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Abstract

Melatonin is a molecule with a wide variety of interesting functions in animals. In mammals, it is synthesized by the pineal gland, and other tissues. This endocrine
compound has been studied for use in anti-tumor treatments of various kinds. Melatonin seems to play an important role in multiple stages of tumor development,
both in growth/proliferation and in apoptosis and metastasis, and through immunological regulation. While synthetic melatonin is usually used in these studies, this
work looks at, an alternative, phytomelatonin, melatonin of plant origin. The interest of this proposal arose from the need to avoid the unwanted by-products present
in synthetic melatonin preparations. The substitution of synthetic melatonin by phytomelatonin in medical treatments could also lead to substantial improvements in

the results. The application of phytomelatonin in clinical studies is proposed as an objective.

Introduction

Melatonin (N-acetyl-5-methoxytryptamine) is widely known
as a biological modulator of circadian rhythms, mood, sleep, body
temperature, locomotor activity, food-intake, retina physiology, sexual
behavior, seasonal reproduction and immunological system. Added to
this, is an excellent antioxidant, at physiological concentrations.

In mammals, melatonin is secreted by the pineal gland into the
cerebrospinal liquid and to the bloodstream, maximal levels being
reached during the middle of the night. This circadian pattern of
melatonin secretion is regulated by the biological clock that resides in
mammals within the hypothalamic suprachiasmatic nucleus (SCN)
[1]. The SCN is synchronized to the environmental light-dark cycle
by the light perceived by the retina. Also, the SCN regulates pineal
secretion through a polysynaptic network in the paraventricular
nucleus of the hypothalamus [2]. Melatonin liberation occurs when
the norepinephrine released by paraventricular nucleus fibers activates
the pineal B-adrenergic receptors, stimulating, through the cyclic AMP,
serotonin N-acetyltransferase (SNAT) expression in the dark. However,
brief exposure to light provokes a decrease in melatonin production
because of the degradation of SNAT in the pineal gland [3-5].

Thus, melatonin is of importance as a chronobiological agent,
acting as a signal of darkness that provides information to the brain and
peripheral organs. It is endogenous synchronizer for both endocrine (i.e.
neurotransmissor release) and other physiological rhythms, regulating
sleep-wake cycles and synchronizing life activity with seasonal periods
and reproductive functions [6-11].

Among other roles, melatonin plays an important part in the
regulation of sleep, body temperature, the state of alertness and
the degree of concentration or performance, and cortisol rhythms.
Melatonin is a sleep initiator for opening the circadian sleep-gate, acting
asasleep regulator. Melatonin adjusts the timing or reinforces oscillators
of the central biological clock. Exogenous melatonin administration
alters the timing of bodily rhythms, including sleep, where phase delays
are observed with the morning administration of melatonin, while
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phase advances are found after evening administration [12]. Many
sleep disorders have been treated with melatonin: delayed sleep phase
syndrome, night shift-work sleep disorder, seasonal affective disorder,
sleep disorders in the blind and aging, and in pathophysiological
disorders of children, with notable improvements in the ‘sleep quality’
The most widespread disorder treated with melatonin is jet-lag, a de-
phasing of the sleep-wake rhythms resulting from trans-oceanic flights
[13-15].

Neurological disorders and others have been related to alterations
in melatonin oscillations or their receptors, including Alzheimer’s and
Parkinson’s syndrome, glaucoma and macular degeneration, chronic
fatigue syndrome, multiple sclerosis, depression, schizophrenia, anxiety,
menopause, gastrointestinal- coronary- and cardiac-diseases, food
intake pattern and obesity, osteoporosis, etc. Providing information on
these particular aspects is beyond the scope of this paper, but relevant
papers on the subject and the works cited therein can be consulted
[16-32]. Alterations in the expression of melatonin receptors, as well as
unexpected changes in the endogenous production of melatonin, have
been associated with the emergence of many diseases and disorders
listed above. The decrease in melatonin levels has also been associated
with susceptibility to the occurrence of certain types of cancer.
Melatonin production by the pineal gland is persistent until the age of
twenty (after which it declines with age) [33] and it has also been related
with disorders because of alterations in day-timing mainly through
changes in the sleep/wake cycles.

Since the pioneering works [34,35], which indicated a possible
relationship between the light environment and the appearance of
mammary tumors, reports have described a relationship between the
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pineal gland and breast cancer [36], and also the relationship between
low urinary melatonin levels and the occurrence of human breast cancer
[37]. Furthermore, many studies have pointed to a high breast cancer
incidence in women night-shift workers due to excessive exposure
to light at night [38,39]. Thus, a continuous reduction in melatonin
levels might contribute to the probability of initiation and progression
of breast cancer. The possible link of melatonin with cancer risk has
been associated with its function as down regulator of the pituitary
and gonadal hormones which control mammary gland development,
among other factors [40-43]. These same indications regarding the
effect of alterations in the sleep-wake cycle and cancer risk have also
been studied by reference to the proliferation of colorectal cancer in
female nurses [44].

Many other cancers have been associated with low melatonin levels
in the bloodstream or have been treated with this indolic molecule to
stop or decelerate the growth of cancerous cells [45,46]. In general,
melatonin might act as an anti-cancerogenic and anti-tumoral agent
through several functions. These include the regulation of hormone
secretion, its ability to reduce DNA damage by reactive oxygen and
nitrogen species (ROS/RNS) as a consequence of its excellent free-
radical scavenging properties, the upregulation of antioxidant enzymes,
alteration of the expression of growth and differentiation-related genes,
and the inhibition, via membrane receptors, of the uptake of fatty
acids in hepatoma cells, thus delaying the conversion of linoleic acid
into 13-hydroxyoctadecadienoic acid, a mitogenic signaling molecule.
It may also reduce the metastatic capacity of tumor cells, inhibit
telomerase activity in the same cells, and act on some oncogenesis-
related genes that control the cell cycle and cell defense. Complementary
to all these actions, melatonin is an immunomodulator capable of
activating lymphocytes and monocytes/macrophages, and, through
immunosurveillance, cancer cells can be detected and eliminated,
preventing tumor development [45-55]. Figure 1 shows the broad
spectrum of actions in which melatonin has been experimented with
results generally evaluated positively against cancer.

Cancer and melatonin treatments

Melatonin has been seen to have onco-static properties in
different in vitro and in vivo experimental models of neoplasia. The
effects of melatonin are mediated by both receptor-dependent and
receptor-independent mechanisms. Melatonin receptors include
plasma membrane and nuclear binding sites. Generally, the anti-
tumoral properties of melatonin are observed at pharmacological

concentrations, that is, at concentrations clearly superior to the
physiological, between micro and millimolar; however, in some tissue’s
melatonin concentrations may reach these last levels, such as in saliva,
gastrointestinal and bile, among others. The effects of melatonin against
tumors can be classified as cytostatic and cytotoxic. Thus, cytotoxicity is
observed exclusively at high melatonin concentrations, the type of cells
and tumor being decisive in its effectiveness. Thus, depending on the
cancer cell type responses may differ at low or high melatonin treatment
levels. For example, breast cancer cells are sensitive to low (nanomolar)
melatonin concentrations, stopping their proliferation, while others
have no response. However, high melatonin concentrations may inhibit
proliferation, as occurs in colon cancer cells, and in similar way in
human prostate cancer cells, among others. Curiously, cytotoxicity
is not observed in any type of non-tumoral cell, even at very high
melatonin concentrations. This feature means that melatonin can be
used against tumors without causing damage to healthy cells [56].

Apoptosis is the main response to high melatonin doses in some
cancer cell types. For example, in Ewing’s sarcoma cell lines, 1 mM
melatonin provokes a clear reduction in cell viability through the
induction of cell apoptosis [57]. Reactive oxygen species (ROS) and
reactive nitrogen species (RNS), mainly hydrogen peroxide and nitric
oxide (NO), form part of the redox network which is a crucial element
in the cellular response to stressors. At low levels, ROS/RNS can induce
an increase in cell proliferation; while at high levels, they can induce
apoptosis. Intracellular levels of ROS/RNS increased early in cells
that died by apoptosis, decreased after 48 h in cells that diminished
their proliferation and did not change in non-sensitive cells. Also,
cells that died through apoptosis showed decreased GSH levels.
The administration of antioxidants prevented melatonin-induced
apoptosis, while hydrogen peroxide enhanced it. It seems, therefore,
that the induction of apoptosis by high concentrations of melatonin in
sensitive cancer cells is related to the increase in ROS levels and, given
the early appearance of such a phenomenon, it is likely to be a key factor
in melatonin-induced cell death. Also, cells undergoing apoptosis
presented decreased expression of antioxidant enzymes. Therefore,
antioxidant balance and redox network regulation seems to have a
relevant role in these pro-apoptotic responses mediated by melatonin
[56,58].

There is much evidence that melatonin mitigates cancer in the
initiation, progression and metastasis phases. Many studies have shown
that the co-administration of melatonin with chemo- and radiotherapy
improves the sensitivity of cancers to inhibition by conventional
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Figure 1. Multiple actions proposed by melatonin interacting with tumors [59].
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drugs. Thus, melatonin works as a synergistic agent in the killing of
cancer cells. Melatonin also inhibits molecular processes associated
with metastasis by limiting the entrance of cancer cells into the
vascular system and preventing them from the new establishing sites
[59]. Chemo- and radiotherapies damage normal tissues. Melatonin
mitigates acute damages in normal cells, protecting against cardio-,
hepatic and renal toxicity of many drugs. For example, in hematological
neoplasms, the combination of melatonin with chemotherapeutic agents
promotes survival, enhances the efficacy and immunomodulation
and ameliorates toxicity due to chemotherapy. Melatonin combined
with radiotherapy promotes the apoptosis of hematological cancer
cells while protecting the normal splenocytes, suggesting its selective
cytotoxicity to hematological neoplasms [60]. Also, certain plant foods
or diet patterns might play a role in the prevention and management of
cancer, which has been related to the high content of dietary fibers and
various phytochemicals, although controversy still exists regarding this
topic [61-63].

Use of phytomelatonin instead of melatonin

Melatonin and phytomelatonin are the same molecule,
“melatonin” referring to melatonin of synthetic or animal origin and
“phytomelatonin” to that of plant origin. Previously, melatonin was
obtained from animal sources such as cows, but due to the risk of viral
infection, synthetic production is often preferred, using a simple and
very productive process [64-66].

Since the discovery of melatonin in 1958 by Lerner and co-workers
[67], the organic synthesis of melatonin has been significantly improved
with the arrival of more productive and economic processes. Synthetic
melatonin is generated with yields of over 80%, although many by-
products, ie., unwanted compounds of the chemical melatonin
preparation processes, also appear. Table 1 shows some of the most
common of these which are present in the commercially available
synthetic melatonin preparations. Most occur at concentrations
below 0.5%, although it is difficult to establish the exact concentration
due to the different methods and mother materials from which the
synthetic melatonin is obtained. These contaminants can be classified
according to the synthetic route used [68,69]. Thus, in “classic” organic
melatonin synthesis from derived-indoles (methoxyindoles, etc.), the
contaminants are related to tryptophan, which have also been described
in tryptophan supplements. Other contaminants, such as oxidized
forms of melatonin or condensation-related products, arise from the
instability of melatonin. In other cases, up to 14 contaminants have
been described in the organic synthesis of melatonin from phthalimide.

Eosinophilia-myalgia syndrome (EMS) is an incurable and
sometimes fatal disease, which first time in 1989 in New Mexico
and Minnesota. In 1993, there were 1511 cases associated with EMS

Table 1. Common unwanted by-products in synthetic melatonin preparations

1,2,3,4-tetrahydro-B-carboline-3-carboxylic acid
3-(phenylamino)alanine (PAA)
1,1'-ethylidenebis-(tryptophan) (so-called peak E)
2-(3-indolylmethyl)-tryptophan
formaldehyde-melatonin
formaldehyde-melatonin condensation products
5-hydroxy-tryptamine derivatives
5-methoxy-tryptamine derivatives

N-acetyl- and diacetyl-indole derivatives
1,3-diphthalimidopropane
hydroxy-bromo-propylphthalimide
Chloropropylphthalimide
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and 37 deaths. It has been related to the presence of L-tryptophan
derivatives in some poorly produced dietary supplements of
tryptophan manufactured by six companies in Japan [70,71]. These are
mainly contaminants from the so-called “peak E” and PAA listed in
Table 1. These last two contaminants also seem to be related rapeseed
oil syndrome in Spain (TOS, Spanish toxic oil syndrome) in 1981,
which killed about 900 people and left another 20000 affected [70].
Melatonin has also been reported to induce eosinophilia in patients
with cancer [72]. With regard to phthalimide, this widely used chemical
is currently subject to multiple toxicological investigations, but there
are no conclusive data available. However, the fact that phthalimide is
present in toxic compounds such as pesticides and fungicides, suggests
that some degree of toxicity is to be expected. Irritation of the eyes,
dermatitis through skin contact, and respiratory tract sensitization are
the only side effects that have been officially noted: “Chronic Potential
Health Effects: no information found at this time. The toxicological
properties of this substance have not been fully investigated” [73]. Some
studies on possible teratogenic, mutagenic, and genotoxic effects due to
similarities with thalidomide and fungicides (folpet, captan) have been
suggested. In either case, there is a very small degree of risk involved
in taking chemically synthesized melatonin supplements. In the case
of phytomelatonin, it's a priori natural origin should rule out any
possibility of contamination due to chemical synthesis. Furthermore,
phytomelatonin-rich extracts are “accompanied” by a set of other
substances including antioxidants, vitamins, simple phenols, flavonoids,
carotenoids, and tocopherols, which are known to participate in the
beneficial functions that phytomelatonin has in our body [74-79].

The use of phytomelatonin in dietary supplements and in other
applications such as cosmetics should be considered, although very few
products formulated with phytomelatonin exist commercially. Also, its
use as an anti-tumoral effector may be interesting since it would prevent
residual synthetic by-products from being incorporated during tumor
treatments. Also, the presence in the phytomelatonin-rich extracts
of several plant antioxidants such as ascorbic acid, simple phenols,
flavonoids, carotenoids, tocopherols, among others, might be relevant
for maintaining an appropriate redox balance. Some phytomelatonin-
rich foods have been checked in some experimental tests, all showing,
in general, healthy effect such as an increase in plasma melatonin levels
and in antioxidant status. Also, an increase in sleep quality parameters
has been observed [80-90].

Phytomelatonin is present in all the plant species studied to
date. Generally, low or very low levels (pg to ng/g plant tissues) of
phytomelatonin are the common content in most plant tissues. However,
in some cases, such as aromatic/medicinal plants, phytomelatonin
level are higher [91,92]. At present, only 2-3 manufacturers market
phytomelatonin-rich products. One of them, in the USA, presents a
formulation in which rice, alfalfa and green alga Chlorella are combined.
The presence of Chlorella suggests that the phytomelatonin is mainly
obtained by cultivating these green algae in bioreactors, although it is
impossible to say whether the process involves enrichment (feeding)
with phytomelatonin precursor, L-tryptophan, [93]. Unfortunately,
the use of synthetic L-tryptophan - if this is the case - would lead to
a higher presence of unwanted synthetic by-products such as those
mentioned above. Another aspect to consider when using green alga in
cultures is that the presence of cyanotoxins (microcystins, anatoxin-a,
dihydroanatoxin-a, epoxyanatoxin-a, cylindrospermopsin, saxitoxin,
among others) is common due to contamination by cyanobacteria
(blue-green algae). These cyanotoxins present several unwanted effects
such as carcinogenicity, hepatotoxicity, neurotoxicity, cytotoxicity and
dermatotoxicity. Thus, the detection of many cyanotoxins in some algal
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~ Phytomelatonin-rich extracts can be used in cancer experimentation.
~ Phytomelatonin avoids the presence of unwanted by-products of

synthetic melatonin.

~ Phytomelatonin-rich extracts are rich in interesting natural compounds
such as polyphenols, carotenoids, tocopherols, among others.

~ The performance of experimental and clinical trials will be essential to

confirm beneficial effects.

~ The use of phytomelatonin in other health applications (sleep
disorders, neurological dysfunctions, cosmetic, etc.) can be interesting.

Figure 2. Highlights proposed by phytomelatonin related with cancer studies

dietary supplements reinforces the need for a better-quality control
concerning the potential risks associated with the consumption of these
algal supplements [94-96].

In another product produced in New Zealand, the source of
phytomelatonin is freeze-dried Montmorency tart cherry skin extracts.
The contentin tart cherriesis very low, around 14 ng of phytomelatonin/g
fruit [97], and so, to obtain interesting phytomelatonin-rich extracts,
the concentration protocol would have to be very intensive.

Recently, our research group at the University of Murcia generated
phytomelatonin-rich extracts, in which only aromatic/medicinal
plants are used to obtain a botanical mixture rich in phytomelatonin
through the application of a simple and natural process [98]. A rigorous
plant selection protocol and careful management ensure a high
phytomelatonin content in the botanical mix and in the plant, extracts
generated from it. The formulation and its protocol are being patented,
before becoming available to interested companies for commercial
exploitation. Also, we are beginning tests in animals to confirm some of
the known effects for melatonin and to compare possible benefits with
those now associated with synthetic melatonin.

Future perspectives

The possibility of using phytomelatonin instead of synthetic
melatonin in many applications such as dietary supplements and
cosmetic products is a reality. Also, phytomelatonin-rich extracts can
be used in anti-tumoral treatments. The use of phytomelatonin instead
synthetic melatonin will ensure that no unwanted by-products are
present in melatonin treatments. Figure 2 shows the most prominent
lines of action to be developed with phytomelatonin. At present, we are
not aware that any such anti-cancer assays are being carried out with
phytomelatonin, but we believe that they would provide interesting
results. Also, it is necessary to ensure that phytomelatonin-rich products
are free of pesticides or other contaminants such as cyanotoxins.
Another important step would be to carry out a series of clinical trials
to compare the physiological effects of phytomelatonin-rich products
with those obtained using synthetic melatonin.
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