
answer the questions rised by us. Consequently it will become possible to transfer preclinical data
into real therapeutic potential, develop the new strategy for depression therapy through the use of
hypothalamic neuropeptides, OrexinA, OrexinB and/or antagonists for their receptors and to
provide theoretical framework considering Orexinergic system as an integral component of

systems involved in pathophysiology of unipolar depression.

Principal Goals and Tasks of the Research

The objective of the research was to search the neurophysiological substrate/neurochemical
targets involved in pathophysiology of unipolar depression. This implies investigation of the
hypothalamic orexin producing neurons as the new, neuroanatomically and neurochemicaly
identified cell populations that would be involved in the development of unipolar depression-like
state and/or its’ prevention in animal models of depression. There was planned designs of
experimental research, which provided functional suppression and /or enhancement of the
hypothalamic Orexinergic system in rat pups in early ontogenesis and in adult animal models of
depression.The probability for the appearance in animals of behavioral and sleep-wakefulness
disorders, alike to unipolar depression, and the ways of their prevention, was studied in these
conditions.

Several lines of priority researches planned in the present work, has given us the opportunity

for understanding possible causal relationship between Orexinergic system and unipolar
depression therefore they are of high importance for clinical terms. Investigations were carried
out on two types of animal models of deopression. One model, characterized by a deficiency of
serotonin levels in the brain, has already been proven in many laboratories, while the other was
developed by new method elaborated in the laboratory were the doctoral dissertation was done.
This new animal model of depression is characterized by super-sensitivity of muscarinic
cholinergic system. Significance of hypothalamic orexin-producing neurons in the pathogenesis of
depression and normalization of behavioral and sleep-wakefulness disorders acompanning
unipolar depression-like state was studied by us on these two types of animal models for the first
time. Project tasks envisage intracerebroventricular microinjections of Orexins (OrexinA and

Orexin B) and the antagonists for Orexin receptors (Orexinl and Orexin2) in the lateral ventricle.
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The Objectives. Fulfillment of 12 particular tasks was envisaged in the scientific part of doctoral
dissertation:

Task 1. Administration of orexinA in rat pumps during the early ontogenesis and its effects on the
development of behavioral and sleep-wakefulness cycle disorders, alike to depression, produced by
the manipulations of brain monoaminergic system;

Task 2. Intracerebroventricular microinjection of orexinA during adult period and its effects on
behavioral and sleep-waakefulness cycle disorders, alike to depression, produced by the
manipulations of brain monoaminergic system;

Task 3. Administration of orexinB in rat pumps during the early ontogenesis and its effects on the
development of behavioral and sleep-wakefulness cycle disorders, alike to depression, produced by
the manipulations of brain monoaminergic system;

Task 4. Intracerebroventricular microinjection of orexinB during adult period and its effects on
behavioral and sleep-waakefulness cycle disorders, alike to depression, produced by the
manipulations of brain monoaminergic system;

Task 5. Elevation of orexinA content in cerebral-spinal fluid (CSF), by intra-cerebral-ventricular
(ICV) microinjection , and assessment of its effects on the depression-like behavioral and sleep-
wakefulness cycle disorders in animal models of depression characterized by super-sensitivity of
brain muscarinic cholinergic system;

Task 6. Elevation of orexinB content in CSF, by ICV microinjection , and assessment of its effects
on the depression-like behavioral and sleep-wakefulness cycle disorders in animal models of
depression characterized by super-sensitivity of brain muscarinic cholinergic system;;

Task 7. Effects of orexinl and orexin2 receptors’ selective and combined antagonists, injected in
early period of postnatal development, in parallel with sub-cutaneous injection of selective
serotonin re-uptake inhibitors, on the development of behavioral and Sleep-Wakefulness
disorders in adult age;

Task 8. Effects of orexinl and orexin2 receptors’ selective and combined antagonists, injected in
adult age, on the behavioral and Sleep-Wakefulness disorders in animal models of depression
characterized by deficiency of brain monoamine content;

Task 9. Effects of orexinl and orexin2 receptors’ selective and combined antagonists, injected in
early period of postnatal development in parallel with sub-cutaneous injection of the antagonists
of brain muscarinic cholinergic system, on the development of behavioral and Sleep-Wakefulness
disorders in adult age;

Task 10. Effects of orexinl and orexin2 receptors’ selective and combined antagonists, injected in
adult age, on behavioral and Sleep-Wakefulness disorders in animal models of depression
characterized by super-sensitivity of brain muscarinic cholinergic system;

Task 11 Measurement of orexinA content in CSF, during adult period, in controls and animal
models of depression characterized by deficiency of brain monoamine content;

Task 12. Measurement of orexinA content in CSF, during adult period, in controls and animal
models of depression characterized by super-sensitivity of brain muscarinic cholinergic system.

Scientific Novelty and Practical Importance of the Work

Expected outcomes of the researches, concerning brain Orexinergic system as an integral
component of behavioral and sleep wakefulness disorders of unipolar depression-like state in
animals, are significant and topical both for theoretical as well as for practical directions.
Researches carried out on the two types of animal models of depression has given us the possibility
to do a conclusion as to what is more important for orexins as an integral component in the
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pathophysiology of depression, the linkage of hypothalamic orexinergic system to the brain
monoaminergic or muscarinic cholinergic system, that is of big theoretical importance in the
modern neurophysiology. The obtained data will contribute to the understanding of
neurophysiological and neurochemical basis of fundamental mechanisms of depression and will
promote to elaboration of new, more comprehensive, strategy of unipolar depression therapy by
the use of hypothalamic neuropeptides, OrexiA and OrexinB and/or antagonists of their receptors.

There is a potential demand on project outcomes which is expressed in necessity for elaboration
of the new, more adequate and effective strategy of depression therapy. Therefore, precise
understanding the role of the hypothalamic Orexinergic system in the pathophysiology of
unipolar depression will be important for medicine and pharmaceutical industry.

Publications. Materials of doctoral thesis are published in 3 papers (see pp. 36-37) and presented at
12 international scientific forums and three colloquiums.

Structure and Extent of the Work: The thesis consists of:
e An introduction — the subject actuality, principal goals and tasks of the research,
scientific novelty and practical importance of the work;
e Three chapters — review of literature, research methods, results;
e Chapter IV - Discussion;
e Conclusions;
e The list of references.

The thesis contains 220 pages, including 94 figures and references of 141names.

3. Obtained Results

Task 1. Administration of orexinA in rat pumps during the early ontogenesis and its effects on the
development of behavioral and sleep-wakefulness cycle disorders, alike to depression, produced
by the manipulations of brain monoaminergic system

In this series of experiments OrexinA 10pg/pl and/or 25pg/pl were used per orally in rat pups in
the early period of ontogenesis. The procedure was made in rat pups starting from one week after
birth with parallel subcutaneous injection of melipramin. Behavioral and sleep-wakefulness
disorders were studied in adult period. It appeared that per oral administration of OrexinA in rat
pups during the period of early ontogenesis does not produce significant behavioral and sleep-
wakefulness changes in adult age. This fact indicates that effectiveness of per oral OrexinA must
be too limited.

Task 2. Intracerebroventricular microinjection of orexinA during adult period and its effects on
behavioral and sleep-waakefulness cycle disorders, alike to depression, produced by the
manipulations of brain monoaminergic system

The effects of intracerebroventricular microinjection of orexinA were studied in intact control
animals and animal models of depression characterized by deficiency of brain monoamine content.
It appeared that microinjection of OrexinA in lateral ventricle at 10 pg/pl and/or 25 pg/pl doses
sharply and doze-dependently increases locomotor and exploratory behavior in intact control
animals.

Elevation of the level of orexinA in the cerebrospinal fluid by means of its microinjection in
the lateral ventricle have a less intense effect in animal models of depression than in controls.
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Namely, the rate of all the parameters used for the studying of behavioral changes has grown after
this manipulation but with lesser intensity than in intact controls. Locomotor activity increases
more intensively than exploratory behavior though exploratory behavior in itself is enhanced
with statistical validity under the influence of OrexinA at the doses of 10ug/pl and/or 25ug/pl. The
rate of food intake also elevates and this fact indicates to the decrease of the level of anhedony in
animal models of depression under the influence of ICV OrexinA. The frequency of water
drinking remains unchanged.

Another series of experiments conducted in the terms of task 2 was studied the changes in the
sleep-wakefulness cycle ultradian structure in control animals and animal models of depression
characterized by deficiency of brain monoamine content. Analysis of sleep-wakefulness cycle
ultradian structure and comparison of the data from intact animals and animal models of
depression characterized by deficiency of brain monoamines content has allowed to reveal that
animal models of depression are characterized by reduction in active wakefulness frequency and
total time, enhancement of passive wakefulness and light slow wave sleep frequency and total
time, increasing the incidence for deep slow wave sleep and reduction in its total time. These fats
are very significant because they indicate that in animal models of depression, alike to the human
unipolar depression, active wakefulness is depressed; the quality of deep slow wave sleep is much
worsening that is produced by increasing of superficiality, incidence and the rate of deep slow
wave sleep interruptions. It appeared that the latency of paradoxical sleep is much shortened in
animal models and the incidence and total time of paradoxical sleep significantly rise in animal
models of depression.

Intracerebroventricular microinjection of OrexinA, at both doses, raises the incidence of light
and deep slow wave sleep and reduces dose-dependently the total time of deep slow wave sleep, in
comparison to the data from control animals. The latency of paradoxical sleep rises significantly;
incidence and total time of paradoxical sleep reduces substantially.

Described changes of paradoxical sleep parameters are the desirable and attainable effects for
the therapis used in depressive patients until today, however, their achievement, in many cases of
current treatments, is very difficult yet.

Task 3. Administration of orexinB in rat pumps during the early ontogenesis and its effects on the
development of behavioral and sleep-wakefulness cycle disorders, alike to depression, produced
by the manipulations of brain monoaminergic system.

In this series of experiments orexinB 25pg/ul were used per orally in rat pups in the early
period of ontogenesis. The procedure was made in rat pups starting from one week after birth with
parallel subcutaneous injection of melipramin. Behavioral and sleep-wakefulness disorders were
studied in adult period. It appeared that per oral administration of OrexinA in rat pups during the
period of early ontogenesis does not produce significant behavioral and sleep-wakefulness changes
in adult age. This fact indicates that effectiveness of per oral OrexinA must be too limited.

It can be believed that ineffectiveness of per oral OrexinB may be linked to the short period of
life of this neuropeptide but it appears that the method of per oral administration is not effective
for orexin neuropeptides at all because per oral OrexinA is also ineffective despite its longer period
of life (Task 1).

Task 4. Intracerebroventricular microinjection of orexinB during adult period and its effects on
behavioral and sleep-wakefulness cycle disorders, alike to depression, produced by the
manipulations of brain monoaminergic system.

This task was consisted from three sub-tasks. Sub-tasks 4a and 4b envisaged the study of
behavioral changes in control animals and animal models of depression characterized by
deficiency of brain monoamine content.
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It appears that intracerebroventricular microinjection of OrexinB slightly elevated locomotor
and exploratory behavior. Microinjection of OrexinB in the lateral ventricle does not change the
number of vertical standings and head rising in intact animals. The level of feeding motivation and
water intake remains also unchanged.

Elevation of the content of orexinB in cerebrospinal fluid by means of microinjection of this
neuropeptide in the lateral ventricle, in animal models of depression developed by manipulations
of brain monoaminergic system, insignificantly rises locomotor activity, reveales less intensive
effects on exploratory behavior and leaves unchanged both feeding and drinking motivation.

Sub-task 4c planned studies the effects of intracerebroventricular orexinB on the ultradian
structure of sleep-wakefulness cycle. It was found that: a) intracerebroventricular injection of
orexinB at the doze of 25ug/pl produces prolongation of sleep onset latency, increase of active
wakefulness incidence and total time and decrease in the incidence and total time of paradoxical
sleep in control rats; b) intracerebroventricular injection of orexinB at the doze of 25pg/pl, in
animal models of depression characterized by deficiency of brain monoamine content,
significantly prolonges sleep onset latency. In addition it produces increase in active wakefulness
total time, while total time for deep slow wave sleep, incidence and total time of paradoxical sleep
and the level of fragmentation of deep slow wave sleep are decreased.

Task 5. Elevation of orexinA content in cerebral-spinal fluid (CSF) by intracerebroventricular
(ICV) microinjection and assessment of its effects on the depression-like behavioral and sleep-
wakefulness cycle disorders in animal models of depression characterized by super-sensitivity of
brain muscarinic cholinergic system. The task 5 consisted from the two subtasks. Subtask 5a was
studied behavioral changes in animal models of depression characterized by super-sensitivity of
brain muscarinic cholinergic system. We have found in this experiments that these animal models
of depression are characterized by a lot of behavioral changes — locomotor activity is rised, the
rates of grooming and head rising are decreased, vertical standings are wholly diminished, the rate
of daily food intake is decreased two times and water intake is not observed.

The effects of intracerebroventricular microinjection of orexins on the behavior of animal
models of depression, characterized by super-sensitivity of brain muscarinic cholinergic system,
on the behavior in adapted environment, for the long period of time (5h) was studied in this task
for the first time. We have found that the effects of intracerebroventricular orexinA on the
locomotor and exploratory behavior are stronger in animal models of depression, characterized by
super-sensitivity of brain muscarinic cholinergic system than in animal models of depression,
characterized deficiency of brain monoamine content. Namely, elevation in the content of
orexinA in the cerebrospinal fluide, by its microinjection in the lateral ventricle, produces
following changes in animal models of depression: sharply increases locomotor activity, depresses
searching or exploratory behavior, increases the rate of food intake and does not influence on the
drinking motivation

Thus, behavioral changes developed in both types of animal models of depression are similar to
the behavioral disorders characteristic for unipolar depression. Comparison between behavioral
changes developed in two different types of animal models have shown that the level of
behavioral changes is higher in animal models of depression, characterized by super-sensitivity of
brain muscarinic cholinergic system

Special studies of the rate of daily food intake have shown that this index is reduced in both
types of animal models, but especially intensively in animal models of depression, characterized by
super-sensitivity of brain muscarinic cholinergic system. Motivation of water drinking was wholly
diminished during the whole period of exploration in both types of animal models. We believe
that decrease in the rate of food intake more probabely indicates to the reduction in the ability to

28



feeling of pleasure which is one of the indicators of rising of anhedony in animal models of
depression.

Studies of the changes in sleep-wakefulness cycle of ultradian structure were envisaged by the
subtask 5b. Research has shown that animal models of depression are characterized by significant
disturbancees in comparison with control animals. Namely the incidence and total time of active
wakefulness are reduced, the incidence and total time of passive wakefulness and light slow wave
sleep are increased, the rate of deep slow wave sleep is also raised but its total time is reduced that
indicates to the deterioration of sleep quality. The incidence and total time of paradoxical sleep are
sharply increased. These changes are very similar with sleep disorders, characteristic of the
unipolar depression and so they can be an indicator of the validity for this type of animal model of
depression.

Intracerebroventricular microinjection of OrexinA at the doses of 10 and 25 pg/pl significantly
corrects described disturbances in sleep-wakefulness ultradian structure. Under the action of
orexinA, in animal models of depression, characterized by super-sensitivity of brain muscarinic
cholinergic system, sleep onset latency, incidence and total time of active wakefulness became
significantly increased, incidence of paradoxical sleep decreases and the latency of paradoxical
sleep becomes significantly longer.

Task 6. Elevation of orexinB content in CSF, by ICV microinjection , and assessment of its effects
on the depression-like behavioral and sleep-wakefulness cycle disorders in animal models of
depression characterized by super-sensitivity of brain muscarinic cholinergic system.

The task 6 consisted from the two subtasks. Subtask 6a was studied behavioral changes in
animal models of depression characterized by super-sensitivity of brain muscarinic cholinergic
system.

Analysis of the data obtained in this series of experiments, has showed that in animal models of
depression characterized by super-sensitivity of brain muscarinic cholinergic system the rate of
locomotor activity is sharply increased. Intracerebroventricular microinjection of OrexinB at the
doses 25 pg/pl reduces the rate of locomotor activity, compared to the baseline data from animal
models of depression, while as compared to the data from control animals leaves unchanged.

Incidence of grooming in animal models of depression with super-sensitivity of brain
muscarinic cholinergic system is reduced in comparison of control data. This ratio does not change
significantly after Intracerebroventricular OrexinB but the rate of grooming behavior in animal
models of depression become two times more in comparison to its own baseline data. The rate of
sniffing does not changed significantly in animal models of depression and nor the administration
of OrexinB reveals any effect. The number of head risings was 7 times lesser in animal models,
under the action of OrexinB there was noted its increase but in comparison of control data
remained sharply reduced. Vertical standings are not observed in baseline behavior of animal
models, under the action of OrexinB its rate starts growing but still is retained at the lower value
than in the control data.

Food consumption has been reduced in animal models of depression and not the
intracerebroventricular injection of orexinB have changed the rate of daily food intake. Thus,
behavioral effects of 25 pg/pl orexinB in animal models of depression characterized by
supersensitivity of brain muscarinic cholinergic system are the same as the behavioral effects in
animal models of depression characterized by deficiency of brain monoamine content (see.task 4).

Subtask 6a was studied behavioral disturbances in sleep-wakefulness ultradian structures in
animal models of depression characterized by super-sensitivity of brain muscarinic cholinergic
system. Analyisis of obtained data reveal that sleep onset latency was two times reduced in animal
models of depression. Elevation of the level of orexinB in the cerebrospinal fluid significantly (3.5
times) prolonged this value. Analysis of the incidence of particular behavioral states (phases)
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shows that the elevation in the contents of orexinB in cerebrospinal fluid increases two times the
rate of active wakefulness in comparison to both data from control animals and baseline data of
animal models of depression.

One of the most essential component of normal sleep-wakefulness cycle ultradian structure is
the incidence of light slow wave sleep, because increases in its rate is an indicator of worsening of
sleep quality. Incidence of light slow wave sleep in control animals does not undergo significant
changes under the action of 25 pg/pl orexinB. The rate of deep slow wave sleep is increased
approximately three times in animal models of depression, under the action of
intracerebroventricular orexinB its value decreases 1.5 times though in comparison of control data
still remains two times more.

Interesting results were obtained during the quantitative analysis of paradoxical sleep indices.
The rate of this phase of sleep in control animals becomes lesser at the background of 25 pg/ul
orexinB. Incidence of paradoxical sleep was significantly higher in the baseline ultradian structure
of animal models of depression. Intracerebroventricular orexinB at the dose of 25 pg/pl decreases
paradoxical sleep incidence almost 2 times. Animal models of depression with super-sensitivity of
brain muscarinic cholinergic system are characterized also by sharp increase of paradoxical sleep
fragmentation that is by attempts to enter in paradoxical sleep. Under the action of orexinB value
of this parameter increases.

The total time of active wakefulness, in control animals, is equally distributed in the first and
second 2.5 hour periods of EEG registration. Under the action of OrexinB the total time of
wakefulness becomes sharply increased during the first 2.5 h of EEG registration while in the
second 2.5 h period becomes sharply reduced. Active wakefulness total time, in baseline sleep-
wakefulness cycle of animal models of depression, characterized by super-sensitivity of brain
muscarinic cholinergic system, remains almost unchanged. 25 pg/pl orexinB significantly elevates
the value of this parameter during the first 2.5 h period as well as during the whole 5 h period of
EEG registration.

Passive wakefulness total time does not change in control animals under the influence of
orexinB. In animal models of depression passive wakefulness total time is slightly increased
compared with its baseline data. Under the action of OrexinB the value of this parameter becomes
sharply reduced in animal models of depression.

Total time of light slow wave sleep does not undergoes the significant changes under the
influence of orexinB in control animals, but in animal models of depression decreases significantly
during the whole period of EEG registration. Total time of deep slow wave sleep is distributed
equally in the first and second 2.5 hour periods of EEG registration and under the action of
orexinB remains unchanged.

In animall models of depression characterized by super-sensitivity of brain muscarinic
cholinergic system the total time of deep slow wave sleep appeared significantly reduced in
comparison with control data. Intracerebroventricular OrexinB at the doze 25 pg/pl in animal
models of depression leaves total time of deep slow wave sleep reduced.

Total time of paradoxical sleep becomes 1.5 times lesser under the action of 25ug/pl OrexinB in
control animals. Total time of paradoxical sleep is significantly more in animal models of
depression. Under the action of 25pg/pl OrexinB this parameter becomes significantly reduced
though complete delete of paradoxical sleep does not happen as it was found under the action of
OrexinA.

It was noted above that one of the most characteristic disorders of sleep ultradian structure
during unipolar depression is the sharp decrease in paradoxical sleep latency. Therefore studies of
the possible changes of this parameter in animal models of depression is one of most interesting
questions. It turned out that in animal models of depression characterized by super-sensitivity of
brain muscarinic cholinergic system the latency of paradoxical sleep is significantly reduced.
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Under the action of Intracerebroventricular OrexinB paradoxical sleep latency becomes longer in
both cases in control animals and animal models of depression but increment is more significant in
animal models of depression.

Task 7. Effects of orexinl and orexin2 receptors’ selective and combined antagonists, injected in
early period of postnatal development, in paralle]l with sub-cutaneous injection of selective
serotonin re-uptake inhibitors, on the development of behavioral and Sleep-Wakefulness
disorders in adult age.

In this series of experiments, subcutaneous administration of the selective antagonists for
orexin-1 and orexin-2 receptors was added to the sub-cutaneous injection melipramin in the rat
pups of one week age. Procedure was lasted for two weeks.

As it was described above rat pups receiving only sub-cutaneous injection of melipramin in the
period early ontogenesis manifest in adult periods behavioral and of sleep-wakefulness cycle
disturbances that are highly similar with behavioral and sleep disorders characteristic for unipolar
depression. For the assessment of possible participation of orexins in these disturbances behavioral
and sleep changes were studied in adult age. Statistical treatment of obtained results has shown
that sub-cutaneous injection of the antagonists of orexin-1 and orexin-2 receptors in the period of
early ontogenesis in parallel with sub-cutaneous injection of melipramin have no lasting effects on
rat behavior and sleep ultradian structure in adult age. Behavioral and sleep disturbances obtained
in this series of experiments does not differ from the disturbances that were obtained in rats
receiving only sub-cutaneous injection of melipramin in the period early ontogenesis. These

disturbances were described in the task 2.

Task 8. Effects of orexinl and orexin2 receptors’ selective and combined antagonists, injected in
adult age, on the behavioral and Sleep-Wakefulness disorders in animal models of depression
characterized by deficiency of brain monoamine content;

Task 8 envisaged studies of the effects of selective antagonist for orexin-1 receptors, SB 334867
(5mg/kg intraperitoneally) selective antagonist for orexin-2 receptors, JNJ 10397049 (10 mg/kg,
sub-cutaneously) and combined antagonist for these receptors, EMPA (10 mg/kg, intarperitonealy)
in animal models of depression developed by the manipulations of brain monoaminergic system.
Three doses of each antagonists were used here are presented the results obtained by the use of
more effective dose. Researches envisaged by Task 8a were focused on the behavioral changes of
the antagonists of orexin receptors.

Significant changes of rat’s behavior were observed under the action of 5 mg/kg of SB 334867,
the rate of locomotor activity becomes wholly suppressed in animal models of depression
characterized by deficiency of brain monoamine content in comparison to both control animals
and/or baseline data of animal models. Frequency of grooming does not change significantly in
comparison to the control data while becomes three times lesser in comparison to the baseline
data of animal models. The rates of sniffing, head rising and vertical standings become wholly
suppressed. Daily food and water intake remains unchanged under the influence of 5 mg/kg of SB
334867.

The rate of locomotor activity strongly raises at the background of JNJ 10397049, selective
antagonist of orexin-2 receptors, in comparison to the control data, though in comparison to the
own baseline data is slightly increased. The rate of grooming is raised in comparison to the data of
intact animals but is significantly lower than the own background data of animal models. The rate
of sniffing is raised and incidence of head raising and vertical standings become sharply reduced
under the action of JNJ 10397049.
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Daily food intake and drinking motivation is increased at the face of blockade of orexin-2
receptors.

The effects of EMPA, combined antagonist of orexin-1 n orexin-2 receptors, in animal models
of depression characterized by deficiency of brain monoamine content, were not significant and
therefore they are not discussed here.

Thus, selective antagonizing of orexin-1 and orexin-2 receptors reveals opposite effects on the
locomotor and exploratory behavior in animal models of depression that indicates to the different
role of these receptors in rats behavior in general and in its disturbances in animal models of
depression.

Task 8b envisaged the study of the effects of selective antagonists of orexin receptors on the
ultradian structure of sleep-wakefulness cycle. It appeared that sleep onset latency is
insignificantly reduced ander the action of SB 334867, selective antagonist for orexin-1 receptors.
Incidence of active wakefulness remains almost unchanged, but passive wakefulness becomes 1.5
times more. Insignificant changes are observed in the rates of light slow wave and deep slow wave
sleep. Incidence for paradoxical sleep increases also insignificantly but number of its fragments
rises sharply.

Total time of active wakefulness, passive wakefulness and light slow wave sleep becomes sharply
reduced under the action of 5 mg/kg SB 334867. Total time of deep slow wave sleep rises for two
times in comparison to the baseline data. Especially prominently increases the total time of
paradoxical sleep. Latency of paradoxical sleep rises infignificantly.

Under the action of 10 mg/kg JNJ 10397049, selective antagonist for orexin-2 receptors, sleep
onset latency dramatically increases and becomes four times more than the baseline value. Sharp
increase is noted also in the incidence of active wakefulness, it preceeds baseline value almost 2.5
times. The frequency of passive wakefulness also increases, but the increase is not as sharp as in
the case of active wakefulness. Selective blockade of orexin-2 receptors reduces frequency of light
slow wave, deep slow wave and paradoxical sleep. Effect is especially stronger in relation of
paradoxical sleep incidence; its rate becomes eight times lesser in comparison to the baseline data

Total time for sleep-wakefulness phases changes significantly under the action of JNJ 10397049.
JNJ 10397049 produces sharp increase in active wakefulness total time, whereas total time for
passive wakefulness is significantly reduced. Reduction is noted in the total rimes of light slow
wave sleep, but especially strong effects are revealed in relation of deep slow wave and paradoxical
sleep; total time of deep slow wave sleep reduces three times, but total time of paradoxical sleep
undergoes the 5 times reduction. Latency of paradoxical sleep becomes three times longer than in
baseline.

Task 9. Effects of orexin-1 and orexin-2 receptors’ selective and combined antagonists, injected
in early period of postnatal development in parallel with sub-cutaneous injection of the
antagonists of brain muscarinic cholinergic system, on the development of behavioral and Sleep-
Wakefulness disorders in adult age.

In this series of experiments, subcutaneous administration of the selective antagonists for

orexin-1 and orexin-2 receptors was added to the sub-cutaneous injection of scopolamine in the
rat pups of one week age. Procedure was lasted for two weeks.

As it was described above rat pups receiving only sub-cutaneous injection of scopolamine in the
period early ontogenesis manifest in adult periods behavioral and of sleep-wakefulness cycle
disturbances that are highly similar with behavioral and sleep disorders characteristic for unipolar
depression. For the assessment of possible participation of orexins in these disturbances behavioral
and sleep changes were studied in adult age. Statistical treatment of obtained results has shown

that sub-cutaneous injection of the antagonists of orexin-1 and orexin-2 receptors in the period of
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early ontogenesis in parallel with sub-cutaneous injection of scopolamine have no lasting effects
on rat’s behavior and sleep ultradian structure in adult age. Behavioral and sleep disturbances
obtained in this series of experiments does not differ from the disturbances that were obtained in
rats receiving only sub-cutaneous injection of scopolamine in the period early ontogenesis. These

disturbances were described in the task 5.

Task 10. Effects of orexin1- and orexin-2 receptors’ selective and combined antagonists, injected in
adult age, on behavioral and Sleep-Wakefulness disorders in animal models of depression
characterized by super-sensitivity of brain muscarinic cholinergic system

Task 8 envisaged studies of the effects of selective antagonist for orexin-1 receptors, SB 334867
(5mg/kg intraperitoneally) selective antagonist for orexin-2 receptors, JNJ 10397049 (10 mg/kg,
sub-cutaneously) and combined antagonist for these receptors, EMPA (10 mg/kg, intarperitonealy)
in animal models of depression characterized by super-sensitivity of brain muscarinic cholinergic
system. Three doses of each antagonists were used here are presented the results obtained by the
use of more effective dose. Researches envisaged by Task 10a were focused on the behavioral
changes of the antagonists of orexin receptors.

The processing of data for each of the behavioral parameters has shown that under the action of
5 mg/kg of SB 334867 locomotor activity becomes entirely suppressed in animal models of
depression. Grooming reaction becomes also diminished that is manifested in the sharp decrease of
its rate during all the periods of observation. Daily food intake and drinking motivation does not
change significantly.

Behavioral disturbances opposite to these happen under the action of JNJ 10397049 selective
antagonist for orexin receptor-2. Namely the rate of locomotor activity and sniffing becomes much
higher. The rate of grooming, head rising and vertical standings decreases significantly. Daily food
intake and drinking motivation increases. From all the series of experiments carried out in the
doctoral work drinking motivation was change in animal models of depression only after the
action of JNJ 10397049.

The effects of EMPA, combined antagonist of orexin-1 n orexin-2 receptors, in animal models
of depression characterized by super-sensitivity of brain muscarinic cholinergic system, appeared
intermediate between behavioral effects of SB 334867 and JNJ 10397049 and therefore are not
described in detail here.

Thus selective switch off of orexin-1 and orexin-2 receptors exert opposite influence on the
behavior of animal models of depression. This fact indicates to the different role of these receptors
and their ligands in behavioral disturbances in animal models of depression characterized by
super-sensitivity of brain muscarinic cholinergic system.

Task 10b envisaged research of the effects of the antagonists for orexin receptors on the
ultradian structure of sleep-wakefulness cycle. It appeared that 5 mg/kg of SB 334867 sharply
enlarges latent period of sleep onset. Its value is almost 3 times higher than background data.

Analysis of the incidence for the particular behavioral states of sleep-wakefulness cycle have
shown that incidence for active wakefulness under the action of SB334867 remains in the range of
baseline data, but for passive wakefulness becomes two times increase. Incidence for light and
deep slow wave sleep as well as for paradoxical sleep sharply raises. In addition the level of
fragmentation of paradoxical sleep significantly elevated. Despite of these disturbances of
paradoxical sleep parameters latency for this behavioral state becomes enlarged.

Significant changes in total times for each behavioral state are followed by intra-peritoneal
injection of SB 334867. Selective antagonizing of orexin-1 receptors significantly reduces total
time for active wakefulness, passive wakefulness and light slow wave sleep. This procedure
sharply increases total time of deep slow wave sleep and paradoxical sleep.
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The effects of selective antagonist for orexin-2 receptors, JNJ 10397049 on the sleep-
wakefulness ultradian structure turned out dramatically different from the effects of SB 334867.
Sleep onset latency became four times longer under the action of JNJ 10397049. This procedure
sharply increases the incidence of active wakefulness — this behavioral state appeared 50 times
during the 5 h of EEG registration that wholly disorganized sleep-wakefulness cycle ultradian
structure. The full value state of paradoxical sleep does not develop at all during this period.

Under the action of 10 mg/kg JNJ 10397049 total time of active wakefulness becomes eight
times more in comparison to the baseline data. In contrast to this total time of passive waking
decreases almost three times, total time of light slow wave sleep is around the half of baseline total
time. Statistically significant reduction was noted in the total times of deep slow wave and
paradoxical sleep.

Thus, selective blockade of orexin-1 and orexin-2 receptors reveals opposite effects on the sleep-
wakefulness ultradian structure in animal models of depression that indicates to the different role
of these receptors and their ligands in the disturbances of sleep-wakefulness cycle.

Task 11. Measurement of orexinA content in CSF, during adult period, in controls and animal
models of depression characterized by deficiency of brain monoamine content

In this series of experiments, in order to determine background levels of the content of
OrexinA cerebrospinal fluid was delivered from cisterna magna by the special method from both
control animals, as well as animal models of depression. Then we studied the effects of
Intracerebroventricular orexinA and for this aim 1 hour after this procedure cerebrospinal fluid
was delivered from cisterna magna agan from both control animals, as well as animal models of
depression. Amount of cerebrospinal fluid disposable removed from each animal was 50 micro
liters. Cerebrospinal fluid was put in special sterile polyethylene Eppendorf tubes of appropriate
size and was maintained at -80°C.

The level of orexinA content in cerebrospinal fluid was measured By ELISA method and special
kits from Phoenix Pharmaceuticals were used for this aim.

1 hour after microinjection of orexinA the content of this neuropeptide in cerebrospinal fluid
becomes significantly high both in intact animals and in animal models of depression but effect is
more strong in animal models of depression. Elevation of orexinA content in cerebrospinal fluid
depends from the dose of orexinA injected in lateral ventricle, 25pg/ul of orexinA elevates its level
much more.

Task 12. Measurement of orexinA content in CSF, during adult period, in controls and animal
models of depression characterized by super-sensitivity of brain muscarinic cholinergic system.

In this series of experiments the method and procedures for the measurement of the content of
OrexinA in the cerebrospinal fluid in control animals and animal models of depression
characterized by super-sensitivity of brain muscarinic cholinergic system were the same as
described in the task 11.

It turned out that the content of OrexinA in cerebrospinal fluid is decreased in animal models
of depression characterized by super-sensitivity of brain muscarinic cholinergic system, in
comparison to control data. 1 hour after microinjection of 10 pg/pl OrexinA content of this
neuropeptide in the cerebrospinal fluid significantly increases both in control animals and animal
models of depression. It should be noted that the value of increasing is higher in animal models of
depression. The amount of elevation is dose-dependent. It is interesting to note that the effects of
Intracerebroventricular microinjection of OrexinA are stronger in animal models of depression
with super-sensitivity of brain muscarinic cholinergic system.
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11.

12.

13.

Conclusions:

Intracerebroventricular administration of orexinA produces the sharp increase of
locomotor and exploratory behavior and elevation of food motivation in control animals;
Intracerebroventricular administration of orexinB dos not produce significant chenges of
locomotor and exploratory behavior in control rats, the rate of food intake remains
unchanged;
Animal models of depression with deficiency of brain monoamine content are
characterized by sharp behavioral changes, drastic decreases of all the parameters of
locomotor and exploratory behavior;
Changes in locomotor and exploratory behavior are the strongest in animal models of
depression characterized by super-sensitivity of muscarinic cholinergic system, in
comparison to the animal models with deficiency of brain monoamine content;
The rate of food intake in both types of animal model of depression is reduced, especially
intensively in animal models, characterized by super-sensitivity of muscarinic cholinergic
system. This fact indicates to the suppression of the ability to experience pleasure, that is
to the enhancement in animal models the level of anhedony;
Elevation of the content of OrexinA in cerebrospinal fluid in animal models of depression,
developed by manipulations of brain monoaminergic system, has the less intense effect in
comparison to the intact animals, though reveals the antidepressant effect expressed in the
enhancement of locomotor and exploratory behavior;
Intracerebroventricular administration of orexinB in animal models of depression,
developed by manipulations of brain monoaminergic system, insignificantly elevates
locomotor activirty, reveals less intense effect on the exploratory behavior and dos not
influence on the rates food and water intake;
The effects of intraacerebroventricular orexinA on the locomotor and exploratory
behavior are more intense in animal models of depression characterized by super-
sensitivity of brain muscarinic cholinergic system, than animal models with deficiency of
brain monoamine content;
The effects of intracerebroventricular orexinB on locomotor and exploratory behavior in
animal animal models of depression characterized by super-sensitivity of brain muscarinic
cholinergic system, are similar to the effects obtained in animal models with deficiency of
brain monoamine content;
Intarcerebroventricular administration of orexinA produces in both types of animal
models the significant increase in the rate of food intake. This fact is an indicator of the
reduction of one of the symptoms of unipolar depression — anhedony, in this condition.
Intracerebroventricular OrexinB dos not produce similar effect on food intake
Orexins enhance and stabilize wakefulness, that is suppressed during depression, increase
the latency of paradoxical sleep, which is sharply reduced during depression and remove
paradoxical sleep that appears excessively during depression and needs to be deprived.
These effects are namely expresses the anti-depressive effects of elevated orexins in animal
models of depression. Effects are especially under the influence of orexinA in animal
models of depression characterized by super-sensitivity of muscarinic cholinergic system;
Selective antagonizing of orexin receptor-1 and orexin receptor-2 reveals opposite effects
on the behavior and ultradian structure of sleep-wakefulness cycle, which indicates to the
different roles for these receptors and their ligands in the disorders of sleep-wakefulness
cycle and their prevention in various animal models of depression;
Differences in the effects of orexinA and orexinB on the behavior and ultradian structure
of sleep-wakefulness cycle in control animals supports the high effectiveness of orexinA in
comparison to orexinB;
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14. The facts that the effects of elevation of the content of OrexinA and OrexinB in

cerebrospinal fluid, and selective antagonizing of orexin-1 and orexin-2 receptors, are
sharper expressed in animal models of depression with super-sensitivity of brain
muscarinic cholinergic system indicates that functional modification of afferent and
efferent connections between hypothalamic orexinergic and brain muscarinic cholinergic
systems must be the predominant factor for the development in animal models of
depression the behavioral and sleep-wakefulness disorders alike to the changes of these
indices during unipolar depression.
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