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Introduction of COST B35
Homeostasis, Stress & Aging

COST B35 Takdim
Homeostaz, Stres ve Yaglanma

ABSTRACT 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.
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OZET Homeostaz, canli bir organizmanin ayni zamanda dengeli hal olarak bilinen stabil, sabit
durumu siirdiirme egiliminde olan i¢ ortamini diizenleme &zelligidir. Bunun tersi durum ise
organizmada genelde akut ya da kronik, bariz ya da gizli hasara neden olan dinamik ekilibriyum
dengesizligini belirtir. Molekiiler seviyede, istenmeyen stres genelde serbest radikal iretiminde
agirilik olarak kendisini gosterir, bu duruma da oksidatif stres adi verilir. Ancak, stres illa da
patolojiyi ifade etmez. Bu nedenle, oksidatif stres ve genel olarak stres yalnizca patolojik degil ayni
zamanda fizyolojik siireclerse, (oksidatif) stres ay1 zamanda yasam kalitesini ve yagam direncini
arttirabilir mi seklinde bir soru sormaliy1z. Eger dogruysa, oksidatif homeostaz oksidatif stresin
olumlu yanlarini yansitmalidir.

Anahtar Kelimeler: Oksidatif stres, homeostaz, lipid peroksidasyon, yaslanma
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I 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.! Oxidative stress arises from a
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significant increase in concentrations of reactive oxygen
species (ROS) and reactive nitrogen species (RNS) to the
levels that are toxic to biomolecules, including DNA,
proteins and lipids. Therefore, only excessive ROS or
RNS production and/or decrease in detoxification mec-
hanisms leads to oxidative stress and lipid peroxidation
and plays important role in aging and pathology of dif-
ferent diseases (cardiovascular and neurodegenerative
diseases, malignant tumors, osteoporosis, diabetes and
others).2?

Lipid peroxidation is an autocatalytic and degene-
rative process affecting cell membranes and other lipid-
containing structures and is therefore associated with
numerous pathological implications, some of which are
previously mentioned.* It is initiated by ROS generated
under conditions of oxidative stress and ends in the for-
mation of reactive aldehydes which are more stable than
ROS, so they can diffuse from their site of origin and af-
fect targets distant from the initial free radical attack, be-
cause of which they are also known as second
messangers of free radicals.’ The end products of lipid
peroxidation, in particular aldehydes such as 4-hydrox-
ynonenal (HNE) are the effectors which act in parallel
with ROS to cause molecular damage, and ultimately
aging. However, low, physiological levels of HNE might
be considered also as growth stimulating.’

Oxidative homeostasis might therefore be result of
a biological balance between toxic ROS and reactive al-
dehydes on one side and their physiological detoxifica-
tion to benefical levels by antioxidant mechanisms. It is
becoming increasingly clear that an optimal ROS level is
essential for the cell survival. Too much ROS and their
second messengers (HNE) may cause impaired physio-
logical function due to either random cellular damage
causing necrosis or activating programmed cell death
(apoptosis), whereas lowered ROS and/or HNE may le-
ad to proliferative response and enhance antioxidant de-
fense capacity.® Hence, disruption of such homeostasis
either by enhancing oxidative stress or modulating ca-
pacity of antioxidants could have important physiologi-
cal consequences.

I RADICALS AS SIGNALS THAT INCREASE
ORGANISM LONGEVITY

While some argue that ROS and lipid peroxidation pro-
ducts are produced in rather uncontrolled reactions and
therefore cannot be candidates for physiological signal
transduction, others emphasize their presence in physi-
ological state. Especially presence of HNE which is, sim-
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ilar to ROS, present under physiological conditions, even
in the relatively stable forms of protein adducts and is
thereby considered as biomarker.”

Moreover, HNE binds to cysteine residues which
were shown to participate in physiological signal trans-
duction.? On the other hand, HNE bound to cysteine co-
uld be detoxified through binding to glutathione5, in
reaction catalyzed by glutathione-S-transferase (GST).’
Reaction of specific GST regulates intracellular HNE
concentration which has further impact of signal trans-
duction by HNE.' This suggests involvement of HNE in
physiological signaling resulting in homeostatic control
of balance between ROS production and lipid peroxida-
tion and antioxidant capacity of the cells.!! Thus, radicals
can be considered as signals and stimulators that incre-
ase cellular defense and organism longevity.

There is growing evidence that the continued pres-
ence of a small stimulus such as low concentrations of
reactive oxygen species is in fact able to induce the ex-
pression of antioxidant enzymes and other defense mec-
hanisms. The basis for this phenomenon may be
encompassed by the concept of hormesis, which can be
characterized as a particular dose-response relationship
in which a low dose of a substance is stimulatory and a
high dose is inhibitory.'*" In this context radicals seems
to be beneficial, by acting as signal that enhances defen-
se, rather than being deleterious as they are when cells
are exposed to high levels of these radicals." It is also be-
coming clear that animals and humans engaged in long-
term heavy exercise are more resistant to oxidative
stress, mainly due to the adaptation of their antioxidant
defense systems.”® The key to understanding exerci-
se-induced hormetic response lies in the fact that mam-
malian cells are endowed with signaling pathways that
are sensitive to intracellular redox environment and can
be activated by oxidative stress. Those include NF-xB,
heat-shock transcriptional factor 1 (HSF-1), and p53
pathways, as well as mitogen-activated protein kinase
(MAPK) and PI(3)K/Akt that regulate the first three
pathways through phosphorylation.” If hormetic res-
ponse can indeed be beneficial to the oxidative-antioxi-
dant homeostasis in the cell, then the suppression of the
ROS source is expected to attenuate not only oxidative
damage, but also the cellular ability to adapt under oxi-
dative stress and consequently lead cell to senescence
and death.” On the other hand, physiologically low le-
vels of ROS and in particular HNE acting as signaling
molecules could support the physiological growth and
function (proliferation and differentiation) of some cells,
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in particular those of mesenchymal origin such as bone

and connective tissue.??

I CONCLUSION

Oxidative stress does not necessarily have deleterious
consequences that lead to pathology. There is more evi-
dence every day about physiology of oxidative stress and
its beneficial influence on organism. According to this
point of view, on a timescale of years, modest but ongo-
ing oxidative stress may play an important role in aging.
Hence, if we could move boundaries of oxidative home-
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ostasis to a higher level i.e. adopt organism to a higher
amount of ROS and consequently enhance its antioxida-
tive capacity, we would be able to prolong lifespan, whi-
le controlling oxidative homeostasis would help us to
delay aging and attenuate the age associated disor-
ders.

Acknowledgements

Authors express gratitude to Croatian Ministry of Science,
Education and Sports, to COST B35 Action and to Austrian
National Bank Jubileums Fond for support.

I REFERENCES

Florez-Duquet M, McDonald RB. Cold-In-  10. Sharma R, Yang Y, Sharma A, Awasthi S, D, Herb RA et al. Influence of exercise and
duced Thermoregulation and Biological Aging. AwasthiYC. Antioxidant role of glutathione S fiber type on antioxidant enzyme activity in rat
Physiol Rev 1998; 78:339-358. transferases: protection against oxidant toxic- skeletal muscle. Am J Physiol 1994;
Jezek P, Hlavata L. Mitochondria in Home- ity and regulation of stress-mediated apopto- 266:R375-R380.
ostasis of Reactive Oxygen Species in Cell, sis. Antioxid Redox Signal 2004; 6:289-300. 18 Hollander J, Fiebig R, Gore M, Bejma J,
Tissues, and Organism. Int J Biochem Cell ~ 11. Cipak A, Jaganjac M, Tehlivets O, Kohlwein Ookawara T, Ohno H et al. Superoxide dis-
Biol 2005; 37:2478-2503. SD, Zarkovic N. Adaptation to oxidative stress mutase gene expression in skeletal muscle:
Zarkovic K. 4-Hydroxynonenal and Neurode- induced by polyunsaturated fatty acids in fiber-specific adaptation to endurance training.
generative Diseases Mol Aspects Med 2003; yeast. Biochim Biophys Acta 2008; 1781:283- Am J Physiol 1999; 277:R856-R862.
24:293-303. 287. 19. Allen RG, Tresini M. Oxidative stress and
Girotti A W. Lipid hydroperoxide generation, 12. Calabrese EJ, Baldwin LA. Hormesis: the gene regu|ation_ Free Radic Biol Med 2000;
turnover, and effector action in biological sys- dose-response revolution. Annu Rev Phar- 28:463-499.
tems. J Lipid Res 1998; 39:1529-1542. macol Toxicol 2003; 43:475-197. 20. Ji LL, Gomez-Cabrera MC, Vina J. Exercise
Esterbauer H, Schaur RJ. Zollner H. Chem- 13- Wildburger R, Mrakovcic L, Stroser M, An- and Hormesis Activation of Cellular Antioxi-
istry and biochemistry of 4-hydroxynonenal, drisic L, Sunjic SB, Zarkovic K et al. Lipid Per- dant Signaling Pathway. Ann NY Acad Sci
malonaldehyde and related aldehydes. Free oxidation and Age-Associated 2008; 1067: 425-435.
Radic Biol Med 1991; 11:81-128. _III_)llseglslesé)auszeoggICzong?gguf g;e? Turk Kin 21. Zarkovic N, Cipak Gasparovic A, Cindric M,
Finkel T, Holbrook N. Oxidants, oxidative b BIim erg 2089, e Aee RS, Waeg G, Borovic Sunjic S, Mrakoveic L, Ja-
stress and the biology of aging. Nature 2000; 14 Gomez-Cabrera MC, Domenech E, Vifia J. ganjac M, Kolenc D, Andrisic L, Gveric Ah-
408:239-247. Moderate exercise is an antioxidant: Upregu- metasevic S, Katusic A, Cherkas A, Juric
Zarkovic N. 4-hydroxynon.enal as a bioactive Isgg; gﬁoﬁwzglgggg?zﬁzgﬂg?{mng' Free Sekhar G, Wildburger R, Zarkovig K. 4-Hy-
marker of pathophysiological processes. Mol roxynonenal-protein adducts as biomarkers
Aspects Med 2003; 24:281-9. 15. giguchi '\g (;anier Ly, Chgn M, IHOHOSZykJIO. of oxidative stress, lipid peroxidation and ox-

L uperoxide dismutase and catalase in skele- idative homeostasis, in Free Radicals, Health
ﬂi?ﬁfzerh:e'ﬁ'gfnf - YHhT,Nkaxg:?;?:ant: tal muscl: adaptive response to exercise. and Lifestyle (Caporossi D, PigozziF, Sabatin
Finkel T et al. Redox-based regulation of sig- Gerontol 1985 40:281-286. 8, Eds.) Medimond 8rl, Bologna, Htaly, p.37-
nal transduction: Principles, pitfalls, and prom- 16+ Laughlin MH, Simpson T, Sexton WL, Brown 45
ises. Free Radic Biol Med 2008; 45:1-17. OR, Smith JK, Korthuis RJ.. Skeletal muscle 22, Mrakovcic L, Cindric M, Zarkovic N, Borovic
Awasthi YC, Ansari GA, Awasthi . Regula- oxidative capacity, antioxidant enzymes, and Sunjic S, Mogus Milankovic A, Wildburger R.
tion of 4-hvd e exercise training. J Appl Physiol 1990; 68 In vitro model of bone regeneration with bioac-

ydroxynonenal mediated signaling (6):682337- 682343. i o A )
by glutathione S-transferases. Methods En- ive glass and lipid peroxidation. Clin Exp Med
17. Powers SK, Criswell D, Lawler J, Ji LL, Martin J 2009; in press

zymo 2005; 401:379-407.

Turkiye Klinikleri ] Med Sci 2009;29(Suppl)

S5



