
OXIDATIVE HOMEOSTASIS AND AGING

omeostasis is the property of a living organism to regulate its internal en-
vironment tending to maintain a stable, constant condition denoted also as
a steady state. When homeostasis is disrupted, stress occurs. Aging is an

extremely complex, multifactorial process and represents the gradual deterioration
in function that occurs after maturity and leads to disability and death. Since stress
is inevitable part of aging, this definition of aging is extended and identifies aging
with the inability of the organism to respond to stress and to maintain homeostatic
regulation when given a challenge, thereby decreasing the capacity of organism to
survive detrimental changes occurring with time.1 Oxidative stress arises from a
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Introduction of COST B35
Homeostasis, Stress & Aging

AABBSSTTRRAACCTT  Homeostasis is the property of a living organism to regulate its internal environment
tending to maintain a stable, constant condition denoted also as a steady state. Opposite to that
stress implies misbalance of dynamic equilibrium which often causes acute or chronic, pronounced
or latent damage to the organism. On molecular level, undesirable stress is often manifested as ex-
cess in free radical production, known as oxidative stress. However, stress does not necessarily imply
pathology. So, if oxidative stress and stress in general are not only pathological but also physiolog-
ical processes, we should raise the question can (oxidative) stress also expand the quality of life and
the life endurance? If so, the term oxidative homeostasis should reflect positive aspects of oxidative
stress.

KKeeyy  WWoorrddss::  Oxidative stress, homeostasis, lipid peroxidation, aging

ÖÖZZEETT  Homeostaz, canlı bir organizmanın aynı zamanda dengeli hal olarak bilinen stabil, sabit
durumu sürdürme eğiliminde olan iç ortamını düzenleme özelliğidir. Bunun tersi durum ise
organizmada genelde akut ya da kronik,  bariz ya da gizli hasara neden olan dinamik ekilibriyum
dengesizliğini belirtir. Moleküler seviyede, istenmeyen stres genelde serbest radikal üretiminde
aşırılık olarak kendisini gösterir, bu duruma da oksidatif stres adı verilir. Ancak, stres illa da
patolojiyi ifade etmez. Bu nedenle, oksidatif stres ve genel olarak stres yalnızca patolojik değil aynı
zamanda fizyolojik süreçlerse, (oksidatif) stres ayı zamanda yaşam kalitesini ve yaşam direncini
arttırabilir mi şeklinde bir soru sormalıyız. Eğer doğruysa, oksidatif homeostaz oksidatif stresin
olumlu yanlarını yansıtmalıdır.

AAnnaahhttaarr  KKeelliimmeelleerr:: Oksidatif stres, homeostaz, lipid peroksidasyon, yaşlanma
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SYMPOSIUM 1



sig ni fi cant in cre a se in con cen tra ti ons of re ac ti ve oxy gen
spe ci es (ROS) and re ac ti ve nit ro gen spe ci es (RNS) to the
le vels that are to xic to bi o mo le cu les, inc lu ding DNA,
pro te ins and li pids. The re fo re, only ex ces si ve ROS or
RNS pro duc ti on and/or dec re a se in de to xi fi ca ti on mec -
ha nisms le ads to oxi da ti ve stress and li pid pe ro xi da ti on
and plays im por tant ro le in aging and pat ho logy of dif-
fe rent di se a ses (car di o vas cu lar and ne u ro de ge ne ra ti ve
di se a ses, ma lig nant tu mors, os te o po ro sis, di a be tes and
ot hers).2,3

Li pid pe ro xi da ti on is an au to ca taly tic and de ge ne -
ra ti ve pro cess af fec ting cell mem bra nes and ot her li pid-
con ta i ning struc tu res and is the re fo re as so ci a ted with
nu me ro us pat ho lo gi cal imp li ca ti ons, so me of which are
pre vi o usly men ti o ned.4 It is ini ti a ted by ROS ge ne ra ted
un der con di ti ons of oxi da ti ve stress and ends in the for-
ma ti on of re ac ti ve al dehy des which are mo re stab le than
ROS, so they can dif fu se from the ir si te of ori gin and af-
fect tar gets dis tant from the ini ti al fre e ra di cal at tack, be-
ca u se of which they are al so known as se cond
mes san gers of fre e ra di cals.5 The end pro ducts of li pid
pe ro xi da ti on, in par ti cu lar al dehy des such as 4-hydrox-
y no ne nal (HNE) are the ef fec tors which act in pa ral lel
with ROS to ca u se mo le cu lar da ma ge, and ul ti ma tely
aging. Ho we ver, low, physi o lo gi cal le vels of HNE might
be con si de red al so as growth sti mu la ting.7

Oxi da ti ve ho me os ta sis might the re fo re be re sult of
a bi o lo gi cal ba lan ce bet we en to xic ROS and re ac ti ve al -
dehy des on one si de and the ir physi o lo gi cal de to xi fi ca -
ti on to be ne fi cal le vels by an ti o xi dant mec ha nisms. It is
be co ming in cre a singly cle ar that an op ti mal ROS le vel is
es sen ti al for the cell sur vi val. To o much ROS and the ir
se cond mes sen gers (HNE) may ca u se im pa i red physi o -
lo gi cal func ti on du e to eit her ran dom cel lu lar da ma ge
ca u sing nec ro sis or ac ti va ting prog ram med cell de ath
(apop to sis), whe re as lo we red ROS and/or HNE may le -
ad to pro li fe ra ti ve res pon se and en han ce an ti o xi dant de-
fen se ca pa city.6 Hen ce, dis rup ti on of such ho me os ta sis
eit her by en han cing oxi da ti ve stress or mo du la ting ca-
pa city of an ti o xi dants co uld ha ve im por tant physi o lo gi -
cal con se qu en ces.

RADICALS AS SIGNALS THAT INCREASE
ORGANISM LONGEVITY

Whi le so me ar gu e that ROS and li pid pe ro xi da ti on pro -
ducts are pro du ced in rat her un con trol led re ac ti ons and
the re fo re can not be can di da tes for physi o lo gi cal sig nal
trans duc ti on, ot hers emp ha si ze the ir pre sen ce in physi -
o lo gi cal sta te. Es pe ci ally pre sen ce of HNE which is, si m-

i lar to ROS, pre sent un der physi o lo gi cal con di ti ons, even
in the re la ti vely stab le forms of pro te in ad ducts and is
the reby con si de red as bi o mar ker.7

Mo re o ver, HNE binds to cyste i ne re si du es which
we re shown to par ti ci pa te in physi o lo gi cal sig nal trans-
duc ti on.8 On the ot her hand, HNE bo und to cyste i ne co -
uld be de to xi fi ed thro ugh bin ding to glu tat hi o ne5, in
re ac ti on ca taly zed by glu tat hi o ne-S-trans fe ra se (GST).9

Re ac ti on of spe ci fic GST re gu la tes in tra cel lu lar HNE
con cen tra ti on which has furt her im pact of sig nal trans-
duc ti on by HNE.10 This sug gests in vol ve ment of HNE in
physi o lo gi cal sig na ling re sul ting in ho me os ta tic con trol
of ba lan ce bet we en ROS pro duc ti on and li pid pe ro xi da -
ti on and an ti o xi dant ca pa city of the cells.11 Thus, ra di cals
can be con si de red as sig nals and sti mu la tors that in cre -
a se cel lu lar de fen se and or ga nism lon ge vity. 

The re is gro wing evi den ce that the con ti nu ed pre s-
en ce of a small sti mu lus such as low con cen tra ti ons of
re ac ti ve oxy gen spe ci es is in fact ab le to in du ce the ex-
pres si on of an ti o xi dant enz ymes and ot her de fen se mec -
ha nisms. The ba sis for this phe no me non may be
en com pas sed by the con cept of hor me sis, which can be
cha rac te ri zed as a par ti cu lar do se – res pon se re la ti ons hip
in which a low do se of a subs tan ce is sti mu la tory and a
high do se is in hi bi tory.12,13 In this con text ra di cals se ems
to be be ne fi ci al, by ac ting as sig nal that en han ces de fen -
se, rat her than be ing de le te ri o us as they are when cells
are ex po sed to high le vels of the se ra di cals.14 It is al so be-
co ming cle ar that ani mals and hu mans en ga ged in long-
term he avy exer ci se are mo re re sis tant to oxi da ti ve
stress, ma inly du e to the adap ta ti on of the ir an ti o xi dant
de fen se systems.15–18 The key to un ders tan ding exer ci -
se-in du ced hor me tic res pon se li es in the fact that mam-
ma li an cells are en do wed with sig na ling path ways that
are sen si ti ve to in tra cel lu lar re dox en vi ron ment and can
be ac ti va ted by oxi da ti ve stress. Tho se inc lu de NF-κB,
he at-shock trans crip ti o nal fac tor 1 (HSF-1), and p53
path ways, as well as mi to gen-ac ti va ted pro te in ki na se
(MAPK) and PI(3)K/Akt that re gu la te the first thre e
path ways thro ugh phosp hory la ti on.19 If hor me tic res -
pon se can in de ed be be ne fi ci al to the oxi da ti ve-an ti o xi -
dant ho me os ta sis in the cell, then the sup pres si on of the
ROS so ur ce is ex pec ted to at te nu a te not only oxi da ti ve
da ma ge, but al so the cel lu lar abi lity to adapt un der oxi -
da ti ve stress and con se qu ently le ad cell to se nes cen ce
and de ath.20 On the ot her hand, physi o lo gi cally low le -
vels of ROS and in par ti cu lar HNE ac ting as sig na ling
mo le cu les co uld sup port the physi o lo gi cal growth and
func ti on (pro li fe ra ti on and dif fe ren ti a ti on) of so me cells,
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in par ti cu lar tho se of me sench ymal ori gin such as bo ne
and con nec ti ve tis su e.21,22

CONCLUSION

Oxi da ti ve stress do es not ne ces sa rily ha ve de le te ri o us
con se qu en ces that le ad to pat ho logy. The re is mo re evi -
den ce every day abo ut physi o logy of oxi da ti ve stress and
its be ne fi ci al inf lu en ce on or ga nism. Ac cor ding to this
po int of vi ew, on a ti mes ca le of ye ars, mo dest but on go -
ing oxi da ti ve stress may play an im por tant ro le in aging.
Hen ce, if we co uld mo ve bo un da ri es of oxi da ti ve ho me -

os ta sis to a hig her le vel i.e. adopt or ga nism to a hig her
amo unt of ROS and con se qu ently en han ce its an ti o xi da -
ti ve ca pa city, we wo uld be ab le to pro long li fes pan, whi -
le con trol ling oxi da ti ve ho me os ta sis wo uld help us to
de lay aging and at te nu a te the age as so ci a ted di sor -
ders.
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