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Abstract

Melatonin is a hormone secreted by the enigmatic pineal gland in response to darkness, hence the
name hormone of darkness. It has generated a great deal of interest as a therapeutic modality for
various diseases particularly sleep disorders. This pleiotropic molecule has anti-inflammatory,
antioxidant and anticoagulopathic properties in addition to its endothelial protective effects. In this
article we discuss melatonin secretion and mechanisms of action as well as therapeutic rationale.
We also highlight the potential utility of melatonin in the deadly modern-day Ebola epidemic.

Keywords
Ebola; Human; Jetlag; Melatonin; Pineal; Sleep

Introduction

Shaped like a pinecone, the enigmatic pineal gland that is deeply seated in the brain has
ignited the imagination of scholars and philosophers as well as spirituals from various
cultures throughout generations and has been dubbed the “third eye” and “the seat of the
soul” by René Descartes and was conceptualized as a ‘tranquilizing organ’ [1,2].
Interestingly, investigators suggested the pineal gland, and its hormone product melatonin,
to be possibly associated with longevity [3,4] and that pineal gland dysfunction and eventual
failure is what initiates the aging process [5]. The first evidence that the pineal gland
secretes a biologically active compound, now known as melatonin, was demonstrated by the
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ability of the pineal tissue extracts from bovine sources to alter melanin pigmentation in
frogs, causing melanin aggregation, giving rise to the name melatonin [6,7]. These findings
have led to the attempts of using melatonin as a treatment for vitiligo, which has proven to
be largely ineffective. However, this research had led to the incidental discovery of the
sleep-promoting effects of melatonin [8,9].

Melatonin Synthesis, Storage and Release

Melatonin is the only known hormone synthesized by the pineal gland and is released in
response to darkness hence the name, “hormone of darkness” [10]. Melatonin provides a
circadian and seasonal signal to the organisms in vertebrates. Melatonin is produced from
serotonin (made from tryptophan), through a cascade of enzymatic reactions (Figure 1). The
last two steps in the pathway include the conversion of serotonin to N-acetylserotonin
(NAS) catalyzed by the enzyme arylalkylamine N acetyltransferase (AANAT) followed by
the conversion of N-acetylserotonin to melatonin catalyzed by the enzyme hydroxyl-indole-
O-methyltransferase (HIOMT) [8].

The pineal gland receives input from postganglionic fibers, leading to the release of
noradrenaline and increased production of cyclic AMP, thus activating the enzyme AANAT,
mentioned above, which is critical to the production of melatonin. The neurohormone
melatonin is not stored in the pineal gland but rather is released into the bloodstream and can
penetrate all body tissues [11] . It is important to note that “darkness” stimulates the pineal
gland to secrete melatonin whereas exposure to light inhibits this mechanism [12].

Interestingly, the pineal gland, while embryologically part of the brain, is located outside the
blood brain barrier and loses it connections with the central nervous system, having
sympathetic innervation as its main source [7]. This perhaps accounts for the ability of the
pineal gland to have a large uptake of tryptophan leading to a high melatonin production and
secretion in response to darkness. This process also offers relative protection from premature
enzymatic degradation which leads to a 10-20 fold increase in plasma melatonin levels that
easily diffuses through cell membranes and crosses the blood brain barrier (BBB) [7,13].

Mechanisms of Action of Melatonin and Therapeutic Rationale

With the increasing prevalence of sleep disorders associated with the epidemic of obesity,
there has been a great deal of renewed interest in melatonin, its mechanism of action and its
therapeutic effects. Sleep disorders, regardless of the etiology, are becoming frequently
encountered by physicians and other health care providers. According to data from the
Center for Disease Control (CDC), up to about 70 million Americans suffer from chronic
sleep problems [14], which are generally associated with obesity, diabetes, hypertension and
increased cardiovascular risk. While increasingly common in the general population coupled
with obesity, sleep disorders are disproportionately severe and associated with increased
cardiovascular risk among minority populations [15,16]. Sleep disorders are also commonly
associated with other comorbidities as well including dementias, chronic pain, mental illness
and gastrointestinal disorders [17]. Unfortunately, irrespective of the high prevalence and
the serious health consequences, sleep disorders often go undiagnosed and largely
undertreated [18]. It is therefore critical to properly diagnose and treat certain types of
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circadian rhythm sleep disorders such as advanced sleep phase syndrome (ASPS), shift-
work sleep disorder, and jetlag [19,20].

Although melatonin has effects on various cells in the human body [21], its sleep-promoting
actions are mostly caused by its feedback to the suprachiasmatic nucleus (SCN; the master
clock), specifically on the melatonin receptors (MT1 and MT2) [22]. By working on the
SCN, melatonin helps to synchronize the circadian rhythm by affecting both the phase and
amplitude of the rhythm [23,24]. It is proposed that neuronal firing is suppressed through
MT1 receptors whereas MT2 receptors are responsible for phase shifting [23]. Thus, therapy
with melatonin and related compounds has been often investigated and is a topic of interest
for scholarly research.

Melatonin is sometimes prescribed to patients with sleep disturbances and has been shown
to be effective in helping to treat certain sleep disorders such as jet lag [19,20] and insomnia
in the elderly [25]. In a meta-analysis study performed by Brzezinski, et al. in 2005 that
included 15 studies of patients with only insomnia, melatonin treatment was shown to
significantly reduce sleep onset latency, increase sleep efficiency and increase sleep duration
[26]. Additionally, in a recent meta-analysis performed by Ferracioli-Oda, et al., (2013),
melatonin was again found to significantly reduce sleep onset latency and increase total
sleep time, when compared to placebo [27]. There were also clinical trials involving elderly
insomniacs and patients with Alzheimer's disease who were suffering from sleep
disturbances and showed improvement with exogenous melatonin [8].

Administration and Safety Profile of Melatonin

With regards to the actual administration of melatonin, it has been shown that the timing of
melatonin administration, and not so much the actual dosage, is crucial in producing the best
results; this is secondary to the normal physiologic function of the circadian rhythm [11].
For example, it was found that when melatonin was administered at bedtime as a “sleeping
pill”, it was not effective unless high doses were used [11,28]; however, when small doses
of melatonin were administered to patients about 2 to 4 hours before bedtime, it was shown
to be effective in decreasing sleep latency [29].

The side effect profile of melatonin therapy is quite reassuring and is largely superior to
other sleep-inducing agents. For example, melatonin therapy does not cause withdrawal or
dependence symptoms unlike benzodiazepines (BZDs) and z-drugs such as Zolpidem [23].
Some of potential harmful effects of exogenous melatonin therapy include
immunomodulatory effects which confers the risk of worsening certain rheumatologic
condition such as rheumatoid arthritis [30]. It might also result in amenorrhea when used in
large doses, which is likely due to suppression of gonadotropin-releasing hormone (GnRH)
[31]. However, this effect is readily reversible with cessation of the medication.

Role of Melatonin-Related Formulations

Starting in 2005, several melatonin-related compounds were introduced including
Ramelteon that is an agonist of MT1 and MT2 receptors with a longer half-life compared to
melatonin [23]. This medication was approved in the USA by the FDA in 2005 as a
treatment for insomnia [32]. It has been shown to have a much greater affinity to the MT1

Brain Disord Ther. Author manuscript; available in PMC 2015 February 19.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Masters et al.

Page 4

and MT?2 receptors when compared to melatonin itself [33]. A randomized controlled study
performed by Erman, et al. found that Ramelteon is effective in decreasing the latency
period to persistent sleep in various dosages [34]. Like melatonin therapy, Ramelteon was
not shown to be associated with hangover effects or withdrawal symptoms [35].

Another interesting agent that has been recently FDA approved is Agomelatine. Besides its
actions as an agonist on MT1 and MT2 receptors, this medication has the additional
advantage of being an antagonist on the 5-HT2c serotonin receptor [36]. Aside from its
potent antidepressive effects, this drug promotes sleep, an advantage that is lacking in most
antidepressive agents. In fact, many antidepressants that are currently available can actually
worsen sleep, instead of benefit it [23,37].

One intriguing question that has arisen over the years is how blindness affects the circadian
rhythm since input from the retina is compromised. Although a study performed by Czeisler,
et al. in 1995 showed that some blind individuals, with no conscious perception of light,
were still able to inhibit melatonin secretion when exposed to light [38], disruption of the
sleep-wake cycle in blind individuals remains a target for investigation. Fortunately, based
on the results of two published trials, a new agent Tasimelteon, was approved in 2014 for
the treatment of a condition known as “non-24 hour” sleep disorder in blind patients [39].
This drug, another MT1 and MT2 receptor agonist, was shown to be superior when
compared to placebo in facilitating entrainment of the circadian rhythm as well as the
increasing night-time sleep in studied “non 24-hour” blind patients [40].

Melatonin as a Possible Therapeutic Option for Ebola virus

Melatonin, a versatile and pluripotent molecule, has been shown to have several beneficial
effects above and beyond its highly celebrated property of sleep promotion (Figure 2).

While melatonin has been shown to exhibit protective effects against certain
neurodegenerative disorders such as Alzheimer's disease, Parkinson's disease [3,41,42] and
sundowning syndrome [43,44], perhaps the most exciting of these pleotropic effects include
anti-inflammatory, antioxidant, anticoagulopathic as well as endothelial-protective
properties [45-48]. This has led to an exciting hypothesis by Dun-Xian Tan, et al. from the
University of Texas in a recently published article highlighting these various beneficial
effects of melatonin and proposing it as potential treatment for Ebola [49], a highly dreaded
modern-day epidemic that has claimed over 4,500 lives thus far without a glimpse of hope
for an effective therapeutic strategy in sight.

The pathogenetic mechanisms of Ebola virus infection, as eloquently outlined by Tan, et al.,
(2014) which include inflammation, coagulopathy, as well as endothelial disruption. These
mechanisms are quite similar to the pathogenetic processes observed in septic shock albeit
due to different offending agents, viral vs. bacterial [49]. While melatonin possesses pro-
and anti-inflammatory properties, these contradictory characteristics reflect more anti-
inflammatory benefits in advanced stages of inflammation [46]. Melatonin also has a
favorable effect on coagulopathy, as demonstrated in a placebo-controlled study where a
single dose of oral melatonin lowered plasma levels of procoagulant factors 60 minutes post-
administration [48]. Accumulating evidence also indicates that melatonin ameliorates
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vascular endothelial dysfunction in several conditions such as hypertension, atherosclerosis,
diabetes, reperfusion injury and nicotine-induced vasculopathy [47]. In a study involving
high fat-fed rabbits, melatonin was shown to improve vascular endothelial function and
inflammation and to inhibit the progression of atherosclerosis [45]. Furthermore, evidence
exists indicating possible direct anti-viral effects of melatonin [49, 50]. This has been
suggested in a single-blinded, randomized study comparing acyclovir vs. melatonin added to
a mixture of magnesium, phosphate, and fatty acids extracted from an Aspergillus species
with known anti-viral properties in the treatment of patients with Herpes. The melatonin
group was superior to the Acyclovir group in the regression of Herpes symptoms after 7
days of administration [51]. Collectively, this wide range of melatonin effects makes this
pluripotent molecule an attractive therapeutic choice for Ebola virus, addressing the major
pathogenetic pathways of this devastating illness, as proposed by Tan, et al. [49]. Although
we believe that melatonin is unlikely to eradicate the virus or curb its proliferation, the
authors of this commentary are in support of this approach given the current lack of effective
therapeutic alternatives as well as the highly favorable safety profile of melatonin.

Conclusion

Over the decades, melatonin, an ancient, ubiquitous, and a pleiotropic molecule, which was
frequently used as a popular supplement by the general public and had many media hypes
and frenzy as well as cult status with unjustified therapeutic claims often resulted in tight
scrutiny [52]. For example, melatonin was known as the Dracula hormone, Princess Diana
drug, the sleep hormone, chemical expression of darkness, the hormone of darkness, nature's
sleeping pill, universal panacea, miracle hormone, and the elixir of life. Nevertheless,
substantial research over the years in many facets of melatonin has demystified the
potentials roles of melatonin, thereby exceeding the expectations in terms of protecting
human health. This has resulted in several melatonin-related compounds being approved by
the U.S. Food and Drug Administration and used in the management of common disorders
such as jet lag. Whether or not melatonin will be proven to be effective in combating the
Ebola epidemic, it remains to be seen and most likely to be a rich field of scientific enquiry.
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Biosynthesis of serotonin and melatonin.
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