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Editorial on the Research Topic

Melatonin in Health and Disease

Melatonin was discovered more than 60 years ago as N-acetyl-5-methoxytryptamine, a derivative of
tryptophan that is structurally related to serotonin. Since then, an intense research activity
developed around this small molecule to which the authors of this Research Topic made
seminal contributions.

The first key question in the field was: “Where does melatonin come from or how is it
synthesized?”. Dr. Klein and his colleagues pioneered the field of melatonin synthesis, in particular
in the pineal gland, the organ of melatonin synthesis in all vertebrates. A distinctive feature of
melatonin is its circadian synthesis pattern with high levels during the dark phase and low levels
during the light phase. Rhythmicity of melatonin synthesis is achieved by the circadian master clock
located in the suprachiasmatic nuclei (SCN) which is under retinal light control. In the present
Research Topic, Dr. Klein and colleagues report the latest advances in characterizing the cell types
constituting the pineal gland. They defined nine types in the rat pineal gland based on single-cell
RNAseq (Coon et al.). Pinealocytes were estimated to account for about 90% of the cells and the
remainders are astrocytes, microglia, vascular, and leptomeningeal cells (VLMCs) and endothelial
cells. Among the pinealocytes, alpha and beta types are transcriptionally distinct, the beta type
representing 95% of all pinealocytes. The authors speculate about a cooperative behavior between
both cell types with alpha-pinealocytes being the most specialized and active melatonin synthesizing
cells and beta-pinealocytes supporting alpha cells by providing the melatonin precursor N-
Acetylserotonin. This kind of single cell analysis is likely to shape our understanding of pineal
cell biology in the future.

The issue of melatonin synthesis is then taken further by Dr. Reiter, one of the pioneers in
melatonin biology. The authors ask the question of the very first origins of melatonin that is likely to
have occurred before the development of the pineal gland. They are advocating for a bacterial origin
of melatonin synthesis that is maintained in all plant and animal cells containing mitochondria and
chloroplasts, which are considered to represent ancient bacteria originally engulfed by ancient
eukaryotic unicells (Zhao et al.). This viewpoint considerably opens our perspective of pineal
melatonin in vertebrates and poses the question of the function(s) and putative molecular targets of
melatonin in early evolution.

The issue of melatonin targets is taken up by Dr. Jockers and colleagues who summarize and
comment on the high number, more than 15, of reported melatonin targets (Liu et al.). Among them
those with the highest affinity for melatonin are those found in vertebrates, the G protein-coupled
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MT1 and MT2 receptors (1). The affinity of melatonin for these
receptors (~0.1 nM) matches physiological circulating melatonin
levels of 5 to 150 pg/ml (~0.65 nM). Further receptors, enzymes,
pores, transporters, etc., have been suggested to interact
with melatonin at higher (up to millimolar) concentrations
(Liu et al.). The chemical properties of melatonin itself as a
free radical scavenger in in vitro assays hint to additional non-
receptor mediated properties of melatonin as a cellular
antioxidant (Zhao et al.).

By activating MT1 and MT2 receptors, melatonin entrains
circadian rhythms, regulates seasonal reproduction and retinal
physiology, and initiates sleep, the latter discussed in the present
Research Topic by Drs. Gobbi and Comai (Gobbi and Comai).
Non-selective agonists targeting MT1 and MT2 receptors like
Ramelteon are already marketed for insomnia. The latest
pharmacological and knockout studies in mice indicate that
subtype selective agonists might be even a better therapeutic
choice as MT1 and MT2 receptors have opposing functions on
sleep regulation.

Melatonin’s metabolic effects are increasingly recognized and
summarized here by Dr. Tosini and colleagues, who made
important contributions to the field by studying receptor
knockout mouse models (Owino et al.). Central melatonin
receptors in the SCN might be important metabolic regulators
as the dysregulation of the circadian master clock in these brain
nuclei contribute to metabolic diseases like type 2 diabetes
mellitus (2). Melatonin receptors are also found in peripheral
tissues such as the liver, muscle, and pancreas where they
participate in glucose homeostasis and body weight regulation.
The translation of these animal studies into humans remains to
be shown. The association of genetic variants of the MTNR1B
gene, encoding the MT2 receptor, with risk of T2DM argues in
this direction.

The role of melatonin in reproduction is well established in
seasonal breeders. In humans, which are not seasonal, the
situation is less clear as summarized by Dr. Olcese, a pioneer
in this field. In his article (Olcese), he discusses controversial
findings on melatonin and puberty, the entraining role of
circulating maternal melatonin on the fetus and its role in
oogenesis. Potential therapeutic applications in infertility and
melatonin’s synergism with oxytocin in inducing labor are
also discussed.
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Neurodegenerative diseases such as Parkinson and Alzheimer
disease represent a challenge for our aging society. Dr. Cardinali,
a pioneer of melatonin biology and its clinical translation,
advocates in his article for the supplementation of the age-
related decline of melatonin levels in the prevention of
neurodegenerative diseases (Cardinali). Beneficial effects of
melatonin include its hypnotic, chronobiotic, and cytoprotective
properties to improve sleep latency and alleviate sundowning, to
stabilize biological rhythms and to limit to a low degree
inflammatory damage and neuronal death.

The last word of this Research Topic is due to Dr. Arendt, the
“Grande Dame” in the melatonin field. By studying free-running
blind subjects, she demonstrated the entrainment effect of
exogenous melatonin in humans among many other finding
(Arendt). Concerning the function of endogenous melatonin, she
advocates that melatonin acts as a brake on abrupt short-term
changes of circadian phase by maintaining the circadian status
quo. Abrupt changes in the light-dark cycle are experienced by
shift workers and time zone travelers and the list of associated
risks is substantial (increased rate of accidents, lowered alertness
and performance, gut problems, increased risk for metabolic
diseases, etc.).

In conclusion, the contributions found in the Research Topic
on “Melatonin in Health and Disease” illustrate the power and
promises—but also the questions and limitations—in the
melatonin field as seen by the experts. The future goal for all
remains the same: “… to define the known, to evaluate the novel,
and ultimately to inspire unknown future research into this
fascinating, ancient molecule.”
AUTHOR CONTRIBUTIONS

Both authors contributed to the writing. All authors contributed
to the article and approved the submitted version.
ACKNOWLEDGEMENT

We would like to dedicate this editorial to our dear colleague,
Franco Fraschini (University of Milano), a pioneer of the
melatonin field who passed away recently.
REFERENCES

1. Jockers R, Delagrange P, Dubocovich ML, Markus RP, Renault N, Tosini G,
et al. Update on Melatonin Receptors. IUPHAR Review. Br J Pharmacol (2016)
173:2702–25. doi: 10.1111/bph.13536

2. Karamitri A, Jockers R. Melatonin in type 2 diabetes mellitus and obesity. Nat
Rev Endocrinol (2019) 15:105–25. doi: 10.1038/s41574-018-0130-1
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Olcese and Jockers. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
November 2020 | Volume 11 | Article 613549

https://doi.org/10.3389/fendo.2019.00791
https://doi.org/10.3389/fendo.2019.00249
https://doi.org/10.3389/fendo.2019.00087
https://doi.org/10.3389/fendo.2019.00488
https://doi.org/10.3389/fendo.2020.00085
https://doi.org/10.3389/fendo.2019.00480
https://doi.org/10.3389/fendo.2019.00391
https://doi.org/10.1111/bph.13536
https://doi.org/10.1038/s41574-018-0130-1
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Editorial: Melatonin in Health and Disease
	Author Contributions
	Acknowledgement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


