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New proposal involving nanoformulated
melatonin targeted to the mitochondria as a
potential COVID-19 treatment
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“One of the most advanced and complex nanosystems developed for melatonin delivery is based
on ‘smart nanocarriers’.”
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Melatonin may be a powerful auxiliary therapy in the prevention and treatment of viral infections, such as coro-
navirus disease 2019 (COVID-19) [1]. Casually, the so-called ‘super immunity’ of bats and the usually high levels
of melatonin in children could contribute to their high resistance to the SARS-CoV-2 virus [2]. Melatonin seems
to play a key role in suppressing COVID-19 infections. This endogenous antioxidant inhibits cell apoptosis,
blocks the inflammasomes that mediate lung inflammation, reduces blood vessel permeability which limits alve-
olar edema, improves anxiety and sleeps habits that stimulate general immunity and prevents lung fibrosis [3].
These complications, which are usually the main consequences of COVID-19, may be significantly attenuated by
melatonin [4].

Melatonin theoretically provokes a switch from reactive to quiescent phenotypes in immune cells, through a
shift in their metabolism from glycolytic metabolism to oxidative phosphorylation. Moreover, melatonin inhibits
neutrophil recruitment. Furthermore, a SARS-CoV-2 infection suppresses mitochondrial melatonin production
by inducing cytosolic glycolytic metabolism which deprives the mitochondria of acetyl-co-enzyme A, a neces-
sary cosubstrate for melatonin synthesis; the loss of mitochondrial melatonin contributes to the typical ‘cytokine
storm’ observed in COVID-19 infection. The glycolytic metabolism that causes mitochondrial dysfunction is
likely reversed by melatonin [5]. In addition to its mitochondrial protective effects, melatonin has also important
immunomodulatory, anti-inflammatory and antiviral properties, which have been documented in multiple experi-
mental models of lung diseases [6]. Melatonin also downregulates the expression of matrix metallopeptidase 9, which
is involved with the immunoinflammatory response mediated by neutrophils and the methoxyindole modulates
the function of angiotensin converting enzyme 2, the main receptor that allows the entrance of SARS-CoV-2
into the cells [7]. It has also been suggested that the administration of high doses of melatonin may attenuate
the exacerbated neuroinflammation caused by SARS-CoV-2, which would lessen the brain damage observed in
many patients with COVID-19 [8]. A recent study examined the structural and physicochemical features of mela-
tonin with the aid of different electronic structure and molecular-mechanics methods. The electronic properties
of melatonin allow predictions of its bio-activity. In this study, it was reported that melatonin has potent activity
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Editorial Martı́n Giménez, Prado, Diez, Manucha & Reiter

against SARS-CoV-2 proteins. The collective results strongly suggest that melatonin would be highly useful in the
mitigation of COVID-19 severity [9].

Noteworthy is that COVID-19 mortality rates increase with age of the patient. Aging is known to be related
to an increased mitochondrial dysfunction and elevated oxidative damage accompanied by a drop in melatonin
production. Since melatonin is an important antioxidant, melatonin supplementation in the elderly would be
potentially beneficial in the prevention of mortality due to COVID-19 [10]. Additionally, melatonin not only
directly exerts important actions against COVID-19, it may also synergistically potentiate the anti-inflammatory
actions of other endogenous substances, such as vitamin D, which also seems to be beneficial in the prevention and
treatment of this viral infection [11]. In other clinical conditions that co-exist with a COVID-19 infection. In other
words, diabetics, obesity and cardiovascular disease, melatonin has been suggested as an adjuvant in the therapeutic
protocols to improve clinical outcomes in these patients with increased risk of mortality [12].

The exogenous administration of melatonin does, however, have some issues. One of the main physicochemical
and pharmacokinetic limitations of this substance is its short half-life in the physiological microenvironment after
its administration due to its high susceptibility to oxidative degradation [13]. Another limitation with regard to
the conventional administration of melatonin may be its high lipophilicity, which negatively influences its oral
bio-availability [14].

Therapeutic nanoformulations offer several advantages over conventional pharmaceutical preparations since drug
release kinetics are modulated by the choice of nanomaterials with specific features. The use of nanoformulations
also allows programming of the drug release site in response to a remote or site-specific trigger, such as changes in
pH, temperature or enzymatic activity [15]. Moreover, nanoformulations allow greater efficacy of therapies. This
is because nanomaterials have a high surface area to volume ratio, which provides a greater contact surface with
the physiological medium, favoring the rapid dissolution of poorly water-soluble drugs. Furthermore, the stability
of molecules contained in the nanoformulations is greater than that of drugs in free form. This is because the
nanostructures act as protective coatings against different destabilizing factors, such as pH, enzymes, hydrolysis,
etc.; this also results in prolonged pharmacological effects [16]. In addition, therapeutic nanoformulations usually
have less toxicity than conventional pharmaceutical formulations. This happens because drug nanocarriers may be
directed to specific target sites using pharmacological targeting strategies (active, passive and/or physical targeting),
thereby avoiding or reducing side effects associated to systemic drug distribution. Moreover, nanoformulations
require significantly less drug than conventional formulations, which reduces their toxicity [17]. With specific regard
to melatonin, its mitochondrial targeting would represent an attractive therapeutic goal. Melatonin’s side effects are
generally not be a limitation for its exogenous administration, since this substance has a high safety profile and are
considered an especially innocuous drug [4].

Several nanoplatforms for the dermal delivery of melatonin were developed in the last several years; these include
ethosomes, liposomes, niosomes, solid lipid nanoparticles, polymeric nanoparticles and cyclodextrins. The use of
these nanoplatforms for melatonin delivery as an antioxidant agent would improve its efficacy in comparison with
conventional melatonin formulations due to its greater protection from premature oxidation and the enhancement
in cell uptake and bio-availability [18]. Cationic solid lipid nanoparticle carriers of melatonin have been developed to
potentiate the ocular hypotensive effect of this drug. This nanoformulation not only caused a significant reduction
in intraocular pressure but also had good tolerability on the ocular surface [19]. Nanoformulated melatonin also
proved to be more effective in the protection against genotoxicity induced by etoposide in the HepG2 cell line
compared with conventionally administered melatonin. The reduction of both reactive oxygen species production
and DNA damage, and the increase in intracellular glutathione concentrations in this cultured cell line was more
significant with the use of nanoformulated melatonin compared with solubilized melatonin added to the incubation
medium [20]. Moreover, it has also been demonstrated that the protective effect of melatonin incorporated into
polymeric nanoparticles on adipose-derived mesenchymal stem cells cultured under oxidative stress conditions was
better than that of conventional melatonin [13]. One of the most advanced and complex nanosystems developed for
melatonin delivery is based on ‘smart nanocarriers’. Thus, biosmart nanoparticles which concentrate in mitochondria
and repair tissue damaged by ischemia have been designed. These core/shell nanoparticles are composed of the two
layers. The core is loaded with melatonin and the shell is loaded with circular DNA. At the acute stage of ischemia,
the pro-oxidative cell microenvironment stimulates the release of melatonin from these biosmart nanoparticles
and prevents apoptosis induced by reactive oxygen species. At the chronic stage of ischemia, circular DNA senses
hypoxia and produces VEGF for inducing revascularization of ischemic tissue [21].

2820 Nanomedicine (Lond.) (2020) 15(29) future science group



Nanoformulated melatonin in COVID-19 Editorial

On the basis of the technology available, melatonin delivery nanosystems should be examined with the aim of
improving the stability, selectivity and efficacy of melatonin to create new therapeutic alternatives for the treatment
of COVID-19 and/or other viral infections.
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17. Giménez VMM, Fuentes LB, Kassuha DE et al. Current drug nano-targeting strategies for improvement in the diagnosis and treatment
of prevalent pathologies such as cardiovascular and renal diseases. Curr. Drug Targets 20(14), 1496–1504 (2019).

18. Milan AS, Campmany ACC, Naveros BC. Antioxidant nanoplatforms for dermal delivery: melatonin. Curr. Drug Metab. 18(5),
437–453 (2017).

19. Leonardi A, Bucolo C, Drago F et al. Cationic solid lipid nanoparticles enhance ocular hypotensive effect of melatonin in rabbit. Int. J.
Pharm. 478(1), 180–186 (2015).

20. Shokrzadeh M, Ghassemi-Barghi N. Melatonin loading chitosan-tripolyphosphate nanoparticles: application in attenuating
etoposide-induced genotoxicity in HepG2 cells. Pharmacology 102(1–2), 74–80 (2018).

21. Lin Y, Liu J, Bai R et al. Mitochondria inspired nanoparticles with microenvironment-adapting capacities for on-demand drug delivery
after ischemic injury. ACS Nano 14(9), 11846–11859 (2020).

future science group www.futuremedicine.com 2821





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /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


