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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.1

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.2 The maximum lifespan is dependent not only on the ge-
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AABBSSTTRRAACCTT  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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ÖÖZZEETT  Neden yaşlanırız? Niçin bazı insanlarda diğerlerinden daha hızlı bir yaşlanma görülür?
Yaşlanma çok farklı mekanizmalar arasındaki karmaşık bir etkileşim sonucu ortaya çıkar. Yıllar
boyunca, araştırmacılar yaşlanma ile ilgili çeşitli teoriler ortaya koymuşlardır. Yaşlanma teorileri
üzerine en yaygın kabul gören teoriler; hata ve program teorileridir. Melatonin pineal bezin başlıca
nörohormonudur. Yaşla birlikte pineal bez küçülür ve bu yüzden de yaşlandıkça melatonin üretimi
de azalır. Pineal bez doğrudan yaşlanma sürecine katılmaktadır. Güçlü bir antioksidan olarak, yaşa
bağlı oksidatif hasara karşı etkili olabilir. Çinko(Zn) esansiyel bir iz elementtir. Zn düzeyleri de yaş
ile birlikte azalmaktadır. Pineal bez Zn metabolizmasına katılmaktadır. Melatoninin immün sistem
üzerine etkisi kısmen Zn ile etkileşime bağlı olabilir. Yaşlı farelerde melatonin ve Zn tedavisi azalmış
olan immünolojik fonksiyonları düzeltmiştir. Melatonin ve Zn arasında sıkı bir ilişki bulunmaktadır.
Melatonin ve Zn desteği yaşlanmayı geciktirebilir.
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ne tic he te ro ge ne ity that cha rac te ri zes dif fe rent spe ci es,
but al so va ri ab le en vi ron men tal inf lu en ces.2 Aging is
cha rac te ri zed by a prog res si ve de te ri o ra ti on in many
physi o lo gi cal func ti ons and me ta bo lic pro ces ses, ul ti ma -
tely le a ding to mor bi dity and mor ta lity.3 The ma in the-
o ri es on the mec ha nism of aging are er ror the o ri es and
prog ram the o ri es.2

Se ve ral re se arc hers are ma king ge nu i ne at tempts to
test and de ve lop va ri o us me ans of in ter ven ti on for the
pre ven ti on and tre at ment of age-re la ted di se a ses.4 At
pre sent, the ma in an ti-aging ap pro ac hes   inc lu de supp -
le men ta ti on with hor mo nes inc lu ding growth hor mo -
ne, dehy dro-epi an dros te ro ne (DHE A),   es tro gen and
me la to nin, and nut ri ti o nal supp le men ta ti on with syn-
the tic and na tu ral an ti o xi dant,4 and tra ce ele ment supp -
le men ta ti on such as zinc (Zn).5 Alt ho ugh so me of the se
ap pro ac hes ha ve be en shown to ha ve so me cli ni cal be n-
e fits in the tre at ment of so me age-re la ted di se a se, but,
no ne of the se re ally mo du la te the aging pro cess it self.4

The aim of this ar tic le is to pro vi de a bri ef in tro -
duc ti on to the bi o lo gi cal ef fects of me la to nin and Zn and
cri ti cally re vi ew the irs po ten ti al use ful ness as an an ti-
aging com po unds.

MELATONIN AND AGING

Me la to nin (N-acetyl 5-met hoxytr ypta mi ne) is a hor mo -
ne synthe si zed from tryptop han ma inly by the pi ne al
gland of mam mals.6 Ho we ver, ot her or gans and tis su es
inc lu ding re ti na, Har de ri an glands, gut, ovary, tes tes, bo -
ne mar row and lens ha ve be en re por ted to pro du ce me -
la to nin.7 In ad di ti on to the se or gans and tis su es, hu man
lympho id cells are an im por tant physi o lo gi cal so ur ce of
me la to nin and that this me la to nin co uld be in vol ved in
the re gu la ti on of the hu man im mu ne system.8 The syn-
the sis and re le a se of me la to nin are sti mu la ted by dark-
ness and in hi bi ted by light. The rhythm is ge ne ra ted by
a cir ca di an clock lo ca ted in the sup rac hi as ma tis nuc le us
(SCN) of the hypot ha la mus.4 The SCN clock is set to the
24-ho ur-day by the na tu ral light-dark cycle. Light sig-
nals thro ugh a di rect re ti nal path way to the SCN. The
SCN clock sends cir ca di an sig nals over a ne u ral path way
to the pi ne al gland. This dri ves rhythmic me la to nin syn-
the sis. The ne u ral in put to the gland is nor pi nep hri ne,
and the out put is me la to nin.4

Me la to nin is known to inf lu en ce a va ri ety of bi o lo -
gi cal pro ces ses inc lu ding cir ca di an rhythms,  ne u ro en -
doc ri ne, car di o vas cu lar, and im mu ne func ti ons as well
as ther mo re gu la ti on.9 It is al so highly  po tent hydroxyl

ra di cal and pe roxyl ra di cal sca ven ger.10-12 Me la to nin is
the most im por tant an ti o xi dant. Most  an ti o xi dant nut -
ri ents ha ve dif fi culty pe net ra ting cell mem bra nes. Ho -
we ver, the li pop hi lic me la to nin dif fu ses in to the cell
cyto sol and nuc le us13-15 to pro tect cyto so lic and nuc le ar
mac ro mo le cu les from fre e ra di cal cyto to xi city.11,14,16 In
ad di ti on, me la to nin is re por ted to sti mu la te the ac ti vity
of va ri o us an ti o xi dant enz ymes, li ke su pe ro xi de dis mu -
ta se (SOD) and glu tat hi o ne pe ro xi da se, but in hi bits the
pro-oxi dant enz yme nit ric oxi de syntha se.14 Many re-
ports ha ve shown that mar ked chan ges in me la to nin
synthe sis and sec re ti on du ring aging pro cess in both an-
i mals and hu mans.17-19 The pi ne al gland and its pro ducts
are in vol ved in the aging pro cess.20-23 Pi ne al graf ting ex-
pe ri ments disc lo se a dra ma tic new ap pro ach for stra te -
gi es to post po ne aging.24 Pi er pa o li sug ges ted that
me la to nin can exert a mo re pro no un ced an ti-aging ef-
fect if the ad mi nis tra ti ons start rat her early in li fe, so it
pro tects the pi ne al from aging.25

Night le vels of me la to nin in mam mals and man de-
c li ne prog res si vely in the co ur se of aging. The ef fect of
eve ning ad mi nis tra ti on of me la to nin is mo re pro no un -
ced.25 Me la to nin must be ta ken la te in the eve ning at
bed ti me in or der to mi mic and res to re the physi o lo gi cal
night pe ak, which nor mally dec li nes prog res si vely du r-
ing the co ur se of aging.15,25 Cir ca di an night me la to nin se -
ems to pro du ce a resyn chro ni za ti on of the en ti re
ne u ro en doc ri ne system and will cer ta inly im pro ve me -
ta bo lic and hor mo nal func ti ons, inc lu ding blo od pres su -
re, cho les te rol le vels, thyro id, go na dal and ad re nal
func ti ons, and im mu ne system.15,19,24,25 Me la to nin tre at -
ment at physi o lo gi cal do ses in old mi ce is ab le to re con-
s ti tu te the age –as so ci a ted im mu ne de fects, inc lu ding
thymus in vo lu ti on.26

ZINC AND AGING

Zn is es sen ti al tra ce ele ment and in vol ved in many bi o -
lo gi cal func ti ons in the body.27,28 Zn is re qu i red as a ca t-
aly tic com po nent for the enz ymes and it is a struc tu ral
cons ti tu ent of many pro te ins, hor mo nes and ne u ro pep -
ti des.29 Zn has a ro le in cell di vi si on and prog ram med
cell de ath, ge ne ex pres si on, and pro te in synthe sis.28 The
first enz yme re cog ni zed as a Zn me tal lo enz yme was car-
bo nic anhy dra se as re por ted by Ke i lin and Mann in
1940.30 In the early 1960’s, only thre e ot her enz ymes, al-
co hol dehy dro ge na se, car boxy pep ti da se and al ka li ne
phosp ha ta se we re known to be Zn me tal lo enz ymes.30 At
pre sent, Zn me tal lo enz ymes he ve be en re cog ni zed in all
clas ses of enz ymes, and mo re than 300 ca taly ti cally ac-
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ti ve Zn me tal lop ro te ins ha ve be en re cog ni zed. Sin ce
1985, mo re than 2000 Zinc de pen dent trans crip ti on fac-
tors in vol ved in ge ne ex pres si on of va ri os pro te ins ha ve
be en re cog ni zed.30 

The NADPH oxi da ses are a gro up of plas ma mem-
bra ne as so ci a ted enz ymes, which ca taly ze the pro duc ti -
on of O2.-from oxy gen by using NADPH as the elec tron
do nor. Zn is an in hi bi tor of this enz yme.30 Su pe ro xi de
dis mu ta se (SOD), which con ta ins cop per and Zn, ca tal-
y ses the dis mu ta ti on of O2.- to H2O2. Zinc is al so known
to in du ce pro duc ti on of me tal lot hi o ne in which is a ex-
cel lent sca ven ger of .OH. It is cle ar that Zn has mul tip -
le ro les as an an ti o xi dant.30

Mild zinc de fi ci ency is com mon in the el derly, but
fre qu ently can not be con fir med be ca u se the re are no
conc lu si ve cri te ri a for the de fi ni ti on of Zn sta tus. Low
plas ma Zn le vels are mo re pre va lent in the el derly ill.31

Lympho pe ni a and thymic at rophy, which are early mar -
kers of Zn de fi ci ency, are known to be ca u sed by high
los ses of pre cur sor T and B cells in the bo ne mar row.31,32

Be ca u se of this, Zn de fi ci ency is con si de red a ca u sa ti ve
fac tor of im mu ne im pa ir ment in the el derly.31

Zn has many ef fects on the im mu ne and ner vo us
system in vi vo and in vit ro, and the se ef fects ma inly de-
pend on the Zn con cen tra ti on.33 Many re se arc hers ha ve
re por ted that im mu ne func ti on dec re a ses af ter Zn dep -
le ti on. The re qu i re ment for Zn is most li kely be ca u se of
its es sen ti al cons ti tu ti ve ro le in ma in ta i ning the con for -
ma ti on or enz yma tic ac ti vity of many im por tant com-
po nents of the se pro ces ses, inc lu ding enz ymes,
trans crip ti on fac tors, and sig na ling mo le cu les.33

The in tra cel lu lar mec ha nisms in vol ved in the re g-
u la ti on Zn ho me os ta sis ha ve be en po orly stu di ed in
aging.34 It is known that the in ta ke of Zn du ring aging
dec re a ses, thus con tri bu ting to ca u se fra ilty, ge ne ral di s-
a bi lity and in cre a sed in ci den ce of age-re la ted de ge ne ra -
ti ve di se a ses.34

Se ve re Zinc de fi ci ency ca u ses se lec ti ve at rophy of
lympho id or gans, thymic hypop la si a, and the ab sen ce of
ger mi nal cen ters in lymph no des.35,36 In par ti cu lar Zn is
re qu i red for the bi o lo gi cal ac ti vity of se rum thymic fac-
tor (fac te ur thymi qu e se ri qu e, FTS).26,37,38 ZnFTS (zinc-

bo und ac ti ve form) pro mo tes the de ve lop ment and ma -
in te nan ce of cell-me di a ted im mu nity.26 The Zn-un bo -
und form is inac ti ve. Ac ti ve FTS le vels dec re a sed with
ad van cing age. Zn supp le men ta ti on in du ces a comp le te
di sap pe a ran ce of the inac ti ve form.39

RELATIONSHIP BETWEEN MELATONIN
AND ZINC

Me la to nin and Zn are con si de red be ne fi ci al for an ti-im -
mu no se nes cen ce.40 Me la to nin and Zn plas ma le vels de-
c li ne with ad van cing age. Me la to nin and Zn tre at ment
in old mi ce res to red the re du ce im mu no lo gi cal func ti -
ons.40 The ma in tar get of me la to nin is the thymus, which
is the cen tral or gan of the im mu ne system.41 Me la to nin
tre at ment or pi ne al graft in du ced a res to ra ti on of the al-
te red Zn tur no ver in old mi ce. It has be en re por ted that
the pi ne al gland is in vol ved Zn me ta bo lism.39,40 

Pi ne a lec tomy in yo ung mi ce in du ced a de lay in wo -
und he a ling, a zin c– de pen dent pro cess, which can be re-
ver sed by me la to nin ad mi nis tra ti on.39 It is al so shown
that tis su e Zn le vels we re chan ged af ter  pi ne a lec tomy in
rats. 39,42 Our pre vi o us stu di es we re shown that me la to -
nin tre at ment chan ged Zn le vels of tis su es and se rum in
rats.43-45 The ef fect of me la to nin on thymic en doc ri ne ac-
ti vity and pe rip he ral im mu ne func ti ons may be me di a -
ted by Zn.40

In conc lu si on, me la to nin tre at ment has a res to ra ti -
ve ef fect on dec re a sed thymus Zn le vels with ad van cing
age.43 It is be yond any do ubt that exo ge no us ad mi nis tra -
ti on of me la to nin to aging ro dents post po nes the ir aging
and/or pro longs the ir li fe.24,46,47 The pi ne al may act as an
en do ge no us clock go ver ning aging.24

Many fac tors we re fo und to af fect the in di vi du al
res pon se to Zn, such as ge ne ral di e tary ha bits,  ge noty -
pe, gen der, drug usa ge and fra ilty.48 This ma kes it very
dif fi cult to draw a de fi ni ti ve conc lu si on   re gar ding the
pos sib le be ne fits of Zn supp le men ta ti on du ring aging.48

Many fac tors re la ted to the con trol of zinc ho me os ta sis
in aging are still unc le ar. Ho we ver, it is cle ar that Zn is
in vol ved in many pro ces ses in the body, inc lu ding aging.
Re cent re sults ob ta i ned with Zn supp le men ta ti on in el -
derly sub ject are en co u ra ging.
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