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Abstract

The pleiotropy of melatonin is a reason for using this hormone or synthetic melatonergic agonists for testing their suitability in various diseases and disorders. However, it is important to remain aware that many preclinical findings cannot be translated to humans, because of the different relationship between melatonin and sleep or activity in diurnally compared to nocturnally active mammals. Other uncertainties concern the dual role of melatonin as an either anti- or proinflammatory agent, depending on conditions. A particular problem has emerged by findings on prodiabetic actions of melatonin in humans, which strongly contrast with antidiabetic results obtained in rats. As these undesired actions are gradually receptor subtype-dependent, it may be worthwhile to test in the future agonists that are more strongly subtype-selective.
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Introduction

Melatonin is a highly pleiotropic regulator that exerts effects in the majority of mammalian cells. In the pineal gland, it is mainly synthesized at night, released to the circulation and, via the pineal recess, into the third ventricle of the brain. It transmits the information 'darkness' to peripheral organs and to brain areas as well. This association with darkness already implies a profound difference between nocturnally active rodents and day active species such as the human. In rats and mice, high melatonin is related to enhanced alertness, locomotor activity and food intake, whereas the opposite is the case in humans, in whom melatonin acts as a sleep-promoting compound. The correlation with darkness is, except for the retina, either absent or less expressed in melatonin synthesized in extrapineal sites. Concerning immunological actions of melatonin, the gastrointestinal tract (GIT) and leukocyte subtypes are of particular interest, because they synthesize melatonin and express melatonin receptors [1]. Notably, the amounts present in the GIT are about 400 - 500 times higher than in the pineal gland and in the circulation. Functions of extrapineal melatonin have been poorly considered in the context of drug development.

The short half life of melatonin in the circulation (20 - 30, maximally 45 min) has prompted investigators to develop synthetic melatonergic agonists with longer persistence in the blood [2-6]. Additionally, the various synthetic agonists differ with regard to receptor affinity and receptor subtype specificity. However, most clinical studies on these compounds have focused on applications in sleep promotion [2-4,7] and, partially, treatment of depression [8,9].


Pro- or Antiinflammatory Actions

With regard to the two critical points addressed in this article, namely, [aj the anti-/pro-inflammatory balance and [bj glucose tolerance, immunological and diabetes-related effects shall be particularly considered. In leukocyte preparations or cultures of transformed myeloid or lymphocytic cell lines, melatonin induced mostly proinflammatory responses [10,11]. Prevailing effects consisted in up regulation of the proinflammatory cytokines IL-1β, IL-2, IL-6, IL-8, IL-12, IFNγ, and TNFα, down regulation of the antiinflammatory cytokine IL-10, and, in monocytes, strongly enhanced production of reactive oxygen species. These findings, which imply a prooxidative role by stimulating inflammation, markedly contrast with the otherwise well- documented antioxidative properties of melatonin [1,12]. However, antiinflammatory actions of melatonin have been also reported [13,14].

These were particularly observed in response to strong inflammatory insults, such as endotoxemia and sepsis, and comprised down regulation of proinflammatory mediators, cytokines as well as NO and prostaglandins. Additionally, decreases of mitochondrial electron leakage reduced the inflammation-enhancing damage by free radicals. Effects included up regulation of respirasomal subunits, enhancement of reduced glutathione and glutathione peroxidase-4, and decreases of reactive nitrogen species, especially peroxynitrite [12-14]. Antiiflammatory actions were especially reported for various tissues of senescent rodents, including down regulation of IL-1β, IL-6 and TNFα as well as up regulation of IL-10. These changes were associated with reduced expression of iNOS (inducible NO synthase) and up regulation of the antiaging factor sirtuin 1 (SIRT1). These findings indicate a role of melatonin in counteracting inflammaging [12-14]. However, a problematic proinflammatory effect remains especially in humans, namely, the observed aggravation of arthritis [15,16]. The contrasting effects of melatonin under different conditions remain to be clarified in detail.


Contrasting findings concerning type 2 diabetes

Up regulation of SIRT1 by melatonin was described in the gerontological context, contrary to findings in tumor cells [17]. These results are of importance insofar as SIRT1 is also an amplitude-enhancing accessory component of both central and peripheral cellular circadian oscillators. Circadian amplitudes including that of the melatonin rhythm typically decline during aging [17]. Moreover, SIRT1 was reported to counteract insulin resistance [17,18] and to possess antiinflammatory properties [19]. These associations of melatonin with SIRT1 contrast with reports on prodiabetic actions of melatonin in humans [20,21].

As recently discussed [17], these findings in humans are at variance with numerous preclinical results on antidiabetic actions in rodents. It seems important to be aware of the abovementioned differences between humans and nocturnal animals concerning the association of melatonin with phases of food intake. In humans, melatonin was shown to decrease glucose tolerance, and this was aggravated in carriers of a prodiabetic risk allele of the gene of the melatonin receptor MT2 (G allele of MTNR1B carrying the SNP rs10830963) [22], which is notably over expressed in beta cells [20,21]. However, the situation turns out to be more complicated, as dysfunctional MTNR1B alleles are also prodiabetic, as type 2 diabetes is associated with decreases in melatonin, and as the strong up regulation of the G allele is typically observed in midlife, when both melatonin and circadian amplitudes are already substantially decreased, especially in the prediabetic state. These declines have been recently discussed in terms of possible causes of the diabetogenic G allele up regulation [17].


Conclusion

Considerations on receptor subtype selectivity

The use of synthetic melatonergic drugs has to consider these problems of poor translatability from rodents to humans. Caution is due especially in elderly patients, which may suffer from comorbidities such as (a) arthritis or other autoimmune diseases, or (b) diabetes, prediabetic states or metabolic syndrome. Moreover, the suitability of a melatonergic agonist may depend on its relative affinity to the two main receptors, MT1 and MT2 (encoded by MTNR1A and MTNR1B genes, respectively). As far as the immune system is concerned, the prevailing receptor subtype is MT1 [1]. Proinflammatory complications may be reduced if agonists are used that preferentially act via the MT2 receptor.

Apart from the demand that such a better suitability in humans remains to be clinically proven, one has also to take into account a difference between most laboratory rodents and the human concerning the receptor subtypes involved in circadian resetting by melatonergic agonists. In most but not all rodents, MT2 is involved in the resetting of the circadian clock, whereas this subtype is much less expressed in the human circadian master clock, the suprachiasmatic nucleus (SCN), in which this function is largely taken over by MT1 [1]. As far as circadian entrainment is desired to reduce sleep difficulties or psychiatric problems related to circadian misalignment, a preferentially MT2-selective agonist should be expected to fail. On the other hand, the role of MT2 over expression in type 2 diabetes may be taken as a hint to test MT1- selective agonists in patients with a diabetic risk.


References




1.   Hardeland R, Cardinali DP, Srinivasan V, Spence DW, Brown GM, et al. (2011) Melatonin - A pleiotropic, orchestrating regulator molecule. Progress in Neurobiology 93(3): 350-384.

2.   Hardeland R, Poeggeler B, Srinivasan V, Trakht I, Pandi-Peruma lSR, et al. (2008)Melatonergic drugs in clinical practice. Arzneimittelforschung 58(1): 1-10.

3.   Rivara S, Mor M, Bedini A, Tarzia G (2008) Melatonin receptor agonists: SAR and applications to the treatment of sleep-wake disorders. Current Topics in Medicinal Chemistry 8(11): 954-968.

4.   Hardeland R (2009) New approaches in the management of insomnia: weighing the advantages of prolonged release melatonin and synthetic melatonin ergic agonists. Neuropsychiatric Disease and Treatment 5: 341-354.

5.   Hardeland R (2010) Investigational melatonin receptor agonists. Expert Opinion on Investigational Drugs 19(6): 747-764.


6.   Hardeland R, PoeggelerB (2012) Melatonin and synthetic melatonergic agonists: actions and metabolism in the central nervous system. Central Nervous System Agents in Medicinal Chemistry 12(3): 189-216.

7.   Srinivasan V, Pandi Perumal SR, Trahkt I, Spence DW, Poeggeler B, et al. (2009) Melatonin and melatonergic drugs on sleep: possible mechanisms of action. International Journal of Neuroscience 119(6): 821-846.

8.   Srinivasan V, Pandi Perumal SR, Trakht I, Spence DW, Hardeland R, et al. (2009) Pathophysiology of depression: role of sleep and the melatonergic system. Psychiatry Research 165(3): 201-214.

9.   Brown GM, McIntyre RS, Rosenblat J, HardelandR (2017) Depressive disorders: processes leading to neurodegeneration and potential novel treatments. Progress in Neuropsychopharmacology and Biological Psychiatry S0278-S5846(17): 30047.

10.   Carrillo Vico A, Lardone PJ, Alvarez Sanchez N, Rodriguez Rodriguez A, Guerrero JM (2013) Melatonin: buffering the immune system. International Journal of Molecular Sciences 14(4): 8638-8683.


11.  Hardeland R (2016) Opposite effects of melatonin in different systems and under different conditions. Current Topics in Biochemical Research 17: 57-69.

12.   Hardeland R (2013) Melatonin and the theories of aging: a critical appraisal of melatonin's role in antiaging mechanisms. Journal of Pineal Research 55(4): 325-356.

13.  Hardeland R (2016) Deacceleration of brain aging by melatonin. In: Inflammation, Aging, and Oxidative Stress (Bondy SC, Campbell A, eds), Humana Press, New York pp: 345-376.

14.   Hardeland R, Cardinali DP, Brown GM, Pandi-Perumal SR (2015) Melatonin and brain inflammaging. Progress in Neurobiology 127-128: 46-63.

15.   Maestroni GJM, Cardinali DP, Esquifino AI, Pandi-Perumal SR (2005) Does melatonin play a disease-promoting role in rheumatoid arthritis? Journal of Neuroimmunology 158(1-2): 106-111.


16.   Cutolo M,Maestroni GJM (2005) The melatonin-cytokine connection in rheumatoid arthritis. Annals of the Rheumatic Diseases 64 (8): 11091111.

17.   Hardeland R (2017) Melatonin and the pathologies of weakened or dysregulated circadian oscillators. Journal of Pineal Research 62: e12377.

18.   Cao Y, Jiang X, Ma H, Wang Y, Xue P, et al. (2016JSIRT1 and insulin resistance. Journal of Diabetes and its Complications 30(1): 178-183.

19.   Hwang JW, Yao H, Caito S, Sundar IK, Rahman I (2013) Redox regulation of SIRT1 in inflammation and cellular senescence. Free Radical Biology & Medicine 61: 95-110.

20.   Lyssenko V, Nagorny CL, Erdos MR, Wierup N, Jonsson A, et al.(2009j Common variant in MTNR1B associated with increased risk of type 2 diabetes and impaired early insulin secretion. Nature Genetics 41(1): 82-88.


21.   TuomiT, Nagorny CL, Singh P, Bennet H, Yu Q, et al. (2016) Increased melatonin signaling is a risk factor for type 2 diabetes. Cell Metabolism 23(6): 1067-1077.

22.   Garaulet M, Gómez-Abellán P, Rubio-Sastre P, Madrid JA, Saxena R, et al. (2015)Common type 2 diabetes risk variant in MTNR1B worsens the deleterious effect of melatonin on glucose tolerance in humans. Metabolism 64(12):1650-1657. 

[image: ]


OEBPS/Images/logo1.jpg
Rugiger Hargeland. Siomed | 50 & lech RKes





OEBPS/Images/box.jpg
Assets of Publishing with us

BIOMEDICAL

Global archiving of articles
(X Immediate, unrestricted onlin
Rigorous Peer Review Process
Authors Retain Copyrights

Unique DOI for all articles

‘http://biomedres.us/





OEBPS/Images/logo.jpg





OEBPS/Misc/page-template.xpgt
 

   
    
		 
    
  
     
		 
		 
    

     
		 
    

     
		 
		 
    

     
		 
    

     
		 
		 
    

     
         
             
             
             
             
             
             
        
    

  

   
     
  





OEBPS/Images/cover.jpg
o ™

IContrasting Findings on Melatonin
Concerning Inflammation and Gluc-
_ose Tolerance - Consequences to the
- Development of Melatonergic Drugs

1]

n e
101U

| 040 1000
pEIEY

{:\9’ BroMERICAL





