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Recent Scientific Advances on the Free Radical
and Oxidative Stress Theory of Ageing.

Dietary Supplements of Antioxidants or Caloric Restriction for Reversing Ageing?

Athanasios Valavanidis, Thomie Vlachogianni and Konstantinos Fiotakis

Summary

Theories were proposed through the years for the rea-
sons of ageing in aerobic biological systems. Some of these
theories lost favor because of lack of scientific support but
other remained as potential avenues of biogerontologi-
cal research. In the 1950s Denham Harman announced
his seminal proposal that reactive oxygen species (ROS)
are an important cause of ageing. He proposed that free
radicals formed endogenously as by-products from normal
metabolism played an important role in ageing, as well as
the mitochondria because these organelles proved to be
a major site of ROS production. Aerobic organisms un-
der normal conditions accumulate oxidative damage to
cellular macromolecules (imbalance of pro-oxidants and
antioxidants agents) that increases during ageing, contrib-
uting progressively to increased oxidative stress and to the
decline of cellular processes. In the last decades new clues
have been discovered about the role of oxidative stress in
the mammalian ageing and a deeper understanding has
been developed of age-related diseases in humans. The
current research tested the direct involvement of oxida-
tive stress in ageing in mice and other organisms and the
data support the oxidative theory of ageing. Supplements
with antioxidant vitamins/minerals during randomized
clinical trials showed conflicting efficacy data on improv-
ing various oxidative stress diseases. Caloric (or calorie)
restriction (CR) in the other hand proved to be beneficial
in metabolic, hormonal and functional changes in adult
men and women. This review presents the most important
advances in scientific research and experiments in vivo for
the oxidative theory of ageing.

Introduction

The origins of the free radical theory of ageing (or ag-
ing) go back to the 1950s when it was discovered that oxygen
free radicals formed in situ in the cellular compartments of
the aerobic organisms in response to radiation and oxygen
metabolism are responsible for various oxidative damage.'?

Denham Harman, noting that radiation and oxygen
poisoning “induces mutations, cancer and ageing”, pro-
posed that oxygen free radicals that are formed endog-
enously from normal oxygen-utilizing metabolic processes
(specifically hydroxyl, HO, and hydroperoxyl radicals,

Department of Chemistry, University of Athens,
University Campus Zografou, 15784 Athens, Greece

HO,) play an essential role in the ageing process.’ Tradi-
tionally, chemists thought that free radicals are very lim-
ited in biological systems, because of their reactivity and
short half-life, despite the reports to the contrary and their
detection by various scientists in biological materials.*’

Then, avery important discovery of superoxide dismutase
(SOD) by McCord and Fridovich in 1969 and the demon-
stration of the existence of hydrogen peroxide (H,0,) in
vivo in 1979, gave credibility to the theory of free radicals.®’
In 1972, Harman added a modification to his theory, giving
a central role to the mitochondria of the aerobic organisms,
because these organelles generate a large amount of reac-
tive oxygen species (ROS, the term has been established
as meaning oxygen free radicals and highly oxidant oxygen
chemicals, such as H,O,) in cells.® In the following years, the
theory was supported by new experimental evidence, name-
ly that oxidative cellular damage, through oxidative stress
in aerobic organisms, increases during ageing and that mi-
tochondria are central to ageing. Studies showed that mi-
tochondria DNA deletions and point mutations (mtDNA)
are induced by oxidative stress and accumulate with age in
acrobic organisms from worms to humans.”*

The hypothesis of free radicals of ageing has been re-
fined in the last decades encompassing also other forms of
reactive oxygen substances, such as peroxides, aldehydes,
nitrogen oxides and other compounds which contribute
to oxidative damage in cells. A chronic state of oxida-
tive stress exists in cells of aerobic organisms even under
normal physiological conditions because of an imbalance
of prooxidant and antioxidant substances and enzymes."
This imbalance leads to a steady-state accumulation of
oxidative damage for a variety of important macromol-
ecules (proteins, enzymes, lipids, DNA, etc) that increases
during ageing. Progressively, these damages lead to loss
of functional efficiency of cellular metabolic processes. A
“strong” version of oxidative stress determines life span,
while a “weaker” version of oxidative stress is associated
mainly with age-related diseases.'

Reactive oxygen species (ROS) are from one hand very
important for the physiological metabolic processes of
aerobic organisms, including humans, but at the same time
generate oxidative stress which changes dramatically with
age. Also, there is mounting genetic evidence that links
oxidants and oxidative stress responsiveness to ageing. In



this respect, there are great challenges but also numerous
difficulties for the development of anti-ageing therapies
(antioxidant supplements, calorie restriction, special diet
techniques, etc) or changes to life style in order to reverse
the ageing process and increase longevity.

Oxidant productions and antioxidant defences in
aerobic organisms

The various reactive oxygen species (ROS), that can
be free radicals (0O,~, HO) or oxidative species (H,0,)
are produced under physiological conditions in all aero-
bic organisms and play a very important part in energy
productions, various metabolic mechanisms and other
cellular functions. Most estimates suggest that the ma-
jority of intracellular ROS production is derived from
mitochondria.'!°

The evolutionary process of aerobic organisms for mil-
lions of years in an oxygenic air environment on Earth was
successful because of the development at the same time
of effective antioxidant mechanisms. The burden of ROS
production is largely counteracted by an intricate anti-
oxidant defence system that includes enzymatic and non-
enzymatic substances. The most important antioxidant

Figure 1. Mitochondria are microscopic bodies in the cy-
toplasm of every cell. Mitochondria contain many oxidative
enzyme systems, producing energy (in the form of ATP) for
many cell functions They are the most important locus for the
production of reactive oxygen species (ROS), like superoxide
anion (O, ) and other oxygen species capable of generating
the oxidant hydrogen peroxide (H,0,).

enzymatic scavengers are superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidases (GPx), In ad-
dition to these well characterized antioxidant enzymes, at
least five members of a new family of peroxide scavengers
termed peroxiredoxins have recently isolated.!”

Figure 2. Reactive oxygen species (ROS) are produced
by mitochondria respiratory chain reactions (and by some
other cellular metabolic functions). The antioxidant enzymes
Superoxide dismutase (SOD) can dismutate O, into H,0,
and Catalase (CAT) can transform it into water (H,0). But
the antioxidant reactions are not 100% effective and some
hydroxyl radicals (HO') can be generated (through the reac-
tion of H,0, with metals, such as Fe**, Fenton reaction). Hy-
droxyl radicals are highly reactive and can damage proteins,
lipids and DNA (including mitochondrial DNA, mtDNA).

A variety of other non-enzymatic, low molecular mass
molecules, such as ascorbic acid, uric acid, flavonoids, car-
otenoids, glutathione, pyruvate, are present in millimolar
concentrations within cells and are effective scavengers of
ROS.®

The balance between ROS production and antioxidant
defences determines the degree of oxidative stress in bio-
logical systems. As a consequence of the oxidative stress
the “escaped” ROS cause oxidative damage to proteins,
enzymes, membrane lipids and nuclear DNA. The most
widely studied oxidative stress-induced modifications are
to proteins.”

Several studies have shown that ageing cells and or-
ganisms accumulate increased levels ox oxidant-damaged
nuclear DNA.? Also, mitochondrial DNA (mtDNA)
because of the proximity to the main source of oxidant
generation, or because of a limited DNA repair system,
mtDNA is generally considered to be even more sensitive
than nuclear DNA to oxidative damage.”



Figure 3. ROS and free radicals such as HO  can cause
oxidative damage to mitochondrial proteins, mutations in
mtDNA or decrease the DNA repair mechanisms. Also, ROS
can escape the mitochondrial membrane causing nuclear
DNA damage in cells, or apoptosis because of DNA muta-
tions. These oxidative damages advance ageing of organisms.

Oxidative stress, biology of ageing,
diseases and cancer

Although maximum life span (longevity) is the most
relevant and defined endpoint of with regard to ageing,
in large multicellular organisms ageing does not proceed
uniformly. This concept of focal ageing or segmented pro-
geria, is particularly important in a variety of age-related
human diseases. The two most important age-related dis-
eases are cardiovascular and neurodegenerative disorders
that increase exponentially with age. Also, in the last dec-
ades there is a growing convergence between the our un-
derstanding of the biology of ageing and the basic mecha-
nisms that underlie cancer.”

The maintenance of DNA represents a fundamental
and continuous problem to every cell. DNA repair and ge-
nomic stability in aerobic organisms have been explained
in recent years and there are multiple pathways to sense
and repair damaged DNA in cells, depending on the na-
ture of damage and on the phase of the cell cycle. Genomic
instability is a hallmark of most cancers but also the hall-
mark of ageing. Age-dependent increase in chromosomal
instability has been known for some time to occur in sim-
ple organisms (such as yeast) but also in mammals.?*

Increasing evidence from laboratory, animal and clini-
cal studies indicate that ROS may participate in the patho-
genesis of these diseases. Experiments showed that the
vessel wall of patients with atheroscrerotic risk factors, but
no overt disease, is characterized by significant increase
in vascular ROS production.® Mutations in genes that
regulate antioxidant enzymes (such as SOD, glutathione,
etc) and deficiencies in antioxidant vitamins E or A have
been found by in vivo experiments to increase the risk for

atherosclerosis, retinal degeneration and familial amylo-
tropic lateral sclerosis.?

The common feature to many of these diseases of age-
ing is the recruitment of inflammatory cells. These cells
contribute to oxidative stress in large part because they
contain the potent NADPH oxidase system. The NADPH
(nicotinamide adenine dinucleotide phosphate-oxidase)
is a membrane-bound enzyme complex which is present
in neutrophils, macrophages, microglia and vascular cells.
Once activated, the NADPH oxidase produces large
amounts of superoxide anion (O, ). Although superoxide
can be reduced to H,O, by SOD, small amounts escape the
enzymatic dismutation and react with nitric oxide (NO")
producing endogenously the oxidant peroxynitrite (NO" +
0, > ONOO") and other highly damaging radical spe-
cies. The link between inflammation and ROS seems to
provide a useful framework for understanding oxidative
stress and disease progression.?3!

The role of micronutrients (vitamins, minerals,
biochemicals), oxidative stress and longevity

For most of human evolution, caloric shortage prob-
ably limited population growth. The advent of agriculture
made diets rich in calories and nutrients. The introduction
of potato in Europe and rice varieties in Asia were major
factors enabling high population growth and density. Al-
though caloric shortage is a thing of the past for most of
the countries on the global scale, the abundance of carbo-
hydrates, meat, fat-rich foods, inexpensive processed foods
and sugary drinks generated a new epidemic of obesity as-
sociated with micronutrient malnutrition.***

Numerous epidemiological and clinical studies in the
past decades have demonstrated that regular fruit and veg-
etable consumption (rich in polyphenols, flavonoids and
other antioxidants) reduces cellular oxidative damage, in-
creases plasma antioxidants and reduces the risk for vari-
ous age-related diseases and mortality.**’

Dietary research and nutritional supplementation with
antioxidants advanced in response to these studies. The
clinical use of antioxidant vitamins, minerals and bio-
chemicals has gained considerable interest during the last
decade.**!

Based on these promising data, supplements of vita-
mins (E, C, A, D, B,, B,)), minerals (Zn, Ca, Mg, etc)
and biochemicals (a-lipoic acid, curcumin, melatonin, res-
veratrol, isoflavones, etc) were applied through protocols
aimed to prevent age-related diseases. Prevention of car-
diovascular diseases was an obvious subject (atherosclero-
sis, hypertension, coronary vasculature, etc) with antioxi-
dants, but the results were conflicting for the efficacy of
antioxidants.**4

Chronic Obstructive Pulmonary Diseases (COPD) is
connected with oxidative stress. Targeting oxidative stress
with antioxidants is obviously a likely goal for beneficial
treatment of COPD, but results were very limited.*’ Treat-



ment of amylotropic lateral sclerosis and multiple sclero-
sis with antioxidants showed conflicting evidence for the
efficacy of antioxidants.*** The majority of clinical trials
identified positive effects for supplementation with anti-
oxidants for the type 2 diabetes.’® Ambiguous clinical re-
sults have been found in the treatment of cognitive impair-
ment and neurodegenerative diseases (e.g. Alzheimer’s
disease) with antioxidants.”> Oxidative DNA damage
(as measured with the biomarker of the mutagenic adduct
8-OHdG) decreases substantially with supplementation of
vitamin D and calcium.*

Are concentrations of plasma antioxidants and longev-
ity in centenarians connected? The question was answered
by scientists with the measurements of plasma levels of vi-
tamin C, uric acid, vitamin E and A, carotenoids, activity
of SOD and GPx in healthy centenarians, elderly aged 80-
99 years and over 60 years of age. From the results it is evi-
dent that healthy centenarians show a particular profile in
which high levels of vitamins seem to be important in guar-
anteeing their extreme longevity.”* Antioxidant status in
elderly persons is a predictor for health and longevity.>

Daily human diet intake needs around 40 essential
micronutrients. The optimum amount of micronutrients
is essential to maximize the protection of important bio-
logical macromolecules from oxidative damage and keep
the metabolic network. Dietary intake of micronutrients
changes with age®’ (Table 1).

The age when calorie restriction is started, the sever-
ity of diet restriction and the genetic background of the
animal determine the extend of life extension. In rodents
(rats or mice) a 30% to 60% reduction in calorie intake
below the usual ad libitum intake of food (in accordance
with desire) caused a proportionate 30% to 60% increase
in maximum life span. The experiments showed slow pri-
mary ageing and extend of maximum life span for rats and
mice.*%? Also, experiments with rodents with intermittent
fasting (or alternate-day feeding) increases resistance to
stress and prolongs maximum life span.®

Studies of calorie restriction with rodents found that de-
layed the occurrence of chronic diseases, including diabe-
tes, atherosclerosis, cardiomyopathy, autoimmune diseas-
es, kidney and respiratory diseases and various cancers.®%
In addition, calorie restriction has been proved to decrease
neurodegeneration in the brain and enhance neurogenesis
in animal models of Alzheimer’s and Parkinson diseases,
Huntington disease and stroke.®”*

Scientists suggest that the mechanisms responsible for
calorie restriction-mediated beneficial effects on primary
ageing (in rodents) probably involve the metabolic adapta-
tion to restriction itself, including:

(a)calorie restriction (CR) decreased production of
reactive oxygen species (ROS) and modulation of the en-
dogenous antioxidant systems, which decrease oxidative
stress that induce damages to tissues.’®”!

Table 1: RECOMMENDED DIETARY ALLOWANCE OF MICRONUTRIENTS

Micronutrient RDA (recommended dietary allowance)
Minerals
Iron (Fe) 18,000 (women 20-30 years) pg
8,000 (women 50+ years) ug
Zinc (Zn) 8,000-11,000 (women/men 50+ years) ug
Selenium (Se) 20-65 ug
Vitamins
Vitamin E (a-tocopherol) 6-10 mg
Vitamin C (ascorbic acid) 40-60 mg
Folic acid 150-200, 400 (pregnant women) ug
B, 0,3-2,0 mg
B, 0,3-2,0 ug
Biochemicals Flavonoids, polyphenols, a-lopoic acid,

isoflavones, caretonoids, gloutathione, niacin,

Caloric restriction can be beneficial for
chronic diseases, cancer and ageing

The first research on caloric (or calorie) restriction in
experimental animals was contacted in 1935. Calorie re-
striction in rats (implemented after puberty), extended
median and maximum life span and prevented the severity
of chronic diseases.® Subsequent experiments in different
species (rodents, flies, fish, yeast) have shown that calorie
restriction, defined as a reduction of food (diet, calories)
without malnutrition, slows ageing, increase maximum life
span and reduces the extend of diseases and cancer.>*®

(b)decreased circulating triiodothyronine (T,) (serum
thyroid hormone) levels and sympathetic nervous system
activity, which cause a decrease in body temperature and
whole-body resting energy expenditure from baseline.”

(c)decrease plasma concentrations of inflammatory
cytokines and a mild increase of cortisol, which reduces
systemic inflammation.”7

(d)protection of the immune system, which with ageing
is becoming weaker.”’

(e) increased expression of protein chaperons, such as
heat shock protein 70, and neurotrophic factors.™



(e)CR decreased plasma concentrations of anabolic
hormones and growth factors, which are involved in age-
ing and tumorigenesis.”%

(f) CR enhanced DNA repair processes,” increased
removal of damaged cellular proteins and oxidized lipids,
and decreased glycation end products.®

Experimental data suggest that many of the cellular ef-
fects of CR are mediated by regulating gene expression,
through up-regulation of genes involved in repair and sur-
vival mechanism (by protecting against oxidative damage),
down-regulation of genes involved in mediating inflamma-
tion and prevention of changes in gene expression that oc-
cur with ageing.®%

Caloric restriction and ageing
in experimental animals

Animal models for studies of calorie restriction for
many years included yeast, worms, flies and laboratory ro-
dents (mice and rats) and in the last decade nonhuman
primates.®58

Experiments of dietary restriction (calorie restriction),
i.e. a reduction of food intake by 40-60% without malnu-
trition, has been proved to have remarkable benefits for
health and lifespan in diverse species, as yeast, round-
worms, flies and rodents. The roundworm Caenorhabdi-
tis elegans (C. elegans) has been used in a great variety of
caloric restriction experiments.’#®  As in yeast and flies,
over-expression of the Caenorhabditis elegans sirtuin gene
sir-2.1 leads to extension of lifespan and deletion of the
gene shortens lifespan.®

Figure 4. Model organisms of ageing studies: yeast (Sac-
charomyces cerevisiae), roundworms (Caenorhabditis el-
egans), fruit flies (Drosophila melanogaster) and mice. Ca-
loric restriction studies with these model organisms decreased
oxidative stress biomarkers and increased substantially their
life span.

Scientists were studying for years the budding yeast Sac-
charomyces cerevisiae and its replicative ageing. A screen
for genes that determine yeast replicative lifespan identi-
fied the SIR complex (including the Sir2 histone deacety-
lase). Yeast Sir2 is a nicotinamide adenine dinucleotide
(NAD*) —dependent histone (protein) deacetylase that
has been proposed to mediate effects of life extension un-
der caloric restriction.**! Sir proteins were already known
to be involved in gene silencing (SIR stands for Silent In-
formation Regulator). Sir2 is one of several enzymes that
remove acetyl tags from the histones, but requires the
small molecule of NAD (known as a conduit of many met-
abolic reactions in cells). This association between Sir2
and NAD is very important because it links Sir2 activity to
metabolism and thus potentially to the relation between
diet and ageing observed in caloric restriction.*>%*

Another experimental animal for studying mechanisms
of ageing is the fruit fly Drosophila melanogaster. The life
span of Drosophila melanogaster, under experimental con-
ditions of caloric or dietary restriction, was extended.*>**

Rodents (mice and rats) and primates were used in
experiments for the study of caloric restriction on ageing
and longevity. It is not yet known whether caloric restric-
tion affects primary ageing and extends maximum life
span on long lived mammals. There are ongoing studies
that evaluating the effect of such restriction on ageing
in mice and rats with positive outcome.”-1** Experiments
with rhesus monkeys will probably take another 10 to 15
years before adequate data are available for reliable re-
sults. Nonetheless, the data currently available from these
studies have shown that many of the metabolic, hormonal,
anti-inflammatory, and body compositional changes that
occur in caloric-restricted rodents also occur under similar
conditions in caloric-restricted monkeys.!021%

Experiments of caloric restriction
and ageing in humans

Studies of caloric restriction and the effects on lon-
gevity in humans are very difficult to come to a definite
conclusion because there are no validated biomarkers that
can serve as surrogate markers of ageing. Also, there are
practical difficulties to conduct randomized, diet-control-
led, long-term survival studies in humans.!01%7

There are data from epidemiological studies which
suggest that diet restriction can have beneficial effects
on the factors involved in the pathogenesis of primary
and secondary ageing and life expectancy in humans.
During the World War I and II there were food short-
ages in many European countries that were associated
with sharp decrease in coronary heart disease mortal-
ity. After the end of the war the cardiovascular diseas-
es increased again.'®!® In another study it was found
that the Japanese in the Okinawa island are consuming
30% less calories than the average Japanese population
and had "35% lower rates of cardiovascular disease and



lower cancer mortality than the average Japanese. Also,
they had one of the highest number of centenarians in
the world."?

However, these associations are not enough indicators
that can prove a relationship between decreased caloric
restriction and improved effects in longevity and decrease
in ageing diseases.

There are more than ten recent human studies with
voluntary self imposed caloric restriction or accidental in-
duced caloric restriction for short-term randomized con-
trolled trials (6-12 months). These studies examined the
connection between caloric restriction and biological ad-
aptations that might be responsible for the slowed ageing
process. Findings from these studies were very promising.
The caloric restriction group of men and women, com-
pared to the control group, showed decreased body fat and
body mass index (BMI), blood pressure, marked reduc-
tion in metabolic risk factors for coronary heart disease,
decrease levels of insulin, decreased T, levels, improved
lipid profile, decreased TNF-o/adiponectin ratio and lev-
els of insulin and glucose, lower plasma concentrations of
inflammatory markers, and other beneficial markers of re-
duced oxidative stress and ageing.!11-1%0

Some studies found also that CR decreased bone
mass as well lower extremity muscle mass and strength.
Despite many similarities in the metabolic adaptation
to CR observed in rodents and humans, it is not known
if such restriction affects maximum lifespan in humans.
Obesity is associated with serious medical diseases and
premature mortality. Weight loss induced by CR (nega-
tive energy balance) simultaneously improves multiple
metabolic risk factors for cardiovascular disease and
other medical abnormalities associated with obesity. In
the other hand, it must be emphasized that excessive ca-
loric restriction (defined as a decrease in calorie intake
that can be dangerous on organ functions and health)
that is more than 45% of the energy requirements can
cause anemia, muscle wasting, neurologic deficits, low-
er extremity edema, weakness, dizziness, lethargy and
depression.*®:

Genetics, dietary restriction and mechanisms
of ageing in small organisms

Molecular biologists discovered in recent years that
the ageing process is subject to regulation by classical
signaling pathways and transcription factors in biological
systems. Many of these pathways were discovered for the
first time in small, short-lived organisms such as yeast,
worms, flies and rodents. It was found that many muta-
tions that extend lifespan affect stress-response genes or
nutrient sensors. When food is plentiful and stress levels
are low, these genes support growth and reproduction,
but under harsh conditions their activities change (some
up and others are turned down) and as consequence the
animal undergoes a global physiological shift towards

cell protection and maintenance. These shifts protect
the animal from environmental stresses and it also ex-
tends lifespan.'?!

Nutrient and stress sensors mediate lifespan extensions
that occur in response to many different environmental
and physiological signals. The best known of these signals
is dietary (or caloric) restriction, which extends lifespan in
many species, from yeast to primates.'?

In worms, flies and mice (as well as yeast), genetic
and/or phenotypic analysis suggests that chronic dietary
restriction increases lifespan by downregulating TOR
activity. The TOR pathway (kinase Target Of Rapamy-
cin, a protein) is known to regulate autophagy and trans-
lation (see Figure 5). The small arrows indicate upregu-
lation or downregulation. In worms and flies, lifespan
extension by means of TOR inhibition has been shown
to require autophagy, and in all three species, inhibit-
ing translation by inactivating the TOR target ribos-
omal S6 kinase increases lifespan. PHA-4 is required
for autophagy in Caenorhabditis elegans TOR mutants.
PHA-4 also affects expression of stress-response genes
in response to dietary restriction; its effect on transla-
tion has not been examined. In flies, components of the
respiratory electron transport chain escape translational
inhibition when TOR activity is reduced, resulting in in-
creased respiration.'?!

Figure 5. Mechanisms of chronic dietary restriction in
experimental animals such as C. elegans, Drosophila mela-
nogaster and mouse, with beneficial effects on oxidative
stress and prolonged lifespan.’

Chronic dietary restriction also increases respiration in
worms, in response to activity of the SKN-1 transcription
factor in neurons (green). In worms and flies, this increase
in respiration has been shown to contribute to lifespan
extension. Whether TOR affects respiration in worms, or
SKN-1 affects respiration in flies, is not known. In flies and
mice, chronic dietary restriction may increase lifespan, at



least in part, by downregulating insulin/IGF-1 signaling
(IIS, red). Sirtuins are required for chronic dietary re-
striction to extend lifespan in flies and mice, but whether
they act in the insulin/IGF-1 and/or TOR pathways is not
knOWn.lB-lzG

Conclusions

One of the most widely accepted theories of ageing is
the free radical or oxidative stress theory. Reactive oxy-
gen species (ROS) are byproducts of energy metabolism
and oxygen consumption in aerobic organisms, resulting
in the slow but steady damage, which accelerates with
ageing, of membrane lipids, proteins-enzymes and DNA.
These damages progressively lead to degenerative dis-
eases, organ dysfunction, cancer and death. Caloric intake
is an important determinant of health. Inadequate or ex-
cessive energy intake can have detrimental effects in the
body composition, organ functions and ageing. Experi-
ments with animal models showed that caloric restriction
(CR) decreased ageing processes, restricted degenerative
diseases and prolong maximum lifespan. Experiment with
humans showed that caloric restriction although does not
prolong lifespan, decreases degenerative diseases, and
hase a beneficial effect on the quality of late life by reduc-
ing the burden of chronic diseases. Additional studies are
needed to identify the molecular and cellular mechanisms
responsible for the CR effects and to discover reliable and
sensitive biomarkers of ageing.
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Igéogares Emotnuovirég Ilpoodor
s Ocngiog EAevBépav Pilov na
OEedmTinov Stress yua tnv I'joavon.

AvtoEedotind Xvpxinoopare Atotgogiis 11 Oeouidr-
%og Ilegrogiopdg yia tny Avriotgogt tng I'jeavong;

ABavdorog Balapavidong, Ooun Blayoyidvvny zoa
Kovotavtivog Puotdxng

Turjua Xnueiag, IHavemiotjuio AGnvav,
Havemornuiovmodn Zawyodgov, 15784 Abva

ITegidnyn

Tig televtaleg dexaeties €xovv TEOTUOE! OLORETES
EMOTNUOVIXES OewQIES YL TNV Y1iEavon TwV aeQOfLmv
Broroyav cvotudtov. Mepuxég amo g Bempieg dev
emBePoadBNrAV OTTO TLS ETOTNUOVIRES EQEVVES EVA T~
Leg moQEUEVaY YLOTl ATTOTELEOOV TOOOMOQEES ALGdOUG
YLOL TNV YEQOVTOAOYLXY €pguval. X dexaetion tov 1950 o
apepwavog emomuovos Denham Harman avaxoivooe
™mv Onuoveyry TEATaon OtL dQAOTIRES OEUYOVOUYES
evaoels (ROS) maiCouv onpavind QAo ot Y1iQavom).
IMpdtewve Gt ehevBepeg EICeg oV oynuatiCovrot evoo-
YEVAS G TOQATQOIOVIO TOV (UOLOMOYIXOU UETABOAL-
ouov maCovv onuavtnd EOAO ot Yovoy, ®aBag rou
TOL UTOYXOVOQLOL TTOV ELVOLL TOL RUTTOQLHA 0QYOLVIOLOL GTTOU
mopdyovior to. ROS. Ov agpdfror opyoviopol xndtm
omé UOLONOYIKES OUVONXES OVOOMEEVOUV ALAPOQES
o&edotnés PAdfes oe ruttoprd pomQoudol (AGym
OVLOOQQOTTIOLS OEELOMTIRMV RO OVTLOEELOWTIRMV TTOLQO!-
YOVIOV) OV OQUEAVETOL UE TN YIEOVOY, CUUPBAAOVTOG
TEOO0JEVTINA OE QUENUEVO OEELOWTIXG Stress ®ou Pelman
TOV RKUTTOQWOV Aettovpyav. Tig televtates denaetieg
VEeg avoxrahPels xan emoTnuovird dedopéva emife-
Bouwdvouy To 0GAO TOV 0EEWWTIROU Stress oty Y1ieavon
TV ONhaotrdy, eva €xel emtevydet fabiteen ratovo-
NON TWV EXPUMOTIHAOV OOOEVELMDV TNG Y1QAVONS OTOVS
avBpwmovs. Ou TEAOoPATES €QEVVES €YOUV UEAETHOEL
™V GUEOT OUUUETOXN TOU OEELdMTHOVU stress oty yn-
QOVON TV UVGV (TOVTUMOV) Ko GAAWY TELQOUATOTHMV
%O Ol TTELRAUOTIRES EVOEIEELS VITooTNEICOVY TN Bewoin
Tov 0EedwTRoU stress yio T yroavon. Ilelpdpora pe
avtoEeldmwmrd ovutAineduote dtoteo@iic, Prrauives/
petahxd vyvootouyeia, €xovv deiEel aupLofntovuevoa
%Ol OUYXQOUGUEVE OTTOTEAEOUOTO. OE TUYOLOTTOUUEVES
rMVirEg neléteg o€ GtL agopd ot Pehtimon aobevel-
@V 7oV oefhovton 010 OEEWWTIRG stress. Avtibeta,
mepdpato Bepuidnol meQLogLonoy €detEay GtL divouy
BeTrEC ATOOEIEELS VIO EVEQYETINA OITTOTELEOUOLTOL OE UE-
TAPOMHES, OQUOVIXES RO AELTOVQYIRES AANOLYES OE ML~
KLOUEVOVUS AvOpEeS ®ou yuvaixes. H avaoxdmnon avt
TOQOVOLALEL TLG TAEOV TTOOOMATES RO ONUAVTIXES EQEV-
VEC %Ol TTEQAUATA i1 VIVO Lo TO QGAO TOV OEELDMTIXOY
stress otn ynoowvon.
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OEeld0mTino stress ®oL caxy0nons otafrtne tumov 11
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ITegidnym

H dwofmunn ayyetomdBera zow vepoomdbeia eivat ot
nUoLeS autieg Bvnoudtrag xow Bvnrémrog otovg aobe-
veig pue dwopritn timov I wow II. Enpavuréc xMvinég pe-
Aétec 6mmg ou Diabetes Control and Complications Trial
(DCCT) nan United Kingdom Prospective Diabetes Study
(UKPDS) amodeixviouy T GUOYETLON QUTMV TWV ETLTAO-
ROV Ue TV vepylurapio row ToL vmAd entimedo ehevbe-
QMV MMV 0EEMV 0T YeVIrT| ®urhogogia (aveEdotnto
a6 ™mv duapoed oty tafogpuotohoyio Tov drafritn TU-
sov I won IT)! .

H vmepyhurapio zow tar avEnuévo ehetvBepa Mmapd
0E€a gvBivovtan Yo T dMuovyion OQUOTIRMV HOQPMOV
o&uvyovou (ROS) ue ovvémeio v eugpdvion oEedwtiroy
stress o€ wo TowiAio Lotav. Arovoio avtotaduoTivdy
OTTORQIoEWV OTT0 TOV €VOOYEVY] OVTLOEELOMTING UNYOVL-
ouo, T0 LOOLUYLO avdueoa oty dNULOVEYID ®ol OTTodSUN o
TV daoTrMV HoEEaV oEuydvou (ROS) diatapdooetal,
UE ATTOTELEOUC TNV EVEQYOTOMON ETOYOUEVWV-OTTG TO-
0EeldmTind-stress dLORVTTAORDY ONUATOOOTIRDV 00MV.
H evepyomoinon tov onuatodotrdv aut®@v oddv dio-
doouotiCel onuovtvd QOA0 0TV avdmTuEn avtioToong
TOV LOTOV-0TOY WV 0TN QG0N TS LVOOUAIVNG, 0T uelwon
™mg €xxnolong mg (LEow duoiettovpyiog Twv - ruttdomwv
TOU TTOYRQEATOG) KOL OTNV OVATTTUEN TV SLaPNTLRdV ETTL-
shordv. H 1didtta twv aviioEetdwtxroy va. mpoototev-
OUV OTT0 TS ETUTTAOXES TNG VITEQYAVHOLUIOS HOL TWV QVEN-
uévov ehetiBepmv Mtap®v 0EEmv in vitro, oe ouvdVAOUO
ue to ®Mvirag amodederyuévo opéhn g Bepamelag ue
OVTLOEELOMTINA ETUPERALWVOVY TOV OUTIOAOYIXG QGLO TOV
0EeLdWTROU stress otV exxivnon 1i/xow v emdeivmon
QUTMOV TOV OVOUAMOV. 2TV Ta0U00. ETLOROTNOY TOQ0-
tiBevran oL froymurés dradwaoieg fdoel Twv omoiwv To
EMAYOUEVO QTG TNV VIteQYAVROLUio xou T eElevBeQa Aol-
00 0E€0 0EEOMTLHO stress, TEORAAEL LVGOVALYOOVTIOTAON,
duohettovpyio B-ruttdowv Tov TayREENTOS (0duvouio
EXnQLONG LVOOULIVIG) o OLOPNTIRES ETLITAOREG.

1. Ewoayoyn

O S timov I (1 un tvoovhvoeEatduevog dia-
g, NIDDM) eivow pio xodvio petafoixy drotooa-
M ®ouw 0000TEQO Uit £TEQOYEVNS OUAd GUVOQSUMY TTOU
yoeoxTNOICeTan amtd ehaTtmUEVY evaodnolo Twv ®UTTd-
WV 0t dEAON TS LVOOUAIVNS (PovVOUEVO TTov ovoudie-
TOL LYOOUAVOOVTOXY M LVOOUMYOQVTIOTaON), QUENUEVN
nroTKy ToEoymyy YAUrOING ®ot eATTOUEVN €xxoLlom
voouhivnc>**3, H ehattwuévn gvaiotnoio oty tvoouli-
V1, M omoia evtomiCetal ovviiBws Ot TEWMTO OTAdLL TOV
HeTOPoM®OU awtolv ouvdEouov, odnysl oe avEnon g
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TOQAYOUEVNS LYOOUAIVNG ®ow TeEMXA 0€ eEGVTANOT ®OoU du-
OLeLTOVQY IO TV B RUTTAQWYV TOV TTOLYRQEATOGC.

O dwopritng wimov II eivon amwotéheopo olnhemidoa-
ong HeTagy yevetniic mpodidfeong”8 1, meoifarhovindy
%O OUUTTEQLPOQLOTIRMV TTOQAYOVTMV %vdUvou. Extdg amd
™ yeverury pdon tov dafrit tirtov 11, vrdoyouv 1oyvEEg
evdelelg Ot Tapdyovteg Omme 1 Javoaoxia, N VYA
TGO MY Beuidwv row 1 EMenpn couaTikig 00oTNOL-
dmTog aToTeEAOUV BaotroUg Un-YEVETIXOUS, TOOTOTOLOL-
UOVG TTOLQGYOVTES HLVOUVOU EUPAVIONS THS VOoOU. TTadA-
Mo VITEEYOVV RO U1 TQOTOTOU|OLUOL TTARAYOVTES OIS
1N ®AnoovouxomTa, 1 eBvirdmTa, N NAxic ®oL o Younid
owUaTHO PAQOS ®aTd T YEVVNON OL OTTOloL ETTIONG CUN-
Barrovv oy maBoyévela tov duafijtn Timou 11

Zvppwva pe tov [Hoayrdouwo Opyavioud Yyeilag, uéyol
70 2030 meproodtepa omd 300 exoroppvora dvBpwmor Bo
€xouv exdnhmoel ooryandn diaprm timov I1. Zm ydoa
nog, To 6% tov yevirol ThnBuopoy TdoyEL amd Coxy0QM-
o dwaPrtn. H vooog €xel vymhdtepo emumohaopd (ovyve-
™o eupdviong) oto dutnd ndopo (Wiaitepa o drafrtng
tomov II) now owtd omoterel pua axdun cagr €voelEn yia
T OUOYETLON TS VOOOU UE TO OUYYQ0VO TOOTo Cmng, TLg di-
QTEOPIRES OUVNOELES RO TV EAAENPY COUATIRNG GLOXNONG.
O oany0eddng dafring timov 11 astotehet po 0mtd Tg ®v-
oLeg autieg Bavatov mayrooping ®abwe aotelel ToQdyo-
VIO KLVOUVOU 0TV avAITTUEY ®AOLOLYYELORMY VOOUATWV.

2. Emumthoxég tov dwafntn timov 11

O emumhoxég Tou drafnt uwooovv vo. taEivounbovv
o€ TEE(g naTNYOQIES: NUOXRAEILOTADELES, WARQO-OYYELO-
%EC RO WHQO-OLyYELOMES ETUTAORES!.

H drapnrnn puozagdromdfea emipépet toBohoyirég
O AELTOVQYIRES AAAAYES OTOL ROQOLOUVORVTTOQO TTQORCL-
Myvtog drootohnt] duohertovgyio TmV ®otAwVY, evOLdue-
on tvoon, dradoyny eldrtmon Tov TAnBuouos Twv ®odL-
OUVOXUTTAQMY XL UELMON TG CUOTUATIXOTNTOGC.

O paxgoayyelorég emthoxés Tov dtopritn mepthap-
Bavouv ™ otegaviaio vooo, ™V afNQ®MUAT®MOY Kot THV
TEQLPEQLXT] OLYYELOTTAOELOL.

ZTUG QO YELORES ETUITAORES, Ol TOHOMOYIRES UETO-
Bohéc Twv pnpoayyeimv emneedlovy ™ AgttovpyrdTnTa
TOU appLPANOTEOELdO0US YLTahvaL (StafmTiny aupLBAnotQoeL-
domafela) Twv vepemv (dtafmnmxrn vepoomdoeLla) row Tmv
vevpwv (drapntnt vevpomdOeia). Emiong, mepropiCovv my
ayyelmon Tou puoxodiov %ol TNV LROVOTNTO. ETOVAMONG
tov edxnav. H eEEMEN avtdv twv xapdioryyelorav emwho-
%OV OETICETOL AUETTL UE TV VITEQYAUROULUICL Xaut T ENEVOE-
00 MTtapd 0E€a. ZUVETMS, O AVOTNEAGS KOl LOXQOYOOVLOC
yAurourog EAeYY0G EVOL 1) TLO OTTOTEAECUOTIRY TTQOOEY-
YLON 0TV TTEOANYM TV JLOPNTLRGV ETUTAORMDV.



3. OEeldwTI®O stress

Q¢ 0EedmTnd stress opiCeta 1 droroay TS LOOQEOTTI-
0g HETAED TV OEELOMTIXMVY ROl OVTLOEELOMTIRMY OVOLHOV
TOV RUTTAQOV %aL O@elleTal elte 08 OENUEVY TOQOY WYY
dpaotrdv popav ogvydvou (ROS: Reactive Oxygen
Species) elte o€ OVETAQKELD TMV KUTTAQXDV OVTLOEEL-
dOTRGOV unyovioudv,  Ze yoaunAéc ovyREVIQWOELS OL
ROS tapovotdovv eveQyeTivég 00AOELS CUUUETEYOVTOG
0g dLadaoleg OmmE 1 KUTTOQXY] OTTORQLOY OTO stress,
1 UETAYOYY] OHUATOS, 1] ®UTTAOLRY dLOPOQOTOINON, 1 UE-
TAYQOPN TV YOVISImV, 0 ®UTTAOIXROS TOMOTAACLOOUAS,
N @Aeyuovij xa 1 omdmroon>34, - AviiBeta, meplooeia
ROS mpoxahiel PAafeg ota »utroQmd Mmidla, Tg Tom-
telveg vow 10 DNA avaotéhhovtag ) Aettoveyio Toug.
Katd ovvémeio to 0Eeldmtirnd stress evoyomoLetaL Yo
™MV TOB0PUOLOAOY (0 TOAADY VOONUATWOV (7). ETLTAORES
RO LVOOUMVOQVTIOTAON OTO oaxyoeddn dtafitn timov
IT) »aBwg ®on yuo ™ dadwwaocia g yrooavons. H wop-
poria avdueoa ot eveQyeTnég na emPhafeis dpdoels
TV WAV elvan Cwtrng oNUaoiog Yo Toug 0QYOVIOUOUS
%ot SLOPUAAOOETAL e €VOL OUVOLO UNYOVIOUMV YVWOTO
wg «oEewdoavaywywmiy eBuwon» (redox regulation). H
oEewdoavaywyw] guBuon dwatneel Ty oEewdoavayw-
YWY OuoLd0TO0N O TQOOTOTEVEL TOVUS CHIVIES OQYOVL-
ouolg ogtd 10 OEEWWTIKG stress’. ZvumeQaouoTixd, To
0EedWTHO stress WITOEEL VaL YoQarTNOLOTED WG daToQa-
M ™ o&ewdoavaywyrig eUOwong's.

4. AQuoTInEg LOQYES 0EVYOVOU
(reactive oxygen species, ROS)

Zrjuepa elvor Yvwotd ot Gheg oyedov ou emPrafeic
emOQAOELL TOVU OEUYOVOU OpEIAOVTOL OTO OYXNUOTLIOUG
ehevBeowv ooV (free radicals) xow dAhwv dpaotirwv
pop@wv oEuydvou (reactive oxygen species, ROS), ota
omota TEQLAMOUPAVOVTOL TO TEWTOYEVY] dQUOTIHA TTOLOG-
YWy Tov 0EUYSvou odAd xaw Gha exeiva (0iCes 1 un), ta
0Tto{0, TEORVITTOUV OEVTEQOYEVMS RTA TLG OLAPOQES Y1 UL~
%ES OMNAETUOQAOELS PE TAL OTOLYELDL TOV RUTTOQLROV TTEQL-
Barhovrog (m.y. ehetBepeg vtepoEul-pites R-C-O-O" na
aloEVA-0iCeg R-C-O, eviidue oo mooidvta e ueQosei-
dwong Mmtdimv)'7. Ou ROS oynuatiCovian avamdpeurto
otov aeEOfLo petafolopd rou elvan ) oo awtio exdhm-
O1C TOV (PALVOUEVOU TOU OEELOMTIROU Stress ota ®UTToQa.
Mua ehetiBepn piCa oynuoatiCetan oo pio un-pila n omoia
() xaveL €va nhextoovio, (B) d€yeton Eva MAEXTOOVLO 1j
(v) velotatar opolvtny didomaon (homolytic fission)
€VOS OUOLOTTOM®OU deCUOU:

a)X>e + X
B)Y +e->Y-
7 X: Y5> X +Y

Avtiotgopa ot ™V opoivtiry didomaon, dvo elev-
Bepeg piCeg WrtoEouv va avtdpdoouvy uetaEy Toug o Vo
ouvdeBoUV opoloTtoMxd, OmTeTE TEORVITTEL Wi un-ita
(X +Y > Y-X), yeyovig mov elvar oAl omdvio, ogov 1
OoVYrEVIQMON TV ehevBEQmV oLV diatneeitan og oA
XOUNAG eTtimeda anoun ®ol 08 ROTAOTAOELS EVIOVOU OEEL-
dwtrov stress. AvrtiBeto, o ehetiBepn oilla ouviBog
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ovtdd pe wo in-otla (ta TeQLoaGTEQQ FLohoyrd uéoLo
dev elvan ehevBepec piCeg) ue tovg eErjg Todmovg:

a) mpoobetind, otav 1 ehevBepn plCa cuvdEeTan we ™ un-
ota (.. meoothixn tov OH omv yovavivn tov DNA:
X+Y->[XY])

B) avaywywrd, dtav n ehevBeon plla dpa mg avaywyirdg
TOQAYOVTOC, TTOQUYMOMVTAS TO AOVLEVHTO TG MAERTQO-
vio ot un-oiCo: X + Y > X* + Y-

v) oEewdwtind, dtav 1 ehetBeon oiCa dpa wg 0EedwTndg
Todyovtog, Oexouevn €va NAEXTEOVIO oo T un-otta:
X+Y> X+Y*

0) agapetind, dtav 1 ehevBepn oila amoomd €va dtopo
VOQOYGVOU TG TOV OVOQORIXG OREAETO WOS OQYOVIXIG
€voong. XapaxrtoLotxo TaddeLyuo T€ToL0S avtidgo-
ong elvat 1 TEOOPOM]| TV TAEVQRAOV AAVOTOMV MOV
0EEwv oo v ehevBepn oo vOEOEVAIOY, e TV omoia
aoyiCovv oL aAvomTES avtddoels ™ VITEQOEEIdmONG
TV MTdimv:

"Etol oynuatiCetar po véo ehevBepn oiCa, M omoio
av elvor emiong 0p0OTIHI WTOEEL VO OVTLOQAOEL EX VEOU
ue éva dAro uogLo %.0.x. Iapdderyno tétolwv ahvotdm-
TV ovtdpdoemv elevBEpwv POV elvan 1 VIteQOEEIdW-
on TV Mdimv Tov ototelel TOV ®UQLO U OVIOUS TTEO-
®Anong oEedwtxng PAAPng oe Proloywmés ueppodvec.
Extdg a6 tig ROS oAb onuovtirég 0to 0Eel0mTins stress
elvar nat oL dQaOTIRES LORPES (0LTES 1] UN) ARV YMULRWOV
otouyelmv ®oL woelmv, Tov draxpivovial avaloyo ue v
TOELEVON] TOUG O€ EXEIVES TTOV VITAQYOVV OTO TEQLRAMOV
TOV RUTTAQMV RO O EXEIVES OV OYNUOTCoVTOL amd ™)
dpdon twv ROS el tov SLopoQmy ®UTTOQIRMOY CUOTOTL-
ROV, STV TEATH RATNYOQI0. AVIjROUV TO. LOVTOL OLONQOV,
XOAROU ®OL GAAMY UETAMWV UETATTMONG (TOV ROTOA)-
ouv ovTdQAOoELS TOU OEEWMTIROU Stress %o TEOAYOouvV
oEeldwtnég PAaPeg oto ®UTTAO), TO LOVTA YAmEIOV RO
70 NO' (wov mapdyeton amd v L-apywivn pe ) dodon
Tou gvliuov ouvBetdon tov NO (NOS) zou €xeL 0Eetdm-
T o avitogeldmtniy dpdon). Xt devteon ratnyopia
avnrovy oL ehevBepeg piteg Belov RS (mpoidvta g oEet-
dwtnric PAAPNE 1 avtioEedmtinng dpdong drapdpmwv Bet-
oMDV), ehevBepeg lCeg dvBoana R-C (evdudueoo mooi-
ovta g veEoEelidmong Mmdimv), To vTeQOEUVITONdES
avidv ONOO- (mpoidv mg aviidoaons O, nar NO'), to
vroyhweudeg 0&6 HOCI (mpoidv mg avtidpaong H,O
zat Cl-) z.0.

2

5. Anovgyio 60aoTIRdV HOEEAY 0EVYGVOL (ROS)
5.1 Miroyovograxn mogayoyr ROS

Katd ™ dudoreia g wtoyovoLaxiic avamvong (wu-
®nhog tov Krebs,ahvoido petogpopds nhertpovimv) Tto
nootaxd oEuyovo elvol omaQaitTo Yot To UeTafohoud
™g YAUrGIng na MWV VITooTEWUATOVY. ZTOV RUXAO TOU
Krebs 1 ynunn evépyela amd dLopoQeTind VITooTQMUTO
yonowpomotetar Yo ™) petoromyj tov ADP og ATP (pw-
OPOQUAIWON ETUITEGOV VITOOTEWNATOS) (Zyjuc 1)1E.



Zpina 1: Poopoourinon emimédov VITOOTOWUATOS

v alvoida uetapods NAEXTEOVIMV, 1) EVEQYELD YLOL
™ @wopoQuAimon Tov ADP mpogpyetor amd wo oeld
oEeldoavaymywmmv oviddoewv (oEedmtxny Qopo-
QUAl®ON). Y76 @uolohoyrég ouvOnixres, €va moo00To
ueta& 0,4 now 4% Tov ROTOVOMORGUEVOL OO TNV OEEL-
dwtry] POOoQoQUAIWON 0EVYGVOU LETATOETETOL OF QICES
VIEQOEELOOU avidvrog (O,7)2022324 T ouvéyela,
10 O, pmopel vo petorpomel o€ Ghheg dpaOTIHES MOQ-
@ég o&uyovou (ROS) zaw afwtov (RNS). O ehetiBepeg
oitec ouvviBmg eEovdetepmvovtan amd Toug evOoyevels
OVTLOEELOMTIROUS UNYOVIOUOUS tov Ba avagepBolv ot
ovvéyela. Xaonmolotind 1o O,” eEE0VdETEQUHVETAL TEOG
H,0, ané mv vrepoEediny diopovtdon 2 (SOD2)"
(Zuo 2)*. To H,0, avdyetar o6 TV veQogetdaon tg
yhovtaberdvng meog O, rwow H,O oto utoydvoeia 1 dwa.-
YEETOL OTO RUTTOQOTAOOUOL RO OVAYETOL atd TO €vEVUO
xatohdon ota vitegogvowuarto. [agovoio petdhhmy pe-
tamTwong 6rtws o Fe xaw o Cu to H,O, petatpémeton oty
LoyvEd dpaotvy vdpoEvhxrt pita OH..

Zjua 2: Ofetdwtixnt] gwopogulioon

5.2 Nixotivoptdo-adevivovourheoTiotreg
(pwogogizég) oEerddaoes (NAD(P)H oEerddaon)

Ta évivua NAD(P)H oEewddoeg omotehovvron amd
VITOROVAdES OV evTomCovTaL TG00 OTNV KUTTOQLKY UEW-
Bodvn, 600 %ol OTO KUTTAQOTACOUC CLYYELOKMY AELOUL-
0rUTTAQMYV, 0VOETEQOPLAMY, LVOPAAOTAY, evdoBNAloxdV
%Ol UECOYYELOXRWOV ®uTTdQmV. H evepyomoimon tmv xrut-
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TAQWV OUTHV TEOXOAE] UETORIVION TWV KUTTALQOTACLONL-
TRV VITOROVAD WV OTHV RUTTOQLRY UEUPOAVN UE ATOTENE-
OUC TO OYNUCTIOUOU TTOAVUEQLRMV OCVUTTAGRMY e ddon
o&elddone. Ou NAD(P)H oEewddoeg rataliovy tv avo-
yoyy Tov O, yonoworowdvras 1o NADH (vixotvaudo-
adevivovourAeotido) 1 to NADPH (pmogpooird virott-
VOULd0-adEVIVOVOUXRAEOTIOLO) TV dGTN NAERTQOVIWV.
NAD(P)H +20, > NAD(P)* + H* + O,

H NAD(P)H oEewddon eivar 1 ®igLa sy vieotet-
dov aviévrog (0, ) OTOV oy YELOXG LOTG #auL TOL XUTTCO
TOU puoxadiov (Zyfua 3)®. Ou meQuoodTeQes ®AMVIKES
uehéteg vrodewrviovy 6t 1o NADH eivor natalinhdte-
00 VTGOTEMUE 2230 (nGTEC0 VITAEYOVY TEQUTTWOELS
omov to NADPH vreguoyve’ 2. H NAD(P)H o&e1dd-
on emdyetol oo OQUOVES, UETOPOLES TV cupoduva-
wrdv ovvBnrav xon petafohxés ahhayéc. H ayyelo-
tevoivn 117, 1 Bpopupivn’®, o awEnturds mapdyoviag Twv
owpometoiov*(PDGF: platelet-derived growth factor),o
Tapdyovtog vErQmong oyxrov-a®s (TNF-a: tumor necrosis
factor-a), to LacCer (f-D-galactosyl-(1-4)-p-D-glucosyl-
(1-1’)-ceramide), m wtephevrivy-1 (IL-1) »now o evegyo-
Tomtrdg mapdyovtag Tmv awponetaiiowv (PAF: platelet-
activating factor) dieyelpovv v xotoluduevn and To
NADH 1/zar to NADPH magoaywyr O, . Zto ovdeted-
@uha 1 0pdom TS 0Eelddong euBICeTaL ®ow oo TV TEW-
teiviny nvdon CH(PKC) xou ota dio vittaga, n viep-
vhvrouuio, HECWH ™G EVEQYOTOIMONG TOU UETOYQUPLROU
muenviroy mtopdyovta NF-uB, avEdver v €xgpoaon m™g
vropovddog gp91Pxtne NADPH oEeiddong.

Zina 3: Aowij xar dpdon NAD(P)H oeiddons tawv ovde-
TeQ0QIAWY (apLoTepd) xat Twv Asiwv uvixdv wav (deéid)

5.3 Agudgoyovdaon tng Eavlivng (XDH)
»nar OEeddon g EavBivng (XOD)

H agudgoyovdon g EavBivng (XDH) yonopomorel
™mv vroEavOivy | v EavBivy wg vrdotpmua xot 1o NAD
WS CUUITORAYOVTO-OEXTY NAEXTOOVIOV TTEOS OYNUATLOUO
NADH xow ovproy oE€og. e mabohoyirég roTo0Td-
OELS, OTtmg 08 TeEMXA OTddI0 ®aEdLmS avemdorelag’8 1
agudpoyovdon g EavOivng petotoémetolr oty 05edm-
névn g poerj (oEewddon mg EavBivng, XOD) 1 omola
dpa ota (O axELPpads vrrootowpata (SavOivn, vroEov-
Bivn) alrd xonowomotel 10 O, wg CUUTAQAYOVTO-OEXTN
NAERTEOVIWV TOG OYNUOATIOUSG OVELROU OEEOS ROl VITEQO-
Eewdnov avidvrog (0,").



Zytjna 4. H uetaroomij s aguidpoyovdons tys Eavoivyg
mwoos o&etddon s EavBivns mbavds moayuatomoieitar e
oVVOIxeS stress, OLaTaQaymy TOV evOOXVTTAQIXOV A0PBE0TIOV
xat o&eidwons Oetohixdv ouddwv. H oEetddon tng Eavoi-
s (XOD) eivar uia oquavtixj sy eveoyaw uoopay o&v-
YOovov ata, ToAVHoQ@oTHonVa, EvooOniiaxd xair embniiaxd
XUTTQQA #ABDS %Al OTA XVTTAQA TOV OUVOETIXOU LOTOV.

5.4. Ilogoywyn ehevBegmv LEdV 0TV ®VTTAQLAT
peppodvn néow TOV eVEURATIZRGY 00DV
TOV 0Qa)LO0VIXOV 0EEDG

H mopaywyn tov ehevBépomv olldv oEuydvou oty
RUTTAQOTACLOUOTLRY] LEUPQAVY EIVOL OTTOTEAECUOL TOV [LE-
tafolouov tou agoydovirov oE€og (AA: Arachidonic
Acid) ™g 0EeldmOoNg TV UEUPOOUVIXMV TOWTEIVAV KO TNG
QUTOOEEIdWONG TV CLVIEEUEVMV ne T HeuPOdvy ®uTo-
XOWUATWV.

H vrtepoEeidmwon tov peppooviradv Mmdinv -amoté-
Leopo g omoiag amotehel o To 0QOLOOVIRG 08D - OU-
vieleltal evivpoamxd amd Eviupa 6mms oL pmOQOMITACES
A2 (PLA2) »ow un evlupotind amd eveQyEég LOQYES o8v-
yévou (OH;, O, ) xaw alotov (NO'). H poogohmdon A2
elval 1o ®UELo eviupo yia v amehevBEomon aaytdovi-
%0V oE€oc.

H dpaotxn vdpoEuhni oilCae OH' dev asrotehel wpoiov
eviupoamig dpdong ahhd. moonvmrel and H,O, mapovoio
UETCAMAADV 1GVTWV %o xvplwg Fe?™ xaw Cu?t, ue v avri-
dpaon Fenton. Metd 1o oynuotiond mg, oo OH emdpd
0€ RUTTOQRC. OTOLYEIDL OIS TOAVAKROQEOTO. MITOQA OEEQ
rou peppoavind amtidio. Kotd myv avtidooaon g OH ue
TTOMOXGEEOTA MIT0d OEEC TEOXTUITTOVY CARVAO-QITES TTOU
oANAeTIOQMVTOS Ue pogLand oEuyovo divouy piteg ROO.
O oiCec ROO" amoomotv vdpoydva, ammd To. TOQAKRELUE-
Vo MTtaldl 0EEaL TROS OYNUOTLOUS MOV VIteQOEeLdlimv
(ROOH) véawv oArvro-olldv Eenvaviog €ToL wo aAvot-
St avtidpaon oEeidmwong Twv Mdimv.

To NO' mpoxvmrel »otd Vv evivpotiny] 0Eeidwon g
L-aoywivng mpog ®xitpovhivy amd tig NO cuvBetdoeg ot
amotelel €vo faoind QUOULOTH OlyYELOKRNG OWTOXOLONG KLl
vevpovrtig duafipaone.

To vmeo&edind avidv O, dev mooxahel dueco M-
dn1] vrteQoEelidmon alhd arinlemidpwvtag pe 1o NO
oymuotiCer vrepoEuvitpddeg avidv (ONOO') éva Loyveo
0EeldwTnd mov emdyel TV VITEQOEEdWOoN TV MTdimy.

O pwogolrdoeg A2 (PLA2) amotehovv po peydin
ooYEveLo eVEUNMV, T 0mToiet VOQOAIOUV TOV €0TEQLXO
deoud oty sn-2 B€on TV YAUREQOPMOPO-MITLOIWV KL
TOEAYOVY  2-Moogpmopolmidio o erevBepa MmoQd
0E€a®, H avtidpaon avti maovoldlet Wiaitepo evola-
PEQOV GTO TO £MeVBEQO AMITOQO 0EU OV ATOUOXQUVETOL
oo Ty sn-2 B€on elvan to apaydovind o&v. To mapoyd-
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UEVO 0 LO0VIRG OBV ETAVEVOMUATHVETOL OTO. UEUSQOAVL-
%d pwopolmidia N petafoliCetal amd pio oelpd eviupmwy
TOOS OYNUATIOUO WLOG OLROYEVELLS PLOAOYMAIG EVEQYDV
ueTafoMTav, Twv exoouvoeldiv. Toelg onuavtirég odot
UTOQOUV vo. neTatéyouv to AA oe ewocavoeldn!. Zmv
TEWTN petafoinii 086 to Eviupo rvrhoEvyovden (COX)
modyer BpouPoEdves, mTEOOTOYAUVOIVES %L TEOOTO-
®ruxhiveg. 2t devtepn 000, to €viupo S-MmoEvyovdon
TTOQAYEL AEUXOTOLEVLOL KOL EVAIOELS VOQOEVU-ELHOOLTETQOL
voixov o&€og (HETE) . 2ty toitn 086, to €viupo emo-
Euyovdon, mov elvar ué€rog tov rutoypopatog P450 mo-
odyeL eVoELS cis-emoEv-ewroattetoavoinot oE€og (EET)
xat dhheg evioerg HETE. Ou COXs, MmoEuyovdoeg o
EMOEVYOVAOES KOTOAMIOUY TNV OTEQOELOLXY ELOCLYMYT] TOV
0EuyOvou og dLdpopes BEoels 0to AA %ot ®RATAVELOVTOL
enhenTnd OTOVUS ALAPOQOVS RUTTAOLHOVS THTTOVS, QUEA-
VOVTOG TEQOUUTEQM TNV TOAVTAORGTNTA TG PLoroylog TV
eooavoeldmv. Extéc amd 1o apaytdovird oEv frohoyt-
%S dQAOTIRA POQLOL EIVAL RO TAL AVUCOPWOPOALTTIOLOL TTOU
ooxumrouv amtd ™ dpdon g PLA2 2. “Otav de to hvoo-
QWOPOMITLORG TTEOIOV TTEQLEYEL Uiol ®EPAAY] YOAIVNG %o
€vav ahnvird deopd ot B€on sn-1 amotehel TEAGdQOU0
UOOLO YLOL TOV TTOQAYOVTOL EVEQYOTOMNONG TV OLUOTTETAAL-
wv (PAF: Platelet Activating Factor)®.

Katd to petaforloud tov apaytdovirot 0EEog péom
™S 000U TS ®UKHAOELYOVAONS TTOQAYETOL VITEQOEELOLO
avidv 0T0 0TAdL0 TG UETATQOTS THES TTEOOTAYAQVOIvNG
G2 omv mpootayhavdivy H2. To avidv tov vrtepo&etdi-
0V TOQAYETAL ENIONG KO XATA TO UETOLOMOUS TOV QLQO-
¥ovixov 0E€og oty 086 MmoEuyovdons. Ko otg dvo
mEQUITTIOELS atautelton M tapovoio thig NADH 1) naw g
NADPH o0&g1dd ong .

5.4.1. H petafohxnr 0d6g T ®urhooEvyovdong (COX)

Zmv et 006 HETOLOMOUOT TOV 0oy LdOVIXOU OEE-
0g, N ®UrAOOEVYOVAON ®aTaAUEL T OTOOLONY] UETOTQOTTH
tov AA oe evdidueon mpootayravdivy G2 (PGG2) nou
H2 (PGH2) (Zyjuo 5)* .

Zine 5: Aradoyixd orddia oynuationod PGH2 amno aoa-
xL0ovino o0&V



310 OTAOL0 TG UETOTEOMNG THS TtRooTayhavdivig G2
omv mpootayhavdivy H2, mapdyeton vitepoEedind avi-
6v (0, ). Zm ouvvéyewa n meootayhavdivy H2 (PGH2)
netafoliCeton mpog BoouPoEdvn A2(TXA2), mpootanv-
xhivn) (PGI2) »ouw dhheg mpootayhavdives (PGD2, PGE2,
PGF2a) and o éviupo ovvBetdon BooufoEdvng, ouvhe-
TAON TTOOOTAXVUXAIVIG %Ol LOOUEQAON TQOOTOYAOVOIVIG
avtiotorya™. O dpaotinég oiteg O, mov TEORVTTOVY HATA
™ uetarpomny s PGG2 oe PGH2 adpavomoloty tor pueté-
xovto ot petafolxrn 096 e xUrhoEVYOVAON S EVEUIOL KOl
eorahovv PAAPES oo viTToRO (AGYw 0EEdmong Mmdiwv
TMOV RUTTOQOTACOUATIROV HEUPOOVAYV). ME TOV 160 0vtd
1 ueTof oMt 006G TS ®KUHAOEVYOVAONS OUTOAVOOTEANETOL
ue oUyyovn Toeaymyr ehevbépmv oIlLov o&vydvou®. Ta-
QAANAOL VOLOTEMAETOL KL 1] TTAQOLY WYY TMV TQOOTOTEVTL-
rdv PGE2 »ow PGI aAld o g TXA2 mov mooxahel ory-
YELOOVOTTOON %O GUYROMNON TV oupomeTahimve.,

5.4.2. H petafolxn 0d6g g MmoEuyovdong

H petafoiwt] 0d6¢ g S-AutoEuyovdong eveQyormotl-
eltoL 0ToL AeVRORVTTOQA CUUITTEQLAAUPAVOUEVWY TMV UoL-
OTOXVTTAQMYV, TMV NWOLVOPLLOV, TOV OVIETEQOPLAMY, TMV
Boaoedpilmv ®oL Twv HOVORUTTAQMY. ZTa ®UTTOQM QUTd,
N S-MmoEuyovdon petatpémel T0 apaytdovird o8V  oe
5-vdpoimepov-etvooatetpa-evowrd oEV (S-HPETE) to
omoio €yet Poayelo TCwm non awodopeitan ToyEmwg oo o
VITEQOEELOAON TEOS 5-VOEOEV-EHOCUTETQU-EVOIRO OED
(5-HETE). Evalaxtird, wa agudoyovdon Umoel vo.
petateépel 1o 5S-HETE oe éva aotabég emoEeido, v
revrotoiévn A4 (LTA4). Avtdg o petofolritng umopet
vo vdpoAivBel o 5,12-01w0Q0EV-ELROCUTETREVOIRG OEEXL
(5,12-DIiHETE) €vo and to omoia g{vol ®o To AEUROTQLE-
vio LTB4 1 va. ouCevyOel eviupotind te 1o TouUtemtioln g
vhoutaBeldvng. Avty 1 ovCevEn -uéom Tov pogiov g ®u-
oteivng TS Yhoutabeldvng- mapdyer LTC4. (Zyrjua 6)*.

Zyrua 6: Odoi twv 5-,12-,15-lmo&vyovaody

To Aevrotoiévio LTB4 mov ovvtiBeton omd wittapa
mov draBétovv LTA4 vdgordon (ovdete@dgpihal, Hovoryt-
TOQOY), E(VOL LOYVEOS YNUELOTOXTINOS TTOQAYMV OQWIVTOS
otovg BLT1 »ow BLT2 vmodoyeic g #uTtoQOmA0ouoTt-
g peufodvng twv ovdetepdpimv. AEiCel va avapepbel
Ot eXTOG AITO TO YNUELOTORTIRG TOU QOAO TO AEUXROTOLEVLO
LTB4 dieyeiper v €i0odo évtmv Ca** v xvnromoinon
Tov evdoxuttdolov Ca 2+ “#¥% o v medoinym eEolwv (my.
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D-yAuxrding) amd ta molvpoggomignva. “Etol ta evepyo-
TOMUEVAL OVOETEQOPLAD. LETOPEQOVV OTOVS LOTOUS OTOYOUG
avEnuéveg moodmreg W6vrwv Ca’t xou D-yhurdne.

To hevrotoLévio LTC4 moodyetan 08 ®UTTaQ0 IOV EX-
@odCovv v LTC4 ouvBetdon Smwg elval 0. HootoryT-
taa now To. Noovoguha. To LTC4 amotehet vtdotomua
OLOPOPETINMV TTOWTEACGIV, OL OTTOLES TAOAYOUV Ta PLOhO-
ywd evepyd hevrotolévia LTD4 zaw LTE4. Ta xvoteivi-
®d Aevrotolévia (LTC4, LTD4, LTE4) dpovv otoug pep-
Boavirots vrodoyels CysLT1 xow CysLT2 towv »uttdowv
OTOY WV TEOROAWVTOG OVOTTOON TOV BOOYYXOMMV ROl TV
AYYELOXADV AEIMV PUIROV VAV, aOENON TG TOLLOELOLXIG
dramtepatdtntag, Exroon PAEVVNG 0TI 0EQAYMYES 080T
%O TO EVIEQO RO XNUELOTOEI0L AEVRORVTTAQWV.

To AevrorUTTIoQ0 %ol XVEIWS TO ALpoTETAMO dLoBE-
Tovv exiong wo 12-htoEuyovdon n omolo eveQYOTTOLE (ToL
ontd oENTROUG TUEAYOVTES, (AEYUOVHOELS HUTOXIVES
%o veQy o uio™’, ®ow PETATEETEL TO 0EALOOVIRG 0EY
oe 12-vdpoimepoEu-glrooateTpa-evoind oEV  (12-HPE-
TE). Apxretd oEvyovouévo meoidvro autov tov eviiuov
elvaL Lravd VO EVEQYOTTOOOUV %LVAOES EVOLIOONTES OTO
stress nat 000Ug TOU EVEYOVTOL YLOL TNV CLYYELOXY KO VE-
o} vooo, mepthaupdvovtag xor v 0d6 g PKC, ue
QTOTELECULOL TV VITEQTOOPIOL TWV AEIV PUIRDV RUTTAQWV
tov ayyelwv. To 12-vdgoEu-gwrocateTpavoird o0&y, (12-
HETE) eivow €vog 1oxvo0g oyYELOYEVETIROS TTOQAYOVTOG
RavOg VoL EVEQYOTOLEL TOV uonvrd modyovta NF-xB
%Al VO CVEAVEL THV €XQEOOT TOU ayyelaxol evoodnlio-
20U avEnuxov tagdyovia (VEGF).

Ta evdoOnhand xittago exgodlovv wo 15-Autogu-
yovdon M omoia UETaTEETEL OTAdLURA TO QQULOOVIRG
08U oe 15-vdpoEuerooaretpaevoiro oEV (15-HETE).
St afnompatrd ayyelo gaivetor vo vTdeyer oENuE-
vn ovvBeon 15-HETE 10 omoilo petatpémeton amd evep-
yomomuévo, hevroxuttapo og Mmogives. Ou ®uQLdTeQeg
Mmo&iveg elvan ) MmoEivn A nou 1 Mto&ivy B. H roEivn
A4 (LXA4), dieyelpel v mooaywyr] aviGviog TOU VITEQO-
Eewdiov (O,") amd to ovdeTEQOPIAQL.

5.5. MovoEeidio Tov afdrTov

H aiv&Enon tov emmédwv vmepoEedirol oviovtog
(0,") amd my vrepylvraiuic. oNUOTOSOTEL TNV EVEQYOTOL-
non o0dwv eumhexduevov omv maboyéveon diofnTinadv
emMUTAORMV mtmg elvar 1 evOobnilomn] duolertovQyio’2.
H mapoywyr| tov wovogetdiov tov alwtov (NO') duadoa-
potiCer onuavied eoho oty EUBuon g evdodnhiokng
AELTOVQYIOG, TOORAMDVIOS OLYYELOLOOTOMY, OVOOTELAO-
VIOG TNV TROOXOAAN 0N AeVRORVTTAQWV OTO EVOOONALO %ot
OOVAS EEOVIETEQWVOVTAS TO VTTEQOEELIRS VISV 4,

To NO eivor mpoidv oEeidwong g L-apywvivng mpog
L-xtgovhivy. H avtidpaon ovt] xataivetar omd to viu-
no ovvBerdon tov NO' (NOS) now astouwtel v opovaoio
NAPDH, popioxot 0Evydvov, ®aipodoviivig xot dAAmv
OUUTTOEOYOVIMV/ CuVEVEUPV Omtwg 1 TeTeaidgopromte-
oivn (BH4), n mpotomoggueivn IX, 1o prafivo-adevivo-
dwvourheotidio (FAD) zow to rafLvo-uovovourieotiolo
(FMN). H otvBeon NO ané L-apywivn yivetor og dvo
otddwe oEeldwong. Apgywd m L-apywivn oEeddveton
mpog NP-vdpoEvapywvivny tagovoic NADPH xau tetoati-
dpofromtepivng (BH4). Xt ouvéyeia n N°-vdpoEvooyt-



vivn 0EelddveTal TEOS OYNUOTIONS ®tTEOVAivyg o NO
(Eyjua 7)% Ze owtd to onueio oEiter va onuetmdel Gt
1N nNOS, amovoia L-apywvivng, umopet vo cuvO€oel vme-
00Eeldd avidv (O,) nouw vreEoEeidio Tov vdEoYSvoL
(H,0,) e naravdrlmon NADPH yeyovég mov vrodeinvi-
€L T0 QGLO TV PAafvo-cuveviiumv ot petapood nhe-
ATOOVImV.

Zpjua 7: 2tddia oynuationov NO

Yrdoyovv 3 drapopetiréc loouopeés tg NOS: 1 ev-
doOnhaxy ovvBetdon (endothelial-eNOS), n vevpmviun
ovvBetdon (neuronal-nNOS) »ow M emoryayyun ovvOetd-
on (inducible -iINOS). Ou eNOS »or nNOS, peiorovron
og younhd emimedo 0TO RUTTAQOTAOOUOL AL EVEQYOTOL-
ovvtar atd 10 ruttagomhaouatvd Ca*t magovoio nok-
uodouvhivne. H gicodog Ca** péoa oe owtd to witroQa,
odnyovv oe dueon mapaywyn NO. H vreprapaywyn tov
aVLOVTOS TOV UTtEQOEELDIOV, UELDVEL TV dQAOTHOLITHTO
™mg evdoOnhaniic ovvBetdong (eNOS), adhd dia péoov
™mg mowteivivig xivdong C (PKC) o tov petayoopt-
2oV uonviroy mapdyovia NF-xB, dpaotmoiomolel v
NAD(P)H avEdvovrtag mv éxgpoaon tov iNOS, ne teMxd
amotéheona v avEnuévn tagoywyn tov NO'.

Yymhd entimedo NO' euvootv 10 OYnuUationo Tov Loyu-
0070 0EedwTrol VITeEGEVVITEDdOUS avidvtog ¥ (ONOO").
To #utTt0Q0TOEIS VITEQOEVVITRMdES aVIGY, 0EELDMVEL TIG
COVAQPUOQLMHUES OUAIES TV TTEWTEIVAV, CUUBAALOVTOS
€toL oV vreEoEeidmon Mmdiwv xa almTovywy apvo-
E€wv. H emidpaon tov vmeQoEuvitoddovg avidvtog oty
TUQOGIVY] EUVOEL TNV TOQAYWYN WOS LOYVQEOTOTNG OEEL-
dwTLrNg 0VCIaGg, TS VITEOTVEOOIVYS TTOU EUAVICeL Aueca
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toEwn dpdon oto evdodiiho Tav ayyeinv *(evdodOnhiomn
dvokrettovpyia). AvEnuévo enimedd vitEOTUVEOOIVNE OTO
Adopa SLofNTry aoBeVAOY VITOOERVIOVY T1) CUOYETLON
™G 0EedmTInNc cvTig ovotag we v ofoguotoloyic Tov
dwaprim™.

To vrTteEOEVVITOMOES avIdV, elvan Evag LoYVEOS Tad-
yovtag rataotooric Tov DNA. H xataotpogr tou DNA
drapaivetan amd v avEnuévn tagaywyn 8-vdpoguyova-
vivng raw 8-vdpoEudeoEuyovavooivng (deinteg rataoto-
@ig Tov DNA)*® »ow emdyel v €veQyomoinom Tov muon-
virou evivpov molv-(ADP-ouf6tn) mohupepdon (PARP).
H evepyomoinon tov PARP odnyel oe peiwon tov evdo-
wuttdowov NAD+ xrow mpodyer v ADP-guoluiimon
Tov evEUHoU apudEoYovAoH TS 3-pmOPOQLRNG YAUREQL-
vordetdns (GAPDH)Y. H ghdrtwon tov NAD+;,., €xeL
g aotéleopa T pelwon tov euBuoy yhurdilvong, g
UETOPOQAS NAeXTEOVIMV xaiL TV oynuatiopol tov ATP.H
vYhvreovahdetidn elvar oo ta faotrd petafolxd TEoio-
VIO TOV rOTaQEAxT TG YAurOhvong. H pipolulimon tov
eviUov auToU, 1oL CUVETMS 1] OVAOTOA] TOU UETAPOM-
Opov Tov, €YEL OOV ATOTEAEOUA T CUOCWQEEVTT TMV TOO-
nyovuevav artd ™ GAPDH petafolMxdv mooidvimy g
YAUROAUONG RO EXTOOTTY TOU UETOALLOAOUOYU OIS TN OELRA
™G YAMurndivong og dhheg moBoguotohoyrés 0doug (eEo-
Cauivng, PKC, moivoldv ).

6. Evdoyeveig avriogeldotirol punyaviopoi

210 ooy 0ewdn drofjty timov 1T extdg emarywyn Tov
0EeldwTroy stress moQaTNEETAL OUYYQOVY UVETAQHELN
EVOOYEVOV aVTIOEEDOTIROV punyaviopdv. To onuaviiro-
TEQO AVTLOEELOWTIRG EVEVUUA TOU 0QYAVIOUOU E(VOL 1) VITE-
p0Eewdux diopovtdon (SOD),n rotoldon, ta €vivua g
0800 ™S POOPOQUIE TEVIOLNS, 1 avaywydon TS YAou-
tafeovne (GR), ov vrepoEewddoeg g yroutabeldvng
(GPxs), n veoEelddon ot n avaymydon g Oetopedo-
Eivne now o ovvévbvpo Q. Alheg un eviuuxéc avtoget-
dwTnég ovoieg elvar 1 yYhoutaBeldvn oL Beloavaywydosg
TRX »ow oL petahhoBeldvec.

YregoEewdnn) dopovrdon (SOD): 1 vmepoEeldini
OLOUOVTAOT RATAAVEL TN UETOTQOTY AVIGVIMV UTEQOEEL-
dtov og vreEoEedLo Tov VOPOYSGVOU ®aw elvan Eva 0o T
7o amoteheouaTird evdoxrvtrdoLla evEiuund cuoTHUOTO.
H dwopovtdon tov vrepoetdiov amovtd o€ AQRETES LOO-
UOQWES, OL OTOTES JLAUPEQOVY WS TEOS TH PUOT| TOV UE-
TAAAOV TOV £VEQYOU %REVTQOV, TH CUVOEDT TWV AUVOEEMY,
2raBWS ®oL TOV AELBUS TWV VITOUOVASWYV, TOVS OVUTAQAYO-
VIEG ROL AAAOL XOLOOXTNOLOTIXA. ZTOV AVOQMTO QTTovVTOUv
Tl wop@éc SOD, N nuttagomiaouativyy CuZn-SOD, 1
uroyovopotomy MnSOD »ou 1 eEwnvttdoia SOD. H SOD
#a1aotEE@el Tig O, ue ™ duadoyxy oEeldwon xon Ty
avoymyn Tou LETAALOV TOU EVEQYOU REVIQOV.

Katahdon: n zoatahdon evromiCetar ota vmeQoEet-
OMUATO %Ol TA, WTOYOVOQLO. TOV KUTTAQMY TG ROQOLAG.
Agv avevploretal 0To UToYovOQLO TV HUTTAQMWY dAlwV
wtwv. Katahier ) petorgomi tov vmepogeldiov tov
VOEOYGVOU g VOWE %o 0EVYGVO o€ dU0 oTddio.

“Eviupa tng 0000 T @oo@oeLrtis TEVTOLNG: T £V-
Cupo autd ®oToAiovy g PLoxNuxES avidQAoeLs g e-
TafoMxig 080U TS PMWOPOQLXNS TEVTOLNG, 1 OTTO{0. 0ITo-
tehel v ®pLa evdorvttdola iy NADPH.



Avaymydon g yhovradewovngs (GR): Tooo n evluopunn
(&d twv veQoEedaowv g YAoutaBElOVNG) 600 How 1
un evbuuxn adpavomoinon twv erevBEQmv LDV amd v
avayBeioa yroutaBeldvn (GSH) odnyel oe maporyawyr oEet-
dmpévng yhoutabeovng (GSSG). H GSSG amopaxpiveton
OTt6 TO RUTTOQO, UE OTTOTEAECUO. UETMOT] TG OAMXI|S EVOORUT-
tdolog YroutaBeidvng. [poxewévou 1 yhoutabeldvn va ex-
TIMNQMOEL TO QOAO TG MG AVTLOEELOWTLRY OVOLCL, CITOUTETOL
1 dramjonom vymirig evdoruttdplog ovahoyiog ovayBeioos
(GSH) mpog oEedmuévny yrovtabedvn (GSSG).Avto emi-
TUYYXAVETOL UE et BLoynuux avtidoaom, 1 ortoia eEagtdton
anohto oo ™ NADPH. H dpaotndmro thg GR pmopel
vo avEnBel pue dvo unyoviopois: AVENON tov emnutédmv/
dpaotrotnrag s GR 1 avEnon tov emutédmv NADPH.

YregoEewddoes tng yhovtaBeiovng (GPxs): Ou GPxs
RATOAIOUV TNV OVOLYmYY TOU VITEQOEELLOV TOV VOQOYGVOU
1 Twv vdoUTEQOEELdIWV TV AMITLOmV, YONOLUOTOLWVTOS
WS VYY1 ovoia T YAOUTaBeLdv . Av na 1 avarywyn
touv H,O, yivetar now and v zorahdon, To oYeTnd emni-
meda. GPxs nal notahdong dtagépovy amd LoTo O LOTO.
X0poxTNOLOTIHG AVAEEQETL OTL O EYREPOLOS €XEL TTOAU
XOUNAG emtimeda 0QAOTIHOTNTOS KOTOAAONG ROl VYNAL
emimedo dpaotrdmrog GPxs, evd To Mo €xel VPmAd
emimedo now Tv dUo evivpwy.

YrteoEerddon xon avaynydon tng 0e1opedoEivng: 1 vme-
00Ee1ddom g Be10ped0EIVNS awvdyel Téoo To H,O, 600 %o
T aArvh-vdp0UimeQOEEIdLL 08 oLUVOVAOUS e ™V avorywyd-
on g O0e100ed0EIVMNG, ™) BeL0EOEIVY %o T NADPH33-%%0,

Zuvévivpo Q: 1o CoQ amotehel iy O, Stav eivol
neowag avayév, evad €yel avuoEewdwnxy dodon dtav
elvou TAMEWS avnyuévo.

I'hovtaBeovn: m yhovtaBeldvn, €va toumemtido pe
OVOYWYWRES RO TTUVENVOPLAES LOLOTNTEGS, OtOTENE! TV %U-
ota avtioEeldmtirtj Betdhn xaw Tov ®UoLo QUBKLOTY TG €V-
donvttdprog oEedoavaywyric onodotoonc®. Amavid
elte wg avayBeioo (GSH) elte wg oEedwuévny (GSSG)
HOQ@PY ROL OVUUETEYEL OTIS OSELDOUVAYWYIRES AvTLdQd-
OELS LEOM TS OVALOTEEYLUNGS 0EEIDMONG TS EveQYOU BeLd-
Mg s (Exiua 7)% O Adyos GSH/ GSSG amotehet 0EL0-
TOTO UETEO TOV OEELOWTIXOV Stress £VOg 0QYavIouoy 64,

O ®UQLeS TEOOTOTEVTIRES OQAOELS THG YhouTaOELGVNG
070 0EELOMTIKG stress elvar oL eENG>:

Glu + Cys
lw{-ECS
v-EC

l GS

NADP GSH DHA
GR DHAR
AaokopPiko ofu
NADPH GSSG (Vitamin C)
Npwteivn-SH Npwtetvn-5-8G
Zovhdolpwon + GSH

Zyjua 8: Aodoeis e ylovtabeiovng
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H yhovtaBeiovn dpa wg cuvéviuuo moivdolBumy eviu-
UV TOU GUUUETEXOVY OTNV TTQOOTAC(O. TOU ®UTTAQOV,
omwg vreEoEelddoes YAoutaBeldvng, TOAVOQPEQCOES
yhoutaBeldvng, Toavopepdoes BeldAng, agpudooyovd-
on poouardetiong, yhvoEohdon I%
ZUUUETEYEL OTN UETOPOQA AUUVOEEMY LECM TNG KUTTO-
QomAaouaTrig HeUPEAvNG.
Agopevel Gueco ) o vOROEVAIOV %aiL TO VITEQOEELOL-
%0 OVIOV %o EEOVOETEQWIVEL TO VITEQOEEIDLO TOV VOQO-
YGvou %o T VTeQOEEdL TV MITLOIWV Ue TV ROTOAY-
T 0pdon ™g vtepo&elddong g yhoutabeldvng.
“Exer v ovemTo vo ETAVOpEQEL 0TV EVEQYO LOQ-
PN TLS ONUOVTLRES OVTLOEELOWTIRES ovoieg, Prrapivy C
xou Prropivy E, aueoca f éupeco. H wavémta vt g
yhoutaBeldvng ®x00opiteTon 0o TV oEedoavaywyirn
xatdotoon tov Levyovg GSH/2GSSG™.
Oeroovaynydoes TRX: Ouv Beroavaywydoeg elvor -
%OEC, MAELOTEOTES COVAQPUOQUMKES TTOWTEIVES e dAOTY-
oldmta. oEetdoavaymydons. Ztov dvBpmmo €xouv ova-
yvwouotel toia yovidia Betopedo&ivng (TRX1, TRX2 non
sp TRX, n onolo wapovotdlet vy €xgpEaon oTto. OmeQ-
norolmdoia). Ot TRX Ghwv tov opyaviopwy dtaBétovy €va
eEeMnTInd OVVTNENTIRG EVEQYO REVTQO, TO OTTO(0 ATTOTENE(-
T oo ta auvoEEa Cys-Gly-Pro-Cys. Ewdwol mowteivo-
dtoovhgLdwrot otdyot avaywyng and v oudda twv TRX
elval mowrteiveg Ommg 1 oLPovovrAEOTIOXY ovarywydon,n
SLoOVAPLOLKY| LOOUEQGON KO CLORETOL UETALYQOUPLROL TTOLQd -
yovteg, ovumegriaufavouévav tmv pS3, NF-»B xaw AP-1.
Emmhéov, oo TRX amotehovv ddteg nhextoovimy yio oh-
Aég vmeQoEedoavaywydoes, WOLOLTEQO ONUOVTLRES YLOL TV
avoyoy Twv vrepogeldimv. Emummhéov, auty 1 mowteivn
UTOQEL GUECT VO avAyeL LEQWKES OQOOTIHES ICeg OEVYO-
VOU ®0BDG ®ow Vo ovodUTAWOEL 0EEWOWUEVES TOWTETIVEC.
Eniong, endyel awtoxoivels 0000els avaAoyeg Ue eXEIVES
TOV QUENTIRGV TOQOYGVTMV ROL TWV KUTORLVAV.
MetailoBeioviveg: o petahhobelovivee eivor o oud-
0. QMY TTOWTEIVAV, TAOVOLWY O HVOTEIVY, Ol OTOTES
€xouv ™V WO Vo GUVOEOUV dLoOQETIRG. LOVTaL [LE-
TaAV. AUTES OL TPWTEIVES EY0LV WLaTEQY onuaoio oty
OQVTLUETAITLON THG TOERGTNTOS TV UETAM WY, émwg o Cu.

7. YregyAvzawpio xar 000t
OV EVEQYOTOLOVVTUL OO TO Stress

In vivo peléteg omoralimTouy apevog OTL TO ETOYO-
HEVO artd TV vreQYAvranpio 0Eedwnxd stress evbiveton
Yot TLG ETITAOXES TOU Sl OV AUTES YIVOUV ®Awvind
EUPAVEIS 1O OPETEQOV VITOJELRVIOUV TH CUOYETLON TOV
0EeldmTIHOY stress (e TV ToHoPUOLOAOYICL TV GYLUWDV
Srapnrnav Profav. To emayouevo oo ™V veQy uraL-
uio 0EELOMTIRG stress EVEQYOTOLEL Tig 000U TOV HETOYQ-
urov Tuonvrov opdyovio. NF-»B, g p38 MAP xivd-
ong, tov xvoaonv INK/SAPK, tov AGE/RAGE, g mow-
teivinnig rvdong PKC, g moivding row g eEotapuivng.

7.1. H 006 Tov petayQaqirot Tuenvixoy Tagdyovta
(NF-%B: Nuclear factor-zB)

Mo amtd TG onUavTROTEQES 000UGS TOV EVEQYOTOLOU-
vIow amd ™) VIEQYAURALUIO ®OL TO OEEWOWTIXG stress elva
1 006¢ Tov petaypaLrol muEnvirov tapdyovia xB (NF-



«B)7%. O NF-xuB evepyomoteiton amd €va pueydro €9Qog
eVOORVTIAQLOV %Ol EEMRUTTAQLWV ETAYMYEMY OTMS 1
vregyhuroupio, ta VYmAd enimeda ehetBegwv MmoQdv
O0EEWV, oL EVEQYES NOPYES OEVYGVOV, 0 TaRdyovTag VE-
rowong oyxov-o. (TNF-a), n wrephevrivy 1f (IL-1p),
GMLES TOOPAEYUOVAOELS HUTORIVES, TOL CUVIEIEUEVHL OTOV
vrodoyga tovg (RAGE) mpoidvto texiic yYAurolvAlmong
(AGE), n p38 MAP xwvdon, n xataotoopn tov DNA, 1
1EOOROM] artd 16 %o M vreLddNg axtvofolrioc UV, O
mopdyovrog NF-#xB dvadpoapatiter onuoavtnd pého ot
QUOULON TS ATOTTWONG, TWV LVOGOAOYLRMV KOL PAEYUO-
vodwv amoxpioemv . H avopain oubuon tov NF-»B oye-
TiCeTon pe €va peydio aius xodvimv voonudtmy 6rmg o
drafrig ®ow m aBnomudtmon.

Amovoia ggedopdarmv, o NF-2B mapauéver oto nut-
TOQOTACOUA WG OVEVEQYO ETEQOOLUEQES QUTOTEAOVUEVO
antd g vropovadeg pS0 xou p65 cvumheyuéveg pe v
avaotahtxy mowteivy IxB. H IxB mpwteivn mope-
uwodiCer o NLS meprox mdvw otov NF-»B (Nuclear
Localization Sequense, alinlovyio evromopoy otov
muonva) mov ovbuiler ™ perdpaoci tov NF-zB otov
muonva’’. Tlapovoia epeBLopdTmwy, EVEQYOTOLETAL EVOC
RATAQOAXTNG KLVAONS O€QIVNG TOU 00N YEL OE POOPOQU-
Mwon g IxB mpwteivn”. Autd €xer g amotéheoua Ty
anelevB€pmon tov NF-»B ete0odipepoig naw tn petdpa-
o1j Tov otov mueiiva (Zyjua 9)2. O NF-xB ouOuiCer v
€xpoaon mAnBwpoc yovidimv ovumeQLAauovougEvmy
yovidimv auENTIRAOY TTaQoydvtov (- ayyelomds evoodn-
Mondg avEnurdg mapdyovras, VEGF), mpogheypovem-
dv rutorvayv (TNF-o,IL-1f), RAGE (vrodoyéwv mpo-
iGvrwv teMxng YAvrotuhimong), uogiwv meooxrdAinong
(aryyeramd popo mpoorndhnong-1, VCAM-1) xau diha.
ITpoidvta yovidimv mov emdyovrol amd tov NF-2B dmmg
ta. VEGF, TNF-q, IL-18 »at RAGE pmopovv vo evepyo-
monjoovv ex véou tov NF-xB.

To mowtapynd otddo evegyomoimons tov NF-xB
elvar 1 poogourimon ™ IxB mowteivng. To €viupo
OV lval VITEVOUVO Yo T PUOQPOQUAIWON Ty givon M
IxB-Kuwdon (IKK)*5, éva eteQotoLue€g oUumhoxro omo-
tehovpevo omd duo xrotohvtinés vropovdadeg IKKa (1
IKK1) xon IKKB (1 IKK2) zow puioe ouBpotinn] vropovdado
v IKKy”7, H IKK gvegyomoLeitol petd amé pmomoou-
Mwon emaywdpevn amd tg xvdoeg oeivng NIK™ (NF-»B-
inducing kinase) xaw NAK™ (NF-xB-activating kinase).

7.2. H 006 TV Jun apivoteMz@v/enayopevev amo 1o
oEeldmTixo stress ®wvaodv (JNK/SAPK: c-Jun N-
terminal kinase /stress-activated protein kinase)

OuJINK (1 arhdg SAPK) o ov p38 MAPKSs xivdoeg
elvow u€A g owoyévelog twv MAP mpwteivindv xniva-
owv oepivng/ Bpgovivng. Zmv (OLa owoyEveLo avirouy
»ow ot ERKs nivdoec” . Ze avtifeon pe 11 ERKs,ou omtot-
€¢ evepyomotovvtanr amd wroydva, ot JNK/SAPK xou
p38MAPK evegyomorovvror amd evdoyeveig xow eEwye-
Velg OTOECOYOVOUS TARAYOVTES OTTMG 1 VITEQYAUROLUIOL OL
EVEQYES LOQPEC OEVYBGVOU, TO 0EELOWTILXO Stress, T MOoUw-
TGO stress, oL TEOPLEYUOVAIELS nUTORIVES, TO BeQUnG
oon %ot 1 veELddng axtvopfohrio. UV 7 (yia to Adyo atd
YOQOXTNEICOVTOL WG HIVATES TOV EVEQYOTOLOVVTOL 07T TO
stress : stress-activated kinases 1j stress-kinases).
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2ynfjua 9: Mnyoaviouds eveoyomoinons NF-xB

O evepyomomuéveg vvdoeg INK/SAPKS tpocdévo-
VIO KO POGPOQUAMMVOUY TOV TTodyovto cJun (Zyrjua
10)”, wov eiva Turjua Tov peTayQapLroy Todyovta AP-
1 (O petaypagrdg mapdyoviag AP-1,activator protein
-1,etvor €va eteodLue€c 1 opuodLUEQES OUUTTAOXO CTTtO-
tehovpevo ad uén twv Jun,Fos xaw ATF, DNA-mpoode-
vopevov mpwteivav). H enidpaon twv INK/SAPKs otov
cJun awEdvet v €xpoaon Yovidimv He TEQLOYES OVary VM-
ololpeg oo to petaypauro tapdyovra AP-1. Emxedn to
yovidLo Tov cJun pEQeL xna AT TEQLOYES TTOV AVAYVMQL-
Covtan astd v AP-1 dnuovpyeitan Evag Bodyyog Betixng
avateopoddtnonc®. H oEewdoavaywywxn oubuion (redox
regulation) tov AP-1 pelerdron eviotxd ®obog amo-
tehel mpotumo oEedoavaywyric ovBwong xar dhhwv
UETOYQOAPRWV TAOAYOVTIWY Omtwg 0 NF-#B »aw o ATF-2
(activating transcription factor-2). Zmnv dio owroyévela
UETAYQOPILWV TTAQOYOVIWV CVIKEL HOL O UETOYQOPLHOS
mopdyovrog AP-2  (activator protein -2). O AP-2 evep-
YOTOLE(TOU ATTG (PAEYUOVMDIELS HUTORIVES KO TTQOOTALYACLY-
diveg 0g noMMEQYELES necayYELOXDV HUTTAQWVE! RO 1
wovomto. 1pdodeons oto DNA oubuileton emiong and
ogedwtnés dadwaoiec®. H evepyomoinon tov AP-2
OoyeTiletol e eEAATTOUEVT EXPOAOT TOVU AVTLOEELOWTLROU
evupov vitepoEeldixy dtopovtdon 2 (SOD2)™.

H onuovtirdtepn Aettovgyio mov amodidetar oty 086
towv INK/SAPK nivaowv eivorn exaymyr g amdmrmong.
H avaotoh g 0600 tov INK/SAPK guvoel v emifiom-



Zpjna 10: H 060s twv JNK/SAPK »wvaodv

on tov xuttdewv. H 006¢ twv INK/SAPK »ivaowv evep-
Yomole{tow o6 To (emOYOGUEVO OTtd TN VTEQYAUROLUICL)
0EeldwTnd stress xou epmAéxreTanl (OTV eXaySOuevn oo
TNV VITEQYAUXALUIOL) OTTOTTTMOT TmV £VOOBNALOHRWV HUTTA-
owv . AE(Cer vo onperwdel ot n mopaywyr H,O,, n dpdon
tov JNK/SAPK »ivaoodv o 1 emoxdlovdn amdmtwon
IOV ELAYETAL OTTO TNV VITEQYAVROULUICL, RATAUOTEMAETOL OTTO
™mv avuogedwtiny Prrauivy C¥. Emumpdodeta, 1 ayyelo-
tevoivn 1% »ow ta mpoidvra g 080U g AutoEuyovdong
oto. ®Vttapa QRIN mSF avaotéMouvv v evepyomoinon
tov JNK/SAPK ®vaoov amd my vreeyhuropio®’.

7.3. H 000¢ g pHLtoydvov TomTEIvIRNg ®ivdong
(p38 MAPK)

H evepyomoinon g p38 MAP nwvdong emnpedlel puio
M ODO KUTTOQRMDV ALOOHACLOV OTTWS 1) PAEYUOVY] ROl
N avoolo, 1 ®UTTaELRY VAITTUEN %L ATéTTWOoN, OL OITo-
%OLOELS TMV dLOPOQMV LOTWYV OTO stress LEow QUOULONS TS
YOVIOLOXIG €XPQAONS, 1| EVEQYOTOMOTN  ONUOTOOTIXGV
000V (NF-2B, aaytdovixd 0E0, ®vuttapoxiveg %.d.) now 1
avadlogydvmon tov xuttaooxehetol (Zyfua 11)%. Em-
mpdobeTa, N p38 MAP nwvdon oubuitet ™ dpdon dihov
wvaowv oepivnc’. Xodvio evepyomoimon g 0800 g
p38 MAPK oyetiCeton pe ) puotohoyio maBoloynav xo-
TAOTACEWY OTTMS 1] PAEYUOVI], OL VEVQOAOYIXES OBEVELEC,
oL pohivoelg xou o PAAPeg Loyoupiog-emavoiudrmons.

T to AGY0 auT6 1) X001 EXAEXTLRAIV OLVOLOTOAE MV TNG
p38 MAPK wg avuigpheypovwddv maaydvimy amotelel
OVTIXETUEVO RMVIRDY EQEVVAMVIH12,
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Zynjua 11: H 000¢ s p38 MAP xwvdong

H p38 MAPK evepyomoieiton og 0moxQLon otny
vregyAvrapio xar to dtofniTy. Se aopTrd Aelon wird
®UTTOQO ETUVMV 1] LYY UE YAUROLY TeTpamlaciaoe ta
enimedo g p38 MAP nivdong *. e omelpdpoto empimy
7ov xoraotOnrav dwafntrol ue otpemtototoxriv, ow-
ENOnxre 1600 M dpaomoidtta e p38 MAPK 600 »aw 1
POOPOQUAMMON TG TEwTeivng Bepurot cox 24 (Hsp-25)
1 omoia amotelel vrdotowua Yo v p38 MAPK *. Ta
YEYOVOTO OUTd POIVETOL VO EIVOL OTTOTEAEOUOL TG QVEN-
UEVIG TOQAYWYHS EVEQYWV HORQMV 0Evydvou. Emumod-
00gT0, 0TO VEVQLKO LOTO 0IoBEVAIV [LE 0oxy0mOm dtafriTn
€xouv evromiotel avEnuéva enimeda INK/SAPK »on p38
MAPK xivaomv.

ZUpmEQAOUATIRA, QPOAIVETOL TTMS OL 000( TOU UETOYQO.-
pwov mopdyovrto. NF-xB xou tov ®wvaowv JNK/SAPK
xat p38 MAP elvan gvaioOnta-oto-stress onuotodoTind
oUOTHROTA %Ol 1] KOOV EVEQYOTOINOY TOUS UTOQEL Vol
odnyfoet otig OPueg emITAORES TOV dtaPrjT.

7.4. H 0006¢ TV ®oiovTov teMxig YAuroLuAinong
(AGEs: Advanced Glycation End product)

H yAvxoln xou oplopévo mopdymyo g avidoovv
ue mowteives, muonvird oE€a %ot Mmidia TEOXAAD-
vtag ) YAvroCuMwor] tovg. Ou aoyxés avildedoets g
yAuroCuMmwong eivor avtloTEeTTES, Ta TeEMRA TEOTOVTOL
Sumg €xovv otaber] dour| xau dev droomavran evrola.
OvteMrég ovudedoeLs YAroluAlmong eival ETOUEVHS U
OVTLOTQETTEG.

Ipoidvta mpoywenuévng yhurolurimong Poloxovton



o€ QENUEVO TO000TO 08 eEWRUTTAQLES OOUES TV ALy YEIWV
TOV ap@LANoTEoeld0vc™ ®a Tov omelpduatoc®  duafnti-
ROV atouwv. Agywd, dloturtddnxre 1 dwoyn OtL T TEOi-
Gvta auTd TEOEEYOVTAL 0Tt T W) evEupxry YAvroCuhMimon
eEmnuttdolwv mowteivav. Telxd, €xel dwmotmwdel dn
T EVOORVTTOQING TAAYSUEVQ TEOIGVTA QUTOOEEIdMONG
™G YAROTNG €xouv TV wavomta va. YAvroCuAdvouy
TEWTEIVES Ue TayUTnTo TOA) peyahitegn oe oyéon e
vAurotn®. Zrvjueoa, ®vpLoyel 1 drtoyn 6t M avEnon g
OUYREVTOMONG TS YAURAING néoa ota viTtapo evBvveTol
yioo mv opaywyr] tov AGEs 1600 gvdorvttaping 600
®ot €Ew amd ta xiTrapa’.

H ovEnon tov oynuotiopot tov AGEs pmogpel va
moEevioel PAAPeg ota RUTTOQO UE TEELS KVQIMG UNyo.-
VIOROUG.

- Ou gvdoruttdoleg mEwTeives, 6Tav YAuroCulMwvovTaL,
dvokeltovEyouv

O aMnremdpdoeLs Tmv YAUROLVAMMUEVOYV OUOTUTIRMV
ue T Aowtd cvotaTird TG OLdueons eEMRVTTAQLOS OV-
olog ahhd o pe vrodoyelc OtV ETLPAVELL TMV KUTTA--
0wV (wteyrQivec) dtotapdooovion

Ou yAurolvMmuéveg TOWTEIVES TOU TAAOUATOS OUV-
déovtan pe AGE-vmodoyeic, mov foioxovion oty emi-
PAVELDL OQLOUE VMV HUTTAQWV, OTTMG € VAL TO LORQOPAYCL,
oL €vO0ONMOxd ®UTTOQO ROl TAL UECOYYELORA RUTTAQCL,
UE ATOTEAEOUA VO, TVEODOTOUVTOL dLdpOoQOL FAaTTTirnol
UNYOLVLONOL, TTOV UE T OELQA TOVG £YOVV 1S ATTOTELECUOL
v wroyovopuany tagaywy H,O, o my mabohoyi-
%1} €100 TOMGY Yovidimv? (Zyrjua 12)%.

Méoa ota evdodnhand ®UTtaQa, 0 OXNUATIOUGS TWV
AGEs yivetou toyUtata.” “Evag and toug ®UQLovg oto-
XOoUg ™G Yhuroluhimong eivar o faordg avEntrds mo-
pdyovtog twv wofraotav (b-FGF:basic fibroblast growth
factor)!®. H yhuxolvhimon tov b-FGF avaotéhier g wi-
TOTRES OLOLOETELS TV EVOOOINAARDY KUTTAQMV.

M 07t6 TS TEWTEIVES TS EEMHRUTTAQLOE OVOTOE TOU
yhuroCuhgvovton eivat 1o ®*0AoyGvo, ®vpimg ot Tumot I
row IV, e ouvvémeia v ahhoimon TV AELToVQYIRMOVY TOU
wWotitovi®l. Ze merpapatélma, 1 YAURoTUM®OoY ToU RO~
AOyOVOU TOU TOLYMUATOS TV PEYAAwV ayyelmv ®obLotd
T oy yElo oUTd avehooTird! 2,

Zynjua 12: [1i0avos unyaviouds dodons AGEs ota ueoay-
yeland ®UTTa Q0 TOU OMELQAUATOS
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Ouv  yivrolvhmuéveg mpwteiveg TOU  TAAOUOTOS
ovvdéovtar pe AGE-vmodoyeic mov Poloxoviar omv
EMLPAVELD. OQLOUEVOV RUTTAQWV'®, g ®UTTOQOXAAAL-
€QYELES, TOL LOKQOPAYO ROL TO. RUTTOQO. TOU UECOYYE(-
OV TOVU OTELQANOTOS, OTAV OQLOUEVOL VITOdOYEIS OTNV
empdvelo. Tovg ouvvdeBotv ne AGEs, mapdyouv xut-
tagoniveg now  avEnuxrovs mopdyovteg  (IL-1:vtep-
hevrivn 1, IGF-I: insulin-like growth factor-I, TNFa :
tumor necrosis factor-o, TGFb: transforming growth
factor-b, MCSF : macrophage colony stimulating factor,
MGCSF :macrophage granulocyte colony stimulating
factor waw PDGF: platelet derived growth factor )'*4105106,
eva) T evoOnhiand nittopa exgedlovv uogLo Tov ov-
EQvouv TV TEOOROAANOT TOV CULUOTTETAAWY OTNV e
velo Tov ayyelov rou emdyovv ™ @reypovii [VCAM-1:
vascular cell adhesion molecule-1,thrombomodulin, toti-
%0¢ modyovrag)'.

"Evog edwdg timog vmodoyéa yuwr ta AGEs, o
RAGE!" (receptor for AGESs), tov omoiov 1 doprj potdCet
Ue eXEIV TOV AVOOOOPALOLVGV, GTav ouvdedel pe AGEs
TEOXOAEL TV amerevBEpmon ehevBEpmV PV 0EVySvou
Ol EVEQYOTOLEL TO UETOYQAPLRG TUENVIXG TAQAYOVTO
NF-xB, mov pe ™) og1pd tov mpoxaiel Ty woforoyuun Ex-
OO0 TOMGV YOVIOIWV.

7.5. H 0d0¢ 5 mpoteivirig xmvdong C (PKC)

H mowteivivyy mvdon C (PKC) amotelel wa oud-
da eviipmv (VTAEYOVV LOGUOQEPES OO ¢ MG €) TTOV TTaL-
oeupaivouy ot HETAPOQT ULOS PMOOPOOLRNG OUAdAS 0TTd
10 ATP og eWdn B€on oe wa mpwteivn-otdyo. Agovy,
MAady], peepoguAMdVovTag To VITdoTEmuUa Te. ol v
€VEQYOTOINON TNG KLVAONG OITOLTE (TOL PWOPATIOUALRY OE-
oivn, Wovta Ca** nou drorvioylurepdin (DAG).

H vrepfoiunr] now ovveyrig evepyomoinon tg PKC ei-
val €vag oTtd TOUS UNYOVIOUOUS e TOVS OTTOIOVS 1) VTTEQ-
yhvroupio tporaiet PAaPeg otovg totovs. H vepyivron-
uto. mooxrahel de novo ovvBeon DAG péom tov Qwopo-
QLMY TOLOLMV, Ol OUYREVTQMOELS TMV 0TIV QVEAVOUV
MOYm g avEnuévng yhuréivonc'?. Emmhéov, n adEnon
tov Aoyov NADH/NAD+, tov ogeiletal 0t HeTatoom]
™S COQPLTOANG O PQOVHTOLY, ROl 1) CVOLOTOAY TOv €VEU-
uwov GADPH (agudpoyovdon g 3-pwapo-ourig yhure-
0oAdEDHOMNG) amd TIg eheBepeg pileg oEuydvou, mov ma-
QAYOVTOL OTOL PLTOYGVIQLAL, EXTQETOUV TNV 3-QmOpOQLXY|
YAureahdetidn amé v 006 ™g YAUROMONS TEOS TV
TOQAYOYY] (PoOgoorig dwdpou-axetovng zar DAG.
Evepyomoinon g PKC emiong mpoxradeitor amd ) ovv-
deon twv AGEs pe toug vmodoyeig Tovg oty empaveLa
tov xuttdomv!''?. H vrepylvroupion eveQyomotel ®vpimg
g B row & woopopweg g PKC, ota evdoOnhiand »itra-
00, 0TOV ouQLPANoTEoELdn row oto omelpapa. Emmiéoy,
gveQYomoimon ®at Twv dAlwv 1oopoppwy ™ PKC €yel
duamotwBel o drafnurove emipveg, onwg e PKC-a
zat g PKC-g otov augipinotpoedn xon g PKC-a o
PKC-8 oto omelpapa 12,

H evepyomoinon mg PKC-f newdver ) povj alnarog
otov op@Anotooetd xow to veped!, mbavéy uéom
UELWUEVNS TTORAYWYT|S ovoEeLdiov Tov alwtov (NO), to
0TT0t0, WG YVMWOTO, VoL aryYELOOLAOTAATINGS TOQAYOVTAG,
N now avEnong g amehevBépmong g evdodniivne-1



(ET-1), ovolog ue ayyeoovomoonxy 00don. e TELQa-
potétma, €xel foebel ot 1 evepyomoinon g PKC pewod-
ver v oeaywyr NO oto oreipopa xon ta Aelor puind
rOTTa0!, eved 08 oAMEQYELES EVOOOMMOXDY RUTTAQOWY
eumodiCet v eEaQTWUEVN 0TS TV LYOOUALIVY EVEQYOTO(-
non g evéonianiic ovvBetdong tov NO (endothelial
nitric oxide synthase, e-NOS)'"%. H vepyhvroiuio avEdver
™mv wavémyta mg ET-1 va deyeiper tn MAPK (mitogen
activated protein kinase) ota xuUttoQa tov pecayyeiov,
uéow evepyomoinong wopnopgpwv e PKC". H evepyo-
moimon g PKC o v vepyrvroupion avEdver exiong
™ demegardtnta tov evdobniiov'®. H PKC avEdvel
™mv €xhvon tov mapdyovto. VEGF (vascular endothelial
growth factor) ané ta Aelo pvird xvttaga'. O VEGF
elvou Tadyovtag Tov avEAVEL T OLUTTEQATATNTA TWV Oy~
velwv. H PKC mbavov gvBivertal, touhdylotov ev HEpEL,
YLoL TNV 00ENOT TS EVATTOBEONS TS LVWOOVERTIVIG ROL TOV
rolayovou tomov IV oy eEwruttdoia ovola tov e-
oaryyelov xmMEov Tov omelpduotos 22t H vtegyhuronuic,
UECW EVEQYOTONONG TNG TEMTEIVIRIG HLVAOTG, €XEL EVO-
yomowmBel yia v aiEnom g dQaoTIHATNTOS TOV OVOLOTO-
Aéa g wwvmdohvong xan tov PAI-1 (plasminogen activator
inhibitor-1)"2xa0d¢ »aw yioo ™MV evepyomoinon tov pe-
Tayoagroy madyovta NF-xB'? H gvepyomoinon, emo-
UEVIS, TNG TOMTEIVINIS KVAONG ot TV vIteQYAvRoLuic
TEOXAAEL dLOTOQAYES TNS QOGS ROL TS TINRTLRGTNTOS TOV
alHoTog, aENON ToV TTAY0VS TS Pootric ueuPodvng tov
evdoOnAiov xat ™S SLoTEQATATNTOS TWV AyYElwV Kot TNV
TaBoroyry ExpEaon TOAMWOV Yovidimv (Zyfiua 13)1.

7.6. H 000¢ TV moAvorodv

To ®vpLdteo Eviupo g 080U Twv oMo MV elvar M
avorywydon g oAdStng. v 0d6 auT ¥ENOLUOTOLE To
g ovvéviupo NADPH (avoyB€v @mogpooird ViroT-vouL-

Zynjua 13: I1ibavol unyoaviouoi dnuioveyiog wixo-ay-
VELAXDY ETUTAOXRDY aT0 TNY evegyomoimon tng PKC
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80-adeVivo-0Lvourheotidlo) xaon wg VITEoTEMME. YAURGLN.
Q¢ vdotomua yenoLpomotovvtal exiong ddpooa oax-
XOQOL KOl TTOQAYWYO TOUS, TTOU UETOTOETOVIAL OTIS OVTL-
otovyes alrodreg (molvoheg). H yhurdn petatoémeton
o€ 00QPLTOAN ®a 1 YOAAKRTOLY OF YOAARTITOM).

H ocopftoln oEelduvetal, ot CUVEXELX, OF (PQOU-
%®TO0N amd 1o €vEuuo agudpoyovdon g cooPLtoing. X
devtepn avt) oviidpaon yonowwomoteiton NAD* (oEet-
dwBEv virotvoudo-adevivo-dtvourieotidlo), To omoio
avdyetow oe NADH (avayBév virotvaudo-adevivo-Oi-
vourheotidLo).

To puBuoTrns Eviuvpo g 000U TV TOAOAWY elval M
avaywydon g ahdétng. To évivuo owtd Poloreton oto
vevpa, 0Tov auglpAnoteoeldy), otovg poxols Tov ogOai-
1oV, 01O OTELQOUC ROL OTO TOUYWUA TOV OyYElmV. ZTOUG
LOTOUG AUTOUS, 1 TTESCANYM YAUROTNE YIVETAL UE PETAPO-
oelg YAroTng aihovg thny tov GLUT 4 zow yio tv gloo-
00 g YAUrRGING 0TO ®UTTAQO VTV TWV LOTAV OEV ElvoL
oot M ToEovaia tvoovAivig. H ovyxévipwon g
YAurOTng p€oa ota ouyrexouuéva xittaQa Paiver Tadh-
MAa pe ™ ovyrévipmon ¢ oto aipa. H ymuxn ovyyé-
VELOL TG avaymydons ™S oldStng ywo ) yAurdoly elvan
wxen (vymi K ) nau, emopgévag, 1 086g Tmv molvoay
elvan puotoroyrd aveveeyric. ‘Otav duwmg, Adym viteQyiv-
RAULWOC, 1] CLYREVTQWON TS YAURGING nEoa ot ®UTTaQO
avtd avEnBel, avEdvel nat o petafolondc uéom g 0dou
TV TOMOAV. MLat 07t0 TLG UOLOAOYLXES AELTOVQYIES TN
avoymydong g oAdGtng elvae 1) adpavomoinon Tmv yAu-
XROTOEWVOY, 0TS ). ™S ueBULoyAuoEGING, ovoL®y TTov
€xovv ™ duvardTTo VO YAUROCUAMWDVOUV TOWTEIVES RO
Ghho uogLa pe ToyvTTa ToAU ueyaAiteen o OYEom e )
yAurStn'Z. Modyuatt, 1 pebuhoylvoEdin asrotelel 1o »a-
TAAMNAGTEQO VTTGOTEMUOL YL TV ovarywydomn g oAdGLNg
(Exevm younrdteon K ).

Awdgogot unyoviopol €xovv mpotabel yia vo eEnyri-
oovv T onpaoio g evepyomoimong ™mg 0dol Twv mo-
MOADV %ol ™S TEOrANONG, TeAxd, PAafov ota ritToQO.
O ®vpLoteQoL artd owtovg eival:
® H mpoxalotuevn amd T cooPLtoAn ooumtiny| Ao tmv

HUTTAQMV
® H adpavomoinon tmv dtavdmv Nat-K* mov eEapravran
o6 to ATP

® H avEnon tov Mdyov NADH/NAD™ 610 ®uttaQdmia-
ouo

® H peimon g ovyrEéviomong
TAQOTTAOLOUAL.

tov NADPH oto »nvurt-

H ocopfrtoln dev dwoxéetan ehetiBepa néow g ®ut-
Taoug ueupodvng. ‘Otav 1 0d6g g TOAVOANS eveQyo-
molelton, 1 €VOOXUTTAQLO.  OUYREVIQWON  OOQPLTOANS
ovEdvet. Agywnd, elye vroteBel otL | aiENON ™S OUYXRE-
VIQWONGS THG GOQPLTOANG 0TO EVOOONALOXA RO TOL VEVQLHA,
®rUTTOQ0 TTEOXAAEL TNV €{0000 VOOTOG %ol TV OOUMTLXY
Mon Twv ®uttdowv. Ou OUYREVIQWOELS OUMS TS 0OQfL-
TOMC OTaL aryyelo %o To VEUQO TV dLofnuirdv aoBevdv
€youvv netonBel now foEBNrav va elvor younheéc.

Zvupmvo. e ) 0evteen vitoBeon, 1 veQyomToinon g
0800 TV TOMOADY TEoxaAel Helwon TS dQUOoTRATNTOG
tov eviipov Na*- K*-ATPdoy, adpavomoimon dniadn
tov eEagrmuevov amd to ATP dwaihwv Na*t-K*, Adym pet-
ouévng ovvBeons g ewogattduro-tvoottoine. H adoa-



vomoinon tav eEaptduevav omd to ATP daihowv Nat-K*
mopatneeitan medypatt oto drafijtn, gailvetar Sumg Ot
OpElAETAL 0TV EVEQYOTTOINON TS TEWTEIVIXNG ®Lvdong C
(PKC), mov, ne ) 0e1Qd g, avEdvel v mapoywyr 0o
avootoréwv g Na*-K*-ATPdong, tov apoytdovirou
oE€og nar mg meootayhavdivng E,(PGE,) .

Zopugova ue wo o tedopoTn vdeon, N 0Eeidmon
™G 00PPLTOANS 0mtd to NAD* avEdvel to Adyo tou NADH/
NAD* 010 ®UTtaQOmACONd, Ue OUVETELD TV adQAVOTTOi-
MN0M ToL EVIUPOU apudQOYOVAOT TS 3-QWOPOQLKNG YAUXE-
ahdedng (Glyceraldehydes-3-phosphate dehydrogenase,
GADPH). H adpavomoinon owtov tov evivuov €xel g
amotéleopa TV 0UENON TV OUYXEVIQDOEWMY TMV (POOPO-
QWAV TELOLMV, TTOV e TN 0€LOd TOVG, CWEAVOUV TO OYNUaL-
Tioud peburoylvoEding row draxvloylurepdlng (DAG).
H puebuhoylvoEdhn yAvroluMvel Tay€ms mEmTEIVES o
odnyel 0T0 OYNUOTIOUS TEOIGVTMV TEOYXWENUEVNS YAUXO-
CuMmwons (AGEs), evdd 1 DAG evegyomoiet v PKC.

ZUupwvo. pe Ty T€T0QT) vITéheom, 1 avaymyn g YAv-
2r0Ing o€ 0opPLTohy mpoxahel votavdlwon tov NADPH.
To NADPH eivor amooaitnto yio v ovayEvvnon g
avayBelooc yhovtaBeldvng, 1 omolo eival onuavtirdg
adoavomomnTig Twv eAevBEQmv ELEWV oEuydvou, rau 1 €A-
rewm ¢ omolag TEoxrolel 0EEWOWTIN RATATOVNON TWV
wttdoovi?. Emuthéov, 1 vmegylurouuio adoovormolel
™MV agpudOYOVAon TS 6-pmOPoLrNGS YAURAING, TOV 0TTo-
tehel ™ onuavuxrdtepn myn tov NADPH, pewdvovrag
TEQOUTEQW TIS ovyrevIpwoels Tou NADPH og oplouéva
ayyeLomd ®no VEVOLrRA »ittoQa' %,

7.7. H 006¢ g €Eoapivng

Mpdogarta, Tapovoldotyxe 1 VTdBeon Ot 1) VITEQYAV-
roupio woorohel PrAafec n€ow exTEOMC TOU UETAPOML-
owoU ™¢ YArding dd g 080U g eEolauivyg!»130131,
(Cyjua 14)132 H yhundtn petatoéneton oe 6-pmomoory
PEOVXTAIN, N ool axohoUBws ovtded pe yhovtauivn. H
avtidpoon raralvetol amtd 10 EvEupo apudoTeavomeQdon
™S YAOUTOUIVIG-6-pmOQoQLxrtg EOurTAtng (glutamine-
fructose-6-phosphate amidotransferase, GFAD), mov
amotelel 10 puBwoTvS €vivuo g 0dov g eEolaui-
wne. To éviuvpo owtd avaotéhietal amd ™y alaoegivn.
Ta meoidvta g aviidoaong eivan yhovtouxd 080 zat
6-wopoOLrT] YAUROTONIVY, 1) OTTOT0L UETOTEETETOL OTY OU-
véyeLo o€ 0VOLOVA-OLPWOPoELK-N-areTUAO-yAurOLaUivn
(UDP-GluNac). H gvepyomoinon mg 000V tg eEolapuivig
QUEAVEL TN UETOYQOPY] OQLOUEVWV YovidiwV, Omwg Tov
TGFa,tov TGFb »ou tov PAI-1181913 ye toémo mou dev
elvou aréAvTo. YVwoTog.

SUupwvo. Pe ta PEYOL TEa OEQOUEVQ, 1 EVEQYOTTOM-
o1 TV YoVIdlmV autav ogeiletal oty YAvroluhimwon tov
petorypagpurov apdyovra Spl (o Spl petarpéneton oe Spl-
O-GIcNAcCc xon ot 1) petatory Tov evegyormotet)*. Ev-
dexouEVmE, Le TV eveQyomoimon g 0dov g eEolapivng
yhuroCvhMavovtan xo GANOL UETOYQOPLKOL TTAQAYOVTES
7oV OeV €YOVV EVTOMLOTEL UEYOL OYUEQQL.

Suvohxd, 1 evepyomoinon g 0dov g eEolaui-
VNS amtd TV vmeQyAvroupion QoiveTal Vo TQOXAAE! TNV
oBoroyux] €xEAON 0QLOUEVMVY YOVLOIWV RO T OUOAEL-
TOVQYI(C. OQLOUEVMV TTQWTEIVAOV %Ol VO, OUUUETEYEL OTHV
TOHOYEVELD TV ETULTAORMY TOV dLaLfryTy.
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Zynua 14: Odos s eEolauivys

8. OEedmTIno stress oL avriotaon ot 60don
NG LVGOVAIVIS

To oEeldmuxrd stress dev eumiéxetan uévo oty abo-
uotohoyio Twv OLafnTray emITAORMY  CAAG oyeTiCeTon
2OL UE TNV avToxy 0T dAOoN THG LYOOUAiv)g3H 638 (10
QOLVOUEVO OUTO XOAE(TOL LVOOUMVOOVTOYH 1] LVOOUMVO-
avrtiotaon). In vivo donwég o dafntind melpopnatétoa
VITOdEVUOVV OTL TO. AVTLOEELOMTIXA EVIOXVOUV TNV EVOL-
otnolo. oy woouvhivy. Tepartépm xhwvinég pehéteg oe
drapnTinoic aobeveic e avtoyr oty tvoouhivn amédelEav
o m Bgpameio pe avtogedwtirnd émmg o Prrapives C xou
E, 10 Mvoleind o8V (LA) naw m yhouvtabeidvn Pertimoay
TNV AVTOTTGRQOLON TWV KUTTAQWV OTHV LVOOUALVY) 3140141142,

8.1.Evegyomoinon evaiocOntov oto stress xivaoov, @o-
ogogurinon IRS xar avtoyn oty tveovhivy

To oEeldmtxd stress evepyomolel pion TnBdoa ®ivo-
oV 0gQivng! IS FréyoL TV ®vaowy elvar 0 vodo-
x€ag wvooukivng (IR) %ot oL TOWTEIVES TOV VITOOTQDNUOL-
T0g Tov tvoovhvinov vrodoy€a (IRS: Insuline Reseptor
Substrate). H avEnuévn poogpopuiimon xataholrtwy oe-
oivng »ou Bpeovivng ota IRS »ow IR mepuopiter ) @o-
OQPOQUALMON TWV VITOAELUUATWY TUQOCIVIG TOUS %Ol OUVE-
TG T 0QAON TG WVGOVAIVYg HO147 148149150151 T G0 Ty
IRS mov dLaB€T0uV PoPOQUALMUEVE ROTAAOLTOL OEQIVIG
%o BQEOVIVIG TAEOVOLATOUV HQGTEQN OUYYEVELXL UE TOV
vooulvirs vtodoyEa xan v 3-Kivdon pmogpatiduroivo
ottéAn**+152 (PI3K) . To yeyovdg autd meuoilet ) dpdon
NG WWOOVAIVNG, TNV EVEQYOTONOT TNG TEMTEIVIXY KLVAONG
%OL T UETAPOQA TG YAURAING otal vUTTOa! 33154155,

Zta 3T3-L1 Mmwoxuttopa M emaywyr] Tov OEeL-



dwmrov stress pe H,O, mopeumodilCer v petopogd
YAMRGING BB “Onwg otar AutoxUttapo €10l »aw oto
Lépvird wittapa n evepyomoinon twv p38 MAP nwvaoov
and 1o o&edwnd stress (H,0,) avaotéhher  petago-
d YAurdtng'”. Emmodobeto, 0 maQdyoviog vVEXQWOoNG
oyrov-a (TNF-a) dieyeipet 1ig INK/SAPK »ivdoeg ovEd-
VovTag €10 T POOQOQUAIWOY %aTaAolmwy 0eQivig TOov
VITOOTEMUATOE TOU  tVvOOoUMVIZOU vmodoygo TRS-113160,
“Etot, m (emaydpevn amd v LVGOUAIVY) @mo(poQuAlmon
vrohelppdtov Tvpooivng tov IRS-1 ehattwveton ®ou 1
dpdon g LVOOUMivNG TTEQLOQITETOL ONUOVTLXRA.

8.2. IKKp vwopovdda, IRS mpoteiveg
(TQOTEIVES VOO TOONATOS LVGOUAMVIXOV VTT0d0YE0)
ROL OVTOYN OTNV LVOOUAIVNY

Ze puind ®UTToQo. UE OVToY] 0TV LYOOUA{vY, €xouv
mopatonBel vymid enimedo IKKP vropovadog tov IKK
OUUTTAEYIOLTOC TO OTTO(0 EVEQYOTTOLEL TO UETOLYQUPIXG TTV-
onvird mapdyovta NF-xB!!, H evepyomoimon g IKKp
vIrouovadog maeuToditer ™ dpdon ™E Woouhivng .
Avtiotpopa, M avaotor g IKKP and coluvhnd xal
PPARY aywviotégt®® amoxabiotd v avrosmméroion
o™V WWOOUAiVY TG00 in vitro oo o in vivo'*1% H Bega-
srelo Qe aoTmLO v ®OL COMXVMRA ENATTAOVEL TN (POOPOQU-
Mmon twv poeimv oepivng xa AVEAVEL T WOPOQUALMON
™E TVEOOIVNIS OTIg Tpwteiveg Tov IRS¥2153, Nedtepa Oe-
dopuéva deiyxvouv GTL M gvooONTOTONON 0TV LYOOUALIVY
IOV TTEOXAAEL 1) ALOLTTOVERTIVY, OElLeTUL O OVOLOTOMY TG
eveQYomoinong tov NF-»B166.167.168

ITepartépm PeLETES OE RUTTOQOROMMEQYELES, YEVETLRA
TOOTOTONUEVAL TTELQAUATOLWO %ol avBQMITOVS, AmodeL-
wvbouv ) omovdodmro IRS-mpwrteivadv oty pvBuon
™g Aettovpylog Tmv B-)ruttdowy Tov maryreéatog 717t
H gpnogopuhimon xataloimwv oepivng/Bpeovivig tov
wvoouhvizoy vmodoyxéo (IR) xot tov vmooToduoTog
tov (IRS) and nivdoeg gvaiodntes oto stress (NAK,p38
MAPK, JNK/SAPK o diheg nivdoeg oepivng/Boeovi-
VNG) OTOTEAEL EVOL INYOVIOUS TTOU ETLTOETEL T CUOYETLON
TOV 00MV TOV EVEQYOTOLOVVTOL QTG TO Stress ue owrileg
TOOOLOYLRES RATAOTACELS TV RUTTAQWV.

8.3.0EedmTs stress,TvEooviry QOCQATdo)
ROL OVTOYT TNV LVOOUAIVY

H dwmopay g oEedoavaymyxng ouoldotaong
uwoel vo. 0dNy1ioeL o€ 0EeldwOoN %o ATEVEQYOTOMON TS
Twpoowixig wogpoatdong (PTP)72171% Efjvan yvwotd Gt
1 QOOPOQUALMON THG TVQOGIVNG EIVOL OTTALOOITNTY YLCL TV
(wvoouhvo-gmaryduevn) UeTapood yAuroing oto pixd
wiTToQa %ot o, Mroxvttaa! 717, Tlapdho wov 1 exhexTi-
%1] ROl OVTLOTQETTY] OVOOTOM ovyxrexouévmv PTPaodv
onmg g PTP-1B avEdver ) dpdon tg voovhivyg! 17,
1 0E€(0MON KVOTEIVIRIDV RATOAMOITMV OTOL EVEQYA REVTQU
tov PTPaocwv, T amevegyomolel zow odnyel o€ tvGOUAL-
voavtoy in vitro!6164,

To oEedwtxo stress evepyomotel Tig 000U tov NF-
%B, tov p38 MAP »ar JNK/SAPK xivaowv. H e evep-
YOTTONON QUTAV TOV 0V EAATTOVEL TV gvouoOnoia oty
dpdom g voovhivig. Extdg amd ty tvaovivoovtiotaon,
TO eMAYOUEVO amd TV veQyYAvrouior 0EedmTnd stress
€VOUVETOL RO YL TLS OYLUES OLAPNTIRES ETUTAOREG.
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9. OEeldOTI®O stress xaL Svolertovgyia f-»ut-
TAQOV TOV TTAYXEENTOG

H woovhivn mapdyetor amorhelonxrd omd to B-rut-
Tapa Tmv vnotdwv tov Langerhans tov moyrpéarog. Ta
B-ritroa Tov moyreEaTog eival empEemy otg PAAPeg
710V TEOXaAoUVTOL 0Tt6 TO 0EELOWTIXO stress. Ot GLUT-2
UETAPOQELS YAURGING 7180 1) yAvronivdon B8y 0 wupi-
g 0 HETOPOMOUSS TG YAUROTNE 0TS TOL PLTOYGVOQLA TMV
B-rutrdomv, €UVOOUV TV €XROLON LYOOUAIVNG OE TTOOO-
Tt avdroyn tov epebionarog. Iagdho mov o axrgipeis
UOQLAROT UNYaVIoUOl Ue Toug 0mroiovg oL LETOPOAITES TG
YAuroTng ovBuitovv t obvBeon tvaovAivng dev elvar yvm-
otol, elval BE€Pao 6t 0 peTOPOAMOUOS TOUS OTO €mimedo
TOV Wto)ovopinv xaiglag onuaoiog 3455, Ta wroydvooia
aoteAOUV TOTO TOQAYWYHS OAAG oL OTOY0 ehevBEQV
otCav. "Etol 1 »ataotoogi Tmv ptoyovdpiny ard dpaott-
%EG POQYPES OEVYGVOU %ot alDTOV EIVOL AVAUEVOUEVO VO
TEQLOQITEL TNV €XXQOLON LVOOUAIVIC.

H emarySuevn amd ™ yodvia vtepyhuronuio eEaviinon
TOV B-*UTTAQMV HELETBNXE in VIVO OE YEVETIXA TQOOLOTE-
Oepéva drapnrirdaelpauatdloa® non oe puotoloyind met-
QOUATACMOL TTOV €XOUV VITOOTEL UEQLKY| TTOYRQEQTEXTOUN '™
1 wov €xouv AdpeL ayoyn ue streptozotocin'” (ovoio ToEwxn
yroToL B-rUTToQa). ZTIG in Vivo ouTég LEAETES O Lo WOLOUOS
TOV ENMUTTOOEWV TTOU TTEOXABNROV AGYm viteQyAvroupiog
antd QTEG IOV TEORAM|ONRAV AGY® AV VEVQOAOYLRGV,
EVOORQVIHMIV RO OLOTQOPLRAV TTOLQOYOVTIMV HTOV LOLOLTE-
oo tohimhorog. Emumhéov n vitegyhuroipion ehottadver Ty
Nt ®AOAEON TG LYOOVAIVNG in Vivo, Ue atOTENEOUA TOL
emimeda TS LYOOUMYNG OTN YEVIXT] KURAOPOQIDL VOL TTOQOUE -
VOUV QUETAPANTOL arOUa RO GTAY UELBVETOL 1] EXXQOLON] TG
amtd ta B-witrapal?.

Invitro, n aviyvevon TV ETLTAORMDY TOV TEOXRAAOUVTOL
aro xoovia Exbeon og yAuroly, elvar wWaitepa SUVOROAN
o€ ®UTTAQA TTELQAUOTOLMMV XIS YEVETIXT TEOdLA0EON
oto dwofnm. EEdunvn enddaon (og vymhd enimeda yiv-
%OING) KUTTOQORAMMEQYELWV 0TS B-HUTTOQO TQOHRTIRAYV,
ehdTtmoe v €xxplon tvoovhivng, 1o mRNA g tvoouAi-
VNG RO TNV TTQOCIEON TMV UETOYQOPLRAWYV TTOQAYSVTMV TOU
mRNA ¢ wvoovhivng'®1%, Qotéoo, mapduores uehéteg
O¢ dramtioTmwoay Pelimwon oty €x1OLoN LYOOUAIVNE ®aTd TV
€x0eom og YAnoln. Avtd evdeyouévog va ogpelletal otV
€x1OL0T TV EVOORVTTAQLOY atoBepdTtmV LVoOVAivNg amtd
T B-xUtrapo. AEiCel vo avogpebet otL M To. amoBg oo
LVOOUAIVIG TOrIAOVY OTOL OLA(POQO TUUOLTAL TV B-RUTTA-
owv.Ta mapaxelpevo 0TV ®UTTOQOTAAOUATIRY LEUPOGVN
®VOTIOLL TTOEOVOLAloVY peydhn drabeotudtta tYOOUAL-
NG ov umoel var exxolfel. Avilf€Twe, 1000 VeOUAivY
7OV TTEOOQEICETOL YL0L ATOOUVOEC GO0 %OL 1 LVOOUAIVY
%O TEOIVOOUAIVY TOU £VOOTAAOUATIXROU ARTVOU ROl TOV
ovumhéypatog  Golgi dev dwotiBevron yio €xnguon. Emi-
1pd0BeTa, TVYOV nelmwon tov mRNA g wvoouvkivng dev
elva Yvooto av Ba eEAaTTOOEL 0TaQaLiTnTOo. %o T CUVOEOT
LYOOUAIYN S AGY® EUTTAORIC UNYOVLOUMY THG UETAPQALONC.

9.1. O goAog TV eheVBeQMV MITAQWY 0EEMV GTNV LVEOV-
Mvoavtoyn zou T dvodettovgyia Tov B-rvTtTdoOv
TOV TOYRQENTOG

“Eyxovv dratvmwBei molEg Bemplec oyetind pe v emi-
dpaon tov ehevBepmv Mmooy oEéwv (FFA: Free Fatty



Acids) omv avdmtuEn avtoyng oty tvoouhivi. Zougova
ue ) Bewoia tov P.J. Randle! ™! vymhy dabeoipdtnro
FFA avEdvel toug Adyoug acetyl-CoA/CoA »aw NADH/
NAD™* pe amotéheopos:

(o) MV aeveQYOmTONON TOU CUUTAGROU TTUQOOTAPUALRIG
agudoyovdaong
(B) v ehdttmon oEeidmong g YAurding xow v avEnon

TOV EVOORUTTAQLOV %LTOWOU 0EE0C
(Y) ™MV 0vaoTOA) TS POOPOPQOVRTORLVAONG
(8) T ovoOWEEVON TG PWOPATAONS THG H-POOPO-YAURS-

Ong nouw
() mv avaotol) g dpdong g eEoxwvdong I1. Katd tov

Randle, ta yeyovita ovtd odnyotv o evdorvttdola

OUOOMEEVON YAUROING RO ELATTOUEVY UETOPOQA YAV-

%®OUNG OToL PUIKA ®UTTOQOL.

e avtiBeon pe m Bewpia Tov P.J. Randle, veotepeg
€ogvveg €8elEav 6L M ehdTtmon ouvOeong puikov yAuro-
YOvou petd amd exdaon pue ehevBega Mmapd oE€a €yive
uéom pelmong  -now OxL UENONG- TV EMITESMV TNG PO~
opaTAoNS ™S 6-QWopo-yAurding'2. Anhady, Ta ventepa
dedouéva vmoomeiCovv Gt ta elevBepa Mmapd oEEa
EAOTTAVOUV TNV €VOOXRUTTAQLOL OUYXREVIQWOT YAUROING.
e nd0e meQmTwon, T0 CUOTNUO UETAPOQAS THG YAUROTHS
ota xittapa elval 10 QUOLOTIRG OTADLO YLOL TNV ETTOYOLLE-
vn axtd ta FFA wvoovlvoovtoyi'®.

Se popord emimedo, moooTnEbnre OtL Tl VYA
emimedo ehevBeQWV MMV 0EEMV TaeumodiCovy v
(emarySuevn awd TV LVOOUAIVY) OOQOQUAIMOT TV %o
tahoimmwv Tveooivng oto IRS-1 xow avaoté hovy  dpdon
g PI3K (3-Kwdon gwogatiduhoivoottéin) .

H 6nwg ovppaiver pe mv vregylvraplio, n exidoa-
on tov ghevBepwv MoV oE€wv ot Aertovpyia Tmv
B-nvuttdomv tov moyreéatog elvorl 1OLateQa TOMITTAORY).
AvEnuéva enimedo FFA moeumodiCouv v €uxnolon -
OOVAIVNS TG00 in Vivo 600 %t in vitro!* yeyovog mov armo-
didetan 0TI CVLOCMEEVON EOTEQWV OXETULO-OVVEVIUHOU A
0710 ®UTTAEOTAONS>1 | In vitro, paroyodvia €xBeom
oe FFA gaivetol vo avaotéhier T ovvBeon tov tvoov-
Mvizot mRNAPY7 you vy emaryduevn amd ) yAuroin-
ExnQLON LVOOULIVNG!8+1%,
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Summary

Vascular and neuropathic complications are the
major cause of mortality and morbidity of diabetes.
Several clinical studies including the Diabetes Control
and Complications Trial (DCCT) and the United
Kingdom Prospective Diabetes Study (UKPDS) have
shown that the severity of these complications are
directly associated with hyperglycemia regardless of the
difference in pathogenesis of type I or II diabetes 1.

Hyperglycemia and free fatty acids (FFA) are
responsible for reactive oxygen species (ROS)
generation and as a consequence, oxidative stress in
a variety of tissues may occur. When compensatory
response from the endogenous antioxidant network
is absent or deficient, imbalance between ROS
synthesis and damage leads to the activation of stress-
sensitive intracellular signaling pathways. Activation
of signaling pathways is connected with insulin
resistance, impaired insulin secretion (through f-cell
dysfunction) and diabetic complications. The present
review attempts to present the biochemical pathways
by which hyperglycemia- and FFA-induced oxidative
stress causes insulin resistance, B-cell dysfunction and
complications of diabetes.

The ability of antioxidants to protect against in
vitro, along with the clinical benefits often reported
following Clinical trials antioxidant therapy, supports
the causative role of oxidative stress in mediating and/
or worsening these abnormalities. Protective role of
antioxidants against the effects of hyperglycemia and
free fatty acids (FFA) in vitro and clinical effectiveness
of antioxidant supplements indicate that oxidative stress
may be the reason of these
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X1oeLg, EQUQIOYES RAUL TOOOTTLRES.
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2. Teyvodoyind Exmaidevtind ‘1dovua Adoroag, Tunua latoixdv egyaotnoiny,

ITegidnyn

H toweivy (2-auvo-ouBavo-covkgpovird o80) eival
€va “ratd ouvOnxn amaaitnto” auvoEy ue ToAVdoLOuES
QPOOUOXEVTIRES TG WOLOTNTES. ATtotehel TO “OOVAPOVING”
avadloyo g B-aiavivng, egpdoov oty BEon g voBogv-
Mnrig opuddag TEQLEXEL COVAPOVIXY OUAON ROL ETTOUEVOG
uoel va amoxraleltan COVAPOVIRG OLVOED.

H towpivn avaxoligdnre oty xoh) taipov to 1827
%o uohg to 1975 doyroe va yiveton avunmoi 1) ormovdat-
ONTd. TS 0T ALOTEORP].

XOoQarTNOLOTIRES POOUOKEVTIRES OQAOELS TG TOVQL-
VNG lvar 1 avTLOEELOMTLRY, ROQILOYYELOXY], UETOPOMNY,
row awotoEivatinyg g dpdon. H tawpivny emumhéov yon-
OLUEVEL YLOL TNV TTEYN TOV ATV, TNV AT0QOSEN 0N TV Al-
TOOLAVTOV PLTALULVAY RO YL TOV EAEYYO TV ETUTEOWV
XOMOTEQOANG OTO alpa. ZUUUETEYEL OTNY OLATNONON TG
OXEQULOTNTOS TG KUTTOQANS UEUPOAVNS, 0TV TEOQPUACL-
&N Twv omepuoTotmagimy xal oty eUBULON TS 0oUWTL-
»1ig mieong. aiCel emiong ovolddn pdho oty Aettovpyio
TOV VEVOOVOYV, OTNV AVOTUQAYWYY TOV RUTTAQMV %O
omv tpo®onon g YAurohvuong.

H tavpivn dpa o mdpa moAhd frohoyird cvonjuata,
Ommg 0to ®AEALAYYELORS GUOTNUL, OTO e, OTeL UdTLa,
OTO %EVTOLHO VEVOLHG OUOTHUC, OTO CVOTOQOYWYLRG OV-
omua, otovg uies. EmmAéov o pdhog g towpivng oty
ovamTuEN ®ow TV PO TV ®KUTTAQWY Eival VPioTg
onuaoiog. H mapovaoio g patvetol va eivol xa0o0Lotiny
OTNV VOTTOLQOYWYY] KOL TNV PLOCLUGTNTO TOV KUTTAQMV.

H y01on g tawpivng yio Ogpasevtinots oromovg yov-
Ce mepautépm drepevvnong, o yiver EexdBagog o pohog
™G 0¢ ®rAmoLeg mobNoELs, Wiaitepa oty emhmpio ®oL Tov
olrooloud. Emiong moémer vo uehemBel mepuoodtego m
olMmAentidpaon g ue diho droTpoprd otoryeia, Grwg ot
Brrouiveg now to uétadha row vor doBel Wialten meoooy
OTN ONUAoLOL TTOV WTOQEL VoL €XEL 1] XAUNA] CUYREVTQMON
™G oto aipa aoBevav e roxivo. H xonowdmrd mg omyv
OLOTQOYY XalL OTIV TTQOMTTTLKY LOTOLXY] ECVOL OOPOIS ROTOL-
dederynévn now dualwg }oQoxrmEIoT*E WS “natd ouvon-
%" ToQaTTO OULVOED.

H tavpivn, extdc tov Bepomevtny g dQdoemv
%o Wt TmY, elvol xot €vag duvnTivog VIToRATAOTATNG
(ligand) o€ eviOELS OUVOQUOYNG UE UETOMMRA LOVTOL, AGY®
™ dowrjc Ts. H covhgpovinr] oudda xan 1 apvoudda tov
draB€ter To popLo eivor duvatdv va ouvdeBovY ue peToh-
Mrd wovia, uéom twv atopmv O xar N aviiotouya.
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Touéag Bioynueiog-Khwvixijc Xnueiag
Ewayoyni

H tovpivy (2-auvo-oBavo-covkgpovind o&0) €xet
amOoXOM|OEL TIg TeELeVTAlES OERMUETIES TO EMLOTNUOVIXO
evOLAPEQOV MOTe VO, ®0B0PLOTEL O PLOAOYIXOS PGAOG TS
%Ol OL TTOAVAQLOUES (POLOUAKEVTIXES TNG LOLOTNTEG, EQOOOV
0 uyaviopudg dpdong g dev €xel amoliTwe dLevrQLvL-
00el, dmwg paivetow amd ™V Aedvii Biphoyoagic. H
TOVEIVN €YLVE YVMWOTH 0TO EVQU ROLVO ROL GOV OUOTOTLRG
TOV OVOAPURTIRMV EVEQYELOGS, Ommg elvar To Red Bull.

H tavpivn eivan éva roatd ovvOixn amapaitto out-
VOEU, T0 0moto dev Aapfdver uEQOg OTNV TEWTEIVIXY OUV-
Oeom, ahhd ovvavtdron ehetibepo 1 og orhd emtidwa!. H
TavEivn wropel vo BemonBel o “covipovind” avdloyo
™mg P-ahavivng, yuati oty B€on g napPfoEviric ond-
dog meQLEYEL COVAPOVIXT] OUADO ROL ETOUEVIG UTOQEL VOL
atoraAeiTaL COVAPOVIXO auvoE. Zto Zyfjua 1a gaivetan
0 YNWHOS THTTOC TS TAVEIVNG, VA 0to Zyfua 1b diveton
N duovtwj (switterionic) nooeij t™g, 1 omolo aToRTATOL
auéome pe Ty SLtdAvon oTo VRS, axrdua XaL 08 QUOLOLO-
ywo pH. To Zynua 2 givon 1) ToLodLdoTaTY OTELRGVLON TOV

noiov g TowEivng.

Zynma 1. a Xnuixos tomog tng Taveivyg
b Auov (switterion) tavoivng

Zynua 2. Mooiaxnyj ameixovion tng Tavoivng



Xnuwen Aopnj-Ilgoélevon

H tawoivn avaxroiigbnxre omv yoij toigov to 1827,
arté tov awotpaxd emonjuova Friedrich Tiedemann xaw
tov Tepuoavé Leopold Gmellin?. T pueydho didotnua
€Bempelto mg TeEM®S TEOIGV Tov petafoliopoy Tmv Oet-
oUymVv awvoEEmv row woMg to 1975 doyoe va yivetol
ovtulney 1 oovdadtd TS ot dtoTeo@i. Zjueoa
€xeL mh€ov amoderytel oL M TowEivy elva aoaiTnT YLo
™MV avamrTuEn Twv Onhaotrdv® xou €gevves €xouv deitel
ot younhd enimeda Tovivng 0Tov 0QYAVIOUO oUVIEovTaL
ue oriheg TABOAOYIRES RATAOTAOELS, OTMS KAQOLONV-
omdfeLd, EXPUAOUS TOU AU@LBANOTQOELdN YLTAVO TOU
notov®, xaBuoTéenom g avamTuEng’, aduvauio Twv ®utT-
TAQWV VO EMPLADOOVV, UELMUEVY EYREPOIRY] AetTOoVOYIOL,
oaxrya®dn duafnty, axdua xow emimpio.

Zrg moAvdolOues PLOAOYKES ROL  (POQUOXEVTIRES
JpdoELS TG TAEIVIG CUYRATOAEYOVTOL 1) OVTLOEELOMTL-
%1}, ROQOLOLYYELOXT], UETABOMKY, ROl OUTOTOEWVWTIXY TNG
dpdont. H tavpivn yonowuevet yia v mtéym tmv Moy,
TNV 0IT0QEOENOT TOV MITOOLUAVTHOV PBLTOLULVEV AL YLOL TOV
ELeYY0 TV EMITEdWV XOANOTEQOANG OTO alpat. ZUUUETEYEL
oV dLoTNENON TG OXEQOUOTNTOS TNG KUTTOQIXIG UEU-
Bodvng, oty TEOPUAAEN TV OTEQUATOLWOQIMY oL TNV
oUbwon g oopwtrtig mieons’. Tailel emiong ovolddn
Q6O OTNV AELTOVQYI(O TWV VEVQMVWYV, OTNV CVATTAQAYWYN
TOV ®KUTTAQWV %L TNV TEONON oM g YAvrohvuonc'.

H towpivn poioretan oe agpbovia oto Towxd facihero’,
eV armovotdlel TAome artd 1o QuTrd Pooiielo. Bolone-
TAL 08 VYNAEC OUYREVIQMOELS OTOVS OREAETIHOUS UUC,
omv %0dLd, OTOUG VEVQMVES, OTO (POYOXUTTOQM, OTOV
eYREPALO, OTO EVIEQIXO OVOTNUC KOl O€ TTOMOUS GANOUS
10tovUg. OL evijxeg, adhd Oyt To ToudiLd, €OV TNV LROVO-
™To Vo oVVOETOVY TRV 08 WHEES TOOATNTES, YL OUTO
Bempeltan ot ) Taweivy TEEmet va happdvetar néow g
dratpopc.

Buoroywen Agdon

H tawpivn dpa o mtdoa molhd floroyird ovorijpoto!!.
o Koudiayyetoxo ovotnua

v 7rodld omovtdTol TEQLOOGTEQO OTtd TO ULOO
TOV oVVOMroU amobguatog Taveivng otov ogyovioud. H
TawEivn emneedlel Betind ™V roveTTO. CUOTOONS TOU
20000l puds (wvotomixy] dpdon)* M xow pewdver v
wtieon tov aipoaros™e. H mpootacio mov mapéyel otov
200G LOTO, TOADY TOAVOV Vo OpelLeTOL 0TV LROVO-
™MTd ™S v uBNiteL T evdonuTToQKd ETiTEdQ TV 16-
viwv Ca*t, petafdloviog ™y ovirr] evegysTnTo Tmv
ROVOMDV UETARIVNONG TOUS OLOUECOV TNG KUTTOQRNG
ueppodvnc”8, H evdoruttdoio ouvoomdevon neyding mwo-
oomTag WOVImV aopeotiov odnyel oe nuttapd Bdvarto.
H mopovoio g Taveivng oItoTteEmel T0 QovOUEVO auTtd
2O ®OTd CLVETTELDL TNV puoradtoxy AN Y. H towpivn,
AOY® TOV EVRIVITOU VOPOYGVOU TTOU TTEQLEYEL TAUREUPAIVEL
TEOOTATEVTIXA OTOV XAEOLARG LOTO ROL UECM TMWV AVTLO-
EedwTindv ™mg Wiotitmv?. Aeouetel g ehetibepeg iteg
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OV TOQAYOVIOL OTTO TV OVOTTVEVOTIXHY] dpaotnoLdTnToL
TOV OVOETEQOPIAMY, ROTA TV QAEYUOVAdN ovtidoaon
OV OTORATACTOOY TS CUUATWONS TOV LOTOY, UETA Omtd
Loy oS emeloddLo, mporapupdvoviog ue v dpdon g
avt, TV TeoxrAnon PAAPNG.
® “Hmog

To Mo amotehel deEauevn yoMxrwv oEEwv, To. omoia
€yovv omoEuTavTIXY dQAOoN 0TV YOAOATOUOTOTOMOT
%Ol 0ToEEAPENON TV Mmdiwv xat Twv Arodtodvtdv fi-
tapvav. Tnv dpdon aut) v aorotv HECW TV YOMRWV
ahdtov, To omoto eEantiag Tmv MITGELAMY ®ot VOQSPLAWY
TUNUWATWV TOU POE{OV TOVG, EAATTOVOUV TNV ETTLPOVELOXT]
Tdon, oxnuatiCovrag wrriia. Ao Tov Nrotnd petafo-
Moud g xolnotepdng madyovran xolxd o&€a’. H dt-
dAuom TV 0EEMV aUTAYV, YIVETOL UE TV CUVOQUOYY] TOUG
ue ™V yhvrivn zow v taveivy), LEom TemTidwmon 0o,
0mdTE TEORVITTOVY YOMRA AT, TOV ELVOL TTAQWS LOVL-
ouéva og puotoroywo pH zou emopévmg Tijomg diaivtd,
o€ avtiBeon pe ta avriotoya eretBepa yohxrd oEéa. Ta
yohxrd dhata g taweivng elvat mo vdorodiolvtd o’
oUTd ™G YAURIVIG ROL TTOQAUEVOUV LOVIOUEVOL OXOUC ROL
og o O0Ewveg ouvOixrec?. O LVIOUGS Elvol amaOTNTog
yioti epmoditel v ratafBion Tmwv yolxrawv oE€wv. H ov-
VOQUOYN TNG TOWEIVIG 0T XOMxd dAata €xeL onuovTixn
emidpaon omv dtaAvtdtnTa TG YOANOTEQOANGS, CEAVO-
VIOG TNV OTTOBOAY] TNG OTTO TOV 0QYOVIOUG AL LELWVOVTOS
Ta. €7{medd T™NC 0TOV 04 TOV OLiNATOC?,
® OgOaipol

O auppAnoTEoeldng YLTwvas eival 0 LOTog ue TV
vynAGTEEN ovyrEVIQwon tavpivig. “Egeuveg (oe yd-
teg) €0elEav St M €Mhewpn TowElving empEQel olha-
YES OTOUS QTOOEXTES €S %AL UOVLUO EXPUAOUS TOU
auppAnotpoetdotic®. TIoteveTon 6T 1) TAVQEIVY TEOOTO-
teveL ko dratneel v dour| ®oL Ty Agttovyia Tmv ®uttd-
WV TV, ouBuiCovtog TV ooumtiry mtieon, Taeumodi-
Covtag ™V pmOQOQUAIWOT TV UEUPQOVIKMV TTOMTEIVHV
%O WITOTRETOVTOG OSEOWTIRES OpAoELS™,
o Kevtouzo vevouro gvotnua

H tawpivn elvor 1o pnovadiwd opuvoEyd tov gyrnepdhov,
TOV OTTO{OV 1) CVYHEVTOMON UELDVETOL ROTA, TNV OVATTTUEN,
YEYOVAS OV VITOdMAMDVEL GTL | TOWEIVY TBAVASY var ouv-
déeTon pue TV avdmTuEn Tov eyrepdiov. XaQoxtmoLoTird
emlong elval to Ot o€ avtiBeon e TV TOOGTNTA TOVQIVNG
TV MWV 0QYAVWV, T ETITESOL TS OTOV EYREPOLO dLorTy)-
oUVTOL OE TTEQUTTMOELS avemdoxelac?. TTlBavég dpdoetg
TNG TOVQIVNG OTOV EYREPOAO €lval 1 QUBULON TN dLeyeQTL-
ROTNTOC TWV VEVQOVAYV, 1 dLotienom ¢ Aettoveyiog g
TOQEYXREPAAIDOC ®aL 1) QUOULON TNS EXXOLONG OQUOVAV.
Apa emiong ooV avaoTalTivog VevpodlafLaoTig ®ot oo
avtiovotaAtxd pEco®. H tavpivn pewdver my diéyepon
TOV VEVQWVOYV, TOMIVOVTOS TLS UEUPQAVES, OTtATE QUEG-
VOUV TNV JLATTEQATATNTO TMV LOVIMV YAwiov. Ty dpdon
ovt, vo otabepomolel Tig peppodveg natd vy diéyeQon,
1 TowEivy ™V aoxrel o€ GAOVS TOVG LOTOVS IOV d€YOoVTaL
eoebiopora®.



® AvamoQayoywro cVoTue

H tavpivn dtoteel v ®vnTirdmto TV OTEQUOTO-
CwolmVv ®ot EVIOYVEL TV XAVOTNTA TOUS YLO. YOVIUOTTO(N)-
on, pertidvovrog €Tot Ty yoviudmra’.
® Muwxd cvoTnuo

H tavpivn maielr otabegomomtind QOO yiat TG Uep-
Bodveg Twv pudv. AvEdver xow ovVOTAQAYEL TNV TOVIXG-
™mro Towv puov. Kotd myv dudorela puixig mpoomndeiog,
uropel vo wapatnEnBel EMe] TG, YL auTd M TOwEivn
UTTOQE( VaL Y OQOUTNOLOTEL g ovaio TG duvaung
® Ymoylvxoipuxi dpdom

Snuavaxry givol 1 Ao ™S TaVEIVIG WS VITOYAVROL-
wxoe mopdyoviog. Emtuyydver peimon twv emmédwv
YAur6Tng oto aipa, LoYvEOTOLHVTAS TV QAo TS LYOOU-
AMVNG HELDOVOVTAGS TNV EXXQLON] TNG RO ROT ETEXTALON TNV
OUY?EVIQMOY TS OTO aipa. Avtd mBavev va ogetheTol
omv alMnhenidoaon g TowEivg 1E TOVg VITodoyEels ™
voouLivnc®. Mo dAhy emlong oAy onuovtiry dedow,
elvan 1 amotoEwvotixy g dpdon, Tov mydler amd v
oveTTd ™S Vo eE0VOETEQWIVEL TOEWES %aL peTOMa-
ELOYOVES OVOTES, TOV TARAYOVTAL OTO OVOQMITVO OGN
1 OV ELOEPYOVTOL OTOV 0QYOVIOWS amtd To eEwteQurd
meQupdlhov. Aev elvan Tuyalo to YEYOVOS OTL 1) CUYRE-
VIQMO1 ™G elva peydn 0Toug LoToUg, 0TOVS 0TTOIOVS TToL-
pdyovron vYnAd emimeda oEedwtirayv ovoldv. To vmo-
yhwowd 056 (HCIO), mov mpo€pyetol amod v dQdon Tmv
ovdeTEQOPLAMY, elvarl €va TOM) LoYVEO 0EedwTd, To
0mo{0 ovTdQA e pLat LR PLOYNILRMY EVAOOEWYV, CUUITE-
orappavouévmv tav auvoEEmy, oxnuatitovrag eEoige-
Td toEmég aldehdeg, mov mEoEevouv PAdfN oto DNA.
H povadini dopr] g taweivng, ue mv covigpovixy ouddo
ot B€om g ®oEPOEVMKNG, TG ETUTOETEL, OVTLOQMIVTOG
ue To VIToYAwEIrS 0EY, va oynuatiCer ovel g ToEwmiig oh-
JeldNg wo oxeTnd ota0en yhwoauivn??, Aettovywvrag
AUTTOQOTQOOTATEVTIRA. YTAQYOUV OVAMOQES AL YLOL TNV
TEOOTATEVTIXY] dEAON TNE TAVQEIVNG XRATA TNG TOERGTNTOC
Tov TeTamodvipaxa (CCl,) mov evéyel xvouvoug yio
Ta NrEaTtoxUtroa®, Ommg emiong VIAQYOUV OVOPOQES
YLOL TNV TTQOOTAOT0L TTOV TTaEEYEL ot PAAPES, Tov umoel
vo. TeoxANBoUY 0d Pantnoaréc evOOTOEIVES EVIEQLXIIC
mpoérevonc®. H xop1iynon mg yio aotoEwvmtinois oxo-
TTOUG TTEOEQYETOL ATTO TNV LROVOTNTA THG VA PLOUETUTOETEL
%o vo. eEovdeteQuivel ToErég nau emPhafeis ovolec.
® Toavivn 0t0 ®VTTEELXG EMITEDO

O p6Aog ™G TavEivng oV avdmTuEn xow ™y emPio-
on TV ®UTTAQMV glvou Vpiotng onnaciog. H mapovoia g
alvetat vo eival xaBooLoTiny 0TV aVaTaoy MY ®OL TV
Brwowdmro Twv ®uttdomy. Zoppmva pe wor vrofeon 2,
dvo elvar ta tedio dpdong . To medto elvan ) ®uTTOQRY
neppodvn. H opordmra mg di-tovixiig (switterionic) dowrig
™G ue TV dowr| TV OVOETEQMV POOPOMITIIMV TG HUT-
TOQNG HEUPEAVNGS, POOQATLOVAOYOMVIG ROl (POOPATLOV-
hoauBavorauivng, empéper aAhoryn) O€ vATTOLES UEUPOOVL-
%EC AELTOVQYIES, LA 0" AUTES OTLS OTOLES EUTAEXRETOL TO
aopéoto. O xipLeg BEoeLg CUVIEONS TV ROTIOVTWV 0LOf3E-
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otiov (Ca**) oug xuttaQueés uepfodveg, eivar o 6Ewveg
OUGOES TWV PMOPOMITLOIWYV, UE TIC OTTOLES M TOWQIVY WITOQEL
vo alMnhemdQd, oynuartiCovrog Cevyn 1vimy, pue cuvemela
™MV HeTafoin TS SLoUGOEMONG TV PEUPEAVAdV, ahhd rou
™S YMUHIG CUYYEVELAS %ot TOV aplBpol tav Béoemv ou-
vapuoyiig Twv romdvimvi, H enidoaon g towgivng otig
RUTTOQIKES UepPodveg emnoedler »ow diho Amdo-eEap-
TOUEVAL POLVOUEVQ, OTIMS EIVALL 1) AELTOVQY 0L TV RAVOALDV
UETAPOQUS LOVTMYV, 1] 0UvdEON dtapSomv evEUumV oTLg pep-
Bodveg o 1 OOPOQUAIMOT TMV TQMTEIVAIV.

Emiong, n aAlnienidoaon g tavpivng we v peu-
Bodvn Tou ®UTTAEOU EVOEYOUEVMS VO OPEIAETOL RO OTNV
duvatdTTd ™mg va oynuatitel 0eopnoig vdpoYSvou. ‘Ommg
paivetatr oto Zynua 3A ot deopoi vdgoydvou oynuatiCo-
viow ety €vOg aTopov vOROYSVOU TS apvorddag xa
€VOS ATGUOV OEVYOVOU TG COVAPOVIRNGS OUddOg EVOS HO-
ooV TaVEIVNE 1oL TV ATGUMV 0EVYSVOU %al VOQOYOVOU
TOV avtioToLymv ouddmv evog diiov popiov tavpivng. H
ouvdeon avtn oynuatiCel daxtoho. Eivar dumg duvatdv
va avasttuyBovv deopol vdoySvoy avdueoa og dvo YeL-
Tovird néoLa TowEivng og yoouuxyj dudtagn, 6rmg gaive-
T oto Zyua 3B.

Zytina 3. Zynuatixng maedotacn twy 0ETUdY vOQOYo-
vou ueta&v Twv uoginv g taveivns. A: xuxixij didraly,
B: evvyoauun didraén

To devtepo medio dpdong g TawEivng elval To ®UTTO-
oomhaopo. H tavpivn Bempeiton €vag mold xohds ouBut-
OT|C TS OOUMTIXNG Ttieong Tov ®ruttdov. [Tpooapudletan
TTOAD YQY[YOQO OTLS OOUMTIKES UETAPOAES EMTOETOVTAS TNV
emPBlmon Tov ®UTTAQOU € OTOLOINTOTE EEMHVTTOQLRG TTE-
oparlov. H uovomtd g oty Teogyetan ortd v xnuL-
%1} xow petafohnt] mg adodvera, ohld %ot o ™V uxen
ModLahuTdTd TG, TTOV dEV TS emITEETEL va Byaivel EEw
a6 10 ®UTTAQO0, €T0L OTE VO, ALATNEETAL O KUTTOQLRAS
Gyrog now tar VymAd evdoruTtdoLo. emtimedd >,



DaguarevTIneg EQUQUOYES

H tawpivn olonel toldoLlBues QaouoxevTrES EQOQ-
UOYES, AOYM TWV EVEQYETIXWV TG ATTOTEAEOUATWY O TTOA-
A6 ovoTiuaTo Tov 0Qyaviouov. Mtopet va. yonotpomow 0el
YLOL TNV avaroUEQLOT TMV OUUTTTOUATWV TOU EUPOCYNATOS
TOV PUoxadiov, Yweic moeveéQyelec™ ot wg uEoo xord
TV apovbuwy. "Epevveg €0elEav 6t oty viepyohnote-
owoupio n Toweivy avEdvel v dtolutdtnta T oA oTe-
QOANG %Ol ETOUEVIS TNV OITEXXQOLON TNG ATTO TOV OQYOVL-
oG, UELWHVOVTOS TO ETITTEDE TG OTOV 006 TOU QUUATOC?.
Mmopel va yoonyn0et Tawpivy oty ®votxry tvwon, oty
omoio oL aoBeVE(S VTOPEQOVV A0 RAKY ATOQEOPNON TWV
TOOQMYYV, emeld] amrodeiytue ATl TEQLOEITEL TOL CUUITTH-
norto Tg vooov owtict. H Betunn g enidpaon €xet amo-
deuytel naw Yoo v o&eia Nratitdo® xou Tov oaxryoemdn
dwafim. H tavpivn dev yonowomoleitor oty ®Awviry
TEAEN Yo Ty véoo Alzheimer, mwoQd to yeyovog Ot T
emimedd me foEBnrav yaunid oto eyrepalovotioio vyeo
000evdv 08 TEOYMENUEVO OTAdLL TG VOOOU KL TOQOTL
T TOAU xaunmAd emimedo tov vevpodiafiLpaoty anetvho-
XOAIVY, TTOV elval TO YOQOKTNOLOTIXG THS VOOOU, avENOY-
2OV UETA 0Tt YOONYNON TOVQIVNS O€ melpauoTélwa®., H
xonon g oe opBoluoroyvég Tabioelg evioyveTal amd
TO YEYOVOS OTL 1) TAVQIVY €LVOIL TQOPLROS TOQAYOVTOS TOU
OUPLPANOTEOELDNY %Ol TOV TEOOTATEVEL OO EXPUMOUG.
Toa ogéln amd Ty xefon g og Wikég mabnoelg (woto-
vy} duotpopia) €xouv amodeiytel oe uehétec®. Amotehel
TOOPIRG TOQAYOVTO OTHV OVATTTUEN TOU REVIQLXOU VEUQL-
%00 OVOTHUATOS, GAAG ROl OTOVS EVNALRES EIVAL YVWOTN 1)
XONON TNS OOV AVTLOVOTUATIXO %Ol OTO.OEQOTONTLRG UECO
®atd TV SLEYEQON TV RUTTAQWV %Al T VEVEOOLaPiBaon
tov epebopdtov?. H yorjon g cav oviteminmuxs dev
elvon empeParwuévn yia myv amoteheopaniromrd me. H
OVTLETANTTTLNY] TG 0QAON PAVIXE O RATOLOL TTELQOUATIXG,
novtéha, ahhd 0 QOAOG TS 0TV ouvagttky dafifaon mo-
oapéver afépatog. ITpopavmg 0 MTOPOROS YKOQORTHOOS
™S %o M uxrov Babuot dieliodvon HEow Tov aLaToEY1E-
pairov @eayuov (blood-brain barrier), amotehovv eQL-
0QLOTLROUC TTOQGYOVTES YLOL TV OVTLETLANTTTIXNY dQAOT TG
TOVEIVNG. XONOLUOTOLE(TOL ETTIONG ROL YLOL TNV OVILUETM-
siLon tov alxoolopov. H yopnynon g oe aobeveig mov
vrofdAlovtan oe Bepameio ameEAQTNONS Atd TO AAROOA,
QEAVN®E VO EYEL TAEOVERTNUOTA OYETIXA UE TOV PABUO ®alL
™V OLdExRELD ATOYNS otd TO AAXOOA. O unyaviouds dod-
ONG TG OV €YEL ATOCUPNVLOTEL EVTEANDGS, TLOTEVETAUL OUNG
ot emneedlet ta vevpodLafLaoTind OCUOTHUATO KoL TV
001] TV LOVIMV 0.0PETTIOV, e TOOTO OLAPOQETIXO OTT’ OlV-
TOV ™S ABavOING, 1 OTTOLC UELDVEL TV LOVIXY| UETOPOQT
UECW TV uePPoavaiv.

Ou avemBipnteg eVEQYELES 0TS TNV XONON TS TOVIVNS
1 amd vrepdooohoyia dev elvar ovuvnBels, Sumg dev exhel-
movy evtehc?. “Exouvv avogebel avemubiunteg evépyel-
€C  %OTA TNV OVILUETHOMLON OEQUATOAOYMMDY TTOOoEMY
(Ywelaon), emANTUKES HATAOTAOELS ROL EVOORQUVIKES
OLoToQaYES (ETLVEQOLOKY] OIVETTAQHELNL), OTTOVU UTTOQEL VO
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mapotnEnBel viroBepuio xow xaEdiory apeubuio. Mmopel
OXOUOL VO TIQOROAEDEL OTTWOAELDL VY UNG KO ROTOOTOMY] TOU
%EVIOLXOU VEUEWOU cvotuartoc. Elval emiong duvatdv va
EMNOEAOEL TNV LELTOVQYIOL TV VEPOMV KL TOV NITOTOGC.

H yovjon g towpivng ywo Bepamevtinoig 6romovg
¥01iCeL mepoutéom diepetivnong?, mow yiver Eendbaog
0 QOAOC NG Og rdmoleg mabnoeLs, Waitepo oy €mt-
Mypio zow Tov ahroolopd. Emxiong mpémer vo peletOel
TEQLOOOTEQO N addnlemidoaon g ue dila drotogird
otoyela, 6mtmg ot frropives row to pEtahha xow vo 000l
Walteen TEOoOoYT 0T oMUl TOV UTOEEL Vo €xeL 1
XOUNAY OVYREVTOMON TG OTO alua aoBeviv ne ®aEivo.
[opd To EQWTNUATIRG TTOV TEETEL VAL OUOUOL VOL CLTTOLVTY-
Bouv, N xonowdTTd ™S OtV SLOTEOPY ROL OTNV TTOOAY-
o) o] elvan oopag xatadederypévny xow dumaimg
KOQOXTNOLOTNRE MG “raTd CLVVONKY” ATaQOLTNTO CLULVOED
(“conventional” essential amino acid)

H tovpivn, extdg tov Bepamevtindv g dpdoemv
%ot WoTTwy, givor xat Evag dSuvnTras VITORATOOTATNG
(ligand) o€ eva)oELg OUVOQUOYNG E LETAAMARA LOVTO, AGY®
™g doung me. H covkgpovizy opdda xow 1 auvouddo tov
draB€ter To népLo eivar duvatdv vo. cuvdeBoUv ue petah-
Mrd 1ovia, péom tov atdumv O xow N avtiotouya. ITohol
€0eVVNTEG BEA oY VO EXUETOALEVTOVY TV OUVOQUOOTLXY
ROVOTNTO. TG TAVEIVNG Ue u€tadia, eEountiog Tmv ol
ONUAVTLXRMV PUOLOAOYIXMDV AELTOVQYLDOV %L BLOAOYIRMV
oShwv mov emttelel. Xto mhalowo Tov 0hogva avEavoue-
VOU €VOLOPEQOVTOS YLOL TV TAVQIVY, AOYLoaY VO YivovTal
TEOOTAOELES YLoL TV OUVOEDN CUUTAGHRWV UE UETOAACL, U
0T0Y0, TOVAAXLOTOV Ta TELEVTOlO X OOVLaL, VO EVIOYVOOUY
oL WOMTES T™E, ouvdualdueves W OUTES TV UETAMWY,
HOTE VO, OTOTEAEL EVOL LOYVQEGTEQO ALATEOPLRO RO PALOLLOL-
XREVTIRO PEOCO YLOL TO. BLOAOY XA CUOTIILOLTOL.
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Summary

Taurine (2-amino-ethan-sulfonic acid) is a “conven-
tional” essential amino acid with numerous medicinal
properties. It is a substance similar to beta-alanine, with
the difference that it contains a sulfonate group in the
position of the carboxyl group and may therefore be
called sulfonic amino acid.

Taurine was found in the bile of the bull in 1827 and
its importance in nutrition began to be appreciated only
in 1975. It became widely known as an ingredient of en-
ergy drinks such as Red Bull.

This paper presents a short overview of the phar-
macological properties of taurine, its biological role as
well as its uses and perspectives existing in the field of
its coordination with metal ions in order to extend its
use as therapeutic agent.

At present it has been proven that taurine is essential
for the development of mammals and that low taurine
levels in the body are associated with various pathologi-
cal conditions such as cardiomyopathy, degeneration of
the retina, growth retardation, failure of cells to survive,
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decreased brain function, diabetes and even epilepsy.

Typical pharmaceutical actions of taurine are the
antioxidant, cardiovascular, metabolic and detoxifying
action. Taurine also serves the digestion of fats, the
absorption of fat-soluble vitamins and the control of
blood cholesterol levels. It participates in maintaining
the integrity of the cell membrane, in the prevention
of spermatoblasts and in the regulation of the osmotic
pressure. It plays an essential role in the neuronal func-
tion, the reproduction of cells and the promotion of
glycolysis.

Taurine acts in many biological systems such as
the cardiovascular system, liver, eyes, central nervous
system, reproductive system and the muscular system.
Moreover, the role of taurine on growth and survival of
cells is of paramount importance. Its presence seems to
be crucial to the reproduction and the viability of cells.

The use of taurine for therapeutic reasons requires
further investigation to clarify its role in some diseases,
especially in epilepsy and alcoholism. Also, its interac-
tion with other nutrients such as vitamins and minerals
has to be studied further. Special attention has to be
given to the importance that low concentrations of tau-
rine in the blood of patients with cancer may have. Its
usefulness in nutrition and preventive medicine is how-
ever clearly demonstrated and thus taurine is rightly
characterized as “conventional” essential amino acid.

Because of its structure, taurine is a potential ligand
in coordination compounds with metal ions, in addition
to its therapeutic actions and properties. The sulpho-
nate group and the aminogroup in the molecule may
be coordinated with metal ions through the O and N
atoms, respectively. In this scope, many attempts have
been made to bind taurine with metal ions in order to
create more effective drugs combining properties of
both taurine and metal ions.
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Entidopaomn Tov Yepizov Tov AtdTenTOV (Hypericum perforatum L)
otnv ErovAwon Toavpatog Aépnatog Empvov.

Xanmovvaxns Kovetavtivog, Xatinyidvvn Eppv, Kétowov Avrovia, Teooegoppdtn Xgiotiva.

IepiAnyn

H emovhwtny} dpdon tov vmeproy tov didtontov
(H.p) omv emovhwon toavuatog ftav 1dn yvwoni ond
™V emoyn tov Immoxpd.

Zromdg ™ gpyaoiag elvan dleQetivnon TS ToLGTNTOS
EMOVAMONG TEUVOVTOS TOQOUUATOS WIXOVS 3 cm Ot Qdym
emuimv Wistar (250 =15 g) petd amd tomxny xoenyn-
on enl mevOqueEov eho®OOVS EXYVAOUATOS VTEQLROU
(Rotoel® {Jukunda}ue10% Hypericum herba). Xonowo-
ouBnrav dvo opddeg metpauatolwwv (n=10 gxdot, A
udortuoes, B mewpapomxn). Toews toués (5p) derypndtwv
d€QuaTog eXTLUONRAV UE PUTOWKRQEOOXROTLO (X20 O Xow-
o1 auatoEUAivng- nwoivng).

Ta meapotdtma vid ayoyn pue Hp. elxov toyitego
OYNUOTLOUG ROXKLOUATOOOVS LOTOU 08 OYEON e TOVS UdQ-
twees. Ta gpyaomotond evonuata vroderviovy avEnon
Twv Tapapétomv eieypoviis (CRP, olxég mowteives, o
Bouuivn) otoug HaETUEES 08 OYEON UE TV TTELQOUATLXY] OUC-
da. Evdgyouevo. ta evprjpoto cutd amrodidovtor ota pAafo-
VOELON O TS PAAPOVES TTOV TEQLEYOVTOUL OTO VITEQLRO.

Ewayoyn

H Bgpomevniny ovVILUETHITLON TWV TQOUUATMV, 1TOV TO
TEWTO WEAMUO GAV Aaddv . "Hon amd v emoyn} tov Opy-
OV 0 AvOPWITOC TEOOTAONOE VO AVOROVPLOTEL 0TS TOV
TTOVO %O VOL ETILTOYVVEL TNV ETOVAMON TWV TQAUUATMOV TOV
, LE uTLHd HEoa.

Me v eE€MEN TOV TOMTLONOU, TO TEOUHA EYEL TAYEL ,
TOUAG(LOTOV OTLS BLOUNYOVOTTOLUEVES ROLVWVIES, VO OTTO-
TeAEl OVVETELEG TTOAEMARWDV OVYRQOVOEWV QIO TUEOPSACL
OmhaL, EXONEELS RATT.

Qot600, 1 Mon g ovveyelog tov d€puatog amd
eyrovporo 1 Bhaotrd Tpavpoto dropdoov cofadTnTog
%Ol EXTOONG, avdloya UE T OuVONxES TEOXANONG, VITO-
®ELTOL 08 OLA(POQO. 0TddLo ETOUAMONG.

ITABog uehetdv €xovv apiepmBel otV emovAmon —
emavépBwon (remodeling) 60ov apod TV ToLGTHTA TOV
RORULWOOOUS CUVIETLROU LOTOU RO TV TO(UTNTOL TG ETTOV-
Aotrig diepyaoias. Extéc tmv ouvBetndv mooiovimy,
TAMODOOL PUTLRMV TAQOOREVAOUATOV EYEL TEOTAOE Yol
™V xoAUteEn ToERPaon oty eroviwTing dtepyaoio.

"Hdn o Immoxpdng oto «wepl yuvoureimv» xonoLuo-
TOLOVOE TTALQAOKREVAOUOTO OTTO VITEQLRO TNG OLROYEVEIOS
YeQLroed®V yio. TV ETOVAMON TOOUUATOV, TV ETLAG-
YELOL OTTOXATAOTAON TWV YEVWNTLRMV 0QYAvmVY ®ATT.()

O onomdg g epyaoiog ftav va uehetnBel n wod-
Ta TS emovAmtirig diepyaoiag oe topuy O€puatog 3cm
uqrovg xai 0,5 cm BdaBovg otn pdyn emPimV TOLV YEVOUS
Wistar v mv enttdpoom eoncddovg exyuhiopotog veQL-
%oV tov didrontov (Hypericum perforatum L) mepiexti-
romtag 10% (Hypericum herba).
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Eoyaotijoto ®aguaxoroyios laroixj Zyoij EKITIA
YMxro -M£6oodog

Xonowwomomdnxay 2 opuddes 0QOEVIRDY AEVRMV ETL-
wiwv and 10 Cda exdotn (150g £10) nhxiog 5 — 6 gfdo-
uddwv, ouds A udotupeg oudg B metpapominy.

Ta Cha o Twv 2 ouddmv, vTéotoay amoyilmon Tmv
TOWYMV TS QAYNS ®OL OTN OUVEYELD dLeveQY BN TTelpoua-
6 toipa tov déppatos. Ta Coa g ouddag B emahei-
ovTow el TEVOUEQO UE TO ENOLMOES EXYVALOUC TOV VITE-
owov tou dudtontov (Rotoel® Jukunda), evad ta Lo g
ouddog A emoleipovtan pe eAadAado.

Tnv 5n nuépa ta oo Bavordtnrav pe amorepailono
%o MO adua yio froymund heyyo. Iopdhnia, amopo-
vON®E TO TUNUA TOV JEQUATOS TTOV £l)E VITOOTEL TOW] TG00
OTOUG HAQTUEES GO0 %O OTNV TEELQAUATIXY OpddaL, TOTOOETI-
Onre oe ddhvpo pooroAdelidng 10% yio TeQaUTEQW WrQO-
wotohoyrn €pevva. EMjgpnoav 3 delypora topdv amd ®dbe
naaoxrevooua (20u mdyovs). Xonowomomonxe oo ou-
natoEuhivng nwoivng (HE). H aEloAdynon twv mopooreva-
oudtwv €ytve e ) Pondela putoprgooxromiov (x20).

Amoteléopara-Xvintnon

Ta froynund gvonuato €9eLEQV TAQOVOTOL (PAEYHOVIIS
rnow rorafolniic diepyaoiog ue avEnon g CRP, ehdttoon
™G ahBouuivng, otationxrd onpoviird (p<0,05 ) zow TrwTt-
% TAoN TwV oMrwv Aevroudtov (p<0,5) (wivarog 1). Ta
totohoyrd gvpnuato oo ™V eE€taon tov dépuatos (HE)
€delEav 6Tl o Tda TG TeLQauaTvig opddag elyov oy
OYNUATLOUS ROXRKIWUATHOOUS LOTOU ROL ETLTAYXVVON TNG
emovhmtni|g dtepyaoiag. Emni whéov to e000g g Tounig o~
povoiaoe ouinpuvon o ox€on pe Tovg ndetues. H emov-
Aoty 0pdon tov exyvliopatog Hypericum perforatum L
aivetal vo ogelheTon ®VQlmwg oty SLEYEQOT ROl EVEQYO-
TOMON TOV LYOPAIOTMV TEOG TTOQOLYMYH ROAACYOVOU TTOU
evdeyoueva Toiler QOhO 0TV ETOVAWON TOV TOAUIOTOS RO
0T OVEEMVWON TOV OVAMDIOVG LoTOU.(E1rvOVaL 1)

Zougpovo pue Tovg Siintar o ovv.2009 oto viteELrd To
dudtonto mepLExovror phafovoeldr (VTeQOoidn, LoorEQ-
%LTIVY, QOUTEVY RO EmrOTEOIVN) ROBDG na vapBonvoveg
7oV gvBvvovTaL YL TV ETOVAmTIRY dtepyaoia.®

Evdeydueva, m tayUteon €TOUAMON OTNV TELQOLUOTL-
%1} opdda vo owodideton ot AaBovoeld not TS pAa-
BOveg OV TEQLEXOVTOL OTO VTEQLHO, CUUUETEXOVY OTNV
emovhwTny dradwacio xow Telvouv va eAATTOOOVY TOUS
TOQAYOVTES (PAEYUOVNG, YEYOVOS TTOU VITOOELRVVEL TO VITE-
owod, aELdmoto oty emepfotirn xewpovoyy. "AMwote
TOQOUOLOL ATTOTELEOUA TTROXVTTTOUV RO amtd T dpdion G-
AV VIToEdWV TOV VITEQWOU TOV patulum Thumb now Tov
hookerianum Wight xou Arnott pue avay€vvnon 1otot oto
OoNuelo TOV TEOWNOTOG, TOYUTEQT OVYRALON EROVO GUOLOL
UE EXEIVY TTOV TQORVTTEL TS TNV TOTLXT] XOONYNOT| OhOL-
@ris virpogovatovng 49



ININAKAX 1: BIOXHMIKA EYPHMATA EIIIMYQN ME IIEIPAMATIKO TPAYMA ME KAI XQPIZ XOPHI'HZH YIIEPIKOY

Opddeg CRP mg/L OMnég Igwteiveg AABoupivn
Mdptvpes (A) >35 6,9+0,1 4,1+0,01
[Mewpaponiny Oudg (B)- Hp [45+0,2* 7,2+0,05** 3,5+0,01*

9<0,05 **p<0,5

Ewova 1: Iotoloyixyj exova tours Oféouaros HE
(H+EX20): Mdorvoec: W emideouic, ==: Aoy ovveyeiag
xoxmiddove 1otov, & eoydoa, : Oeguic/vmodopto
AMimog ue modopatn ovdij. Metd tn yoorjynon Hypericum :
IThjone emoviwon P: emideouic, OVADONG LOTOG, ==t
TapauEvovy eddyLota oroLyeia pAeYUOVIiG
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Hypericum perforatum L Induced
Acceleration on Wound Healing
Process in Rats.
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Department of Pharmacology, Medical School,
University of Athens

Summary

The ultimate properties of Hypericum perforatum
(H.p.) for wound treatment are already known since of
Hippocrates era.

The aim of the study was to investigate the restoration
quality in a dorsal incision wound of 3cm length after
the local application of oily H.p. preparation (Rotoel®
{Jukunda}containing 10% Hypericum herba) in Wistar
rats (250 =15 g) for 5 days.20 Wistar rats are divided
into 2 groups(A control,B experimental)

Three section (5p) of skin specimens (Haematoxilin-
Eosin) were evaluated under light microscopy (x20).

Animals treated with H.p. had a much more rapid
formation of granoulomatous tissue compared to
controls. Laboratory findings indicating enhancement
of inflammation parameters (CRP, total proteins,
albumin) in control v. experimental group are restored
after hypericum treatment via its constituents in
flavinoids and flavanols, while amelioration of the
wound process under H.p. was observed.
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19th EuroQSAR
Knowledge Enabled Ligand Design

Vienna, Austria
August 26-30, 2012

The EuroQSAR Symposia have been taking place since
1973 and constitute major scientific events in the field
of computational drug design, with further applications
in agricultural and environmental sciences. The 2012
symposium will not only follow the tradition of previous
events in presenting latest trends in QSAR and molecular
modeling, it will also explore new grounds, such as
integrated approaches and open innovation strategies in
drug discovery.

The 19th EuroQSAR 2012 symposium, entitled
“Knowledge Enabled Ligand Design” will focus on:

® Integrative Approaches - Predicting in vivo Data

® Open Source, Open Access, Open Data

® Proteins - Structure, Function, Modulation, Interaction
® In silico Profiling - PhysChem Meets Biology

® Translational Informatics

® Probing Biological Systems

Austria’s capital Vienna lies on the shore of the Danube
River in a valley protected by the foothills of the Alps.
Few cities in the world glide so easily between the present
and the past like Vienna. Its splendid historical face is
well recognized: grand imperial palaces and bombastic
baroque interiors, museums flanking magnificent squares
and, above all, the Hofburg — where the Habsburg dynasty
reigned for several centuries over most of Europe.

The conference will take place right in the center of
Vienna in the main building of the University of Vienna.
Founded in 1365 by Duke Herzog Rudolf IV, the
University of Vienna is the oldest in the Germanspeaking
part of Europe and one of the biggest Universities in
Central Europe.

We are looking forward to your active participation !
ONLINE REGISTRATION IS NOW OPEN
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EFMC-ISMC 2012

22nd International Symposium
on Medicinal Chemistry

Berlin, Germany
September 2 - 6, 2012

EFMC-ISMC 2012 is jointly organised by the German
Chemical Society (GDCh) Division of Medicinal
Chemistry and the German Pharmaceutical Society
(DPhG) Section of Pharmaceutical/Medicinal Chemistry,
on behalf of the European Federation for Medicinal
Chemistry (EFMC).

This symposium is recognized worldwide as one of
the leading Medicinal Chemistry meetings, as proven
by its large international attendance, which varies
between 1200 and 1500 participants from all over the
world. It traditionally attracts experts in drug discovery
and development, in particular medicinal and synthetic
chemists, together with scientists active in the fields
of computer assisted drug design, biology, DMPK,
pharmacology, early toxicology, as well as chemical and
pharmaceutical development.

The EFMC-ISMC 2012 will continue its tradition
and will cover drug discovery advances in all major
therapeutic areas as well as the most recent advances
in lead identification and optimization strategies, drug
design and profiling technologies. Particular emphasis
will be put on first time disclosures. ISMC 2012 will also
illustrate the impact of the -omics and biomarker areas
on the interfaces between chemistry, informatics, biology
and experimental medicine.











