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Abstract 

The frequency of age-related neurodegenerative pathology, such as Parkinson's and Alzheimer's diseases, brain ischemia and multiple sclerosis increases worldwide and has great socio-economic implications. The use of approaches based on investigation the pathogenic factors of their development may be perspective in the prevention and treatment of such diseases.

Circadian and circannual rhythms play a key role in the adaptative changes of human neuroendocrine and immune systems to the light and temperature. The rhythmicity of these systems is disturbed in human aging that may be connected with desynchronosis of pineal gland melatonin production. This process becomes more intensive during development of the neurodegenerative diseases.

Thymic endocrine function (thymulin production) is the important part of chronobiological organization of immune system. The circadian and circannual rhythms of thymulin depend on the synchronizing influence of melatonin. Melatonin production disorders lead to the intra-immune desynchronosis via disturbances of the circadian and circannual rhythms of thymulin and its interactions with the endocrine glands (hypophysis, adrenal glands, gonads etc) both in aging and age pathology.

Melatonin treatment improves sleep-wake rhythm and produces antiapoptotic, antioxidant and anti-inflammatory effects in the brain at neurodegenerative diseases and slows down development of this pathology. Moreover, melatonin treatment leads to the suppression of age-related changes in the rhythmicity of immune and neuroendocrine systems functions. Such melatonin effect is realized via synchronous influence on the circadian and circannual rhythms of thymulin production.

Therefore melatonin seems to be perspective for restoring disturbed rhythmicity of immune and neuroendocrine systems in:

A.	accelerated human aging with pineal gland dysfunction and

B.	Patients of different age and sex suffering from neurodegenerative diseases making individual hormone dose correction
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Introduction

Circadian and circannual rhythms play a key role in human organism adaptation to such fluctuating environmental factors as light and temperature [1]. In aging there occurs dyscoordination of rhythms and disturbance of adaptive capacity of many organism functions, in particular of the neuroendocrine and immune systems [2,3]. Of a special interest is the regulator of biorhythms of the pineal gland hormone, melatonin, and the regulator of immune function of the thymic hormone, thymulin [4,5]. Many investigators have revealed age-related changes in the functions of pineal gland and thymus and their impact on lifespan in humans [6,7]. Dysfunctions of the pineal gland and thymus coincide with the development of age-dependent pathology.

This article reviews the published data about circadian and circannual rhythms of the melatonin and thymulin in adult and elderly human subjects and their link with disturbances in the rhythmicity of neuroendocrine and immune system functions both during aging and neurodegenerative diseases.

Rhythmicity of Fluctuations in Melatonin and Thymulin Levels in Adult Human Organism and its Alteration in Aging

Melatonin

Numerous studies suggest that melatonin is the main regulator of circadian and circannual rhythms both in mammals and humans [4,6]. It closely functions with the endogenic generator rhythms - suprachiasmatic nucleus (SCN) of the hypothalamus. In young subjects melatonin production during dark period and with shortening season photoperiod is increased.

Age-dependent changes in the circadian rhythm of melatonin production and their possible mechanisms were described in many publications. In particular, the nocturnal peak of blood melatonin was found to be lower in the majority elderly and old people versus young subjects [6,8-10]. In our study we also registered disturbances in the circannual blood melatonin rhythms during human aging: the winter hormone peak was decreased or shifted to the spring period [11]. Korkusko and co-workers [8] found the link between saved circadian rhythmicity of blood melatonin in old people and organism adaption and lifespan.

Melatonin influence is largely realized via functioning of the hypothalamus-pituitary-peripheral endocrine glands axes [6,10]. The functional state and circadian rhythmicity of organs of these axes are changed in aging but improved after melatonin administration [6,10]. According to our data, there is also a link between age-related changes in the circannual rhythms of blood melatonin, adrenocorticotrophic hormone (ACTH) and cortisol levels in human subjects [11]. Interestingly, we observed seasonal rhythm disturbances of melatonin level as early as at 40 years and outstrip desynchronization of ACTH and cortisol levels.

So, the pineal gland dysfunction in aging may be the pathogenic factor of age-related desynchronosis of the neuroendocrine system, and, as a result, promote development of age-dependent disturbances in neurogenesis. Thus, in adult brain there occurs circadian rhythmicity in the proliferation of neural stem cells (NSCs) [12] and olygodendrocyte functioning [13]. Melatonin enhances proliferation and differentiation of NSCs in the subventricular zone of the hypothalamus via stimulation of expression of brain growth factors [14]. Data about influence of sex and glucocorticoid hormones on the brain neurogenesis were reported [15,16].

Thymulin

Immune system functions are also under control of the pineal gland [17]. According to our data and data of other investigators, the circadian and circannual rhythms in healthy young human subjects were observed in the peripheral blood contents of different T cell subpopulations, B- and natural killer (NK) cells, granulocytes, and blood immunoglobulin (Ig) and some cytokine levels [18-21].

At the same time, the functioning of immune system is under regulatory influence of its central organ-the thymus [7]. As has been described in the review of Csaba [5], the thymus is not only the lymphoid organ. It also serves as the endocrine organ producing the following hormones: thymic serum factor (FTS) or thymulin, thymosine, thymopoetin and thymus humoral factor. The highly active thymulin demonstrates the biological properties of all known thymic hormones [22,23]. In particular, thymulin influences on the differentiation of different thymocyte subpopulations, on the balance of regulatory T lymphocytes, proliferation and migration T cells, etc. Importantly, age-related changes of thymic function precede immune system changes in aging [7].

The data of literature and our own data have shown the similar nocturnal peaks of blood thymulin and melatonin levels in young human subjects [10,24]. Besides, we revealed seasonal similarities in the rhythmicity of these hormones in young subjects and their changes in aging [11]. Thus, in aging the circadian rhythm of thymulin is associated with less intensive rise of its nocturnal level while circannual thymulin rhythm shows the shift of its seasonal acrophase from autumn to spring [11]. It is characteristic of old human individuals that age changes of circannual rhythms of immunological indices coincide with seasonal desynchronosis of thymulin [11]. Besides, in our data, the thymus of elderly and old subjects can elevate thymulin production under the influence of activating stimules, in particular melatonin [10].

Melatonin produces impact on the thymic epithelial cells and lymphocytes directly via its own receptors or via changes in the production of hormones of the hypophysis, adrenal and thyroid glands and gonads [25,26]. Our data demonstrated improvement of the biorhythms of thymulin and cortisol levels owing to melatonin treatment in the elderly subjects with pineal gland dysfunction [10]. In the comparison with our younger patients this effect was registered with lesser melatonin doses.

Thymulin had reverse effects on the hypothalamus- pituitary-adrenal and hypothalamus-pituitary-gonad axes [22]. Experimentally we have shown reverse thymulin effects on the rhythmicity of melatonin production by the pineal gland [27]. Efficacy of such thymulin influence was lesser in old organism [27]. Antiinflammatory effect of thymulin in the brain tissue (production of proinflammatory cytokines) plays role in the maintenance of neurogenesis [28].

Csaba [5] stressed that immunoendocrine thymus is a pacemaker of lifespan and its coinvolution with pineal gland can determine the aging. In the opinion of Mate and co-workers [3], impairment of circadian and seasonal fluctuations of immune functions in human aging may be connected with disturbances of melatonin production. According to our data, the thymic endocrine function in thymulin production is the important part of chronobiological organization of immune system [19,27]. The circadian and circannual rhythms of thymulin depend on the synchronizing influence of melatonin. Melatonin production disorders lead to the intra-immune desynchronosis via disturbances of the circadian and circannual rhythms of thymulin and its interactions with the endocrine glands, both in aging and age-related diseases [10,11,19,27,29].

Rhythmicity of Fluctuations in the Pineal Gland and Immune System Functions in Neurodegenerative Diseases

Parkinson's disease (PD), Alzheimer's disease (AD) and brain ischemia are the wide spread neurodegenerative pathologies [30]. Although multiple sclerosis (MS) is the demyelination disease, today it is also considered as a neurodegenerative disease which may occur not only in young subjects but also after age 45 [31]. Progressive neuron loss was shown in neurodegenerative diseases. The pathogenic mechanisms of these diseases include enhancement of oxidative stress, neuroinflammation along with microglia activation, mitochondrial dysfunction, age-related disturbances in the main regions of brain neurogenesis, etc. Disturbances of the sleep-wake cycle and neuroendocrine-immune system functioning during major neurodegenerative diseases may be connected with the pineal gland dysfunction.

Alzheimer’s Disease

Hardeland [32], Skene and Swaab [33] have shown more intensive age-related decrease of the nocturnal blood melatonin level in AD patients compared to control group that correlates with the development of daily desynchronosis of the blood ACTH and cortisol levels and cognitive dysfunction [9]. It is important that sleep-wake and circadian abnormalities often occur at early stages of AD and may precede the development of cognitive symptoms [34]. At the same time, melatonin treatment improves sleep- wake rhythm and produces antiapoptotic, antioxidant and antiinflammatory effects in the brain in such pathology [32].

AD pathogenesis may be connected with activation of immune cells [35]. Thus, infiltration of T cells and mononuclear phagocytes into injured brain tissues and activation of brain microglia in AD were clearly shown [36].

Brain Ischemia

In the elderly patients with acute phase of ischemic stroke the nocturnal urinary melatonin excretion is decreased [37]. In the opinion of Escribano and co-worker [38], decrease of melatonin level in this pathology is a part of its pathogenic features. Thus, in cerebral ischemia melatonin reveals antioxidant, antiapoptotic and anti-inflammatory properties [39]. In ischemic stroke patients the impaired nocturnal melatonin excretion is associated with altered sleep-wake rhythm, increased blood cortisol level and decrease of T lymphocytes number [40]. In our experimental brain ischemia, the decreasing blood melatonin concentration correlates with the falling of thymulin blood level [19]. Peripheral immune cells may migrate into the site of brain injury and release cytokines and chemokines and, as a result, cause further injury of the ischemic brain [41].

Parkinson ’s Disease

PD is characterized by circadian disturbances of melatonin release. Thus, increase of the morning blood melatonin level was shown in patients [42] and suppression of nighttime peak of hormone [43] compared to healthy control group. Such melatonin changes correlate positively with degree of destroy sleep circadian rhythm in PD patients [43]. Also there are circadian abnormalities in blood cortisol release [44]. On the other hand, clinical investigators have shown the slowing of PD development after melatonin treatment that may be connected with antioxidant, antiinflammatory and chronobiological effects of the hormone [45].

Active peripheral immune cells (T lymphocytes, neutrophils, macrophages, etc) play role in the damage of dopaminergic neurons of SCN after their infiltration into the brain [46,47]. In our study, the degree of immune disturbances in experimental parkinsonism may be connected with the pronouncement of the decrease of blood thymulin level [48]. The thymic endocrine function was restored after melatonin administration [48].

Multiple Sclerosis

As shown by Damasceno and co-workers [49], in MS patients the degree of decreasing of night melatonin excretion is a biomarker of disease severity. Such changes of melatonin circadian rhythm are associated with circadian rhythm sleep disturbances [50] and destroy of daily cortisol level rhythmicity [51] in MS patients. The higher frequency of MS attacts in the spring/summer period against winter season is linked with a more marked decrease of nocturnal melatonin level in these seasons [52]. Melatonin treatment improves serum antioxidative properties and life quality of the MS patients [53].

It is known that activation of immune system cells leads to damage of myelin and promotes the development of inflammation in the central nervous system [54]. The pineal gland dysfunction may be pathogenetic factor of such immune disturbances. Thus, in MS patient's melatonin decreases the formation of pathogenic Th17 T cells, cytokine interleukin (IL)-17 and stimulates formation of protective Tr1 regulatory cells and anti-inflammatory cytokine IL-10 [55]. We have shown that old organism's response at neurodegenerative pathology (multiple sclerosis) to the influence of neurotrophic factors may be changed [56].

Deckx and co-workers [54] stressed that further studies of the neuroendocrine-immune interactions will lead to the development of new therapeutic schemes for treatment of MS patients.

Gender Differences in Neurodegenerative Pathology

The issue of gender differences in the frequency and symptomatic of neurodegenerative diseases deserves attention[57].For example more men than women are diagnosed with PD[58].In the opinion of Miller and Cronin-Golomb [58] these sex differences may be link with female neuroendocrine balance, in particular estrogen action on brain neurons. Moreover, there are data showing that estrogens can modulate rhythmicity of organism functions acting via estrogen receptors in SCN and possess neurotrophic effect [15]. In our data, the women revealed less intensive and slower age-related development of melatonin and thymulin circannual rhythmicity disorders. The latter correlates with less expressive age-related disturbances of the rhythmicity of ACTH and cortisol levels [11].

Conclusion

The frequency of neurodegenerative diseases increases worldwide. Therefore investigation of new pathogenic factors of their development is worthwhile, in particular the role of pineal gland and thymus in the mechanisms of circadian and circannual rhythms disorders of the neuroendocrine and immune systems.

The rhythmicity of immune and neuroendocrine systems functions and their central regulators, melatonin and thymulin, are disturbed in human aging. This process becomes more intensive during development of the main neurodegenerative diseases. Melatonin treatment leads to the suppression of age-related changes in the rhythmicity of immune and neuroendocrine systems and slows the development of neurodegenerative pathology. In the sense of the mechanism of such melatonin effect, we specially stress synchronous influence of this hormone on the circadian and circannual rhythms of blood thymulin.

Therefore melatonin seems to be perspective for restoring disturbed rhythmicity of immune and neuroendocrine systems in the risk groups with accelerated human aging. Also, corrected individual doses of melatonin can be useful for restoration of the rhythmicity of immune-neuroendocrine interactions in patients of different age and sex suffering from neurodegenerative diseases.

In summing up, owing to melatonin properties of improving the rhythms of neuroendocrine and immune systems we recommend melatonin as part of the treatment schemes for patients with other age-related pathologies (osteoporosis, cardiovascular diseases) [19].
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