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Melatonin & Zinc for Age Management

Yaglanmanin Kontroliinde Melatonin ve Cinko

ABSTRACT Why do we age? Why do some people seem to age faster than others? Aging results
from a complex interplay between multiple different mechanisms. Over the years, researchers have
put forth several theories of aging. The most widely accepted theories on the mechanism of aging
are error theories and program theories. Melatonin is the main neurohormone of the pineal gland.
The pineal gland shrinks with age, so melatonin production declines as we age. The pineal gland is
directly involved in the aging process. Being a powerful antioxidant, melatonin may act against
age-related oxidative damage. Zinc (Zn) is an essential trace element. Zn levels also decrease with
age. The pineal gland is involved in Zn metabolism. The effect of melatonin on immune functions
is partly attributed to an interaction with Zn. Melatonin and Zn treatment in old mice restored the
reduced immunological functions. There is a tight relationship between melatonin and Zn.
Melatonin and Zn supplementation may postpone aging.
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OZET Neden yaglaniriz? Nigin bazi insanlarda digerlerinden daha hizli bir yaglanma goriilir?
Yaslanma ¢ok farkli mekanizmalar arasindaki karmagik bir etkilesim sonucu ortaya ¢ikar. Yillar
boyunca, aragtirmacilar yaglanma ile ilgili gesitli teoriler ortaya koymuslardir. Yasglanma teorileri
iizerine en yaygin kabul goren teoriler; hata ve program teorileridir. Melatonin pineal bezin baslica
norohormonudur. Yasla birlikte pineal bez kii¢iiliir ve bu yiizden de yaslandik¢a melatonin tiretimi
de azalir. Pineal bez dogrudan yaslanma siirecine katilmaktadir. Giiglii bir antioksidan olarak, yasa
bagli oksidatif hasara kars: etkili olabilir. Cinko(Zn) esansiyel bir iz elementtir. Zn diizeyleri de yas
ile birlikte azalmaktadir. Pineal bez Zn metabolizmasina katilmaktadir. Melatoninin immiin sistem
iizerine etkisi kismen Zn ile etkilesime bagl olabilir. Yash farelerde melatonin ve Zn tedavisi azalmis
olan immiinolojik fonksiyonlar: diizeltmigtir. Melatonin ve Zn arasinda siki1 bir iligki bulunmaktadar.
Melatonin ve Zn destegi yaslanmay1 geciktirebilir.

Anahtar Kelimeler: Yaglanma, melatonin, ¢inko
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ging is a universal phenomenon characterized by pathological features such

as oxidative stress, alterations in cell metabolism, accumulation of misfol-

ded proteins, and nucleic acid damage. In the brain, aging is associated with
progressive neuronal loss, cognitive impairment, and enhanced susceptibility to ne-
urological diseases.!

Sometimes chronologic age and physiologic age are not the same due to com-
plex interaction of genetics and environment. “Why we age” is no longer a solely
philosophical question.? The maximum lifespan is dependent not only on the ge-
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netic heterogeneity that characterizes different species,
but also variable environmental influences.? Aging is
characterized by a progressive deterioration in many
physiological functions and metabolic processes, ultima-
tely leading to morbidity and mortality.? The main the-
ories on the mechanism of aging are error theories and
program theories.

Several researchers are making genuine attempts to
test and develop various means of intervention for the
prevention and treatment of age-related diseases.* At
present, the main anti-aging approaches include supp-
lementation with hormones including growth hormo-
ne, dehydro-epiandrosterone (DHEA), estrogen and
melatonin, and nutritional supplementation with syn-
thetic and natural antioxidant,* and trace element supp-
lementation such as zinc (Zn).> Although some of these
approaches have been shown to have some clinical ben-
efits in the treatment of some age-related disease, but,
none of these really modulate the aging process itself.*

The aim of this article is to provide a brief intro-
duction to the biological effects of melatonin and Zn and
critically review theirs potential usefulness as an anti-
aging compounds.

I MELATONIN AND AGING

Melatonin (N-acetyl 5-methoxytryptamine) is a hormo-
ne synthesized from tryptophan mainly by the pineal
gland of mammals.®* However, other organs and tissues
including retina, Harderian glands, gut, ovary, testes, bo-
ne marrow and lens have been reported to produce me-
latonin.” In addition to these organs and tissues, human
lymphoid cells are an important physiological source of
melatonin and that this melatonin could be involved in
the regulation of the human immune system.® The syn-
thesis and release of melatonin are stimulated by dark-
ness and inhibited by light. The rhythm is generated by
a circadian clock located in the suprachiasmatis nucleus
(SCN) of the hypothalamus.4 The SCN clock is set to the
24-hour-day by the natural light-dark cycle. Light sig-
nals through a direct retinal pathway to the SCN. The
SCN clock sends circadian signals over a neural pathway
to the pineal gland. This drives rhythmic melatonin syn-
thesis. The neural input to the gland is norpinephrine,
and the output is melatonin.*

Melatonin is known to influence a variety of biolo-
gical processes including circadian rhythms, neuroen-
docrine, cardiovascular, and immune functions as well
as thermoregulation.’ It is also highly potent hydroxyl
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radical and peroxyl radical scavenger.''>? Melatonin is
the most important antioxidant. Most antioxidant nut-
rients have difficulty penetrating cell membranes. Ho-
wever, the lipophilic melatonin diffuses into the cell
cytosol and nucleus'® ™ to protect cytosolic and nuclear
macromolecules from free radical cytotoxicity.!"*!¢ In
addition, melatonin is reported to stimulate the activity
of various antioxidant enzymes, like superoxide dismu-
tase (SOD) and glutathione peroxidase, but inhibits the
pro-oxidant enzyme nitric oxide synthase.14 Many re-
ports have shown that marked changes in melatonin
synthesis and secretion during aging process in both an-
imals and humans.'”" The pineal gland and its products
are involved in the aging process.”*? Pineal grafting ex-
periments disclose a dramatic new approach for strate-
gies to postpone aging.?* Pierpaoli suggested that
melatonin can exert a more pronounced anti-aging ef-
fect if the administrations start rather early in life, so it
protects the pineal from aging.”

Night levels of melatonin in mammals and man de-
cline progressively in the course of aging. The effect of
evening administration of melatonin is more pronoun-
ced.” Melatonin must be taken late in the evening at
bedtime in order to mimic and restore the physiological
night peak, which normally declines progressively dur-
ing the course of aging.">? Circadian night melatonin se-
ems to produce a resynchronization of the entire
neuroendocrine system and will certainly improve me-
tabolic and hormonal functions, including blood pressu-
re, cholesterol levels, thyroid, gonadal and adrenal
functions, and immune system.'>!*?4» Melatonin treat-
ment at physiological doses in old mice is able to recon-
stitute the age —associated immune defects, including
thymus involution.?

I ZINC AND AGING

Zn is essential trace element and involved in many bio-
logical functions in the body.?”?® Zn is required as a cat-
alytic component for the enzymes and it is a structural
constituent of many proteins, hormones and neuropep-
tides.?? Zn has a role in cell division and programmed
cell death, gene expression, and protein synthesis.”® The
first enzyme recognized as a Zn metalloenzyme was car-
bonic anhydrase as reported by Keilin and Mann in
1940.3° In the early 1960’s, only three other enzymes, al-
cohol dehydrogenase, carboxypeptidase and alkaline
phosphatase were known to be Zn metalloenzymes.* At
present, Zn metalloenzymes heve been recognized in all
classes of enzymes, and more than 300 catalytically ac-
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tive Zn metalloproteins have been recognized. Since
1985, more than 2000 Zinc dependent transcription fac-
tors involved in gene expression of varios proteins have
been recognized.®

The NADPH oxidases are a group of plasma mem-
brane associated enzymes, which catalyze the producti-
on of O,.-from oxygen by using NADPH as the electron
donor. Zn is an inhibitor of this enzyme.* Superoxide
dismutase (SOD), which contains copper and Zn, catal-
yses the dismutation of O2.- to HyO,. Zinc is also known
to induce production of metallothionein which is a ex-
cellent scavenger of .OH. It is clear that Zn has multip-
le roles as an antioxidant.*

Mild zinc deficiency is common in the elderly, but
frequently can not be confirmed because there are no
conclusive criteria for the definition of Zn status. Low
plasma Zn levels are more prevalent in the elderly ill.3!
Lymphopenia and thymic atrophy, which are early mar-
kers of Zn deficiency, are known to be caused by high
losses of precursor T and B cells in the bone marrow.?!3
Because of this, Zn deficiency is considered a causative
factor of immune impairment in the elderly.®!

Zn has many effects on the immune and nervous
system in vivo and in vitro, and these effects mainly de-
pend on the Zn concentration.®® Many researchers have
reported that immune function decreases after Zn dep-
letion. The requirement for Zn is most likely because of
its essential constitutive role in maintaining the confor-
mation or enzymatic activity of many important com-
ponents of these processes, including enzymes,
transcription factors, and signaling molecules.®

The intracellular mechanisms involved in the reg-
ulation Zn homeostasis have been poorly studied in
aging.®* It is known that the intake of Zn during aging
decreases, thus contributing to cause frailty, general dis-
ability and increased incidence of age-related degenera-
tive diseases.*

Severe Zinc deficiency causes selective atrophy of
lymphoid organs, thymic hypoplasia, and the absence of
germinal centers in lymph nodes.®?¢ In particular Zn is
required for the biological activity of serum thymic fac-
tor (facteur thymique serique, FTS).26373 ZnFTS (zinc-
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bound active form) promotes the development and ma-
intenance of cell-mediated immunity.?® The Zn-unbo-
und form is inactive. Active FTS levels decreased with
advancing age. Zn supplementation induces a complete
disappearance of the inactive form.*

RELATIONSHIP BETWEEN MELATONIN
AND ZINC

Melatonin and Zn are considered beneficial for anti-im-
munosenescence.” Melatonin and Zn plasma levels de-
cline with advancing age. Melatonin and Zn treatment
in old mice restored the reduce immunological functi-
ons.* The main target of melatonin is the thymus, which
is the central organ of the immune system.* Melatonin
treatment or pineal graft induced a restoration of the al-
tered Zn turnover in old mice. It has been reported that
the pineal gland is involved Zn metabolism.¥*

Pinealectomy in young mice induced a delay in wo-
und healing, a zinc—dependent process, which can be re-
versed by melatonin administration.* It is also shown
that tissue Zn levels were changed after pinealectomy in
rats. ¥4 Our previous studies were shown that melato-
nin treatment changed Zn levels of tissues and serum in
rats.* The effect of melatonin on thymic endocrine ac-
tivity and peripheral immune functions may be media-
ted by Zn.?

In conclusion, melatonin treatment has a restorati-
ve effect on decreased thymus Zn levels with advancing
age.”® Itis beyond any doubt that exogenous administra-
tion of melatonin to aging rodents postpones their aging
and/or prolongs their life.#4¢4” The pineal may act as an
endogenous clock governing aging.*

Many factors were found to affect the individual
response to Zn, such as general dietary habits, genoty-
pe, gender, drug usage and frailty.”® This makes it very
difficult to draw a definitive conclusion regarding the
possible benefits of Zn supplementation during aging.*
Many factors related to the control of zinc homeostasis
in aging are still unclear. However, it is clear that Zn is
involved in many processes in the body, including aging.
Recent results obtained with Zn supplementation in el-
derly subject are encouraging.
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