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Aãáðçôïß óõíÜäåëöïé,  
Aãáðçôïß áíáãíþóôåò

ÌåôÜ áðï äõï ðåñßðïõ ÷ñüíéá óéùðÞò ëüãù ïéêïíïìéêþí 
ðñïâëçìÜôùí ôïõ åêäüôç, ç “ÖáñìáêåõôéêÞ” åßíáé êáé ðáëé 
óôá ÷Ýñéá óáò. Ôï íÝï îåêßíçìá ôïõ ðåñéïäéêïý, ôï ïðïßï 
áíÝëáâå íá åêäßäåé ç Åôáéñåßá Zita-Congress,  áðïôåëåß 
ìåãÜëç ÷áñÜ ãéá ìáò. Ìå íÝïõò, Üîéïõò óõíáäÝëöïõò íá 
ðëáéóéþíïõí ôç ÓõíôáêôéêÞ ÅðéôñïðÞ ç “ÖáñìáêåõôéêÞ”  
èá äéáôçñÞóåé ôç öõóéïãíùìßá ôçò ùò ôñéìçíéáßï ðåñéïäéêü 
ìå èÝìáôá Öáñìáêåõôéêþí Åðéóôçìþí,  åíþ ðáñÜëëçëá 
åõåëðéóôïýìå üôé èá âåëôéùèåß êáé èá åêóõ÷ñïíéóôåß 
ç ÝêäïóÞ ôçò, áîéïðïéþíôáò áðïôåëåóìáôéêüôåñá ôéò 
äõíáôüôçôåò ôçò ôå÷íïëïãßáò. Ôá Üñèñá ðïõ äçìïóéåýïíôáé  
óôç “ÖáñìáêåõôéêÞ” – óôçí áããëéêÞ Þ åëëçíéêÞ ãëþóóá ìå 
áããëéêÞ ðåñßëçøç-  êáôá÷ùñïýíôáé  óôá Chemical Abstracts 
åíþ ãßíïíôáé åíÝñãåéåò ãéá íá åíåñãïðïéçèïýí  åê íÝïõ ïé 
êáôá÷ùñÞóåéò óôéò âÜóåéò äåäïìÝíùí EMÂASE  êáé Scopus.

Åëðßæïõìå ç “ÖáñìáêåõôéêÞ” ùò ôï ìüíï áìéãþò 
åðéóôçìïíéêü ðåñéïäéêü óôï ÷þñï ôùí Öáñìáêåõôéêþí 
Åðéóôçìþí óôçí ÅëëÜäá, íá áðïôåëÝóåé êáé ðÜëé åíá âÞìá 
åíçìÝñùóçò êáé ðñïâïëÞò óýã÷ñïíùí åðéóôçìïíéêþí åîåëßîåùí, 
êáëýðôïíôáò ôï êåíü ðïõ åß÷å äçìéïõñãçèåß ìå ôçí áíáóôïëÞ ôçò 
ÝêäïóÞò ôçò êáé ðáñáêáëïýìå ãéá  ôçí åíåñãÞ õðïóôÞñéîÞ óáò.

Ç ÓõíôáêôéêÞ  ÅðéôñïðÞ

ÁÐÏ ÔÇ ÓÕÍÔÁÎÇ ÅDITORIAL
ÖÁÑÌÁÊÅÕÔÉÊÇ 24, I-II, 1, 2012 PHARMAKEFTIKI 24, I-II, 1, 2012
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ÁÑÈÑÏ ÅÐÉÓÊÏÐÇÓÇÓ REVIEW ARTICLE
ÖÁÑÌÁÊÅÕÔÉÊÇ 24, I-II, 2-12, 2012 PHARMAKEFTIKI 24, I-II, 2-12, 2012

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.1,2  

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, 

HO
2

.) play an essential role in the ageing process.3 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.4,5  

Then, a very important discovery of superoxide dismutase 
(SOD) by McCord and Fridovich in 1969 and the demon-
stration of the existence of hydrogen peroxide (H

2
O

2
) in 

vivo in 1979, gave credibility to the theory of free radicals.6,7  
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

2
O

2
) in cells.8 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 
aerobic organisms from worms to humans.9-12 

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.13   
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.14  

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 

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 

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

2

.− , HO.) or oxidative species (H
2
O

2
)  

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.15,16 

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 

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.18 

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.19 

Several studies have shown that ageing cells and or-
ganisms accumulate increased levels ox oxidant-damaged 
nuclear DNA.20 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.21

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

2

.− ) and other oxygen species capable of generating 
the oxidant hydrogen peroxide (H

2
O

2
). 

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

2

.−    into H
2
O

2
 

and Catalase (CAT) can transform it into water (H
2
O). But 

the antioxidant reactions are not 100% effective and some 
hydroxyl radicals (HO.) can be generated (through the reac-
tion of H

2
O

2
 with metals, such as Fe2+, Fenton reaction). Hy-

droxyl radicals are highly reactive and can damage proteins, 
lipids and DNA (including mitochondrial DNA, mtDNA).

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.17 
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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.22 

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.23,24 

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.25   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.26.-28

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

2

.− ). Although superoxide 
can be reduced to H

2
O

2
 by SOD, small amounts escape the 

enzymatic dismutation and react with nitric oxide (NO.) 
producing endogenously the oxidant peroxynitrite (NO.  + 
O

2

.−  → 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.29-31 

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.32,33  

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.34-37 

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.39-41 

Based on these promising data, supplements of vita-
mins (E, C, A, D , B

6
, B

12
), minerals (Zn, Ca, Mg, etc) 

and biochemicals (á-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.42-46 

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.47 Treat-

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.
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ment of amylotropic lateral sclerosis and multiple sclero-
sis with antioxidants showed conflicting evidence for the 
efficacy of antioxidants.48,49 The majority of clinical trials 
identified positive effects for supplementation with anti-
oxidants for the type 2 diabetes.50 Ambiguous clinical re-
sults have been found in the treatment of cognitive impair-
ment and  neurodegenerative diseases (e.g. Alzheimer’s 
disease) with antioxidants.51,52   Oxidative DNA damage 
(as measured with the biomarker of the mutagenic adduct 
8-OHdG) decreases substantially with supplementation of 
vitamin D and calcium.53

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.54   Antioxidant status in 
elderly persons is a predictor for health and longevity.55,56

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 age57  (Table 1).

(b) decreased circulating triiodothyronine (T
3
) (serum 

thyroid hormone) levels and sympathetic nervous system 
activity, which cause a decrease in body temperature and 
whole-body resting energy expenditure from baseline.72-74

(c) decrease plasma concentrations of inflammatory 
cytokines and a mild increase of cortisol, which reduces 
systemic inflammation.75,76

(d) protection of the immune system, which with ageing 
is becoming weaker.77

(e)  increased expression of protein chaperons, such as 
heat shock protein 70, and neurotrophic factors.78

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.61,62 Also, experiments with rodents with intermittent 
fasting (or alternate-day feeding)  increases resistance to 
stress and prolongs maximum life span.63

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.64-66  
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.67-69

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.70,71 

Table 1: RECOMMENDED DIETARY ALLOWANCE OF MICRONUTRIENTS 

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.58   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.59,60

Micronutrient RDA (recommended dietary allowance)
Minerals
Iron (Fe) 18,000 (women 20-30 years)  ìg

8,000 (women 50+ years) ìg
Zinc (Zn) 8,000-11,000 (women/men 50+ years) ìg
Selenium (Se) 20-65 ìg
Vitamins
Vitamin E (a-tocopherol) 6-10  mg
Vitamin C (ascorbic acid) 40-60  mg
Folic acid 150-200, 400 (pregnant women) ìg
B

6

B
12

0,3-2,0 mg 
0,3-2,0  ìg

Biochemicals Flavonoids, polyphenols, á-lopoic acid, 
isoflavones, caretonoids, gloutathione,  niacin,  
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(e) CR decreased plasma concentrations of anabolic 
hormones and growth factors, which are involved in age-
ing and tumorigenesis.79,80

(f) CR enhanced DNA repair processes,81 increased 
removal of damaged cellular proteins and oxidized lipids, 
and decreased glycation end products.82

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.83,84   

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.85,86

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.87,88   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.89

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.90,91  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.92-94 

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.95-98

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.99-101 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.102-105

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.106,107

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.108,109  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 
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lower cancer mortality than the average Japanese. Also, 
they had one of the highest number of centenarians in 
the world.110

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

3
 levels, improved 

lipid profile, decreased TNF-á/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.111-120   

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.66,68    

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.121

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.122

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.121

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.121

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 
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Ðñüóöáôåò ÅðéóôçìïíéêÝò Ðñüïäïé 
ôçò Èåùñßáò ÅëåõèÝñùí Ñéæþí êáé 
Ïîåéäùôéêïý Stress ãéá ôçí ÃÞñáíóç. 
ÁíôéïîåéäùôéêÜ Óõìðëçñþìáôá ÄéáôñïöÞò Þ Èåñìéäé-
êüò Ðåñéïñéóìüò ãéá ôçí ÁíôéóôñïöÞ ôçò ÃÞñáíóçò;

ÁèáíÜóéïò Âáëáâáíßäçò, Èþìç Âëá÷ïãéÜííç êáé 
Êùíóôáíôßíïò ÖéùôÜêçò

ÔìÞìá ×çìåßáò, ÐáíåðéóôÞìéï Áèçíþí, 
Ðáíåðéóôçìéïýðïëç ÆùãñÜöïõ, 15784 ÁèÞíá

Ðåñßëçøç 
Ôéò ôåëåõôáßåò äåêáåôßåò Ý÷ïõí ðñïôáèåß áñêåôÝò 

åðéóôçìïíéêÝò èåùñßåò ãéá ôçí ãÞñáíóç ôùí áåñüâéùí 
âéïëïãéêþí óõóôçìÜôùí. ÌåñéêÝò áðü ôéò èåùñßåò äåí 
åðéâåâáéþèçêáí áðü ôéò åðéóôçìïíéêÝò Ýñåõíåò åíþ Üë-
ëåò ðáñÝìåéíáí ãéáôß áðïôÝëåóáí ðñüóöïñåò äéüäïõò 
ãéá ôçí ãåñïíôïëïãéêÞ Ýñåõíá. Óôç äåêáåôßá ôïõ 1950 ï 
áìåñéêáíüò åðéóôÞìïíáò Denham Harman áíáêïßíùóå 
ôçí äçìéïõñãéêÞ ðñüôáóç üôé äñáóôéêÝò ïîõãïíïý÷åò 
åíþóåéò (ROS) ðáßæïõí óçìáíôéêü ñüëï óôç ãÞñáíóç. 
Ðñüôåéíå üôé åëåýèåñåò ñßæåò ðïõ ó÷çìáôßæïíôáé åíäï-
ãåíþò ùò ðáñáðñïúüíôá ôïõ öõóéïëïãéêïý ìåôáâïëé-
óìïý ðáßæïõí óçìáíôéêü ñüëï óôç ãÞñáíóç, êáèþò êáé 
ôá ìéôï÷üíäñéá ðïõ åßíáé ôá êõôôáñéêÜ ïñãáíßäéá üðïõ 
ðáñÜãïíôáé ôá ROS. Ïé áåñüâéïé ïñãáíéóìïß êÜôù 
áðü öõóéïëïãéêÝò óõíèÞêåò óõóóùñåýïõí äéÜöïñåò 
ïîåéäùôéêÝò âëÜâåò óå êõôôáñéêÜ ìáêñïìüñéá (ëüãù 
áíéóïññïðßáò ïîåéäùôéêþí êáé áíôéïîåéäùôéêþí ðáñá-
ãüíôùí) ðïõ áõîÜíåôáé ìå ôç ãÞñáíóç, óõìâÜëëïíôáò 
ðñïïäåõôéêÜ óå áõîçìÝíï ïîåéäùôéêü stress êáé ìåßùóç 
ôùí êõôôáñéêþí ëåéôïõñãéþí. Ôéò ôåëåõôáßåò äåêáåôßåò 
íÝåò áíáêáëýøåéò êáé åðéóôçìïíéêÜ äåäïìÝíá åðéâå-
âáéþíïõí ôï ñüëï ôïõ ïîåéäùôéêïý stress óôçí ãÞñáíóç 
ôùí èçëáóôéêþí, åíþ Ý÷åé åðéôåõ÷èåß âáèýôåñç êáôáíü-
çóç ôùí åêöõëéóôéêþí áóèåíåéþí ôçò ãÞñáíóçò óôïõò 
áíèñþðïõò. Ïé ðñüóöáôåò Ýñåõíåò Ý÷ïõí ìåëåôÞóåé 
ôçí Üìåóç óõììåôï÷Þ ôïõ ïîåéäùôéêïý stress óôç ãÞ-
ñáíóç ôùí ìõþí (ðïíôéêþí) êáé Üëëùí ðåéñáìáôïæþùí 
êáé ïé ðåéñáìáôéêÝò åíäåßîåéò õðïóôçñßæïõí ôç èåùñßá 
ôïõ ïîåéäùôéêïý stress ãéá ôç ãÞñáíóç. ÐåéñÜìáôá ìå 
áíôéïîåéäùôéêÜ óõìðëçñþìáôá äéáôñïöÞò, âéôáìßíåò/
ìåôáëëéêÜ é÷íïóôïé÷åßá, Ý÷ïõí äåßîåé áìöéóâçôïýìåíá 
êáé óõãêñïõüìåíá áðïôåëÝóìáôá óå ôõ÷áéïðïéçìÝíåò 
êëéíéêÝò ìåëÝôåò óå üôé áöïñÜ óôç âåëôßùóç áóèåíåé-
þí ðïõ ïöåßëïíôáé óôï ïîåéäùôéêü stress. Áíôßèåôá, 
ðåéñÜìáôá èåñìéäéêïý ðåñéïñéóìïý Ýäåéîáí üôé äßíïõí 
èåôéêÝò áðïäåßîåéò ãéá åõåñãåôéêÜ áðïôåëÝóìáôá óå ìå-
ôáâïëéêÝò, ïñìïíéêÝò êáé ëåéôïõñãéêÝò áëëáãÝò óå çëé-
êéùìÝíïõò Üíäñåò êáé ãõíáßêåò. Ç áíáóêüðçóç áõôÞ 
ðáñïõóéÜæåé ôéò ðëÝïí ðñüóöáôåò êáé óçìáíôéêÝò Ýñåõ-
íåò êáé ðåéñÜìáôá in vivo ãéá ôï ñüëï ôïõ ïîåéäùôéêïý 
stress óôç ãÞñáíóç. 

Áëëçëïãñáößá: Áè. Âáëáâáíßäçò, 
E-mail : valavanidis@chem.uoa.gr

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.123-126

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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Ðåñßëçøç

Ç äéáâçôéêÞ áããåéïðÜèåéá êáé íåöñïðÜèåéá åßíáé ïé 
êýñéåò áéôßåò èíçóéìüôçôáò êáé èíçôüôçôáò óôïõò áóèå-
íåßò ìå äéáâÞôç ôýðïõ É êáé ÉÉ. ÓçìáíôéêÝò êëéíéêÝò ìå-
ëÝôåò üðùò ïé  Diabetes Control and Complications Trial 
(DCCT) êáé United Kingdom Prospective Diabetes Study 
(UKPDS) áðïäåéêíýïõí ôç óõó÷Ýôéóç áõôþí ôùí åðéðëï-
êþí ìå ôçí õðåñãëõêáéìßá êáé ôá õøçëÜ åðßðåäá åëåýèå-
ñùí ëéðáñþí ïîÝùí óôç ãåíéêÞ êõêëïöïñßá (áíåîÜñôçôá 
áðü ôçí äéáöïñÜ óôçí ðáèïöõóéïëïãßá ôïõ äéáâÞôç ôý-
ðïõ É êáé ÉÉ)1 .

Ç õðåñãëõêáéìßá êáé ôá áõîçìÝíá åëåýèåñá ëéðáñÜ 
ïîÝá åõèýíïíôáé ãéá ôç äçìéïõñãßá äñáóôéêþí ìïñöþí 
ïîõãüíïõ (ROS) ìå óõíÝðåéá ôçí åìöÜíéóç ïîåéäùôéêïý 
stress óå ìéá ðïéêéëßá éóôþí. Áðïõóßá áíôéóôáèìéóôéêþí 
áðïêñßóåùí áðü ôïí åíäïãåíÞ áíôéïîåéäùôéêü ìç÷áíé-
óìü, ôï éóïæýãéï áíÜìåóá óôç äçìéïõñãßá êáé áðïäüìçóç 
ôùí äñáóôéêþí ìïñöþí ïîõãüíïõ (ROS) äéáôáñÜóóåôáé, 
ìå áðïôÝëåóìá ôçí åíåñãïðïßçóç åðáãüìåíùí-áðü ôï-
ïîåéäùôéêü-stress äéáêõôôáñéêþí óçìáôïäïôéêþí ïäþí. 
Ç åíåñãïðïßçóç ôùí óçìáôïäïôéêþí áõôþí ïäþí äéá-
äñáìáôßæåé óçìáíôéêü ñüëï óôçí áíÜðôõîç áíôßóôáóçò 
ôùí éóôþí-óôü÷ùí óôç äñÜóç ôçò éíóïõëßíçò, óôç  ìåßùóç 
ôçò ÝêêñéóÞò ôçò (ìÝóù äõóëåéôïõñãßáò ôùí â- êõôôÜñùí 
ôïõ ðáãêñÝáôïò) êáé óôçí áíÜðôõîç ôùí äéáâçôéêþí åðé-
ðëïêþí. Ç éäéüôçôá ôùí áíôéïîåéäùôéêþí íá ðñïóôáôåý-
ïõí áðü ôéò åðéðëïêÝò ôçò õðåñãëõêáéìßáò êáé ôùí áõîç-
ìÝíùí åëåýèåñùí ëéðáñþí ïîÝùí in vitro, óå óõíäõáóìü 
ìå ôá êëéíéêþò áðïäåäåéãìÝíá ïöÝëç ôçò èåñáðåßáò ìå 
áíôéïîåéäùôéêÜ åðéâåâáéþíïõí ôïí áéôéïëïãéêü ñüëï ôïõ 
ïîåéäùôéêïý stress óôçí åêêßíçóç Þ/êáé ôçí åðéäåßíùóç 
áõôþí ôùí áíùìáëéþí. Óôçí ðáñïýóá åðéóêüðçóç ðáñá-
ôßèåíôáé ïé âéï÷çìéêÝò äéáäéêáóßåò âÜóåé ôùí ïðïßùí ôï 
åðáãüìåíï áðü ôçí õðåñãëõêáéìßá êáé ôá åëåýèåñá ëéðá-
ñÜ ïîÝá ïîåéäùôéêü stress, ðñïêáëåß éíóïõëéíïáíôßóôáóç, 
äõóëåéôïõñãßá â-êõôôÜñùí ôïõ ðáãêñÝáôïò (áäõíáìßá 
Ýêêñéóçò éíóïõëßíçò) êáé äéáâçôéêÝò åðéðëïêÝò.

1. ÅéóáãùãÞ 

Ï äéáâÞôçò ôýðïõ ÉÉ (Þ ìç éíóïõëéíïåîáñôþìåíïò äéá-
âÞôçò, ÍÉDDM) åßíáé ìßá ÷ñüíéá ìåôáâïëéêÞ äéáôáñá-
÷Þ êáé ïñèüôåñá ìßá åôåñïãåíÞò ïìÜäá óõíäñüìùí ðïõ 
÷áñáêôçñßæåôáé áðü åëáôôùìÝíç åõáéóèçóßá ôùí êõôôÜ-
ñùí óôç äñÜóç ôçò éíóïõëßíçò (öáéíüìåíï ðïõ ïíïìÜæå-
ôáé éíóïõëéíïáíôï÷Þ Þ éíóïõëéíïáíôßóôáóç), áõîçìÝíç 
çðáôéêÞ ðáñáãùãÞ ãëõêüæçò êáé åëáôôùìÝíç Ýêêñéóç 
éíóïõëßíçò2,3,4,5,6. H åëáôôùìÝíç åõáéóèçóßá óôçí éíóïõëß-
íç, ç ïðïßá åíôïðßæåôáé óõíÞèùò óôá ðñþôá óôÜäéá ôïõ 
ìåôáâïëéêïý áõôïý óõíäñüìïõ, ïäçãåß óå áýîçóç ôçò 

ðáñáãüìåíçò éíóïõëßíçò êáé ôåëéêÜ óå åîÜíôëçóç êáé äõ-
óëåéôïõñãßá ôùí â êõôôÜñùí ôïõ ðáãêñÝáôïò. 

Ï äéáâÞôçò ôýðïõ ÉÉ åßíáé  áðïôÝëåóìá  áëëçëåðßäñá-
óçò ìåôáîý ãåíåôéêÞò ðñïäéÜèåóçò7,8,9,10, ðåñéâáëëïíôéêþí 
êáé óõìðåñéöïñéóôéêþí ðáñáãüíôùí êéíäýíïõ. Åêôüò áðü  
ôç ãåíåôéêÞ âÜóç ôïõ äéáâÞôç ôýðïõ ÉÉ, õðÜñ÷ïõí éó÷õñÝò 
åíäåßîåéò üôé ðáñÜãïíôåò üðùò ç ðá÷õóáñêßá, ç õøçëÞ 
ðñüóëçøç èåñìßäùí  êáé ç Ýëëåéøç óùìáôéêÞò äñáóôçñé-
üôçôáò áðïôåëïýí âáóéêïýò ìç-ãåíåôéêïýò, ôñïðïðïéÞóé-
ìïõò ðáñÜãïíôåò êéíäýíïõ åìöÜíéóçò ôçò íüóïõ. ÐáñÜë-
ëçëá õðÜñ÷ïõí êáé ìç ôñïðïðïéÞóéìïé ðáñÜãïíôåò üðùò 
ç êëçñïíïìéêüôçôá, ç åèíéêüôçôá, ç çëéêßá êáé ôï ÷áìçëü 
óùìáôéêü âÜñïò êáôÜ ôç ãÝííçóç ïé ïðïßïé åðßóçò óõì-
âÜëëïõí óôçí ðáèïãÝíåéá ôïõ äéáâÞôç ôýðïõ ÉÉ. 

Óýìöùíá ìå ôïí Ðáãêüóìéï Ïñãáíéóìü Õãåßáò, ìÝ÷ñé 
ôï 2030 ðåñéóóüôåñá áðü 300 åêáôïììýñéá Üíèñùðïé èá 
Ý÷ïõí åêäçëþóåé óáê÷áñþäç äéáâÞôç ôýðïõ ÉÉ. Óôç ÷þñá 
ìáò, ôï 6% ôïõ ãåíéêïý ðëçèõóìïý ðÜó÷åé áðü óáê÷áñþ-
äç äéáâÞôç. Ç íüóïò Ý÷åé õøçëüôåñï åðéðïëáóìü (óõ÷íü-
ôçôá åìöÜíéóçò) óôï äõôéêü êüóìï (éäéáßôåñá ï äéáâÞôçò 
ôýðïõ ÉÉ) êáé áõôü áðïôåëåß  ìéá áêüìç óáöÞ Ýíäåéîç ãéá 
ôç óõó÷Ýôéóç ôçò íüóïõ ìå ôï óýã÷ñïíï ôñüðï æùÞò, ôéò äé-
áôñïöéêÝò óõíÞèåéåò êáé ôçí Ýëëåéøç óùìáôéêÞò Üóêçóçò. 
Ï óáê÷áñþäçò äéáâÞôçò ôýðïõ ÉÉ áðïôåëåß ìéá áðü ôéò êý-
ñéåò áéôßåò èáíÜôïõ ðáãêïóìßùò êáèþò áðïôåëåß ðáñÜãï-
íôá êéíäýíïõ óôçí áíÜðôõîç êáñäéáããåéáêþí íïóçìÜôùí. 

2. ÅðéðëïêÝò ôïõ äéáâÞôç ôýðïõ ÉÉ

Ïé åðéðëïêÝò ôïõ äéáâÞôç ìðïñïýí íá ôáîéíïìçèïýí 
óå ôñåßò êáôçãïñßåò: ìõïêáñäéïðÜèåéåò, ìÜêñï-áããåéá-
êÝò êáé ìßêñï-áããåéáêÝò åðéðëïêÝò1. 

Ç äéáâçôéêÞ ìõïêáñäéïðÜèåéá åðéöÝñåé ðáèïëïãéêÝò 
êáé ëåéôïõñãéêÝò áëëáãÝò óôá êáñäéïìõïêýôôáñá ðñïêá-
ëþíôáò äéáóôïëéêÞ äõóëåéôïõñãßá ôùí êïéëéþí, åíäéÜìå-
óç ßíùóç, äéáäï÷éêÞ åëÜôôùóç ôïõ ðëçèõóìïý ôùí êáñäé-
ïìõïêõôôÜñùí êáé ìåßùóç ôçò óõóôáëôéêüôçôáò. 

Ïé ìáêñïáããåéáêÝò åðéðëïêÝò ôïõ äéáâÞôç ðåñéëáì-
âÜíïõí ôç óôåöáíéáßá íüóï, ôçí áèçñùìÜôùóç êáé ôçí 
ðåñéöåñéêÞ áããåéïðÜèåéá. 

Óôéò ìéêñïáããåéáêÝò åðéðëïêÝò,  ïé  ðáèïëïãéêÝò ìåôá-
âïëÝò ôùí ìéêñïáããåßùí åðçñåÜæïõí ôç ëåéôïõñãéêüôçôá 
ôïõ áìöéâëçóôñïåéäïýò ÷éôþíá (äéáâçôéêÞ áìöéâëçóôñïåé-
äïðÜèåéá) ôùí íåöñþí (äéáâçôéêÞ íåöñïðÜèåéá) êáé ôùí 
íåýñùí (äéáâçôéêÞ íåõñïðÜèåéá). Åðßóçò, ðåñéïñßæïõí ôçí 
áããåßùóç ôïõ ìõïêáñäßïõ êáé ôçí éêáíüôçôá åðïýëùóçò 
ôùí åëêþí. Ç åîÝëéîç áõôþí ôùí êáñäéáããåéáêþí åðéðëï-
êþí ó÷åôßæåôáé Üìåóá ìå ôçí õðåñãëõêáéìßá êáé ôá åëåýèå-
ñá ëéðáñÜ ïîÝá. Óõíåðþò, ï áõóôçñüò êáé ìáêñï÷ñüíéïò 
ãëõêáéìéêüò Ýëåã÷ïò åßíáé ç ðéï áðïôåëåóìáôéêÞ ðñïóÝã-
ãéóç óôçí ðñüëçøç ôùí äéáâçôéêþí åðéðëïêþí.

Ïîåéäùôéêü stress êáé óáê÷áñþäçò äéáâÞôçò ôýðïõ ÉÉ
ÁíäñÝïõ  Å. ÄÞìçôñá ,  ÁíäñåÜäïõ ÉùÜííá  

ÔïìÝáò ÖáñìáêåõôéêÞò ×çìåßáò, ÔìÞìá ÖáñìáêåõôéêÞò,  
ÐáíåðéóôÞìéï Áèçíþí, Ðáíåðéóôçìéïýðïëç, 157 71 ÆùãñÜöïõ, ÁèÞíá
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3. Ïîåéäùôéêü stress 

Ùò ïîåéäùôéêü  stress ïñßæåôáé ç äéáôáñá÷Þ ôçò éóïññïðß-
áò ìåôáîý ôùí ïîåéäùôéêþí êáé  áíôéïîåéäùôéêþí ïõóéþí 
ôïõ êõôôÜñïõ êáé ïöåßëåôáé åßôå óå áõîçìÝíç ðáñáãùãÞ 
äñáóôéêþí ìïñöþí ïîõãüíïõ (ROS: Reactive Oxygen 
Species) åßôå óå áíåðÜñêåéá ôùí êõôôáñéêþí áíôéïîåé-
äùôéêþí ìç÷áíéóìþí11.  Óå ÷áìçëÝò óõãêåíôñþóåéò ïé 
ROS ðáñïõóéÜæïõí åõåñãåôéêÝò äñÜóåéò óõììåôÝ÷ïíôáò 
óå äéáäéêáóßåò üðùò ç êõôôáñéêÞ áðüêñéóç óôï stress, 
ç ìåôáãùãÞ óÞìáôïò, ç êõôôáñéêÞ äéáöïñïðïßçóç, ç ìå-
ôáãñáöÞ ôùí ãïíéäßùí, ï êõôôáñéêüò ðïëëáðëáóéáóìüò, 
ç öëåãìïíÞ êáé ç áðüðôùóç12,13,14.  Áíôßèåôá, ðåñßóóåéá 
ROS ðñïêáëåß âëÜâåò óôá êõôôáñéêÜ ëéðßäéá, ôéò ðñù-
ôåÀíåò êáé ôï DNA áíáóôÝëëïíôáò  ôç ëåéôïõñãßá ôïõò. 
ÊáôÜ óõíÝðåéá ôï ïîåéäùôéêü stress åíï÷ïðïéåßôáé ãéá 
ôçí ðáèïöõóéïëïãßá ðïëëþí íïóçìÜôùí (ð.÷. åðéðëïêÝò 
êáé éíóïõëéíïáíôßóôáóç óôï óáê÷áñþäç äéáâÞôç ôýðïõ 
ÉÉ) êáèþò êáé ãéá ôç äéáäéêáóßá ôçò ãÞñáíóçò.  Ç éóïñ-
ñïðßá áíÜìåóá óôéò åõåñãåôéêÝò êáé åðéâëáâåßò äñÜóåéò 
ôùí ñéæþí åßíáé æùôéêÞò óçìáóßáò ãéá ôïõò ïñãáíéóìïýò 
êáé äéáöõëÜóóåôáé ìå Ýíá óýíïëï ìç÷áíéóìþí ãíùóôü 
ùò «ïîåéäïáíáãùãéêÞ ñýèìéóç» (redox regulation). Ç  
ïîåéäïáíáãùãéêÞ ñýèìéóç äéáôçñåß ôçí ïîåéäïáíáãù-
ãéêÞ ïìïéüóôáóç êáé ðñïóôáôåýåé ôïõò æþíôåò ïñãáíé-
óìïýò áðü ôï ïîåéäùôéêü stress15. ÓõìðåñáóìáôéêÜ, ôï 
ïîåéäùôéêü stress ìðïñåß íá ÷áñáêôçñéóôåß ùò äéáôáñá-
÷Þ ôçò ïîåéäïáíáãùãéêÞò ñýèìéóçò16.

4. ÄñáóôéêÝò ìïñöÝò ïîõãüíïõ 
(reactive oxygen species, ROS)

ÓÞìåñá åßíáé ãíùóôü üôé üëåò ó÷åäüí ïé åðéâëáâåßò 
åðéäñÜóåéò ôïõ ïîõãüíïõ ïöåßëïíôáé óôï ó÷çìáôéóìü 
åëåýèåñùí ñéæþí (free radicals) êáé Üëëùí äñáóôéêþí 
ìïñöþí ïîõãüíïõ (reactive oxygen species, ROS), óôá 
ïðïßá ðåñéëáìâÜíïíôáé ôá ðñùôïãåíÞ äñáóôéêÜ ðáñÜ-
ãùãá ôïõ ïîõãüíïõ áëëÜ êáé üëá åêåßíá (ñßæåò Þ ìç), ôá 
ïðïßá ðñïêýðôïõí äåõôåñïãåíþò êáôÜ ôéò äéÜöïñåò ÷çìé-
êÝò áëëçëåðéäñÜóåéò ìå ôá óôïé÷åßá ôïõ êõôôáñéêïý ðåñé-
âÜëëïíôïò (ð.÷. åëåýèåñåò õðåñïîõë-ñßæåò R-C-O-O. êáé 
áëêïîõë-ñßæåò R-C-O., åíäéÜìåóá ðñïúüíôá ôçò õðåñïîåß-
äùóçò ëéðéäßùí)17. Ïé ROS ó÷çìáôßæïíôáé áíáðüöåõêôá 
óôïí áåñüâéï ìåôáâïëéóìü êáé åßíáé ç êýñéá áéôßá åêäÞëù-
óçò ôïõ öáéíïìÝíïõ ôïõ ïîåéäùôéêïý stress óôá êýôôáñá.  
Ìéá åëåýèåñç ñßæá ó÷çìáôßæåôáé áðü ìßá ìç-ñßæá ç ïðïßá 
(á) ÷Üíåé Ýíá çëåêôñüíéï, (â) äÝ÷åôáé Ýíá çëåêôñüíéï Þ 
(ã) õößóôáôáé ïìïëõôéêÞ äéÜóðáóç (homolytic fission) 
åíüò ïìïéïðïëéêïý äåóìïý:

á) × → e- + X.

â) Y + e- → Y.-

ã) × : Y→ X. +Y.

Áíôßóôñïöá áðü ôçí ïìïëõôéêÞ äéÜóðáóç, äýï åëåý-
èåñåò ñßæåò ìðïñïýí íá áíôéäñÜóïõí ìåôáîý ôïõò êáé íá 
óõíäåèïýí ïìïéïðïëéêÜ, ïðüôå ðñïêýðôåé ìéá ìç-ñßæá 
(X. + Y. → Y−X), ãåãïíüò ðïõ åßíáé ðïëý óðÜíéï, áöïý ç 
óõãêÝíôñùóç ôùí åëåõèÝñùí ñéæþí äéáôçñåßôáé óå ðïëý 
÷áìçëÜ åðßðåäá áêüìç êáé óå êáôáóôÜóåéò Ýíôïíïõ ïîåé-
äùôéêïý stress. Áíôßèåôá, ìéá åëåýèåñç ñßæá óõíÞèùò 

áíôéäñÜ ìå ìéá ìç-ñßæá (ôá ðåñéóóüôåñá âéïëïãéêÜ ìüñéá 
äåí åßíáé åëåýèåñåò ñßæåò) ìå ôïõò åîÞò ôñüðïõò: 

á) ðñïóèåôéêÜ, üôáí ç åëåýèåñç ñßæá óõíäÝåôáé ìå ôç ìç-
ñßæá (ð.÷.  ðñïóèÞêç ôïõ ÏÇ. óôçí ãïõáíßíç ôïõ DNA: 
×. + Õ → [×-Õ] .)  

â) áíáãùãéêÜ, üôáí ç åëåýèåñç ñßæá äñá ùò áíáãùãéêüò 
ðáñÜãïíôáò, ðáñá÷ùñþíôáò ôï áóýæåõêôü ôçò  çëåêôñü-
íéï óôç ìç-ñßæá: ×. + Õ → ×+ + Õ.-

ã) ïîåéäùôéêÜ, üôáí ç åëåýèåñç ñßæá äñá ùò ïîåéäùôéêüò 
ðáñÜãïíôáò, äå÷üìåíç Ýíá çëåêôñüíéï áðü ôç ìç-ñßæá: 
X. + Y →    X- + Y.+ 

ä) áöáéñåôéêÜ, üôáí ç åëåýèåñç ñßæá áðïóðÜ Ýíá Üôïìï 
õäñïãüíïõ áðü ôïí áíèñáêéêü óêåëåôü ìéáò ïñãáíéêÞò 
Ýíùóçò. ×áñáêôçñéóôéêü ðáñÜäåéãìá ôÝôïéáò áíôßäñá-
óçò åßíáé ç ðñïóâïëÞ ôùí ðëåõñéêþí áëõóßäùí ëéðáñþí 
ïîÝùí áðü ôçí åëåýèåñç ñßæá õäñïîõëßïõ, ìå ôçí ïðïßá 
áñ÷ßæïõí ïé áëõóùôÝò áíôéäñÜóåéò ôçò õðåñïîåßäùóçò 
ôùí ëéðéäßùí:

 ¸ôóé ó÷çìáôßæåôáé ìéá íÝá åëåýèåñç ñßæá, ç ïðïßá 
áí åßíáé åðßóçò äñáóôéêÞ ìðïñåß íá áíôéäñÜóåé åê íÝïõ 
ìå Ýíá Üëëï ìüñéï ê.ï.ê. ÐáñÜäåéãìá ôÝôïéùí áëõóéäù-
ôþí áíôéäñÜóåùí åëåõèÝñùí ñéæþí åßíáé ç õðåñïîåßäù-
óç ôùí ëéðéäßùí ðïõ áðïôåëåß ôïí êýñéï ìç÷áíéóìü ðñü-
êëçóçò ïîåéäùôéêÞò âëÜâçò óå âéïëïãéêÝò ìåìâñÜíåò.  
Åêôüò áðü ôéò ROS ðïëý óçìáíôéêÝò óôï ïîåéäùôéêü stress 
åßíáé êáé ïé äñáóôéêÝò ìïñöÝò (ñßæåò Þ ìç) Üëëùí ÷çìéêþí 
óôïé÷åßùí êáé ìïñßùí, ðïõ äéáêñßíïíôáé áíÜëïãá ìå ôçí 
ðñïÝëåõóÞ ôïõò óå åêåßíåò ðïõ õðÜñ÷ïõí óôï ðåñéâÜëëïí 
ôùí êõôôÜñùí êáé óå åêåßíåò ðïõ ó÷çìáôßæïíôáé áðü ôç 
äñÜóç ôùí ROS åðß ôùí äéáöüñùí êõôôáñéêþí óõóôáôé-
êþí. Óôçí ðñþôç êáôçãïñßá áíÞêïõí ôá éüíôá óéäÞñïõ, 
÷áëêïý êáé Üëëùí ìåôÜëëùí ìåôÜðôùóçò (ðïõ êáôáëý-
ïõí áíôéäñÜóåéò ôïõ ïîåéäùôéêïý stress êáé ðñïÜãïõí 
ïîåéäùôéêÝò âëÜâåò óôï êýôôáñï), ôá éüíôá ÷ëùñßïõ êáé 
ôï ÍÏ. (ðïõ ðáñÜãåôáé áðü ôçí L-áñãéíßíç ìå ôç äñÜóç 
ôïõ åíæýìïõ óõíèåôÜóç ôïõ ÍÏ (ÍÏS) êáé Ý÷åé ïîåéäù-
ôéêÞ êáé áíôéïîåéäùôéêÞ äñÜóç). Óôç äåýôåñç êáôçãïñßá 
áíÞêïõí ïé åëåýèåñåò ñßæåò èåßïõ RS. (ðñïúüíôá ôçò ïîåé-
äùôéêÞò âëÜâçò Þ áíôéïîåéäùôéêÞò äñÜóçò äéáöüñùí èåé-
ïëþí), åëåýèåñåò ñßæåò Üíèñáêá R-C. (åíäéÜìåóá ðñïú-
üíôá ôçò õðåñïîåßäùóçò ëéðéäßùí), ôï õðåñïîõíéôñþäåò 
áíéüí ÏÍÏÏ- (ðñïúüí ôçò áíôßäñáóçò Ï

2

.- êáé ÍÏ.), ôï 
õðï÷ëùñéþäåò ïîý HOCl (ðñïúüí ôçò áíôßäñáóçò Ç

2
Ï

2
 

êáé Cl-) ê.á. 

5. Äçìéïõñãßá äñáóôéêþí ìïñöþí ïîõãüíïõ (ROS)

5.1 Ìéôï÷ïíäñéáêÞ ðáñáãùãÞ ROS

ÊáôÜ ôç äéÜñêåéá ôçò ìéôï÷ïíäñéáêÞò áíáðíïÞò (êý-
êëïò ôïõ Krebs,áëõóßäá ìåôáöïñÜò çëåêôñïíßùí) ôï 
ìïñéáêü ïîõãüíï åßíáé áðáñáßôçôï ãéá ôï ìåôáâïëéóìü 
ôçò ãëõêüæçò êáé Üëëùí õðïóôñùìÜôùí. Óôïí êýêëï ôïõ 
Krebs ç ÷çìéêÞ åíÝñãåéá áðü äéáöïñåôéêÜ õðïóôñþìáôá 
÷ñçóéìïðïéåßôáé ãéá ôç ìåôáôñïðÞ ôïõ ADP óå ATP (öù-
óöïñõëßùóç åðéðÝäïõ õðïóôñþìáôïò) (Ó÷Þìá 1)18. 
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Óôçí áëõóßäá ìåôáöïñÜò çëåêôñïíßùí, ç åíÝñãåéá ãéá 
ôç öùóöïñõëßùóç ôïõ ADP ðñïÝñ÷åôáé áðü ìéá óåéñÜ 
ïîåéäïáíáãùãéêþí áíôéäñÜóåùí (ïîåéäùôéêÞ öùóöï-
ñõëßùóç). Õðü öõóéïëïãéêÝò óõíèÞêåò, Ýíá ðïóïóôü 
ìåôáîý 0,4 êáé 4% ôïõ êáôáíáëéóêüìåíïõ áðü ôçí ïîåé-
äùôéêÞ öùóöïñõëßùóç ïîõãüíïõ ìåôáôñÝðåôáé óå ñßæåò 
õðåñïîåéäéêïý áíéüíôïò (O

2

.-)19,20,21,22,23,24. Óôç óõíÝ÷åéá, 
ôï O

2

.- ìðïñåß íá ìåôáôñáðåß óå Üëëåò äñáóôéêÝò ìïñ-
öÝò ïîõãüíïõ (ROS) êáé áæþôïõ (RÍS). Ïé åëåýèåñåò 
ñßæåò  óõíÞèùò åîïõäåôåñþíïíôáé áðü ôïõò åíäïãåíåßò 
áíôéïîåéäùôéêïýò ìç÷áíéóìïýò ðïõ èá áíáöåñèïýí óôç 
óõíÝ÷åéá. ×áñáêôçñéóôéêÜ ôï O

2

.- åîïõäåôåñþíåôáé ðñïò 
Ç

2
Ï

2
 áðü ôçí õðåñïîåéäéêÞ äéóìïõôÜóç 2 (SOD2)19,20 

(Ó÷Þìá 2)18. Ôï Ç
2
Ï

2
 áíÜãåôáé áðü ôçí õðåñïîåéäÜóç ôçò 

ãëïõôáèåéüíçò ðñïò Ï
2
 êáé Ç

2
Ï óôá ìéôï÷üíäñéá Þ äéá-

÷Ýåôáé óôï êõôôáñüðëáóìá êáé áíÜãåôáé áðü ôï Ýíæõìï 
êáôáëÜóç óôá õðåñïîõóþìáôá. Ðáñïõóßá ìåôÜëëùí ìå-
ôÜðôùóçò üðùò ï Fe êáé ï Cu ôï Ç

2
Ï

2
 ìåôáôñÝðåôáé óôçí 

éó÷õñÜ äñáóôéêÞ õäñïîõëéêÞ ñßæá ÏÇ..

ôÜñùí áõôþí ðñïêáëåß ìåôáêßíçóç ôùí êõôôáñïðëáóìá-
ôéêþí õðïìïíÜäùí óôçí êõôôáñéêÞ ìåìâñÜíç ìå áðïôÝëå-
óìá  ôï ó÷çìáôéóìïý  ðïëõìåñéêþí óõìðëüêùí  ìå äñÜóç 
ïîåéäÜóçò. Ïé  NAD(P)H ïîåéäÜóåò êáôáëýïõí ôçí áíá-
ãùãÞ ôïõ Ï

2
 ÷ñçóéìïðïéþíôáò ôï NADH (íéêïôéíáìéäï-

áäåíéíïíïõêëåïôßäéï) Þ ôï  NADPH (öùóöïñéêü íéêïôé-
íáìéäï-áäåíéíïíïõêëåïôßäéï)  óáí äüôç çëåêôñïíßùí.

NAD(P)H +2O
2
 → NAD(P)+  + H+ + Ï

2

.-

H NAD(P)H ïîåéäÜóç åßíáé ç êýñéá ðçãÞ õðåñïîåé-
äéêïý áíéüíôïò (Ï

2

.- ) óôïí áããåéáêü éóôü êáé ôá êýôôáñá 
ôïõ ìõïêáñäßïõ (Ó÷Þìá 3)25. Ïé ðåñéóóüôåñåò êëéíéêÝò 
ìåëÝôåò õðïäåéêíýïõí üôé ôï NADH åßíáé êáôáëëçëüôå-
ñï õðüóôñùìá26,27,28,29,30 ùóôüóï õðÜñ÷ïõí ðåñéðôþóåéò 
üðïõ ôï NADPH õðåñéó÷ýåé31,32. Ç NAD(P)H ïîåéäÜ-
óç åðÜãåôáé áðü ïñìüíåò, ìåôáâïëÝò ôùí áéìïäõíá-
ìéêþí óõíèçêþí êáé ìåôáâïëéêÝò áëëáãÝò. Ç áããåéï-
ôåíóßíç ÉÉ25, ç èñïìâßíç33, ï áõîçôéêüò ðáñÜãïíôáò ôùí 
áéìïðåôáëßùí34(PDGF: platelet-derived growth factor),ï 
ðáñÜãïíôáò íÝêñùóçò üãêïõ-á35 (TNF-a: tumor necrosis 
factor-a), ôï LacCer (â-D-galactosyl-(1-4)-â-D-glucosyl-
(1-1’)-ceramide), ç éíôåñëåõêßíç-1 (IL-1) êáé ï åíåñãï-
ðïéçôéêüò ðáñÜãïíôáò ôùí áéìïðåôáëßùí (PAF:  platelet-
activating factor) äéåãåßñïõí ôçí êáôáëõüìåíç áðü ôï 
NADH Þ/êáé ôï NADPH ðáñáãùãÞ Ï

2

.- . Óôá ïõäåôåñü-
öéëá ç äñÜóç ôçò ïîåéäÜóçò ñõèìßæåôáé êáé áðü ôçí ðñù-
ôåúíéêÞ êéíÜóç  C36(PKC) êáé óôá ßäéá êýôôáñá, ç õðåñ-
ãëõêáéìßá, ìÝóù ôçò åíåñãïðïßçóçò ôïõ ìåôáãñáöéêïý 
ðõñçíéêïý ðáñÜãïíôá NF-êB, áõîÜíåé ôçí Ýêöñáóç ôçò 
õðïìïíÜäáò gp91phox ôçò NADPH ïîåéäÜóçò.

Ó÷Þìá 1: Öùóöïñõëßùóç åðéðÝäïõ õðïóôñþìáôïò

Ó÷Þìá 2: ÏîåéäùôéêÞ öùóöïñõëßùóç 

5.2 Íéêïôéíáìéäï-áäåíéíïíïõêëåïôéäéêÝò  
(öùóöïñéêÝò) ïîåéäÜóåò (NAD(P)H ïîåéäÜóç)

Ôá Ýíæõìá NAD(P)H ïîåéäÜóåò  áðïôåëïýíôáé áðü 
õðïìïíÜäåò ðïõ åíôïðßæïíôáé  ôüóï óôçí êõôôáñéêÞ ìåì-
âñÜíç, üóï êáé óôï êõôôáñüðëáóìá áããåéáêþí ëåéïìõ-
ïêõôôÜñùí, ïõäåôåñüöéëùí, éíïâëáóôþí, åíäïèçëéáêþí 
êáé ìåóáããåéáêþí êõôôÜñùí. Ç åíåñãïðïßçóç ôùí êõô-

Ó÷Þìá 3: ÄïìÞ êáé äñÜóç ÍÁD(P)H ïîåéäÜóçò ôùí ïõäå-
ôåñüöéëùí (áñéóôåñÜ) êáé ôùí ëåßùí ìõúêþí éíþí (äåîéÜ)

5.3 ÁöõäñïãïíÜóç ôçò îáíèßíçò (XDH)  
êáé ÏîåéäÜóç ôçò îáíèßíçò (XOD)  

Ç áöõäñïãïíÜóç ôçò îáíèßíçò (XDH) ÷ñçóéìïðïéåß 
ôçí õðïîáíèßíç Þ ôçí îáíèßíç ùò õðüóôñùìá êáé ôï NAD 
ùò óõìðáñÜãïíôá-äÝêôç çëåêôñïíßùí  ðñïò ó÷çìáôéóìü 
NADH êáé ïõñéêïý ïîÝïò. Óå ðáèïëïãéêÝò êáôáóôÜ-
óåéò, üðùò óå ôåëéêÜ óôÜäéá êáñäéáêÞò áíåðÜñêåéáò37,38 ç  
áöõäñïãïíÜóç ôçò îáíèßíçò ìåôáôñÝðåôáé óôçí ïîåéäù-
ìÝíç ôçò ìïñöÞ (ïîåéäÜóç ôçò îáíèßíçò, XOD) ç ïðïßá  
äñá óôá ßäéá áêñéâþò õðïóôñþìáôá (îáíèßíç, õðïîáí-
èßíç) áëëÜ ÷ñçóéìïðïéåß ôï Ï

2
 ùò óõìðáñÜãïíôá-äåêôç 

çëåêôñïíßùí ðñïò ó÷çìáôéóìü ïõñéêïý ïîÝïò êáé õðåñï-
îåéäéêïý áíéüíôïò (Ï

2

.-). 
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5.4. ÐáñáãùãÞ åëåýèåñùí ñéæþí óôçí êõôôáñéêÞ  
ìåìâñÜíç ìÝóù ôùí åíæõìáôéêþí ïäþí  
ôïõ áñá÷éäïíéêïý ïîÝïò

Ç ðáñáãùãÞ ôùí åëåõèÝñùí ñéæþí ïîõãüíïõ óôçí 
êõôôáñïðëáóìáôéêÞ ìåìâñÜíç åßíáé áðïôÝëåóìá ôïõ ìå-
ôáâïëéóìïý ôïõ áñá÷éäïíéêïý ïîÝïò (ÁÁ: Árachidonic 
Acid) ôçò ïîåßäùóçò ôùí ìåìâñáíéêþí ðñùôåúíþí êáé ôçò 
áõôïïîåßäùóçò ôùí óõíäåäåìÝíùí ìå ôç ìåìâñÜíç êõôï-
÷ñùìÜôùí.

Ç õðåñïîåßäùóç ôùí ìåìâñáíéêþí ëéðéäßùí -áðïôÝ-
ëåóìá ôçò ïðïßáò áðïôåëåß êáé ôï áñá÷éäïíéêü ïîý - óõ-
íôåëåßôáé åíæõìáôéêÜ áðü Ýíæõìá üðùò ïé öùóöïëéðÜóåò 
Á2 (PLA2) êáé ìç åíæõìáôéêÜ áðü åíåñãÝò ìïñöÝò ïîõ-
ãüíïõ ( ÏÇ., Ï

2

.- ) êáé áæþôïõ (ÍÏ.). Ç öùóöïëéðÜóç Á2 
åßíáé ôï êýñéï åíæõìï ãéá ôçí áðåëåõèÝñùóç áñá÷éäïíé-
êïý ïîÝïò.

Ç äñáóôéêÞ õäñïîõëéêÞ ñßæá ÏÇ. äåí áðïôåëåß ðñïúüí 
åíæõìáôéêÞò äñÜóçò áëëÜ ðñïêýðôåé áðü Ç

2
Ï

2
 ðáñïõóßá 

ìåôáëëéêþí éüíôùí êáé êõñßùò Fe2+ êáé Cu2+, ìå ôçí áíôß-
äñáóç Fenton.  ÌåôÜ ôï ó÷çìáôéóìü ôçò, ç ñßæá ÏÇ. åðéäñÜ 
óå êõôôáñéêÜ óôïé÷åßá üðùò ðïëõáêüñåóôá ëéðáñÜ ïîÝá 
êáé ìåìâñáíéêÜ ëéðßäéá. ÊáôÜ ôçí áíôßäñáóç ôçò  ÏÇ. ìå 
ðïëõáêüñåóôá ëéðáñÜ ïîÝá ðñïêýðôïõí áëêõëï-ñßæåò ðïõ 
áëëçëåðéäñþíôáò ìå ìïñéáêü ïîõãüíï äßíïõí ñßæåò ROO.. 
Ïé ñßæåò  ROO. áðïóðïýí õäñïãüíá áðü ôá ðáñáêÝéìå-
íá ëéðáñÜ ïîÝá ðñïò ó÷çìáôéóìü ëéðéäéêþí õðåñïîåéäßùí 
(ROOH) íÝùí áëêõëï-ñéæþí îåêéíþíôáò Ýôóé ìéá áëõóé-
äùôÞ áíôßäñáóç ïîåßäùóçò ôùí ëéðéäßùí.  

Ôï ÍÏ. ðñïêýðôåé êáôÜ ôçí åíæõìáôéêÞ ïîåßäùóç ôçò 
L-áñãéíßíçò ðñïò êéôñïõëßíç áðü ôéò ÍÏ óõíèåôÜóåò êáé 
áðïôåëåß Ýíá âáóéêü ñõèìéóôÞ áããåéáêÞò áðüêñéóçò êáé 
íåõñïíéêÞò äéáâßâáóçò.

Ôï õðåñïîåéäéêü áíéüí Ï
2

.- äåí ðñïêáëåß Üìåóá ëé-
ðéäéêÞ õðåñïîåßäùóç áëëÜ áëëçëåðéäñþíôáò ìå ôï ÍÏ 
ó÷çìáôßæåé õðåñïîõíéôñþäåò áíéüí (ÏÍÏÏ-) Ýíá éó÷õñü 
ïîåéäùôéêü ðïõ åðÜãåé ôçí õðåñïîåßäùóç ôùí ëéðéäßùí.

Ïé öùóöïëéðÜóåò Á2 (PLA2) áðïôåëïýí ìéá ìåãÜëç 
ïéêïãÝíåéá åíæýìùí, ôá ïðïßá õäñïëýïõí ôïí åóôåñéêü 
äåóìü óôçí sn-2 èÝóç ôùí ãëõêåñïöùóöï-ëéðéäßùí êáé 
ðáñÜãïõí 2-ëõóïöùóöïëéðßäéá êáé åëåýèåñá ëéðáñÜ 
ïîÝá40. Ç áíôßäñáóç áõôÞ ðáñïõóéÜæåé éäéáßôåñï åíäéá-
öÝñïí üôáí ôï åëåýèåñï ëéðáñü ïîý ðïõ áðïìáêñýíåôáé 
áðü ôçí sn-2 èÝóç åßíáé ôï áñá÷éäïíéêü ïîý. Ôï ðáñáãü-

ìåíï áñá÷éäïíéêü ïîý åðáíåíóùìáôþíåôáé óôá ìåìâñáíé-
êÜ öùóöïëéðßäéá Þ ìåôáâïëßæåôáé áðü ìßá óåéñÜ åíæýìùí 
ðñïò ó÷çìáôéóìü ìéáò ïéêïãÝíåéáò âéïëïãéêþò åíåñãþí 
ìåôáâïëéôþí, ôùí åéêïóáíïåéäþí. Ôñåéò óçìáíôéêÝò ïäïß 
ìðïñïýí íá ìåôáôñÝøïõí ôï ÁÁ óå åéêïóáíïåéäÞ41. Óôçí 
ðñþôç ìåôáâïëéêÞ ïäü ôï Ýíæõìï êõêëïîõãïíÜóç (COX)  
ðáñÜãåé èñïìâïîÜíåò, ðñïóôáãëáíäßíåò êáé ðñïóôá-
êõêëßíåò. Óôç äåýôåñç ïäü, ôï Ýíæõìï 5-ëéðïîõãïíÜóç 
ðáñÜãåé ëåõêïôñéÝíéá êáé åíþóåéò õäñïîõ-åéêïóéôåôñá-
íïúêïý ïîÝïò (ÇÅÔÅ) . Óôçí ôñßôç ïäü, ôï Ýíæõìï åðï-
îõãïíÜóç, ðïõ åßíáé ìÝëïò ôïõ êõôï÷ñþìáôïò P450 ðá-
ñÜãåé åíþóåéò cis-åðüîõ-åéêïóéôåôñáíïúêïý ïîÝïò (ÅÅÔ) 
êáé Üëëåò åíþóåéò ÇÅÔÅ. Ïé COXs, ëéðïîõãïíÜóåò êáé 
åðïîõãïíÜóåò êáôáëýïõí ôçí óôåñïåéäéêÞ åéóáãùãÞ ôïõ 
ïîõãüíïõ óå äéÜöïñåò èÝóåéò óôï ÁÁ êáé  êáôáíÝìïíôáé 
åêëåêôéêÜ óôïõò äéÜöïñïõò êõôôáñéêïýò ôýðïõò, áõîÜ-
íïíôáò ðåñáéôÝñù ôçí ðïëõðëïêüôçôá ôçò âéïëïãßáò ôùí 
åéêïóáíïåéäþí. Åêôüò áðü ôï áñá÷éäïíéêü ïîý âéïëïãé-
êþò äñáóôéêÜ ìüñéá åßíáé êáé ôá ëõóïöùóöïëéðßäéá ðïõ 
ðñïêýðôïõí áðü ôç äñÜóç ôçò PLA2 42. ¼ôáí äå ôï ëõóï-
öùóöïëéðéäéêü ðñïúüí ðåñéÝ÷åé ìßá êåöáëÞ ÷ïëßíçò êáé 
Ýíáí áëêõëéêü äåóìü óôç èÝóç sn-1 áðïôåëåß ðñüäñïìï 
ìüñéï ãéá ôïí ðáñÜãïíôá åíåñãïðïßçóçò ôùí áéìïðåôáëß-
ùí (PAF: Platelet Activating Factor)43.

ÊáôÜ ôï ìåôáâïëéóìü ôïõ áñá÷éäïíéêïý ïîÝïò ìÝóù 
ôçò ïäïý ôçò êõêëïîõãïíÜóçò ðáñÜãåôáé õðåñïîåéäéêü 
áíéüí óôï óôÜäéï ôçò ìåôáôñïðÞò ôçò ðñïóôáãëáíäßíçò 
G2 óôçí ðñïóôáãëáíäßíç Ç2. Ôï áíéüí ôïõ õðåñïîåéäß-
ïõ ðáñÜãåôáé åðßóçò êáé êáôÜ ôï ìåôáâïëéóìü ôïõ áñá-
÷éäïíéêïý ïîÝïò óôçí ïäü ëéðïîõãïíÜóçò. Êáé óôéò äýï 
ðåñéðôþóåéò áðáéôåßôáé ç ðáñïõóßá ôçò NADH Þ êáé ôçò 
NADPH  ïîåéäÜ óçò .

5.4.1. Ç ìåôáâïëéêÞ ïäüò ôçò êõêëïïîõãïíÜóçò (COX)

Óôçí ðñþôç ïäü ìåôáâïëéóìïý ôïõ áñá÷éäïíéêïý ïîÝ-
ïò, ç êõêëïïîõãïíÜóç êáôáëýåé ôç óôáäéáêÞ ìåôáôñïðÞ 
ôïõ ÁÁ óå åíäéÜìåóç ðñïóôáãëáíäßíç G2 (PGG2) êáé 
H2 (PGH2) (Ó÷Þìá 5)44 .

Ó÷Þìá 4.  Ç ìåôáôñïðÞ ôçò áöõûäñïãïíÜóçò ôçò îáíèßíçò 
ðñïò ïîåéäÜóç ôçò îáíèßíçò ðéèáíþò ðñáãìáôïðïéåßôáé óå 
óõíèÞêåò stress, äéáôáñá÷þí ôïõ åíäïêõôôáñéêïý áóâåóôßïõ 
êáé ïîåßäùóçò èåéïëéêþí ïìÜäùí39. Ç ïîåéäÜóç ôçò îáíèß-
íçò (XOD) åßíáé ìßá óçìáíôéêÞ ðçãÞ åíåñãþí ìïñöþí ïîõ-
ãüíïõ óôá ðïëõìïñöïðÞñçíá, åíäïèçëéáêÜ êáé åðéèçëéáêÜ 
êýôôáñá êáèþò êáé óôá êýôôáñá ôïõ óõíäåôéêïý éóôïý.

Ó÷Þìá 5: Äéáäï÷éêÜ óôÜäéá ó÷çìáôéóìïý PGH2 áðü áñá-
÷éäïíéêü ïîý
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Óôï óôÜäéï ôçò ìåôáôñïðÞò ôçò ðñïóôáãëáíäßíçò G2 
óôçí ðñïóôáãëáíäßíç Ç2, ðáñÜãåôáé õðåñïîåéäéêü áíé-
üí (Ï

2

.- ). Óôç óõíÝ÷åéá ç ðñïóôáãëáíäßíç Ç2 (PGH2) 
ìåôáâïëßæåôáé ðñïò èñïìâïîÜíç Á2(Ô×Á2), ðñïóôáêõ-
êëßíç (PGI2) êáé Üëëåò ðñïóôáãëáíäßíåò (PGD2, PGE2, 
PGF2a) áðü ôá Ýíæõìá óõíèåôÜóç èñïìâïîÜíçò, óõíèå-
ôÜóç ðñïóôáêõêëßíçò êáé éóïìåñÜóç ðñïóôáãëáíäßíçò 
áíôßóôïé÷á39. Ïé äñáóôéêÝò ñßæåò Ï

2

.-  ðïõ ðñïêýðôïõí êáôÜ 
ôç ìåôáôñïðÞ ôçò PGG2 óå PGH2 áäñáíïðïéïýí ôá ìåôÝ-
÷ïíôá óôç ìåôáâïëéêÞ ïäü ôçò êõêëïîõãïíÜóçò Ýíæõìá êáé 
ðñïêáëïýí âëÜâåò óôá êýôôáñá  (ëüãù ïîåßäùóçò ëéðéäßùí 
ôùí êõôôáñïðëáóìáôéêþí ìåìâñáíþí). Ìå ôïí ôñüðï áõôü 
ç ìåôáâïëéêÞ ïäüò ôçò êõêëïîõãïíÜóçò áõôïáíáóôÝëëåôáé 
ìå óýã÷ñïíç ðáñáãùãÞ åëåõèÝñùí ñéæþí ïîõãüíïõ45. Ðá-
ñÜëëçëá áíáóôÝëëåôáé êáé ç ðáñáãùãÞ ôùí ðñïóôáôåõôé-
êþí PGE2 êáé PGI áëëÜ êáé ôçò Ô×Á2 ðïõ ðñïêáëåß áã-
ãåéïóýóðáóç êáé óõãêüëëçóç ôùí áéìïðåôáëßùí46.

5.4.2. Ç ìåôáâïëéêÞ ïäüò ôçò ëéðïîõãïíÜóçò 

Ç ìåôáâïëéêÞ ïäüò ôçò 5-ëéðïîõãïíÜóçò åíåñãïðïé-
åßôáé óôá ëåõêïêýôôáñá óõìðåñéëáìâÜíïìÝíùí ôùí ìá-
óôïêõôôÜñùí, ôùí çùóéíüöéëùí, ôùí ïõäåôåñüöéëùí, ôùí 
âáóåüöéëùí êáé ôùí ìïíïêõôôÜñùí. Óôá êýôôáñá áõôÜ, 
ç  5-ëéðïîõãïíÜóç ìåôáôñÝðåé ôï áñá÷éäïíéêü ïîý  óå 
5-õäñïûðåñïîõ-åéêïóáôåôñá-åíïéêü ïîý (5-ÇÑÅÔÅ) ôï 
ïðïßï Ý÷åé âñá÷åßá æùÞ  êáé áðïäïìåßôáé ôá÷Ýùò áðü ìéá 
õðåñïîåéäÜóç ðñïò 5-õäñïîõ-åéêïóáôåôñá-åíïúêï ïîý 
(5-ÇÅÔÅ). ÅíáëëáêôéêÜ, ìéá áöõäñïãïíÜóç ìðïñåß íá 
ìåôáôñÝøåé ôï 5-ÇÅÔÅ óå Ýíá áóôáèÝò åðïîåßäéï, ôçí 
ëåõêïôñéÝíç Á4 (LTA4). Áõôüò ï ìåôáâïëßôçò ìðïñåß 
íá õäñïëõèåß  óå 5,12-äéõäñïîõ-åéêïóáôåôñåíïúêÜ ïîÝá 
(5,12-DiHETE) Ýíá áðü ôá ïðïßá åßíáé êáé ôï ëåõêïôñéÝ-
íéï LTB4 Þ íá óõæåõ÷èåß åíæõìáôéêÜ ìå ôï ôñéðåðôßäéï ôçò 
ãëïõôáèåéüíçò. ÁõôÞ ç óýæåõîç -ìÝóù ôïõ ìïñßïõ ôçò êõ-
óôåúíçò ôçò ãëïõôáèåéüíçò- ðáñÜãåé LTC4. (Ó÷Þìá 6)47.

D-ãëõêüæçò) áðü ôá ðïëõìïñöïðýñçíá. ¸ôóé ôá åíåñãï-
ðïéçìÝíá ïõäåôåñüöéëá ìåôáöÝñïõí óôïõò éóôïýò óôü÷ïõò 
áõîçìÝíåò ðïóüôçôåò  éüíôùí Ca2+ êáé D-ãëõêüæçò.

Ôï ëåõêïôñéÝíéï LTC4 ðáñÜãåôáé óå êýôôáñá ðïõ åê-
öñÜæïõí ôçí LTC4 óõíèåôÜóç üðùò åßíáé ôá ìáóôïêýô-
ôáñá êáé ôá çùóéíüöéëá. Ôï LTC4 áðïôåëåß õðüóôñùìá 
äéáöïñåôéêþí ðñùôåáóþí, ïé ïðïßåò ðáñÜãïõí ôá âéïëï-
ãéêÜ åíåñãÜ ëåõêïôñéÝíéá LTD4 êáé LTE4. Ôá êõóôåúíé-
êÜ ëåõêïôñéÝíéá (LTC4, LTD4, LTE4) äñïõí óôïõò ìåì-
âñáíéêïýò õðïäï÷åßò CysLT1 êáé CysLT2 ôùí êõôôÜñùí 
óôü÷ùí ðñïêáëþíôáò óýóðáóç ôùí âñïã÷ïëßùí êáé ôùí 
áããåéáêþí ëåßùí ìõúêþí éíþí, áýîçóç ôçò ôñé÷ïåéäéêÞò 
äéáðåñáôüôçôáò, Ýêêñéóç âëÝííçò óôéò áåñáãùãÝò ïäïýò 
êáé ôï Ýíôåñï êáé ÷çìåéïôáîßá ëåõêïêõôôÜñùí.

 Ôá ëåõêïêýôôáñá êáé êõñßùò ôá áéìïðåôÜëéá äéáèÝ-
ôïõí åðßóçò ìéá 12-ëéðïîõãïíÜóç ç ïðïßá åíåñãïðïéåßôáé 
áðü áõîçôéêïýò ðáñÜãïíôåò, öëåãìïíþäåéò êõôïêßíåò 
êáé õðåñãëõêáéìßá50, êáé ìåôáôñÝðåé ôï áñá÷éäïíéêü ïîý 
óå 12-õäñïûðåñïîõ-åéêïóáôåôñá-åíïúêü ïîý  (12-ÇPÅ-
ÔÅ). ÁñêåôÜ ïîõãïíùìÝíá ðñïúüíôá áõôïý ôïõ åíæýìïõ 
åßíáé éêáíÜ íá åíåñãïðïéÞóïõí êéíÜóåò åõáßóèçôåò óôï 
stress êáé ïäïýò ðïõ åíÝ÷ïíôáé ãéá ôçí áããåéáêÞ êáé íå-
öñéêÞ íüóï, ðåñéëáìâÜíïíôáò êáé ôçí ïäü ôçò PKC, ìå 
áðïôÝëåóìá ôçí õðåñôñïößá ôùí ëåßùí ìõúêþí êõôôÜñùí 
ôùí áããåßùí. Ôï 12-õäñïîõ-åéêïóáôåôñáíïúêü ïîý,  (12- 
ÇÅÔÅ) åßíáé Ýíáò éó÷õñüò áããåéïãåíåôéêüò ðáñÜãïíôáò  
éêáíüò íá åíåñãïðïéåß ôïí ðõñçíéêü ðáñÜãïíôá ÍF-êÂ 
êáé íá áõîÜíåé ôçí Ýêöñáóç ôïõ áããåéáêïý åíäïèçëéá-
êïý áõîçôéêïý ðáñÜãïíôá (VEGF).

Ôá åíäïèçëéáêÜ êýôôáñá åêöñÜæïõí ìéá 15-ëéðïîõ-
ãïíÜóç ç ïðïßá ìåôáôñÝðåé óôáäéáêÜ ôï áñá÷éäïíéêü 
ïîý óå  15-õäñïîõåéêïóáôåôñáåíïúêï ïîý (15-ÇÅÔÅ). 
Óôá áèçñùìáôéêÜ áããåßá öáßíåôáé íá õðÜñ÷åé áõîçìÝ-
íç óýíèåóç 15-ÇÅÔÅ ôï ïðïßï ìåôáôñÝðåôáé áðü åíåñ-
ãïðïéçìÝíá ëåõêïêýôôáñá óå ëéðïîßíåò. Ïé êõñéüôåñåò 
ëéðïîßíåò åßíáé ç ëéðïîßíç Á êáé ç ëéðïîßíç Â. Ç ëéðïîßíç 
Á4 (LXA4), äéåãåßñåé ôçí ðáñáãùãÞ áíéüíôïò ôïõ õðåñï-
îåéäßïõ (O

2

.-)  áðü ôá ïõäåôåñüöéëá.

5.5. Ìïíïîåßäéï ôïõ áæþôïõ

Ç áýîçóç ôùí åðéðÝäùí õðåñïîåéäéêïý áíéüíôïò  
(Ï

2

.-) áðü ôçí õðåñãëõêáéìßá óçìáôïäïôåß ôçí åíåñãïðïß-
çóç ïäþí åìðëåêüìåíùí óôçí ðáèïãÝíåóç äéáâçôéêþí 
åðéðëïêþí üðùò åßíáé ç åíäïèçëéáêÞ äõóëåéôïõñãßá51,52. 
Ç ðáñáãùãÞ ôïõ ìïíïîåéäßïõ ôïõ áæþôïõ (ÍÏ.) äéáäñá-
ìáôßæåé óçìáíôéêü ñüëï óôç ñýèìéóç ôçò åíäïèçëéáêÞò 
ëåéôïõñãßáò, ðñïêáëþíôáò áããåéïäéáóôïëÞ,  áíáóôÝëëï-
íôáò ôçí ðñïóêüëëçóç ëåõêïêõôôÜñùí óôï åíäïèÞëéï êáé 
ðéèáíþò åîïõäåôåñþíïíôáò ôï õðåñïîåéäéêü áíéüí 48. 

Ôï ÍÏ åßíáé ðñïúüí ïîåßäùóçò ôçò L-áñãéíßíçò ðñïò 
L-êéôñïõëßíç. Ç áíôßäñáóç áõôÞ êáôáëýåôáé áðü ôï Ýíæõ-
ìï óõíèåôÜóç ôïõ ÍÏ. (ÍÏS) êáé áðáéôåß ôçí ðáñïõóßá 
NAPDH, ìïñéáêïý ïîõãüíïõ, êáëìïäïõëßíçò êáé Üëëùí 
óõìðáñáãüíôùí/ óõíåíæýìùí üðùò ç ôåôñáûäñïâéïðôå-
ñßíç (BH4), ç ðñùôïðïñöõñßíç É×, ôï öëáâéíï-áäåíéíï-
äéíïõêëåïôßäéï (FAD) êáé ôï öëáâéíï-ìïíïíïõêëåïôßäéï 
(FMN). Ç óýíèåóç ÍÏ áðü L-áñãéíßíç ãßíåôáé óå äõï 
óôÜäéá ïîåßäùóçò. Áñ÷éêÜ ç L-áñãéíßíç ïîåéäþíåôáé 
ðñïò Íù-õäñïîõáñãéíßíç ðáñïõóßá ÍÁDPH  êáé ôåôñáû-
äñïâéïðôåñßíçò (BH4).  Óôç óõíÝ÷åéá ç Íù-õäñïîõáñãé-

Ó÷Þìá 6: Ïäïß ôùí 5-,12-,15-ëéðïîõãïíáóþí

Ôï ëåõêïôñéÝíéï LTB4 ðïõ óõíôßèåôáé áðü êýôôáñá 
ðïõ äéáèÝôïõí LTA4 õäñïëÜóç (ïõäåôåñüöéëá, ìïíïêýô-
ôáñá), åßíáé éó÷õñüò ÷çìåéïôáêôéêüò ðáñÜãùí äñþíôáò 
óôïõò BLT1 êáé BLT2 õðïäï÷åßò ôçò êõôôáñïðëáóìáôé-
êÞò ìåìâñÜíçò ôùí ïõäåôåñüöéëùí. Áîßæåé íá áíáöåñèåß 
üôé åêôüò áðü ôï ÷çìåéïôáêôéêü ôïõ ñüëï ôï ëåõêïôñéÝíéï 
LTB4 äéåãåßñåé ôçí åßóïäï éüíôùí Ca2+, ôçí êéíçôïðïßçóç 
ôïõ åíäïêõôôÜñéïõ Ca 2+ 48,49êáé ôçí ðñüóëçøç åîïæþí  (ð÷. 
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íßíç ïîåéäþíåôáé ðñïò ó÷çìáôéóìü êéôñïõëßíçò êáé ÍÏ 
(Ó÷Þìá 7)53 Óå áõôü ôï óçìåßï áîßæåé íá óçìåéùèåß üôé 
ç nNOS, áðïõóßá L-áñãéíßíçò, ìðïñåß íá óõíèÝóåé õðå-
ñïîåéäéêü áíéüí (O

2

.) êáé õðåñïîåßäéï ôïõ õäñïãüíïõ 
(Ç

2
Ï

2
) ìå êáôáíÜëùóç ÍÁDPH ãåãïíüò ðïõ õðïäåéêíý-

åé ôï ñüëï ôùí öëáâéíï-óõíåíæýìùí  óôç ìåôáöïñÜ çëå-
êôñïíßùí.

ôïîéêÞ äñÜóç óôï åíäïèÞëéï ôùí áããåßùí 54(åíäïèçëéáêÞ 
äõóëåéôïõñãßá). ÁõîçìÝíá åðßðåäÜ íéôñïôõñïóßíçò óôï 
ðëÜóìá äéáâçôéêþí áóèåíþí õðïäåéêíýïõí ôç óõó÷Ýôéóç 
ôçò ïîåéäùôéêÞò áõôÞò ïõóßáò ìå ôçí ðáèïöõóéïëïãßá ôïõ 
äéáâÞôç55. 

Ôï õðåñïîõíéôñþäåò áíéüí, åßíáé Ýíáò éó÷õñüò ðáñÜ-
ãïíôáò êáôáóôñïöÞò ôïõ DNA. Ç êáôáóôñïöÞ ôïõ DNA 
äéáöáßíåôáé áðü ôçí áõîçìÝíç ðáñáãùãÞ  8-õäñïîõãïõá-
íßíçò êáé 8-õäñïîõäåïîõãïõáíïóßíçò (äåßêôåò êáôáóôñï-
öÞò ôïõ DNA)56 êáé åðÜãåé ôçí åíåñãïðïßçóç ôïõ ðõñç-
íéêïý åíæýìïõ ðïëõ-(ADP-ñéâüæç) ðïëõìåñÜóç (PARP). 
Ç åíåñãïðïßçóç ôïõ ÑARP ïäçãåß óå ìåßùóç ôïõ åíäï-
êõôôÜñéïõ NAD+ êáé ðñïÜãåé ôçí ADÑ-ñéâïæõëßùóç 
ôïõ åíæýìïõ áöõäñïãïíÜóç ôçò 3-öùóöïñéêÞò ãëõêåñé-
íáëäåûäçò (GAPDH)57. Ç åëÜôôùóç ôïõ ÍAD+inter Ý÷åé 
ùò áðïôÝëåóìá ôç ìåßùóç ôïõ ñõèìïý ãëõêüëõóçò, ôçò 
ìåôáöïñÜò çëåêôñïíßùí êáé ôïõ ó÷çìáôéóìïý ôïõ ÁÔÑ.Ç 
ãëõêåñéíáëäåûäç åßíáé áðü ôá âáóéêÜ ìåôáâïëéêÜ ðñïúü-
íôá ôïõ êáôáññÜêôç ôçò ãëõêüëõóçò. Ç ñéâïæõëßùóç ôïõ 
åíæýìïõ áõôïý, êáé óõíåðþò ç áíáóôïëÞ ôïõ ìåôáâïëé-
óìïý ôïõ, Ý÷åé óáí áðïôÝëåóìá ôç óõóóþñåõóç ôùí ðñï-
çãïýìåíùí áðü ôç GAPDH ìåôáâïëéêþí ðñïúüíôùí ôçò 
ãëõêüëõóçò êáé åêôñïðÞ ôïõ ìåôáâïëéóìïý áðü ôç óåéñÜ 
ôçò ãëõêüëõóçò óå Üëëåò ðáèïöõóéïëïãéêÝò ïäïýò (åîï-
æáìßíçò, PKC, ðïëõïëþí ). 

6. Åíäïãåíåßò áíôéïîåéäùôéêïß ìç÷áíéóìïß 

Óôï óáê÷áñþäç äéáâÞôç ôýðïõ ÉÉ åêôüò åðáãùãÞ ôïõ 
ïîåéäùôéêïý stress ðáñáôçñåßôáé óýã÷ñïíç áíåðÜñêåéá 
åíäïãåíþí áíôéïîåéäùôéêþí ìç÷áíéóìþí. Ôá óçìáíôéêü-
ôåñá áíôéïîåéäùôéêÜ Ýíæõìá ôïõ ïñãáíéóìïý åßíáé ç õðå-
ñïîåéäéêÞ äéóìïõôÜóç (SOD),ç êáôáëÜóç, ôá Ýíæõìá ôçò 
ïäïý ôçò öùóöïñéêÞò ðåíôüæçò, ç áíáãùãÜóç ôçò ãëïõ-
ôáèåéüíçò (GR), ïé õðåñïîåéäÜóåò ôçò ãëïõôáèåéüíçò 
(GPxs), ç õðåñïîåéäÜóç êáé ç áíáãùãÜóç ôçò èåéïñåäï-
îßíçò êáé ï óõíÝíæõìï Q. ¢ëëåò ìç åíæõìéêÝò áíôéïîåé-
äùôéêÝò ïõóßåò åßíáé ç ãëïõôáèåéüíç ïé èåéïáíáãùãÜóåò 
TRX êáé ïé ìåôáëëïèåéüíåò.

ÕðåñïîåéäéêÞ äéóìïõôÜóç (SOD): ç  õðåñïîåéäéêÞ 
äéóìïõôÜóç êáôáëýåé ôç ìåôáôñïðÞ áíéüíôùí õðåñïîåé-
äßïõ óå õðåñïîåßäéï ôïõ õäñïãüíïõ êáé åßíáé Ýíá áðü ôá 
ðéï áðïôåëåóìáôéêÜ åíäïêõôôÜñéá åíæõìéêÜ óõóôÞìáôá. 
Ç äéóìïõôÜóç ôïõ õðåñïîåéäßïõ áðáíôÜ óå áñêåôÝò éóï-
ìïñöÝò, ïé ïðïßåò äéáöÝñïõí ùò ðñïò ôç öýóç ôïõ ìå-
ôÜëëïõ ôïõ åíåñãïý êÝíôñïõ, ôç óýíèåóç ôùí áìéíïîÝùí, 
êáèþò êáé ôïí áñéèìü ôùí õðïìïíÜäùí, ôïõò óõìðáñÜãï-
íôåò êáé Üëëá ÷áñáêôçñéóôéêÜ. Óôïí Üíèñùðï áðáíôïýí 
ôñåéò ìïñöÝò SOD, ç êõôôáñïðëáóìáôéêÞ CuZn-SOD, ç 
ìéôï÷ïíäñéáêÞ MnSOD êáé ç åîùêõôôÜñéá SOD. Ç SOD 
êáôáóôñÝöåé ôéò Ï

2
- ìå ôç äéáäï÷éêÞ ïîåßäùóç êáé ôçí 

áíáãùãÞ ôïõ ìåôÜëëïõ ôïõ åíåñãïý êÝíôñïõ.
ÊáôáëÜóç: ç êáôáëÜóç åíôïðßæåôáé óôá õðåñïîåé-

óþìáôá  êáé ôá ìéôï÷üíäñéá ôùí êõôôÜñùí ôçò êáñäéÜò. 
Äåí áíåõñßóêåôáé óôá ìéôï÷üíäñéá ôùí êõôôÜñùí Üëëùí 
éóôþí. Êáôáëýåé ôç ìåôáôñïðÞ ôïõ õðåñïîåéäßïõ ôïõ 
õäñïãüíïõ óå ýäùñ êáé ïîõãüíï óå äýï óôÜäéá.

¸íæõìá ôçò ïäïý ôçò öùóöïñéêÞò ðåíôüæçò: ôá Ýí-
æõìá áõôÜ êáôáëýïõí ôéò âéï÷çìéêÝò áíôéäñÜóåéò ôçò ìå-
ôáâïëéêÞò ïäïý ôçò öùóöïñéêÞò ðåíôüæçò, ç ïðïßá áðï-
ôåëåß ôçí êýñéá åíäïêõôôÜñéá ðçãÞ NADPH.

Ó÷Þìá 7: ÓôÜäéá ó÷çìáôéóìïý ÍÏ

ÕðÜñ÷ïõí 3 äéáöïñåôéêÝò éóïìïñöÝò ôçò NOS: ç åí-
äïèçëéáêÞ óõíèåôÜóç (endothelial-eNOS), ç íåõñùíéêÞ 
óõíèåôÜóç (neuronal-nNOS) êáé ç åðáãþãéìç óõíèåôÜ-
óç (inducible -iNOS). Ïé eNOS êáé  nNOS, âñßóêïíôáé 
óå ÷áìçëÜ åðßðåäá óôï êõôôáñüðëáóìá êáé åíåñãïðïé-
ïýíôáé áðü ôï êõôôáñïðëáóìáôéêü Ca2+ ðáñïõóßá êáë-
ìïäïõëßíçò. Ç åßóïäïò Ca2+ ìÝóá óå áõôÜ ôá êýôôáñá, 
ïäçãïýí óå Üìåóç ðáñáãùãÞ ÍO. Ç õðåñðáñáãùãÞ ôïõ 
áíéüíôïò ôïõ õðåñïîåéäßïõ, ìåéþíåé ôçí äñáóôçñéüôçôá 
ôçò åíäïèçëéáêÞò óõíèåôÜóçò (eNOS), áëëÜ äéá ìÝóïõ 
ôçò ðñùôåúíéêÞò êéíÜóçò C (PKC) êáé ôïõ ìåôáãñáöé-
êïý ðõñçíéêïý ðáñÜãïíôá ÍF-êÂ, äñáóôçñéïðïéåß ôçí 
NAD(P)H áõîÜíïíôáò ôçí Ýêöñáóç ôïõ iNOS, ìå ôåëéêü 
áðïôÝëåóìá ôçí áõîçìÝíç ðáñáãùãÞ ôïõ ÍO.. 

ÕøçëÜ åðßðåäá ÍÏ. åõíïïýí ôï ó÷çìáôéóìü ôïõ éó÷õ-
ñïý ïîåéäùôéêïý õðåñüîõíéôñþäïõò áíéüíôïò 48 (ÏÍÏÏ-). 
Ôï êõôôáñïôïîéêü õðåñïîõíéôñþäåò áíéüí, ïîåéäþíåé ôéò 
óïõëöõäñéëéêÝò ïìÜäåò ôùí ðñùôåúíþí, óõìâÜëëïíôáò 
Ýôóé óôçí õðåñïîåßäùóç ëéðéäßùí êáé áæùôïý÷ùí áìéíï-
îÝùí. Ç åðßäñáóç ôïõ õðåñïîõíéôñþäïõò áíéüíôïò óôçí 
ôõñïóßíç  åõíïåß ôçí ðáñáãùãÞ ìéáò éó÷õñüôáôçò ïîåé-
äùôéêÞò ïõóßáò, ôçò íéôñïôõñïóßíçò ðïõ åìöáíßæåé Üìåóá 
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ÁíáãùãÜóç ôçò ãëïõôáèåéüíçò (GR): Ôüóï ç åíæõìéêÞ 
(äéÜ ôùí õðåñïîåéäáóþí ôçò ãëïõôáèåéüíçò) üóï êáé ç 
ìç åíæõìéêÞ áäñáíïðïßçóç ôùí åëåõèÝñùí ñéæþí áðü ôçí 
áíá÷èåßóá ãëïõôáèåéüíç (GSH) ïäçãåß óå ðáñáãùãÞ ïîåé-
äùìÝíçò ãëïõôáèåéüíçò (GSSG). Ç GSSG áðïìáêñýíåôáé 
áðü ôï êýôôáñï, ìå áðïôÝëåóìá ìåßùóç ôçò ïëéêÞò åíäïêõô-
ôÜñéáò ãëïõôáèåéüíçò. ÐñïêåéìÝíïõ ç ãëïõôáèåéüíç íá åê-
ðëçñþóåé ôï ñüëï ôçò ùò áíôéïîåéäùôéêÞ ïõóßá, áðáéôåßôáé 
ç äéáôÞñçóç õøçëÞò åíäïêõôôÜñéáò áíáëïãßáò áíá÷èåßóáò 
(GSH) ðñïò ïîåéäùìÝíç ãëïõôáèåéüíç (GSSG).Áõôü åðé-
ôõã÷Üíåôáé ìå ìéá âéï÷çìéêÞ áíôßäñáóç, ç ïðïßá åîáñôÜôáé 
áðüëõôá áðü ôç NADPH. H äñáóôéêüôçôá ôçò GR ìðïñåß 
íá áõîçèåß ìå äýï ìç÷áíéóìïýò: Áýîçóç ôùí åðéðÝäùí/
äñáóôéêüôçôáò ôçò GR Þ áýîçóç ôùí åðéðÝäùí NADPH. 

ÕðåñïîåéäÜóåò ôçò ãëïõôáèåéüíçò (GPxs): Ïé GPxs 
êáôáëýïõí ôçí áíáãùãÞ ôïõ õðåñïîåéäßïõ ôïõ õäñïãüíïõ 
Þ ôùí õäñïûðåñïîåéäßùí ôùí ëéðéäßùí, ÷ñçóéìïðïéþíôáò 
ùò áíáãùãéêÞ ïõóßá ôç ãëïõôáèåéüíç . Áí êáé ç áíáãùãÞ 
ôïõ H

2
O

2
 ãßíåôáé êáé áðü ôçí êáôáëÜóç, ôá ó÷åôéêÜ åðß-

ðåäá GPxs êáé êáôáëÜóçò äéáöÝñïõí áðü éóôü óå éóôü. 
×áñáêôçñéóôéêÜ áíáöÝñåôáé üôé ï åãêÝöáëïò Ý÷åé ðïëý 
÷áìçëÜ åðßðåäá äñáóôéêüôçôáò êáôáëÜóçò êáé õøçëÜ 
åðßðåäá äñáóôéêüôçôáò GPxs, åíþ ôï Þðáñ Ý÷åé õøçëÜ 
åðßðåäá êáé ôùí äýï åíæýìùí.

ÕðåñïîåéäÜóç êáé áíáãùãÜóç ôçò èåéïñåäïîßíçò: ç õðå-
ñïîåéäÜóç ôçò èåéïñåäïîßíçò áíÜãåé ôüóï ôï H

2
O

2
 üóï êáé 

ôá áëêõë-õäñïûðåñïîåßäéá óå óõíäõáóìü ìå ôçí áíáãùãÜ-
óç ôçò èåéïñåäïîßíçò, ôç èåéïñåäïîßíç êáé ôç NADPH58,59,60.

ÓõíÝíæõìï Q: ôï CoQ áðïôåëåß ðçãÞ Ï
2

.- üôáí åßíáé 
ìåñéêþò áíá÷èÝí, åíþ Ý÷åé áíôéïîåéäùôéêÞ äñÜóç üôáí 
åßíáé ðëÞñùò áíçãìÝíï. 

Ãëïõôáèåéüíç: ç ãëïõôáèåéüíç, Ýíá ôñéðåðôßäéï ìå 
áíáãùãéêÝò êáé ðõñçíüöéëåò éäéüôçôåò, áðïôåëåß ôçí êý-
ñéá áíôéïîåéäùôéêÞ èåéüëç êáé ôïí êýñéï ñõèìéóôÞ ôçò åí-
äïêõôôÜñéáò ïîåéäïáíáãùãéêÞò ïìïéüóôáóçò61. ÁðáíôÜ 
åßôå ùò áíá÷èåßóá (GSH) åßôå ùò ïîåéäùìÝíç (GSSG) 
ìïñöÞ êáé óõììåôÝ÷åé óôéò ïîåéäïáíáãùãéêÝò áíôéäñÜ-
óåéò ìÝóù ôçò áíáóôñÝøéìçò ïîåßäùóçò ôçò åíåñãïý èåéü-
ëçò ôçò (Ó÷Þìá 7)62. O ëüãïò GSH/ GSSG áðïôåëåß áîéü-
ðéóôï ìÝôñï ôïõ ïîåéäùôéêïý stress åíüò ïñãáíéóìïý 63,64. 

Oé êýñéåò ðñïóôáôåõôéêÝò äñÜóåéò ôçò ãëïõôáèåéüíçò 
óôï ïîåéäùôéêü stress åßíáé ïé åîÞò56 :

• H ãëïõôáèåéüíç äñá ùò óõíÝíæõìï ðïëõÜñéèìùí åíæý-
ìùí ðïõ óõììåôÝ÷ïõí óôçí ðñïóôáóßá ôïõ êõôôÜñïõ, 
üðùò õðåñïîåéäÜóåò ãëïõôáèåéüíçò, ôñáíóöåñÜóåò 
ãëïõôáèåéüíçò, ôñáíóöåñÜóåò èåéüëçò, áöõäñïãïíÜ-
óç öïñìáëäåàäçò, ãëõïîáëÜóç É65

• ÓõììåôÝ÷åé óôç ìåôáöïñÜ áìéíïîÝùí ìÝóù ôçò êõôôá-
ñïðëáóìáôéêÞò ìåìâñÜíçò.

• Äåóìåýåé Üìåóá ôç ñßæá õäñïîõëßïõ êáé ôï õðåñïîåéäé-
êü áíéüí êáé åîïõäåôåñþíåé ôï õðåñïîåßäéï ôïõ õäñï-
ãüíïõ êáé ôá õðåñïîåßäéá ôùí ëéðéäßùí ìå ôçí êáôáëõ-
ôéêÞ äñÜóç ôçò õðåñïîåéäÜóçò ôçò ãëïõôáèåéüíçò.

• ¸÷åé ôçí éêáíüôçôá íá åðáíáöÝñåé óôçí åíåñãü ìïñ-
öÞ ôéò óçìáíôéêÝò áíôéïîåéäùôéêÝò ïõóßåò, âéôáìßíç C 
êáé âéôáìßíç E, Üìåóá Þ Ýììåóá. Ç éêáíüôçôá áõôÞ ôçò 
ãëïõôáèåéüíçò êáèïñßæåôáé áðü ôçí ïîåéäïáíáãùãéêÞ 
êáôÜóôáóç ôïõ æåýãïõò GSH/2GSSG66.

ÈåéïáíáãùãÜóåò TRX: Ïé èåéïáíáãùãÜóåò åßíáé ìé-
êñÝò, ðëåéïôñüðåò óïõëöõäñõëéêÝò ðñùôåÀíåò ìå äñáóôç-
ñéüôçôá ïîåéäïáíáãùãÜóçò. Óôïí Üíèñùðï Ý÷ïõí áíá-
ãíùñéóôåß ôñßá ãïíßäéá èåéïñåäïîßíçò (TRX1, TRX2 êáé 
sp TRX, ç ïðïßá ðáñïõóéÜæåé õøçëÞ Ýêöñáóç óôá óðåñ-
ìáôïæùÜñéá). Ïé TRX üëùí ôùí ïñãáíéóìþí äéáèÝôïõí Ýíá 
åîåëéêôéêÜ óõíôçñçôéêü åíåñãü êÝíôñï, ôï ïðïßï áðïôåëåß-
ôáé áðü ôá áìéíïîÝá Cys-Gly-Pro-Cys. Åéäéêïß ðñùôåúíï-
äéóïõëöéäéêïß óôü÷ïé áíáãùãÞò áðü ôçí ïìÜäá ôùí TRX 
åßíáé ðñùôåÀíåò üðùò ç ñéâïíïõêëåïôéäéêÞ áíáãùãÜóç,ç 
äéóïõëöéäéêÞ éóïìåñÜóç êáé áñêåôïß ìåôáãñáöéêïß ðáñÜ-
ãïíôåò, óõìðåñéëáìâáíïìÝíùí ôùí p53,  NF-êÂ êáé AP-1. 
ÅðéðëÝïí, ïé TRX áðïôåëïýí äüôåò çëåêôñïíßùí ãéá ðïë-
ëÝò õðåñïîåéäïáíáãùãÜóåò, éäéáßôåñá óçìáíôéêÝò ãéá ôçí 
áíáãùãÞ ôùí õðåñïîåéäßùí. ÅðéðëÝïí, áõôÞ ç ðñùôåÀíç 
ìðïñåß Üìåóá íá áíÜãåé ìåñéêÝò äñáóôéêÝò ñßæåò ïîõãü-
íïõ êáèþò êáé íá áíáäéðëþóåé ïîåéäùìÝíåò ðñùôåÀíåò. 
Åðßóçò, åðÜãåé áõôïêñéíåßò äñÜóåéò áíÜëïãåò ìå åêåßíåò 
ôùí áõîçôéêþí ðáñáãüíôùí êáé ôùí êõôïêéíþí.

Måôáëëïèåéïíßíåò: ïé ìåôáëëïèåéïíßíåò åßíáé ìéá ïìÜ-
äá ìéêñþí ðñùôåúíþí, ðëïýóéùí óå êõóôåÀíç, ïé ïðïßåò 
Ý÷ïõí ôçí éäéüôçôá íá óõíäÝïõí äéáöïñåôéêÜ éüíôá ìå-
ôÜëëùí. ÁõôÝò ïé ðñùôåÀíåò Ý÷ïõí éäéáßôåñç óçìáóßá óôçí 
áíôéìåôþðéóç ôçò ôïîéêüôçôáò ôùí ìåôÜëëùí, üðùò ï Cu.

7. Õðåñãëõêáéìßá êáé ïäïß  
ðïõ åíåñãïðïéïýíôáé áðü ôï stress

Én vivo ìåëÝôåò áðïêáëýðôïõí áöåíüò üôé ôï åðáãü-
ìåíï áðü ôçí õðåñãëõêáéìßá ïîåéäùôéêü stress åõèýíåôáé 
ãéá ôéò åðéðëïêÝò ôïõ äéáâÞôç ðñéí áõôÝò ãßíïõí êëéíéêÜ 
åìöáíåßò êáé áöåôÝñïõ õðïäåéêíýïõí ôç óõó÷Ýôéóç ôïõ 
ïîåéäùôéêïý stress ìå ôçí  ðáèïöõóéïëïãßá ôùí üøéìùí 
äéáâçôéêþí âëáâþí. Ôï åðáãüìåíï áðü ôçí õðåñãëõêáé-
ìßá ïîåéäùôéêü stress åíåñãïðïéåß ôéò ïäïýò ôïõ ìåôáãñá-
öéêïý ðõñçíéêïý ðáñÜãïíôá  ÍF-êÂ, ôçò p38 MAP êéíÜ-
óçò, ôùí êéíáóþí JNK/SAPK, ôùí AGE/RAGE, ôçò ðñù-
ôåúíéêÞò êéíÜóçò PKC, ôçò ðïëõüëçò êáé ôçò åîïæáìßíçò.

7.1. Ç ïäüò ôïõ  ìåôáãñáöéêïý ðõñçíéêïý ðáñÜãïíôá 
(NF-êB: Nuclear factor-êÂ)

Ìéá áðü ôéò óçìáíôéêüôåñåò ïäïýò ðïõ åíåñãïðïéïý-
íôáé áðü ôç  õðåñãëõêáéìßá êáé ôï ïîåéäùôéêü stress åßíáé 
ç ïäüò ôïõ ìåôáãñáöéêïý ðõñçíéêïý ðáñÜãïíôá êÂ (NF-Ó÷Þìá 8: ÄñÜóåéò ôçò ãëïõôáèåéüíçò
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êB)67,68. Ï NF-êB åíåñãïðïéåßôáé áðü Ýíá ìåãÜëï åýñïò 
åíäïêõôôÜñéùí êáé åîùêõôôÜñéùí åðáãùãÝùí üðùò ç 
õðåñãëõêáéìßá, ôá õøçëÜ åðßðåäá åëåýèåñùí ëéðáñþí 
ïîÝùí, ïé åíåñãÝò ìïñöÝò ïîõãüíïõ, ï ðáñÜãïíôáò íÝ-
êñùóçò üãêïõ-á (TNF-á), ç éíôåñëåõêßíç 1â (IL-1â), 
Üëëåò ðñïöëåãìïíþäåéò êõôïêßíåò, ôá óõíäåäåìÝíá óôïí 
õðïäï÷Ýá ôïõò (RAGE) ðñïúüíôá ôåëéêÞò ãëõêïæõëßùóçò 
(ÁGE), ç p38 ÌÁÑ êéíÜóç, ç êáôáóôñïöÞ ôïõ DNA, ç 
ðñïóâïëÞ áðü éü êáé ç õðåñéþäçò áêôéíïâïëßá UV69. Ï 
ðáñÜãïíôáò  NF-êB äéáäñáìáôßæåé óçìáíôéêü ñüëï óôç 
ñýèìéóç ôçò áðüðôùóçò, ôùí áíïóïëïãéêþí êáé öëåãìï-
íïäþí áðïêñßóåùí . Ç áíþìáëç ñýèìéóç ôïõ NF-êB ó÷å-
ôßæåôáé ìå Ýíá ìåãÜëï áñéèìü ÷ñüíéùí íïóçìÜôùí üðùò ï 
äéáâÞôçò êáé ç áèçñùìÜôùóç.

Áðïõóßá åñåèéóìÜôùí, ï NF-êB ðáñáìÝíåé óôï êõô-
ôáñüðëáóìá ùò áíåíåñãü åôåñïäéìåñÝò áðïôåëïýìåíï 
áðü ôéò õðïìïíÜäåò p50 êáé p65 óõìðëåãìÝíåò ìå ôçí 
áíáóôáëôéêÞ ðñùôåÀíç ÉêÂ. Ç ÉêÂ ðñùôåÀíç  ðáñå-
ìðïäßæåé  ìéá NLS ðåñéï÷Þ ðÜíù óôïí NF-êB (Nuclear 
Localization Sequense, áëëçëïõ÷ßá åíôïðéóìïý óôïí 
ðõñÞíá) ðïõ ñõèìßæåé ôç ìåôÜâáóÞ ôïõ NF-êB óôïí 
ðõñÞíá70. Ðáñïõóßá åñåèéóìÜôùí, åíåñãïðïéåßôáé Ýíáò 
êáôáññÜêôçò êéíÜóçò óåñßíçò ðïõ ïäçãåß óå öùóöïñõ-
ëßùóç ôçò IêB ðñùôåÀíçò71. Áõôü Ý÷åé ùò áðïôÝëåóìá ôçí 
áðåëåõèÝñùóç ôïõ NF-êB åôåñïäéìåñïýò êáé ôç ìåôÜâá-
óÞ ôïõ óôïí ðõñÞíá (Ó÷Þìá 9)72. Ï   NF-êB ñõèìßæåé ôçí 
Ýêöñáóç ðëçèþñáò ãïíéäßùí óõìðåñéëáìâáíïìÝíùí 
ãïíéäßùí áõîçôéêþí ðáñáãüíôùí ( áããåéáêüò åíäïèç-
ëéáêüò áõîçôéêüò ðáñÜãïíôáò, VEGF),  ðñïöëåãìïíù-
äþí êõôïêéíþí (TNF-á,IL-1â), RAGE (õðïäï÷Ýùí ðñï-
úüíôùí ôåëéêÞò ãëõêïæõëßùóçò), ìïñßùí ðñïóêüëëçóçò 
(áããåéáêü ìüñéï ðñïóêüëëçóçò-1, VCAM-1) êáé Üëëá. 
Ðñïúüíôá ãïíéäßùí ðïõ åðÜãïíôáé áðü ôïí NF-êB üðùò 
ôá VEGF, TNF-á, IL-1â êáé RAGE ìðïñïýí íá åíåñãï-
ðïéÞóïõí åê íÝïõ ôïí NF-êB. 

Ôï ðñùôáñ÷éêü óôÜäéï åíåñãïðïßçóçò ôïõ NF-êÂ 
åßíáé ç öùóöïñõëßùóç ôçò IêÂ ðñùôåúíçò. Ôï Ýíæõìï 
ðïõ åßíáé õðåýèõíï ãéá ôç öùóöïñõëßùóç áõôÞ åßíáé ç 
ÉêÂ-ÊéíÜóç (ÉÊÊ)64,65, Ýíá åôåñïôñéìåñÝò óýìðëïêï áðï-
ôåëïýìåíï áðü äõï êáôáëõôéêÝò õðïìïíÜäåò ÉÊÊá (Þ 
ÉÊÊ1) êáé ÉÊÊâ (Þ ÉÊÊ2) êáé ìßá ñõèìéóôéêÞ õðïìïíÜäá 
ôçí ÉÊÊã73,74.  Ç ÉÊÊ åíåñãïðïéåßôáé ìåôÜ áðü öùóöïñõ-
ëßùóç åðáãþìåíç áðü ôéò êéíÜóåò óåñßíçò ÍÉÊ75 (NF-êB-
inducing kinase) êáé ÍÁÊ76 (NF-êB-activating kinase). 

7.2. Ç ïäüò ôùí Jun áìéíïôåëéêþí/åðáãüìåíùí áðü ôï 
ïîåéäùôéêü stress êéíáóþí (JNK/SAPK: c-Jun N-
terminal kinase /stress-activated protein kinase)

Ïé JNK (Þ áëëéþò SAPK) êáé ïé p38 ÌÁPÊs êéíÜóåò 
åßíáé ìÝëç ôçò ïéêïãÝíåéáò ôùí MAP ðñùôåúíéêþí êéíá-
óþí óåñßíçò/ èñåïíßíçò.  Óôçí ßäéá ïéêïãÝíåéá áíÞêïõí 
êáé ïé ÅRKs êéíÜóåò77 . Óå áíôßèåóç ìå ôéò ERKs,ïé ïðïß-
åò åíåñãïðïéïýíôáé áðü ìéôïãüíá, ïé  JNK/SAPK êáé 
p38MAPK åíåñãïðïéïýíôáé áðü åíäïãåíåßò êáé åîùãå-
íåßò óôñåóïãüíïõò ðáñÜãïíôåò üðùò ç õðåñãëõêáéìßá ïé 
åíåñãÝò ìïñöÝò ïîõãüíïõ, ôï ïîåéäùôéêü stress, ôï ùóìù-
ôéêü stress, ïé ðñïöëåãìïíþäåéò êõôïêßíåò, ôï èåñìéêü 
óïê êáé ç õðåñéþäçò áêôéíïâïëßá UV 78 (ãéá ôï ëüãï áõôü 
÷áñáêôçñßæïíôáé ùò êéíÜóåò ðïõ åíåñãïðïéïýíôáé áðü ôï 
stress : stress-activated kinases Þ stress-kinases).

 Ïé åíåñãïðïéçìÝíåò êéíÜóåò JNK/SAPKs ðñïóäÝíï-
íôáé êáé öùóöïñõëéþíïõí ôïí ðáñÜãïíôá cJun  (Ó÷Þìá 
10)79, ðïõ åßíáé ôìÞìá ôïõ ìåôáãñáöéêïý ðáñÜãïíôá ÁÑ-
1 (Ï ìåôáãñáöéêüò ðáñÜãïíôáò ÁÑ-1,activator protein 
-1,åßíáé Ýíá åôåñïäéìåñÝò Þ ïìïäéìåñÝò óýìðëïêï áðï-
ôåëïýìåíï áðü ìÝëç ôùí Jun,Fos êáé ATF, DNA-ðñïóäå-
íüìåíùí ðñùôåúíþí). Ç åðßäñáóç ôùí JNK/SAPKs óôïí 
cJun áõîÜíåé ôçí Ýêöñáóç ãïíéäßùí ìå ðåñéï÷Ýò áíáãíù-
ñßóéìåò áðü ôï ìåôáãñáöéêü ðáñÜãïíôá ÁÑ-1 .  ÅðåéäÞ ôï 
ãïíßäéï ôïõ cJun öÝñåé êáé áõôü ðåñéï÷Ýò ðïõ áíáãíùñß-
æïíôáé áðü ôçí ÁÑ-1 äçìéïõñãåßôáé Ýíáò âñüã÷ïò èåôéêÞò 
áíáôñïöïäüôçóçò80. Ç ïîåéäïáíáãùãéêÞ ñýèìéóç (redox 
regulation) ôïõ ÁÑ-1 ìåëåôÜôáé åíôáôéêÜ êáèþò áðï-
ôåëåß ðñüôõðï ïîåéäïáíáãùãéêÞò ñýèìéóçò êáé Üëëùí 
ìåôáãñáöéêþí ðáñáãüíôùí üðùò ï NF-êÂ êáé ï ÁTF-2 
(activating transcription factor-2). Óôçí ßäéá ïéêïãÝíåéá 
ìåôáãñáöéêþí ðáñáãüíôùí áíÞêåé êáé ï ìåôáãñáöéêüò 
ðáñÜãïíôáò AP-2  (activator protein -2). Ï ÁÑ-2 åíåñ-
ãïðïéåßôáé áðü öëåãìïíþäåéò êõôïêßíåò êáé ðñïóôáãëáí-
äßíåò óå êáëëéÝñãåéåò ìåóáããåéáêþí êõôôÜñùí81 êáé ç 
éêáíüôçôá ðñüóäåóçò óôï DNA ñõèìßæåôáé åðßóçò áðü 
ïîåéäùôéêÝò äéáäéêáóßåò82. Ç åíåñãïðïßçóç ôïõ ÁÑ-2 
ó÷åôßæåôáé ìå åëáôôùìÝíç Ýêöñáóç ôïõ áíôéïîåéäùôéêïý 
åíæýìïõ õðåñïîåéäéêÞ äéóìïõôÜóç 2 (SOD2)83.

H óçìáíôéêüôåñç ëåéôïõñãßá ðïõ áðïäßäåôáé óôçí ïäü 
ôùí JNK/SAPK êéíáóþí åßíáé ç åðáãùãÞ ôçò áðüðôùóçò84. 
Ç áíáóôïëÞ ôçò ïäïý ôùí JNK/SAPK åõíïåß ôçí åðéâßù-

Ó÷Þìá 9: Ìç÷áíéóìüò åíåñãïðïßçóçò ÍF-êB
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óç ôùí êõôôÜñùí. Ç ïäüò ôùí JNK/SAPK êéíáóþí åíåñ-
ãïðïéåßôáé áðü ôï (åðáãüìåíï áðü ôç õðåñãëõêáéìßá) 
ïîåéäùôéêü stress êáé åìðëÝêåôáé (óôçí åðáãüìåíç áðü 
ôçí õðåñãëõêáéìßá) áðüðôùóç ôùí åíäïèçëéáêþí êõôôÜ-
ñùí . Áîßæåé íá óçìåéùèåß üôé ç ðáñáãùãÞ Ç

2
Ï

2
, ç äñÜóç 

ôùí JNK/SAPK êéíáóþí êáé ç åðáêüëïõèç áðüðôùóç 
ðïõ åðÜãåôáé áðü ôçí õðåñãëõêáéìßá, êáôáóôÝëëåôáé áðü 
ôçí áíôéïîåéäùôéêÞ âéôáìßíç C85. Åðéðñüóèåôá, ç áããåéï-
ôåíóßíç ÉÉ86 êáé ôá ðñïúüíôá ôçò ïäïý ôçò ëéðïîõãïíÜóçò 
óôá êýôôáñá ñRIN m5F áíáóôÝëëïõí ôçí åíåñãïðïßçóç 
ôùí JNK/SAPK êéíáóþí áðü ôçí õðåñãëõêáéìßá87.   

7.3. Ç ïäüò ôçò ìéôïãüíïõ ðñùôåúíéêÞò êéíÜóçò  
(p38 MAPÊ) 

Ç åíåñãïðïßçóç ôçò p38 ÌÁÑ êéíÜóçò åðçñåÜæåé ìßá 
ðëçèþñá êõôôáñéêþí äéáäéêáóéþí üðùò ç öëåãìïíÞ êáé 
ç áíïóßá, ç êõôôáñéêÞ áíÜðôõîç êáé áðüðôùóç, ïé áðï-
êñßóåéò ôùí äéáöüñùí éóôþí óôï stress ìÝóù ñýèìéóçò ôçò 
ãïíéäéáêÞò Ýêöñáóçò, ç åíåñãïðïßçóç  óçìáôïäïôéêþí 
ïäþí (NF-êÂ, áñá÷éäïíéêü ïîý, êõôôáñïêßíåò ê.Ü.) êáé ç 
áíáäéïñãÜíùóç ôïõ êõôôáñïóêåëåôïý (Ó÷Þìá 11)88. Åðé-
ðñüóèåôá, ç p38 ÌÁÑ êéíÜóç ñõèìßæåé ôç äñÜóç Üëëùí 
êéíáóþí óåñßíçò70. ×ñüíéá åíåñãïðïßçóç  ôçò ïäïý ôçò 
p38 ÌÁÑÊ ó÷åôßæåôáé ìå ôç öõóéïëïãßá ðáèïëïãéêþí êá-
ôáóôÜóåùí üðùò  ç öëåãìïíÞ, ïé íåõñïëïãéêÝò áóèÝíåéåò, 
ïé ìïëýíóåéò êáé ïé âëÜâåò éó÷áéìßáò-åðáíáéìÜôùóçò89.

Ãéá ôï ëüãï áõôü ç ÷ñÞóç åêëåêôéêþí áíáóôïëÝùí ôçò 
p38 ÌÁÑÊ ùò áíôéöëåãìïíùäþí ðáñáãüíôùí áðïôåëåß 
áíôéêåßìåíï êëéíéêþí åñåõíþí90,91,92. 

Ç  p38 ÌÁÑÊ åíåñãïðïéåßôáé ùò áðüêñéóç óôçí 
õðåñãëõêáéìßá êáé ôï äéáâÞôç. Óå áïñôéêÜ ëåßá ìõúêÜ 
êýôôáñá åðéìýùí ç áãùãÞ ìå ãëõêüæç ôåôñáðëáóßáóå ôá 
åðßðåäá ôçò p38 ÌÁÑ êéíÜóçò 93. Óå óðåéñÜìáôá åðéìýùí 
ðïõ êáôáóôÞèçêáí äéáâçôéêïß ìå óôñåðôïæïôïêßíç, áõ-
îÞèçêå ôüóï ç äñáóôçñéüôçôá ôçò p38 ÌÁÑÊ üóï êáé ç 
öùóöïñõëßùóç ôçò ðñùôåúíçò èåñìéêïý óïê 24 (Hsp-25) 
ç ïðïßá áðïôåëåß õðüóôñùìá ãéá ôçí p38 MAPK 94. Ôá 
ãåãïíüôá áõôÜ öáßíåôáé íá åßíáé áðïôÝëåóìá ôçò áõîç-
ìÝíçò ðáñáãùãÞò åíåñãþí ìïñöþí ïîõãüíïõ. Åðéðñü-
óèåôá, óôï íåõñéêü éóôü áóèåíþí ìå óáê÷áñþäç äéáâÞôç 
Ý÷ïõí åíôïðéóôåß áõîçìÝíá åðßðåäá  JNÊ/SAPK êáé p38 
ÌÁÑÊ êéíáóþí. 

ÓõìðåñáóìáôéêÜ, öáßíåôáé ðùò ïé ïäïß ôïõ ìåôáãñá-
öéêïý ðáñÜãïíôá ÍF-êÂ êáé ôùí êéíáóþí JNÊ/SAPK  
êáé p38 ÌÁÑ åßíáé åõáßóèçôá-óôï-stress óçìáôïäïôéêÜ 
óõóôÞìáôá êáé ç ÷ñüíéá åíåñãïðïßçóÞ ôïõò ìðïñåß íá 
ïäçãÞóåé óôéò üøéìåò åðéðëïêÝò ôïõ äéáâÞôç.

7.4. H ïäüò ôùí ðñïúüíôùí ôåëéêÞò ãëõêïæõëßùóçò 
(AGEs: Advanced Glycation End product)

Ç ãëõêüæç êáé ïñéóìÝíá ðáñÜãùãá ôçò áíôéäñïýí 
ìå ðñùôåÀíåò, ðõñçíéêÜ ïîÝá êáé ëéðßäéá ðñïêáëþ-
íôáò ôç ãëõêïæõëßùóÞ ôïõò. Ïé áñ÷éêÝò áíôéäñÜóåéò ôçò 
ãëõêïæõëßùóçò åßíáé áíôéóôñåðôÝò, ôá ôåëéêÜ ðñïúüíôá 
üìùò Ý÷ïõí óôáèåñÞ äïìÞ êáé äåí äéáóðþíôáé åýêïëá. 
Ïé ôåëéêÝò áíôéäñÜóåéò ãëõêïæõëßùóçò åßíáé åðïìÝíùò ìç 
áíôéóôñåðôÝò.

Ðñïúüíôá ðñï÷ùñçìÝíçò ãëõêïæõëßùóçò âñßóêïíôáé 

Ó÷Þìá 10: Ç ïäüò ôùí JNK/SAPK êéíáóþí Ó÷Þìá 11: Ç ïäüò ôçò p38 MAP êéíÜóçò
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óå áõîçìÝíï ðïóïóôü óå åîùêõôôÜñéåò äïìÝò ôùí áããåßùí 
ôïõ áìöéâëçóôñïåéäïýò95 êáé ôïõ óðåéñÜìáôïò96     äéáâçôé-
êþí áôüìùí. Áñ÷éêÜ, äéáôõðþèçêå  ç Üðïøç üôé ôá ðñïú-
üíôá áõôÜ ðñïÝñ÷ïíôáé áðü ôç ìç åíæõìéêÞ ãëõêïæõëßùóç 
åîùêõôôÜñéùí ðñùôåúíþí. ÔåëéêÜ, Ý÷åé äéáðéóôùèåß üôé 
ôá åíäïêõôôáñßùò ðáñáãüìåíá ðñïúüíôá áõôïïîåßäùóçò 
ôçò ãëõêüæçò Ý÷ïõí ôçí éêáíüôçôá íá ãëõêïæõëéþíïõí 
ðñùôåÀíåò ìå ôá÷ýôçôá ðïëý ìåãáëýôåñç óå ó÷Ýóç ìå ôç 
ãëõêüæç87. ÓÞìåñá, êõñéáñ÷åß ç Üðïøç üôé ç áýîçóç ôçò 
óõãêÝíôñùóçò ôçò ãëõêüæçò ìÝóá óôá êýôôáñá åõèýíåôáé 
ãéá ôçí ðáñáãùãÞ ôùí AGEs ôüóï åíäïêõôôáñßùò üóï 
êáé Ýîù áðü ôá êýôôáñá97.

Ç áýîçóç ôïõ ó÷çìáôéóìïý ôùí AGEs ìðïñåß íá 
ðñïîåíÞóåé âëÜâåò óôá êýôôáñá ìå ôñåéò êõñßùò ìç÷á-
íéóìïýò.

- Ïé åíäïêõôôÜñéåò ðñùôåÀíåò, üôáí ãëõêïæõëéþíïíôáé, 
äõóëåéôïõñãïýí

- Ïé áëëçëåðéäñÜóåéò ôùí ãëõêïæõëéùìÝíùí óõóôáôéêþí 
ìå ôá ëïéðÜ óõóôáôéêÜ ôçò äéÜìåóçò åîùêõôôÜñéáò ïõ-
óßáò áëëÜ êáé ìå  õðïäï÷åßò óôçí åðéöÜíåéá ôùí êõôôÜ-
ñùí (éíôåãêñßíåò) äéáôáñÜóóïíôáé

- Ïé ãëõêïæõëéùìÝíåò ðñùôåÀíåò ôïõ ðëÜóìáôïò óõí-
äÝïíôáé ìå AGE-õðïäï÷åßò, ðïõ âñßóêïíôáé óôçí åðé-
öÜíåéá ïñéóìÝíùí êõôôÜñùí, üðùò åßíáé ôá ìáêñïöÜãá, 
ôá åíäïèçëéáêÜ êýôôáñá êáé ôá ìåóáããåéáêÜ êýôôáñá, 
ìå áðïôÝëåóìá íá ðõñïäïôïýíôáé äéÜöïñïé âëáðôéêïß 
ìç÷áíéóìïß, ðïõ ìå ôç óåéñÜ ôïõò Ý÷ïõí ùò áðïôÝëåóìá 
ôçí ìéôï÷ïíäñéáêÞ ðáñáãùãÞ Ç

2
Ï

2 
 êáé ôçí ðáèïëïãé-

êÞ Ýêöñáóç ðïëëþí ãïíéäßùí98 (Ó÷Þìá 12)99. 

ÌÝóá óôá åíäïèçëéáêÜ êýôôáñá, ï ó÷çìáôéóìüò ôùí 
AGEs ãßíåôáé ôá÷ýôáôá.15 ¸íáò áðü ôïõò êýñéïõò óôü-
÷ïõò ôçò ãëõêïæõëßùóçò åßíáé ï âáóéêüò áõîçôéêüò ðá-
ñÜãïíôáò ôùí éíïâëáóôþí (b-FGF:basic fibroblast growth 
factor)100. Ç ãëõêïæõëßùóç ôïõ b-FGF áíáóôÝëëåé ôéò ìé-
ôùôéêÝò äéáéñÝóåéò ôùí åíäïèçëéáêþí êõôôÜñùí.

Ìéá áðü ôéò ðñùôåÀíåò ôçò åîùêõôôÜñéáò ïõóßáò ðïõ 
ãëõêïæõëéþíïíôáé åßíáé ôï êïëëáãüíï, êõñßùò ïé ôýðïé É 
êáé IV, ìå óõíÝðåéá ôçí áëëïßùóç ôùí ëåéôïõñãéêþí ôïõ 
éäéïôÞôùí101. Óå ðåéñáìáôüæùá, ç ãëõêïæõëßùóç ôïõ êïë-
ëáãüíïõ ôïõ ôïé÷þìáôïò ôùí ìåãÜëùí áããåßùí êáèéóôÜ 
ôá áããåßá áõôÜ áíåëáóôéêÜ102.

Ïé ãëõêïæõëéùìÝíåò ðñùôåÀíåò ôïõ ðëÜóìáôïò 
óõíäÝïíôáé ìå AGE-õðïäï÷åßò ðïõ âñßóêïíôáé óôçí 
åðéöÜíåéá ïñéóìÝíùí êõôôÜñùí103. Óå êõôôáñïêáëëé-
Ýñãåéåò, ôá ìáêñïöÜãá êáé ôá êýôôáñá ôïõ ìåóáããåß-
ïõ ôïõ óðåéñÜìáôïò, üôáí ïñéóìÝíïé õðïäï÷åßò óôçí 
åðéöÜíåéá ôïõò óõíäåèïýí ìå AGEs, ðáñÜãïõí êõô-
ôáñïêßíåò êáé áõîçôéêïýò ðáñÜãïíôåò (IL-1:éíôåñ-
ëåõêßíç 1, IGF-I: insulin-like growth factor-I, TNFa : 
tumor necrosis factor-á, TGFb: transforming growth 
factor-b, MCSF : macrophage colony stimulating factor,  
MGCSF :macrophage granulocyte colony stimulating 
factor  êáé PDGF: platelet derived growth factor )104,105,106, 
åíþ ôá åíäïèçëéáêÜ êýôôáñá åêöñÜæïõí ìüñéá ðïõ áõ-
îÜíïõí ôçí ðñïóêüëëçóç ôùí áéìïðåôáëßùí óôçí åðéöÜ-
íåéá ôïõ áããåßïõ êáé åðÜãïõí ôç öëåãìïíÞ [VCAM-1: 
vascular cell adhesion molecule-1,thrombomodulin, éóôé-
êüò ðáñÜãïíôáò)107.

¸íáò åéäéêüò ôýðïò õðïäï÷Ýá ãéá ôá AGEs, ï 
RAGE108 (receptor for AGEs), ôïõ ïðïßïõ ç äïìÞ ìïéÜæåé 
ìå åêåßíç ôùí áíïóïóöáéñéíþí, üôáí óõíäåèåß ìå AGEs 
ðñïêáëåß ôçí áðåëåõèÝñùóç åëåõèÝñùí ñéæþí ïîõãüíïõ 
êáé åíåñãïðïéåß ôï ìåôáãñáöéêü ðõñçíéêü ðáñÜãïíôá 
NF-êB, ðïõ ìå ôç óåéñÜ ôïõ ðñïêáëåß ôçí ðáèïëïãéêÞ Ýê-
öñáóç ðïëëþí ãïíéäßùí.

7.5. Ç ïäüò ôçò ðñùôåúíéêÞò êéíÜóçò C (PKC)

Ç ðñùôåúíéêÞ êéíÜóç C (PKC) áðïôåëåß ìéá ïìÜ-
äá åíæýìùí (õðÜñ÷ïõí éóüìïñöåò áðü á Ýùò å) ðïõ ðá-
ñåìâáßíïõí óôç ìåôáöïñÜ ìéáò öùóöïñéêÞò ïìÜäáò áðü 
ôï ÁÔÑ óå åéäéêÞ èÝóç óå ìéá ðñùôåÀíç-óôü÷ï. Äñïõí, 
äçëáäÞ, öùóöïñõëéþíïíôáò ôï õðüóôñùìá ôçò. Ãéá ôçí 
åíåñãïðïßçóç ôçò êéíÜóçò áðáéôåßôáé öùóöáôéäõëéêÞ óå-
ñßíç, éüíôá Ca++ êáé äéáêõëïãëõêåñüëç (DAG). 

Ç õðåñâïëéêÞ êáé óõíå÷Þò åíåñãïðïßçóç ôçò PKC åß-
íáé Ýíáò áðü ôïõò ìç÷áíéóìïýò ìå ôïõò ïðïßïõò ç õðåñ-
ãëõêáéìßá ðñïêáëåß âëÜâåò óôïõò éóôïýò. Ç õðåñãëõêáé-
ìßá ðñïêáëåß de novo óýíèåóç DAG ìÝóù ôùí öùóöï-
ñéêþí ôñéïæþí, ïé óõãêåíôñþóåéò ôùí ïðïßùí áõîÜíïõí 
ëüãù ôçò áõîçìÝíçò ãëõêüëõóçò109. ÅðéðëÝïí, ç áýîçóç 
ôïõ ëüãïõ NADH/NAD+, ðïõ ïöåßëåôáé óôç ìåôáôñïðÞ 
ôçò óïñâéôüëçò óå öñïõêôüæç, êáé ç áíáóôïëÞ ôïõ åíæý-
ìïõ GADPH (áöõäñïãïíÜóç ôçò 3-öùóöï-ñéêÞò ãëõêå-
ñáëäåàäçò) áðü ôéò åëåýèåñåò ñßæåò ïîõãüíïõ, ðïõ ðá-
ñÜãïíôáé óôá ìéôï÷üíäñéá, åêôñÝðïõí ôçí 3-öùóöïñéêÞ 
ãëõêåñáëäåàäç áðü ôçí ïäü ôçò ãëõêüëõóçò ðñïò ôçí 
ðáñáãùãÞ öùóöïñéêÞò äéõäñïîõ-áêåôüíçò êáé DAG. 
Åíåñãïðïßçóç ôçò PKC åðßóçò ðñïêáëåßôáé áðü ôç óýí-
äåóç ôùí AGEs ìå ôïõò õðïäï÷åßò ôïõò óôçí åðéöÜíåéá 
ôùí êõôôÜñùí110. Ç õðåñãëõêáéìßá åíåñãïðïéåß êõñßùò 
ôéò â êáé ä éóüìïñöåò ôçò PKC, óôá åíäïèçëéáêÜ êýôôá-
ñá, óôïí áìöéâëçóôñïåéäÞ êáé óôï óðåßñáìá. ÅðéðëÝïí, 
åíåñãïðïßçóç êáé ôùí Üëëùí éóüìïñöùí ôçò PKC Ý÷åé 
äéáðéóôùèåß óå äéáâçôéêïýò åðßìõåò, üðùò ôçò PKC-á 
êáé ôçò PKC-å óôïí áìöéâëçóôñïåéäÞ êáé ôçò PKC-á êáé 
PKC-ä óôï óðåßñáìá111,112.

 Ç åíåñãïðïßçóç ôçò PKC-â ìåéþíåé ôç ñïÞ áßìáôïò 
óôïí áìöéâëçóôñïåéäÞ êáé ôï íåöñü113, ðéèáíüí ìÝóù 
ìåéùìÝíçò ðáñáãùãÞò ìïíïîåéäßïõ ôïõ áæþôïõ (NO), ôï 
ïðïßï, ùò ãíùóôü, åßíáé áããåéïäéáóôáëôéêüò ðáñÜãïíôáò, 
Þ êáé áýîçóçò ôçò áðåëåõèÝñùóçò ôçò åíäïèçëßíçò-1 

Ó÷Þìá 12: Ðéèáíüò ìç÷áíéóìüò äñÜóçò ÁGEs óôá ìåóáã-
ãåéáêÜ êýôôáñá ôïõ óðåéñÜìáôïò
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(ÅÔ-1), ïõóßáò ìå áããåéïóõóðáóôéêÞ äñÜóç. Óå ðåéñá-
ìáôüæùá, Ý÷åé âñåèåß üôé ç åíåñãïðïßçóç ôçò PKC ìåéþ-
íåé ôçí ðáñáãùãÞ NO óôï óðåßñáìá114 êáé ôá ëåßá ìõúêÜ 
êýôôáñá115, åíþ óå êáëëéÝñãåéåò åíäïèçëéáêþí êõôôÜñùí 
åìðïäßæåé ôçí åîáñôþìåíç áðü ôçí éíóïõëßíç åíåñãïðïß-
çóç ôçò åíäïèçëéáêÞò óõíèåôÜóçò ôïõ NO (endothelial 
nitric oxide synthase, e-NOS)116. Ç õðåñãëõêáéìßá áõîÜíåé 
ôçí éêáíüôçôá ôçò ÅÔ-1 íá äéåãåßñåé ôç MAPK (mitogen 
activated protein kinase) óôá êýôôáñá ôïõ ìåóáããåßïõ, 
ìÝóù åíåñãïðïßçóçò éóüìïñöùí ôçò PKC117. Ç åíåñãï-
ðïßçóç ôçò PKC áðü ôçí õðåñãëõêáéìßá áõîÜíåé åðßóçò 
ôç äéáðåñáôüôçôá ôïõ åíäïèçëßïõ118. Ç PKC áõîÜíåé 
ôçí Ýêëõóç ôïõ ðáñÜãïíôá VEGF (vascular endothelial 
growth factor) áðü ôá ëåßá ìõúêÜ êýôôáñá119. Ï VEGF 
åßíáé ðáñÜãïíôáò ðïõ áõîÜíåé ôç äéáðåñáôüôçôá ôùí áã-
ãåßùí. Ç PKC ðéèáíüí åõèýíåôáé, ôïõëÜ÷éóôïí åí ìÝñåé, 
ãéá ôçí áýîçóç ôçò åíáðüèåóçò ôçò éíùäïíåêôßíçò êáé ôïõ 
êïëëáãüíïõ ôýðïõ IV óôçí åîùêõôôÜñéá ïõóßá ôïõ ìå-
óáããåßïõ ÷þñïõ ôïõ óðåéñÜìáôïò120,121 Ç õðåñãëõêáéìßá, 
ìÝóù åíåñãïðïßçóçò ôçò ðñùôåúíéêÞò êéíÜóçò, Ý÷åé åíï-
÷ïðïéçèåß ãéá ôçí áýîçóç ôçò äñáóôéêüôçôáò ôïõ áíáóôï-
ëÝá ôçò éíùäüëõóçò êáé ôïõ PAI-1 (plasminogen activator 
inhibitor-1)122,êáèþò êáé ãéá ôçí åíåñãïðïßçóç ôïõ ìå-
ôáãñáöéêïý ðáñÜãïíôá NF-êB123 Ç åíåñãïðïßçóç, åðï-
ìÝíùò, ôçò ðñùôåúíéêÞò êéíÜóçò áðü ôçí õðåñãëõêáéìßá 
ðñïêáëåß äéáôáñá÷Ýò ôçò ñïÞò êáé ôçò ðçêôéêüôçôáò ôïõ 
áßìáôïò, áýîçóç ôïõ ðÜ÷ïõò ôçò âáóéêÞò ìåìâñÜíçò ôïõ 
åíäïèçëßïõ êáé ôçò äéáðåñáôüôçôáò ôùí áããåßùí êáé ôçí 
ðáèïëïãéêÞ Ýêöñáóç ðïëëþí ãïíéäßùí (Ó÷Þìá 13)124.

7.6. Ç ïäüò ôùí ðïëõïëþí

Ôï êõñéüôåñï Ýíæõìï ôçò ïäïý ôùí ðïëõïëþí åßíáé ç 
áíáãùãÜóç ôçò áëäüæçò. Óôçí ïäü áõôÞ ÷ñçóéìïðïéåßôáé 
ùò óõíÝíæõìï NADPH (áíá÷èÝí öùóöïñéêü íéêïôé-íáìé-

äï-áäåíéíï-äéíïõêëåïôßäéï) êáé ùò õðüóôñùìá ãëõêüæç. 
Ùò õðüóôñùìá ÷ñçóéìïðïéïýíôáé åðßóçò äéÜöïñá óÜê-
÷áñá êáé ðáñÜãùãá ôïõò, ðïõ ìåôáôñÝðïíôáé óôéò áíôß-
óôïé÷åò áëêïüëåò (ðïëõüëåò). Ç ãëõêüæç ìåôáôñÝðåôáé 
óå óïñâéôüëç êáé ç ãáëáêôüæç óå ãáëáêôéôüëç.

Ç óïñâéôüëç ïîåéäþíåôáé, óôç óõíÝ÷åéá, óå öñïõ-
êôüæç áðü ôï Ýíæõìï áöõäñïãïíÜóç ôçò óïñâéôüëçò. Óôç 
äåýôåñç áõôÞ áíôßäñáóç ÷ñçóéìïðïéåßôáé NAD+ (ïîåé-
äùèÝí íéêïôéíáìéäï-áäåíéíï-äéíïõêëåïôßäéï), ôï ïðïßï 
áíÜãåôáé óå NADH (áíá÷èÝí íéêïôéíáìéäï-áäåíéíï-äé-
íïõêëåïôßäéï). 

Ôï ñõèìéóôéêü Ýíæõìï ôçò ïäïý ôùí ðïëõïëþí åßíáé ç 
áíáãùãÜóç ôçò áëäüæçò. Ôï Ýíæõìï áõôü âñßóêåôáé óôá 
íåýñá, óôïí áìöéâëçóôñïåéäÞ, óôïõò öáêïýò ôïõ ïöèáë-
ìïý, óôï óðåßñáìá êáé óôï ôïß÷ùìá ôùí áããåßùí. Óôïõò 
éóôïýò áõôïýò, ç ðñüóëçøç ãëõêüæçò ãßíåôáé ìå ìåôáöï-
ñåßò ãëõêüæçò Üëëïõò ðëçí ôïõ GLUT 4 êáé ãéá ôçí åßóï-
äï ôçò ãëõêüæçò óôá êýôôáñá áõôþí ôùí éóôþí äåí åßíáé 
áðáñáßôçôç ç ðáñïõóßá éíóïõëßíçò. Ç óõãêÝíôñùóç ôçò 
ãëõêüæçò ìÝóá óôá óõãêåêñéìÝíá êýôôáñá âáßíåé ðáñÜë-
ëçëá ìå ôç óõãêÝíôñùóç ôçò óôï áßìá. Ç ÷çìéêÞ óõããÝ-
íåéá ôçò áíáãùãÜóçò ôçò áëäüæçò ãéá ôç ãëõêüæç åßíáé 
ìéêñÞ (õøçëÞ K

m
) êáé, åðïìÝíùò, ç ïäüò ôùí ðïëõïëþí 

åßíáé öõóéïëïãéêÜ áíåíåñãÞò. ¼ôáí üìùò, ëüãù õðåñãëõ-
êáéìßáò, ç óõãêÝíôñùóç ôçò ãëõêüæçò ìÝóá óôá êýôôáñá 
áõôÜ áõîçèåß, áõîÜíåé êáé ï ìåôáâïëéóìüò ìÝóù ôçò ïäïý 
ôùí ðïëõïëþí. Ìéá áðü ôéò öõóéïëïãéêÝò ëåéôïõñãßåò ôçò 
áíáãùãÜóçò ôçò áëäüæçò åßíáé ç áäñáíïðïßçóç ôùí ãëõ-
êïôïîéíþí, üðùò ð.÷. ôçò ìåèõëïãëõïîÜëçò, ïõóéþí ðïõ 
Ý÷ïõí ôç äõíáôüôçôá íá ãëõêïæõëéþíïõí ðñùôåÀíåò êáé 
Üëëá ìüñéá ìå ôá÷ýôçôá ðïëý ìåãáëýôåñç óå ó÷Ýóç ìå ôç 
ãëõêüæç125. ÐñÜãìáôé, ç ìåèõëïãëõïîÜëç áðïôåëåß ôï êá-
ôáëëçëüôåñï õðüóôñùìá ãéá ôçí áíáãùãÜóç ôçò áëäüæçò 
(Ý÷åé ôç ÷áìçëüôåñç K

m
).

ÄéÜöïñïé ìç÷áíéóìïß Ý÷ïõí ðñïôáèåß ãéá íá åîçãÞ-
óïõí ôç óçìáóßá ôçò åíåñãïðïßçóçò ôçò ïäïý ôùí ðï-
ëõïëþí êáé ôçò ðñüêëçóçò, ôåëéêÜ, âëáâþí óôá êýôôáñá. 
Ïé êõñéüôåñïé áðü áõôïýò åßíáé:

• Ç ðñïêáëïýìåíç áðü ôç óïñâéôüëç ïóìùôéêÞ ëýóç ôùí 
êõôôÜñùí

• Ç áäñáíïðïßçóç ôùí äéáýëùí Na+-K+ ðïõ åîáñôþíôáé 
áðü ôï ÁÔÑ

• Ç áýîçóç ôïõ ëüãïõ NADH/NAD+ óôï êõôôáñüðëá-
óìá

• Ç ìåßùóç ôçò óõãêÝíôñùóçò   ôïõ NADPH óôï êõô-
ôáñüðëáóìá.

Ç óïñâéôüëç äåí äéá÷Ýåôáé åëåýèåñá ìÝóù ôçò êõô-
ôáñéêÞò ìåìâñÜíçò. ¼ôáí ç ïäüò ôçò ðïëõüëçò åíåñãï-
ðïéåßôáé, ç åíäïêõôôÜñéá óõãêÝíôñùóç óïñâéôüëçò 
áõîÜíåé. Áñ÷éêÜ, åß÷å õðïôåèåß üôé ç áýîçóç ôçò óõãêÝ-
íôñùóçò ôçò óïñâéôüëçò óôá åíäïèçëéáêÜ êáé ôá íåõñéêÜ 
êýôôáñá ðñïêáëåß ôçí åßóïäï ýäáôïò êáé ôçí ïóìùôéêÞ 
ëýóç ôùí êõôôÜñùí. Ïé óõãêåíôñþóåéò üìùò ôçò óïñâé-
ôüëçò óôá áããåßá êáé ôá íåýñá ôùí äéáâçôéêþí áóèåíþí 
Ý÷ïõí ìåôñçèåß êáé âñÝèçêáí íá åßíáé ÷áìçëÝò.

Óýìöùíá ìå ôç äåýôåñç õðüèåóç, ç åíåñãïðïßçóç ôçò 
ïäïý ôùí ðïëõïëþí ðñïêáëåß ìåßùóç ôçò äñáóôéêüôçôáò 
ôïõ åíæýìïõ Na+- Ê+-ÁÔÑÜóç, áäñáíïðïßçóç äçëáäÞ 
ôùí åîáñôþìåíùí áðü ôï ÁÔÑ äéáýëùí Na+-K+, ëüãù ìåé-
ùìÝíçò óýíèåóçò ôçò öùóöáôéäõëï-éíïóéôüëçò. Ç áäñá-

Ó÷Þìá 13: Ðéèáíïß ìç÷áíéóìïß äçìéïõñãßáò ìéêñï-áã-
ãåéáêþí åðéðëïêþí áðü ôçí åíåñãïðïßçóç   ôçò PKC
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íïðïßçóç ôùí åîáñôþìåíùí áðü ôï ÁÔÑ äéáýëùí Na+-K+ 
ðáñáôçñåßôáé ðñÜãìáôé óôï äéáâÞôç, öáßíåôáé üìùò üôé 
ïöåßëåôáé óôçí åíåñãïðïßçóç ôçò ðñùôåúíéêÞò êéíÜóçò C 
(PKC), ðïõ, ìå ôç óåéñÜ ôçò, áõîÜíåé ôçí ðáñáãùãÞ äýï 
áíáóôïëÝùí ôçò Na+-K+-ÁÔÑÜóçò, ôïõ áñá÷éäïíéêïý 
ïîÝïò êáé ôçò ðñïóôáãëáíäßíçò E

2
(PGE

2
)126.

Óýìöùíá ìå ìéá ðéï ðñüóöáôç õðüèåóç, ç ïîåßäùóç 
ôçò óïñâéôüëçò áðü ôï NAD+ áõîÜíåé ôï ëüãï ôïõ NADH/ 
NAD+ óôï êõôôáñüðëáóìá, ìå óõíÝðåéá ôçí áäñáíïðïß-
çóç ôïõ åíæýìïõ áöõäñïãïíÜóç ôçò 3-öùóöïñéêÞò ãëõêå-
ñáëäåàäçò (Glyceraldehydes-3-phosphate dehydrogenase, 
GADPH). Ç áäñáíïðïßçóç áõôïý ôïõ åíæýìïõ Ý÷åé ùò 
áðïôÝëåóìá ôçí áýîçóç ôùí óõãêåíôñþóåùí ôùí öùóöï-
ñéêþí ôñéïæþí, ðïõ ìå ôç óåéñÜ ôïõò, áõîÜíïõí ôï ó÷çìá-
ôéóìü ìåèõëïãëõïîÜëçò êáé äéáêõëïãëõêåñüëçò (DAG). 
Ç ìåèõëïãëõïîÜëç ãëõêïæõëéþíåé ôá÷Ýùò ðñùôåÀíåò êáé 
ïäçãåß óôï ó÷çìáôéóìü ðñïúüíôùí ðñï÷ùñçìÝíçò ãëõêï-
æõëßùóçò (AGEs), åíþ ç DAG åíåñãïðïéåß ôçí PKC.

Óýìöùíá ìå ôçí ôÝôáñôç õðüèåóç, ç áíáãùãÞ ôçò ãëõ-
êüæçò óå óïñâéôüëç ðñïêáëåß êáôáíÜëùóç ôïõ NADPH. 
To NADPH åßíáé áðáñáßôçôï ãéá ôçí áíáãÝííçóç ôçò 
áíá÷èåßóáò ãëïõôáèåéüíçò, ç ïðïßá åßíáé óçìáíôéêüò 
áäñáíïðïéçôÞò ôùí åëåõèÝñùí ñéæþí ïîõãüíïõ, êáé ç Ýë-
ëåéøç ôçò ïðïßáò ðñïêáëåß ïîåéäùôéêÞ êáôáðüíçóç ôùí 
êõôôÜñùí127. ÅðéðëÝïí, ç õðåñãëõêáéìßá áäñáíïðïéåß 
ôçí áöõäñïãïíÜóç ôçò 6-öùóöïñéêÞò ãëõêüæçò, ðïõ áðï-
ôåëåß ôç óçìáíôéêüôåñç ðçãÞ ôïõ NADPH, ìåéþíïíôáò 
ðåñáéôÝñù ôéò óõãêåíôñþóåéò ôïõ NADPH óå ïñéóìÝíá 
áããåéáêÜ êáé íåõñéêÜ êýôôáñá128.

7.7. Ç ïäüò ôçò åîïæáìßíçò

Ðñüóöáôá, ðáñïõóéÜóôçêå ç õðüèåóç üôé ç õðåñãëõ-
êáéìßá ðñïêáëåß âëÜâåò ìÝóù åêôñïðÞò ôïõ ìåôáâïëé-
óìïý ôçò ãëõêüæçò äéÜ ôçò ïäïý ôçò åîïæáìßíçò129,130,131. 
(Ó÷Þìá 14)132. Ç ãëõêüæç ìåôáôñÝðåôáé óå 6-öùóöïñéêÞ 
öñïõêôüæç, ç ïðïßá áêïëïýèùò áíôéäñÜ ìå ãëïõôáìßíç. Ç 
áíôßäñáóç êáôáëýåôáé áðü ôï Ýíæõìï áìéäïôñáíóöåñÜóç 
ôçò ãëïõôáìßíçò-6-öùóöïñéêÞò öñïõêôüæçò (glutamine-
fructose-6-phosphate amidotransferase, GFAD), ðïõ 
áðïôåëåß ôï ñõèìéóôéêü Ýíæõìï ôçò ïäïý ôçò åîïæáìß-
íçò. Ôï Ýíæõìï áõôü áíáóôÝëëåôáé áðü ôçí áæáóåñßíç. 
Tá ðñïúüíôá ôçò áíôßäñáóçò åßíáé ãëïõôáìéêü ïîý êáé 
6-öùóöïñéêÞ ãëõêïæáìßíç, ç ïðïßá ìåôáôñÝðåôáé óôç óõ-
íÝ÷åéá óå ïõñéäõë-äéöùóöïñéêÞ-Í-áêåôõëï-ãëõêïæáìßíç 
(UDP-GluNac). Ç åíåñãïðïßçóç ôçò ïäïý ôçò åîïæáìßíçò 
áõîÜíåé ôç ìåôáãñáöÞ ïñéóìÝíùí ãïíéäßùí, üðùò ôïõ 
TGFa,ôïõ TGFb êáé ôïõ ÑÁÉ-1118,119,133 ìå ôñüðï ðïõ äåí 
åßíáé áðüëõôá ãíùóôüò. 

Óýìöùíá ìå ôá ìÝ÷ñé ôþñá äåäïìÝíá, ç åíåñãïðïßç-
óç ôùí ãïíéäßùí áõôþí ïöåßëåôáé óôç ãëõêïæõëßùóç ôïõ 
ìåôáãñáöéêïý ðáñÜãïíôá Spl (ï Spl ìåôáôñÝðåôáé óå Spl-
O-GlcNAc êáé áõôÞ ç ìåôáôñïðÞ ôïí åíåñãïðïéåß)134. Åí-
äå÷ïìÝíùò, ìå ôçí åíåñãïðïßçóç ôçò ïäïý ôçò åîïæáìßíçò 
ãëõêïæõëéþíïíôáé êáé Üëëïé ìåôáãñáöéêïß ðáñÜãïíôåò 
ðïõ äåí Ý÷ïõí åíôïðéóôåß ìÝ÷ñé óÞìåñá.

ÓõíïëéêÜ, ç åíåñãïðïßçóç ôçò ïäïý ôçò åîïæáìß-
íçò áðü ôçí õðåñãëõêáéìßá öáßíåôáé íá ðñïêáëåß ôçí 
ðáèïëïãéêÞ Ýêöñáóç ïñéóìÝíùí ãïíéäßùí êáé ôç äõóëåé-
ôïõñãßá ïñéóìÝíùí ðñùôåúíþí êáé íá óõììåôÝ÷åé óôçí 
ðáèïãÝíåéá ôùí åðéðëïêþí ôïõ äéáâÞôç.

8. Ïîåéäùôéêü stress êáé áíôßóôáóç óôç äñÜóç 
ôçò éíóïõëßíçò

Ôï ïîåéäùôéêü stress äåí åìðëÝêåôáé ìüíï óôçí ðáèï-
öõóéïëïãßá ôùí äéáâçôéêþí åðéðëïêþí  áëëÜ ó÷åôßæåôáé 
êáé ìå ôçí áíôï÷Þ óôç äñÜóç ôçò éíóïõëßíçò135,136,137,138 (ôï 
öáéíüìåíï áõôü êáëåßôáé éíóïõëéíïáíôï÷Þ Þ éíóïõëéíï-
áíôßóôáóç). In vivo äïêéìÝò óå äéáâçôéêÜ ðåéñáìáôüæùá 
õðïäåéêíýïõí üôé ôá áíôéïîåéäùôéêÜ åíéó÷ýïõí ôçí åõáé-
óèçóßá óôçí éíóïõëßíç. ÐåñáéôÝñù êëéíéêÝò ìåëÝôåò óå 
äéáâçôéêïýò áóèåíåßò ìå áíôï÷Þ óôçí éíóïõëßíç áðÝäåéîáí 
üôé ç èåñáðåßá ìå áíôéïîåéäùôéêÜ üðùò ïé âéôáìßíåò C êáé 
E, ôï ëéíïëåúêü ïîý (LA) êáé ç ãëïõôáèåéüíç âåëôßùóáí 
ôçí áíôáðüêñéóç ôùí êõôôÜñùí óôçí éíóïõëßíç139,140,141,142.

8.1.Åíåñãïðïßçóç åõáßóèçôùí óôï stress êéíáóþí,  öù-
óöïñõëßùóç IRS êáé áíôï÷Þ óôçí éíóïõëßíç

Ôï ïîåéäùôéêü stress åíåñãïðïéåß ìßá ðëçèþñá êéíá-
óþí óåñßíçò143,144,145. Óôü÷ïé ôùí êéíáóþí åßíáé ï õðïäï-
÷Ýáò éíóïõëßíçò (ÉR) êáé ïé ðñùôåÀíåò ôïõ õðïóôñþìá-
ôïò ôïõ éíóïõëéíéêïý õðïäï÷Ýá (IRS: Insuline Reseptor 
Substrate). Ç áõîçìÝíç öùóöïñõëßùóç êáôáëïßðùí óå-
ñßíçò êáé èñåïíßíçò  óôá IRS êáé IR ðåñéïñßæåé ôç  öù-
óöïñõëßùóç ôùí õðïëåéììÜôùí ôõñïóßíçò ôïõò êáé óõíå-
ðþò ôç äñÜóç ôçò éíóïõëßíçò 146,147,148,149,150,151. Ôá ìüñéá ôùí 
IRS ðïõ äéáèÝôïõí öùóöïñõëéùìÝíá êáôÜëïéðá óåñßíçò 
êáé èñåïíßíçò ðáñïõóéÜæïõí ìéêñüôåñç óõããÝíåéá ìå ôïí 
éíóïõëéíéêü õðïäï÷Ýá êáé ôçí 3-ÊéíÜóç öùóöáôéäõëïúíï
óéôüëç134,152 (PI3K) . Ôï ãåãïíüò áõôü ðåñéïñßæåé ôç äñÜóç 
ôçò éíóïõëßíçò,ôçí åíåñãïðïßçóç ôçò ðñùôåúíéêÞ êéíÜóçò 
êáé ôç ìåôáöïñÜ ôçò ãëõêüæçò óôá êýôôáñá153,154,155.

Óôá 3T3-L1 ëéðïêýôôáñá ç åðáãùãÞ ôïõ ïîåé-

Ó÷Þìá 14: Ïäüò ôçò åîïæáìßíçò
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äùôéêïý stress ìå Ç
2
O

2
 ðáñåìðïäßæåé ôçí ìåôáöïñÜ 

ãëõêüæçò156,157,158. ¼ðùò óôá ëéðïêýôôáñá Ýôóé êáé óôá 
L6ìõúêÜ êýôôáñá ç åíåñãïðïßçóç ôùí p38 MAP êéíáóþí 
áðü ôï ïîåéäùôéêü stress (Ç

2
O

2
) áíáóôÝëëåé ôç ìåôáöï-

ñÜ ãëõêüæçò159. Åðéðñüóèåôá, ï ðáñÜãïíôáò íÝêñùóçò 
üãêïõ-á (TNF-á) äéåãåßñåé ôéò JNK/SAPK êéíÜóåò áõîÜ-
íïíôáò Ýôóé ôç öùóöïñõëßùóç êáôáëïßðùí óåñßíçò ôïõ 
õðïóôñþìáôïò ôïõ éíóïõëéíéêïý õðïäï÷Ýá IRS-1139,160. 
¸ôóé, ç (åðáãüìåíç áðü ôçí éíóïõëßíç) öùóöïñõëßùóç 
õðïëåéììÜôùí ôõñïóßíçò ôïõ IRS-1 åëáôôþíåôáé êáé ç 
äñÜóç ôçò éíóïõëßíçò ðåñéïñßæåôáé óçìáíôéêÜ.

8.2. ÉÊÊâ õðïìïíÜäá, IRS ðñùôåÀíåò  
(ðñùôåÀíåò õðïóôñþìáôïò éíóïõëéíéêïý õðïäï÷Ýá) 
êáé áíôï÷Þ óôçí éíóïõëßíç

Óå ìõúêÜ êýôôáñá ìå áíôï÷Þ óôçí éíóïõëßíç, Ý÷ïõí 
ðáñáôçñçèåß õøçëÜ åðßðåäá ÉÊÊâ õðïìïíÜäáò ôïõ ÉÊÊ 
óõìðëÝãìáôïò ôï ïðïßï åíåñãïðïéåß ôï ìåôáãñáöéêü ðõ-
ñçíéêü ðáñÜãïíôá NF-êB161. Ç åíåñãïðïßçóç ôçò ÉÊÊâ 
õðïìïíÜäáò ðáñåìðïäßæåé ôç äñÜóç ôçò éíóïõëßíçò . 
Áíôßóôñïöá, ç áíáóôïëÞ ôçò ÉÊÊâ áðü óáëéêõëéêÜ êáé 
PPARã áãùíéóôÝò162,163 áðïêáèéóôÜ ôçí áíôáðüêñéóç 
óôçí éíóïõëßíç ôüóï  in vitro üóï êáé in vivo164,165.Ç èåñá-
ðåßá ìå áóðéñßíç êáé óáëéêõëéêÜ åëáôôþíåé ôç öùóöïñõ-
ëßùóç ôùí ìïñßùí óåñßíçò êáé áõîÜíåé ôç öùóöïñõëßùóç 
ôçò ôõñïóßíçò óôéò ðñùôåÀíåò ôïõ IRS152,153. Íåüôåñá äå-
äïìÝíá äåß÷íïõí üôé ç åõáéóèçôïðïßçóç óôçí éíóïõëßíç 
ðïõ ðñïêáëåß ç áäéðïíåêôßíç, ïöåßëåôáé óå áíáóôïëÞ ôçò 
åíåñãïðïßçóçò ôïõ NF-êÂ166,167,168. 

ÐåñáéôÝñù ìåëÝôåò óå êõôôáñïêáëëéÝñãåéåò,ãåíåôéêÜ 
ôñïðïðïéçìÝíá ðåéñáìáôüæùá êáé áíèñþðïõò, áðïäåé-
êíýïõí ôç óðïõäáéüôçôá IRS-ðñùôåúíþí óôç ñýèìéóç 
ôçò ëåéôïõñãßáò ôùí â-êõôôÜñùí ôïõ ðáãêñÝáôïò169,170,171. 
Ç öùóöïñõëßùóç êáôáëïßðùí óåñßíçò/èñåïíßíçò ôïõ 
éíóïõëéíéêïý õðïäï÷Ýá (IR) êáé ôïõ õðïóôñþìáôüò 
ôïõ (IRS) áðü êéíÜóåò åõáßóèçôåò óôï stress (ÍÁÊ,p38 
MAPK, JNK/SAPK êáé Üëëåò êéíÜóåò óåñßíçò/èñåïíß-
íçò) áðïôåëåß Ýíá ìç÷áíéóìü ðïõ åðéôñÝðåé ôç óõó÷Ýôéóç 
ôùí ïäþí ðïõ åíåñãïðïéïýíôáé áðü ôï stress ìå ðïéêßëåò 
ðáèïëïãéêÝò êáôáóôÜóåéò ôùí êõôôÜñùí. 

8.3.Ïîåéäùôéêü stress,ôõñïóéíéêÞ öùóöáôÜóç  
êáé áíôï÷Þ óôçí éíóïõëßíç  

Ç äéáôáñá÷Þ ôçò ïîåéäïáíáãùãéêÞò ïìïéüóôáóçò 
ìðïñåß íá ïäçãÞóåé óå ïîåßäùóç êáé áðåíåñãïðïßçóç ôçò 
ôõñïóéíéêÞò öùóöáôÜóçò (PTP)172,173,174. Åßíáé ãíùóôü üôé 
ç öùóöïñõëßùóç ôçò ôõñïóßíçò åßíáé áðáñáßôçôç ãéá ôçí 
(éíóïõëéíï-åðáãüìåíç) ìåôáöïñÜ ãëõêüæçò óôá ìõúêÜ 
êýôôáñá êáé ôá ëéðïêýôôáñá175,176. Ðáñüëï ðïõ ç åêëåêôé-
êÞ êáé áíôéóôñåðôÞ áíáóôïëÞ óõãêåêñéìÝíùí PTPáóþí 
üðùò ôçò ÑÔÑ-1Â áõîÜíåé ôç äñÜóç ôçò éíóïõëßíçò177,178, 
ç ïîåßäùóç êõóôåúíéêþí êáôáëïßðùí óôá åíåñãÜ êÝíôñá 
ôùí ÑÔÑáóùí, ôéò áðåíåñãïðïéåß êáé ïäçãåß óå éíóïõëé-
íïáíôï÷Þ in vitro163,164.  

Ôï ïîåéäùôéêü stress åíåñãïðïéåß ôéò ïäïýò ôïõ NF-
êB, ôùí p38 MAP êáé JNK/SAPK êéíáóþí. Ç  äå åíåñ-
ãïðïßçóç áõôþí ôùí ïäþí åëáôôþíåé ôçí åõáéóèçóßá óôç 
äñÜóç ôçò éíóïõëßíçò. Åêôüò áðü ôçí éíóïõëéíïáíôßóôáóç, 
ôï åðáãüìåíï áðü ôçí õðåñãëõêáéìßá ïîåéäùôéêü stress  
åõèýíåôáé êáé ãéá ôéò üøéìåò äéáâçôéêÝò åðéðëïêÝò.

9. Ïîåéäùôéêü stress êáé äõóëåéôïõñãßá â-êõô-
ôÜñùí ôïõ ðáãêñÝáôïò

Ç éíóïõëßíç ðáñÜãåôáé áðïêëåéóôéêÜ áðü ôá â-êýô-
ôáñá ôùí íçóßäùí ôïõ Langerhans ôïõ ðáãêñÝáôïò. Ôá 
â-êýôôáñá ôïõ ðáãêñÝáôïò åßíáé åðéññåðÞ óôéò âëÜâåò 
ðïõ ðñïêáëïýíôáé áðü ôï ïîåéäùôéêü stress. Ïé GLUT-2 
ìåôáöïñåßò ãëõêüæçò179,180, ç ãëõêïêéíÜóç181,182,183êáé êõñß-
ùò ï ìåôáâïëéóìüò ôçò ãëõêüæçò áðü ôá ìéôï÷üíäñéá ôùí 
â-êõôôÜñùí, åõíïïýí ôçí Ýêêñéóç éíóïõëßíçò óå ðïóü-
ôçôá áíÜëïãç ôïõ åñåèßóìáôïò. Ðáñüëï ðïõ ïé áêñéâåßò 
ìïñéáêïß ìç÷áíéóìïß ìå ôïõò ïðïßïõò ïé ìåôáâïëßôåò ôçò 
ãëõêüæçò ñõèìßæïõí ôç óýíèåóç éíóïõëßíçò äåí åßíáé ãíù-
óôïß, åßíáé âÝâáéï üôé ï  ìåôáâïëéóìüò ôïõò óôï åðßðåäï 
ôùí ìéôï÷ïíäñßùí  êáßñéáò óçìáóßáò184,185. Ôá ìéôï÷üíäñéá 
áðïôåëïýí ôüðï ðáñáãùãÞò áëëÜ êáé óôü÷ï åëåõèÝñùí 
ñéæþí. ̧ ôóé ç êáôáóôñïöÞ ôùí ìéôï÷ïíäñßùí áðü äñáóôé-
êÝò ìïñöÝò ïîõãüíïõ êáé áæþôïõ åßíáé áíáìåíüìåíï íá 
ðåñéïñßæåé ôçí Ýêêñéóç éíóïõëßíçò.

 Ç åðáãüìåíç áðü ôç ÷ñüíéá õðåñãëõêáéìßá åîÜíôëçóç 
ôùí â-êõôôÜñùí ìåëåôÞèçêå in vivo óå ãåíåôéêÜ ðñïäéáôå-
èåéìÝíá äéáâçôéêÜ ðåéñáìáôüæùá186 êáé óå öõóéïëïãéêÜ ðåé-
ñáìáôüæùá ðïõ Ý÷ïõí õðïóôåß ìåñéêÞ ðáãêñåáôåêôïìÞ174 
Þ ðïõ Ý÷ïõí ëÜâåé áãùãÞ ìå streptozotocin174 (ïõóßá ôïîéêÞ 
ãéá ôá â-êýôôáñá). Óôéò in vivo áõôÝò ìåëÝôåò ï äéá÷ùñéóìüò 
ôïí åðéðôþóåùí ðïõ ðñïêëÞèçêáí ëüãù õðåñãëõêáéìßáò 
áðü áõôÝò ðïõ ðñïêëÞèçêáí ëüãù Üëëùí íåõñïëïãéêþí, 
åíäïêñéíéêþí êáé äéáôñïöéêþí ðáñáãüíôùí Þôáí éäéáßôå-
ñá ðïëýðëïêïò. ÅðéðëÝïí ç õðåñãëõêáéìßá åëáôôþíåé ôçí 
çðáôéêÞ êÜèáñóç ôçò éíóïõëßíçò in vivo, ìå áðïôÝëåóìá ôá 
åðßðåäá ôçò éíóïõëßíçò óôç ãåíéêÞ êõêëïöïñßá íá ðáñáìÝ-
íïõí áìåôÜâëçôá  áêüìá êáé üôáí ìåéþíåôáé ç ÝêêñéóÞ ôçò 
áðü ôá â-êýôôáñá187.

Én vitro, ç áíß÷íåõóç ôùí åðéðëïêþí ðïõ ðñïêáëïýíôáé 
áðü ÷ñüíéá Ýêèåóç óå ãëõêüæç, åßíáé éäéáßôåñá äýóêïëç 
óå êýôôáñá ðåéñáìáôüæùùí ÷ùñßò ãåíåôéêÞ ðñïäéÜèåóç 
óôï äéáâÞôç. ÅîÜìçíç åðþáóç (óå õøçëÜ åðßðåäá ãëõ-
êüæçò) êõôôáñïêáëëéåñãåéþí áðü â-êýôôáñá ôñùêôéêþí, 
åëÜôôùóå ôçí Ýêêñéóç éíóïõëßíçò, ôï mRNA ôçò éíóïõëß-
íçò êáé ôçí ðñüóäåóç ôùí ìåôáãñáöéêþí ðáñáãüíôùí ôïõ 
mRNA ôçò éíóïõëßíçò188,189.  Ùóôüóï, ðáñüìïéåò ìåëÝôåò 
äå äéáðßóôùóáí ìåßùóç óôçí Ýêêñéóç éíóïõëßíçò êáôÜ ôçí 
Ýêèåóç óå ãëõêüæç. Áõôü åíäå÷ïìÝíùò íá ïöåßëåôáé óôçí 
Ýêêñéóç ôùí åíäïêõôôÜñéùí áðïèåìÜôùí éíóïõëßíçò áðü 
ôá â-êýôôáñá. Áîßæåé íá áíáöåñèåß üôé ç ôá áðïèÝìáôá 
éíóïõëßíçò ðïéêßëïõí óôá äéÜöïñá ôìÞìáôá ôùí â-êõôôÜ-
ñùí.Ôá ðáñáêåßìåíá óôçí êõôôáñïðëáóìáôéêÞ ìåìâñÜíç 
êõóôßäéá ðáñïõóéÜæïõí ìåãÜëç äéáèåóéìüôçôá éíóïõëß-
íçò ðïõ ìðïñåß íá åêêñéèåß. ÁíôéèÝôùò,ôüóï éíóïõëßíç 
ðïõ ðñïïñßæåôáé ãéá áðïóýíèåóç üóï êáé ç  éíóïõëßíç 
êáé ðñïúíóïõëßíç ôïõ åíäïðëáóìáôéêïý äéêôýïõ êáé ôïõ 
óõìðëÝãìáôïò  Golgi äåí äéáôßèåíôáé ãéá Ýêêñéóç. Åðé-
ðñüóèåôá, ôõ÷üí ìåßùóç ôïõ mRNA ôçò éíóïõëßíçò äåí 
åßíáé ãíùóôü áí èá åëáôôþóåé áðáñáßôçôá êáé ôç óýíèåóç 
éíóïõëßíçò ëüãù åìðëïêÞò ìç÷áíéóìþí ôçò ìåôÜöñáóçò.

9.1. Ï ñüëïò ôùí åëåýèåñùí ëéðáñþí ïîÝùí óôçí éíóïõ-
ëéíïáíôï÷Þ êáé ôç äõóëåéôïõñãßá ôùí â-êõôôÜñùí 
ôïõ ðáãêñÝáôïò

¸÷ïõí äéáôõðùèåß ðïëëÝò èåùñßåò ó÷åôéêÜ ìå ôçí åðß-
äñáóç ôùí åëåýèåñùí ëéðáñþí ïîÝùí (FFA: Free Fatty 
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Acids) óôçí áíÜðôõîç áíôï÷Þò óôçí éíóïõëßíç. Óýìöùíá 
ìå ôç èåùñßá ôïõ P.J. Randle190,191 õøçëÞ äéáèåóéìüôçôá 
FFA áõîÜíåé ôïõò ëüãïõò acetyl-CoA/CoA êáé NADH/
NAD+ ìå áðïôÝëåóìá:

(á) ôçí áðåíåñãïðïßçóç ôïõ óõìðëüêïõ ðõñïóôáöõëéêÞò 
áöõäñïãïíÜóçò

(â) ôçí åëÜôôùóç ïîåßäùóçò ôçò ãëõêüæçò êáé ôçí áýîçóç 
ôïõ åíäïêõôôÜñéïõ êéôñéêïý ïîÝïò

(ã) ôçí áíáóôïëÞ ôçò öùóöïöñïõêôïêéíÜóçò

(ä) ôç óõóóþñåõóç ôçò  öùóöáôÜóçò ôçò 6-öùóöï-ãëõêü-
æçò êáé 

(å) ôçí áíáóôïëÞ ôçò äñÜóçò ôçò åîïêéíÜóçò ÉÉ. ÊáôÜ ôïí 
Randle, ôá ãåãïíüôá áõôÜ ïäçãïýí óå åíäïêõôôÜñéá 
óõóóþñåõóç ãëõêüæçò êáé åëáôôùìÝíç ìåôáöïñÜ ãëõ-
êüæçò óôá ìõúêÜ êýôôáñá.

Óå áíôßèåóç ìå ôç èåùñßá ôïõ P.J. Randle, íåþôåñåò 
Ýñåõíåò Ýäåéîáí üôé ç åëÜôôùóç óýíèåóçò ìõúêïý ãëõêï-
ãüíïõ ìåôÜ áðü åðþáóç ìå åëåýèåñá ëéðáñÜ ïîÝá Ýãéíå 
ìÝóù ìåßùóçò      -êáé ü÷é áýîçóçò- ôùí åðéðÝäùí ôçò öù-
óöáôÜóçò ôçò 6-öùóöï-ãëõêüæçò192. ÄçëáäÞ, ôá íåþôåñá 
äåäïìÝíá õðïóôçñßæïõí üôé ôá åëåýèåñá ëéðáñÜ ïîÝá 
åëáôôþíïõí ôçí åíäïêõôôÜñéá óõãêÝíôñùóç ãëõêüæçò. 
Óå êÜèå ðåñßðôùóç, ôï óýóôçìá ìåôáöïñÜò ôçò ãëõêüæçò 
óôá êýôôáñá åßíáé ôï ñõèìéóôéêü óôÜäéï ãéá ôçí åðáãüìå-
íç áðü ôá FFA éíóïõëéíïáíôï÷Þ193.

Óå ìïñéáêü åðßðåäï, ðáñáôçñÞèçêå üôé ôá õøçëÜ 
åðßðåäá åëåýèåñùí ëéðáñþí ïîÝùí ðáñåìðïäßæïõí ôçí 
(åðáãüìåíç áðü ôçí éíóïõëßíç) öùóöïñõëßùóç ôùí êá-
ôáëïßðùí ôõñïóßíçò óôï IRS-1 êáé áíáóôÝëëïõí ôç äñÜóç 
ôçò PI3K (3-ÊéíÜóç öùóöáôéäõëïúíïóéôüëç)180.

Ç üðùò óõìâáßíåé ìå ôçí õðåñãëõêáéìßá, ç åðßäñá-
óç ôùí åëåýèåñùí ëéðáñþí ïîÝùí óôç ëåéôïõñãßá ôùí 
â-êõôôÜñùí ôïõ ðáãêñÝáôïò åßíáé éäéáßôåñá ðïëýðëïêç. 
ÁõîçìÝíá åðßðåäá FFA ðáñåìðïäßæïõí ôçí Ýêêñéóç éí-
óïõëßíçò ôüóï in vivo üóï êáé in vitro194 ãåãïíüò ðïõ áðï-
äßäåôáé óôç óõóóþñåõóç åóôÝñùí áêåôõëï-óõíåíæýìïõ Á 
óôï êõôôáñüðëáóìá182,195 . In vitro, ìáêñï÷ñüíéá Ýêèåóç 
óå FFA öáßíåôáé íá áíáóôÝëëåé ôç óýíèåóç ôïõ éíóïõ-
ëéíéêïý mRNA196,197 êáé ôçí åðáãüìåíç áðü ôç ãëõêüæç-
Ýêêñéóç éíóïõëßíçò184,198.
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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 â-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, â-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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Ðåñßëçøç

Ç ôáõñßíç (2-áìéíï-áéèáíï-óïõëöïíéêü ïîý) åßíáé 
Ýíá “êáôÜ óõíèÞêç áðáñáßôçôï” áìéíïîý ìå ðïëõÜñéèìåò 
öáñìáêåõôéêÝò ôçò éäéüôçôåò. Áðïôåëåß ôï “óïõëöïíéêü” 
áíÜëïãï ôçò â-áëáíßíçò, åöüóïí óôçí èÝóç ôçò êáñâïîõ-
ëéêÞò ïìÜäáò ðåñéÝ÷åé óïõëöïíéêÞ ïìÜäá êáé åðïìÝíùò 
ìðïñåß íá áðïêáëåßôáé óïõëöïíéêü áìéíïîý.

Ç ôáõñßíç áíáêáëýöèçêå óôçí ÷ïëÞ ôáýñïõ ôï 1827 
êáé ìüëéò ôï 1975 Üñ÷éóå íá ãßíåôáé áíôéëçðôÞ ç óðïõäáé-
üôçôÜ ôçò óôç äéáôñïöÞ.

×áñáêôçñéóôéêÝò öáñìáêåõôéêÝò äñÜóåéò ôçò ôáõñß-
íçò åßíáé ç áíôéïîåéäùôéêÞ, êáñäéáããåéáêÞ, ìåôáâïëéêÞ, 
êáé áðïôïîéíùôéêÞ ôçò äñÜóç. Ç ôáõñßíç åðéðëÝïí ÷ñç-
óéìåýåé ãéá ôçí ðÝøç ôùí ëéðþí, ôçí áðïññüöçóç ôùí ëé-
ðïäéáëõôþí âéôáìéíþí êáé ãéá ôïí Ýëåã÷ï ôùí åðéðÝäùí 
÷ïëçóôåñüëçò óôï áßìá. ÓõììåôÝ÷åé óôçí äéáôÞñçóç ôçò 
áêåñáéüôçôáò ôçò êõôôáñéêÞò ìåìâñÜíçò, óôçí ðñïöýëá-
îç ôùí óðåñìáôïæùáñßùí êáé óôçí ñýèìéóç ôçò ïóìùôé-
êÞò ðßåóçò. Ðáßæåé åðßóçò ïõóéþäç ñüëï óôçí ëåéôïõñãßá 
ôùí íåõñþíùí, óôçí áíáðáñáãùãÞ ôùí êõôôÜñùí êáé 
óôçí ðñïþèçóç ôçò ãëõêüëõóçò.

Ç ôáõñßíç äñá óå ðÜñá ðïëëÜ âéïëïãéêÜ óõóôÞìáôá, 
üðùò óôï êáñäéáããåéáêü óýóôçìá, óôï Þðáñ, óôá ìÜôéá, 
óôï êåíôñéêü íåõñéêü óýóôçìá, óôï áíáðáñáãùãéêü óý-
óôçìá, óôïõò ìýåò. ÅðéðëÝïí ï ñüëïò ôçò ôáõñßíçò óôçí 
áíÜðôõîç êáé ôçí åðéâßùóç ôùí êõôôÜñùí åßíáé õøßóôçò 
óçìáóßáò. Ç ðáñïõóßá ôçò öáßíåôáé íá åßíáé êáèïñéóôéêÞ 
óôçí áíáðáñáãùãÞ êáé ôçí âéùóéìüôçôá ôùí êõôôÜñùí.

Ç ÷ñÞóç ôçò ôáõñßíçò ãéá èåñáðåõôéêïýò óêïðïýò ÷ñÞ-
æåé ðåñáéôÝñù äéåñåýíçóçò, ðñéí ãßíåé îåêÜèáñïò ï ñüëïò 
ôçò óå êÜðïéåò ðáèÞóåéò, éäéáßôåñá óôçí åðéëçøßá êáé ôïí 
áëêïïëéóìü. Åðßóçò ðñÝðåé íá ìåëåôçèåß ðåñéóóüôåñï ç 
áëëçëåðßäñáóÞ ôçò ìå Üëëá äéáôñïöéêÜ óôïé÷åßá, üðùò ïé 
âéôáìßíåò êáé ôá ìÝôáëëá êáé íá äïèåß éäéáßôåñç ðñïóï÷Þ 
óôç óçìáóßá ðïõ ìðïñåß íá Ý÷åé ç ÷áìçëÞ óõãêÝíôñùóÞ 
ôçò óôï áßìá áóèåíþí ìå êáñêßíï. Ç ÷ñçóéìüôçôÜ ôçò óôçí 
äéáôñïöÞ êáé óôçí ðñïëçðôéêÞ éáôñéêÞ åßíáé óáöþò êáôá-
äåäåéãìÝíç êáé äéêáßùò ÷áñáêôçñßóôçêå ùò “êáôÜ óõíèÞ-
êç” áðáñáßôçôï áìéíïîý.

Ç ôáõñßíç, åêôüò ôùí èåñáðåõôéêþí ôçò äñÜóåùí 
êáé éäéïôÞôùí, åßíáé êáé Ýíáò äõíçôéêüò õðïêáôáóôÜôçò 
(ligand) óå åíþóåéò óõíáñìïãÞò ìå ìåôáëëéêÜ éüíôá, ëüãù 
ôçò äïìÞò ôçò. Ç óïõëöïíéêÞ ïìÜäá êáé ç áìéíïìÜäá ðïõ 
äéáèÝôåé ôï ìüñéï åßíáé äõíáôüí íá óõíäåèïýí ìå ìåôáë-
ëéêÜ éüíôá, ìÝóù ôùí áôüìùí Ï êáé Í áíôßóôïé÷á. 

ÅéóáãùãÞ

Ç ôáõñßíç (2-áìéíï-áéèáíï-óïõëöïíéêü ïîý) Ý÷åé 
áðáó÷ïëÞóåé ôéò ôåëåõôáßåò äåêáåôßåò ôï åðéóôçìïíéêü 
åíäéáöÝñïí þóôå íá êáèïñéóôåß ï âéïëïãéêüò ñüëïò ôçò 
êáé ïé ðïëõÜñéèìåò öáñìáêåõôéêÝò ôçò éäéüôçôåò, åöüóïí 
ï ìç÷áíéóìüò äñÜóçò ôçò äåí Ý÷åé áðïëýôùò äéåõêñéíé-
óèåß, üðùò öáßíåôáé áðü ôçí ÄéåèíÞ Âéâëéïãñáößá. Ç 
ôáõñßíç Ýãéíå ãíùóôÞ óôï åõñý êïéíü êáé óáí óõóôáôéêü 
ôùí áíáøõêôéêþí åíÝñãåéáò, üðùò åßíáé ôï Red Bull.

Ç ôáõñßíç åßíáé Ýíá êáôÜ óõíèÞêç áðáñáßôçôï áìé-
íïîý, ôï ïðïßï äåí ëáìâÜíåé ìÝñïò óôçí ðñùôåúíéêÞ óýí-
èåóç, áëëÜ óõíáíôÜôáé åëåýèåñï Þ óå áðëÜ ðåðôßäéá1. Ç 
ôáõñßíç ìðïñåß íá èåùñçèåß ôï “óïõëöïíéêü” áíÜëïãï 
ôçò â-áëáíßíçò, ãéáôß óôçí èÝóç ôçò êáñâïîõëéêÞò ïìÜ-
äáò ðåñéÝ÷åé óïõëöïíéêÞ ïìÜäá êáé åðïìÝíùò ìðïñåß íá 
áðïêáëåßôáé óïõëöïíéêü áìéíïîý. Óôï Ó÷Þìá 1a öáßíåôáé 
ï ÷çìéêüò ôýðïò ôçò ôáõñßíçò, åíþ óôï Ó÷Þìá 1b äßíåôáé 
ç äééïíôéêÞ (switterionic) ìïñöÞ ôçò, ç ïðïßá áðïêôÜôáé 
áìÝóùò ìå ôçí äéÜëõóç óôï íåñü, áêüìá êáé óå öõóéïëï-
ãéêü pH. Ôï Ó÷Þìá 2 åßíáé ç ôñéóäéÜóôáôç áðåéêüíéóç ôïõ 
ìïñßïõ ôçò ôáõñßíçò. 

Óýíôïìç Áíáóêüðçóç ôïõ Âéïëïãéêïý Ñüëïõ  
êáé ôùí Öáñìáêåõôéêþí ÉäéïôÞôùí ôçò Ôáõñßíçò. 

×ñÞóåéò, åöáñìïãÝò êáé ðñïïðôéêÝò.
Ó. ÊÝëëá1, Ð. ÐëáãåñÜò2, Á. ÐáðáúùÜííïõ2, É. Áíáóôáóïðïýëïõ1, È. Èåïöáíßäçò1

1. Åèíéêü Ìåôóüâéï Ðïëõôå÷íåßï, Ó÷ïëÞ ×çìéêþí Ìç÷áíéêþí, Áêôéíï÷çìåßá & Âéïöáóìáôïóêïðßá,  
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×çìéêÞ ÄïìÞ-ÐñïÝëåõóç

Ç ôáõñßíç áíáêáëýöèçêå óôçí ÷ïëÞ ôáýñïõ ôï 1827, 
áðü ôïí áõóôñéáêü åðéóôÞìïíá Friedrich Tiedemann êáé 
ôïí Ãåñìáíü Leopold Gmellin2. Ãéá ìåãÜëï äéÜóôçìá 
åèåùñåßôï ùò ôåëéêü ðñïúüí ôïõ ìåôáâïëéóìïý ôùí èåé-
ïý÷ùí áìéíïîÝùí êáé ìüëéò ôï 1975 Üñ÷éóå íá ãßíåôáé 
áíôéëçðôÞ ç óðïõäáéüôçôÜ ôçò óôç äéáôñïöÞ3,4. ÓÞìåñá 
Ý÷åé ðëÝïí áðïäåé÷ôåß üôé ç ôáõñßíç åßíáé áðáñáßôçôç ãéá 
ôçí áíÜðôõîç ôùí èçëáóôéêþí5 êáé Ýñåõíåò Ý÷ïõí äåßîåé 
üôé ÷áìçëÜ åðßðåäá ôáõñßíçò óôïí ïñãáíéóìü óõíäÝïíôáé 
ìå ðïéêßëåò ðáèïëïãéêÝò êáôáóôÜóåéò, üðùò êáñäéïìõ-
ïðÜèåéá, åêöõëéóìü ôïõ áìöéâëçóôñïåéäÞ ÷éôþíá ôïõ 
ìáôéïý6, êáèõóôÝñçóç ôçò áíÜðôõîçò7, áäõíáìßá ôùí êõô-
ôÜñùí íá åðéâéþóïõí, ìåéùìÝíç åãêåöáëéêÞ ëåéôïõñãßá, 
óáê÷áñþäç äéáâÞôç, áêüìá êáé åðéëçøßá.

Óôéò ðïëõÜñéèìåò âéïëïãéêÝò êáé öáñìáêåõôéêÝò 
äñÜóåéò ôçò ôáõñßíçò óõãêáôáëÝãïíôáé ç áíôéïîåéäùôé-
êÞ, êáñäéáããåéáêÞ, ìåôáâïëéêÞ, êáé áðïôïîéíùôéêÞ ôçò 
äñÜóç8. Ç ôáõñßíç ÷ñçóéìåýåé ãéá ôçí ðÝøç ôùí ëéðþí, 
ôçí áðïññüöçóç ôùí ëéðïäéáëõôþí âéôáìéíþí êáé ãéá ôïí 
Ýëåã÷ï ôùí åðéðÝäùí ÷ïëçóôåñüëçò óôï áßìá. ÓõììåôÝ÷åé 
óôçí äéáôÞñçóç ôçò áêåñáéüôçôáò ôçò êõôôáñéêÞò ìåì-
âñÜíçò, óôçí ðñïöýëáîç ôùí óðåñìáôïæùáñßùí êáé óôçí 
ñýèìéóç ôçò ïóìùôéêÞò ðßåóçò9. Ðáßæåé åðßóçò ïõóéþäç 
ñüëï óôçí ëåéôïõñãßá ôùí íåõñþíùí, óôçí áíáðáñáãùãÞ 
ôùí êõôôÜñùí êáé óôçí ðñïþèçóç ôçò ãëõêüëõóçò10.

Ç ôáõñßíç âñßóêåôáé óå áöèïíßá óôï æùéêü âáóßëåéï10, 
åíþ áðïõóéÜæåé ðëÞñùò áðü ôï öõôéêü âáóßëåéï. Âñßóêå-
ôáé óå õøçëÝò óõãêåíôñþóåéò óôïõò óêåëåôéêïýò ìõò, 
óôçí êáñäéÜ, óôïõò íåõñþíåò, óôá öáãïêýôôáñá, óôïí 
åãêÝöáëï, óôï åíôåñéêü óýóôçìá êáé óå ðïëëïýò Üëëïõò 
éóôïýò. Ïé åíÞëéêåò, áëëÜ ü÷é ôá ðáéäéÜ, Ý÷ïõí ôçí éêáíü-
ôçôá íá óõíèÝôïõí ôáõñßíç óå ìéêñÝò ðïóüôçôåò, ãé áõôü 
èåùñåßôáé üôé ç ôáõñßíç ðñÝðåé íá ëáìâÜíåôáé ìÝóù ôçò 
äéáôñïöÞò. 

ÂéïëïãéêÞ ÄñÜóç

Ç ôáõñßíç äñá óå ðÜñá ðïëëÜ âéïëïãéêÜ óõóôÞìáôá11.

• Êáñäéáããåéáêü óýóôçìá
Óôçí êáñäéÜ áðáíôÜôáé ðåñéóóüôåñï áðü ôï ìéóü 

ôïõ óõíïëéêïý áðïèÝìáôïò ôáõñßíçò óôïí ïñãáíéóìü. Ç 
ôáõñßíç åðçñåÜæåé èåôéêÜ ôçí éêáíüôçôá óýóðáóçò ôïõ 
êáñäéáêïý ìõüò (éíïôñïðéêÞ äñÜóç)13,14 êáé ìåéþíåé ôçí 
ðßåóç ôïõ áßìáôïò15,16.  Ç ðñïóôáóßá ðïõ ðáñÝ÷åé óôïí 
êáñäéáêü éóôü, ðïëý ðéèáíüí íá ïöåßëåôáé óôçí éêáíü-
ôçôÜ ôçò íá ñõèìßæåé ôá åíäïêõôôáñéêÜ åðßðåäá ôùí éü-
íôùí Ca2+, ìåôáâÜëëïíôáò ôçí éïíôéêÞ åíåñãüôçôá ôùí 
êáíáëéþí ìåôáêßíçóÞò ôïõò äéáìÝóïõ ôçò êõôôáñéêÞò 
ìåìâñÜíçò17,18. Ç åíäïêõôôÜñéá óõóóþñåõóç ìåãÜëçò ðï-
óüôçôáò éüíôùí áóâåóôßïõ ïäçãåß óå êõôôáñéêü èÜíáôï. 
Ç ðáñïõóßá ôçò ôáõñßíçò áðïôñÝðåé ôï öáéíüìåíï áõôü 
êáé êáôÜ óõíÝðåéá ôçí ìõïêáñäéáêÞ âëÜâç19. Ç ôáõñßíç, 
ëüãù ôïõ åõêßíçôïõ õäñïãüíïõ ðïõ ðåñéÝ÷åé ðáñåìâáßíåé 
ðñïóôáôåõôéêÜ óôïí êáñäéáêü éóôü êáé ìÝóù ôùí áíôéï-
îåéäùôéêþí ôçò éäéïôÞôùí20. Äåóìåýåé ôéò åëåýèåñåò ñßæåò 

ðïõ ðáñÜãïíôáé áðü ôçí áíáðíåõóôéêÞ äñáóôçñéüôçôá 
ôùí ïõäåôåñüöéëùí, êáôÜ ôçí öëåãìïíþäç áíôßäñáóç 
óôçí áðïêáôÜóôáóç ôçò áéìÜôùóçò ôïõ éóôïý, ìåôÜ áðü 
éó÷áéìéêü åðåéóüäéï, ðñïëáìâÜíïíôáò ìå ôçí äñÜóç ôçò 
áõôÞ, ôçí ðñüêëçóç âëÜâçò. 

• ¹ðáñ
Ôï Þðáñ áðïôåëåß äåîáìåíÞ ÷ïëéêþí ïîÝùí, ôá ïðïßá 

Ý÷ïõí áðïññõðáíôéêÞ äñÜóç óôçí ãáëáêôùìáôïðïßçóç 
êáé áðïññüöçóç ôùí ëéðéäßùí êáé ôùí ëéðïäéáëõôþí âé-
ôáìéíþí. Ôçí äñÜóç áõôÞ ôçí áóêïýí ìÝóù ôùí ÷ïëéêþí 
áëÜôùí, ôá ïðïßá åîáéôßáò ôùí ëéðüöéëùí êáé õäñüöéëùí 
ôìçìÜôùí ôïõ ìïñßïõ ôïõò, åëáôôþíïõí ôçí åðéöáíåéáêÞ 
ôÜóç, ó÷çìáôßæïíôáò ìéêêýëéá. Áðü ôïí çðáôéêü ìåôáâï-
ëéóìü ôçò ÷ïëçóôåñüëçò ðáñÜãïíôáé ÷ïëéêÜ ïîÝá2. Ç äé-
Üëõóç ôùí ïîÝùí áõôþí, ãßíåôáé ìå ôçí óõíáñìïãÞ ôïõò 
ìå ôçí ãëõêßíç êáé ôçí ôáõñßíç, ìÝóù ðåðôéäéêïý äåóìïý, 
ïðüôå ðñïêýðôïõí ÷ïëéêÜ Üëáôá, ðïõ åßíáé ðëÞñùò éïíé-
óìÝíá óå öõóéïëïãéêü pH êáé åðïìÝíùò ðëÞñùò äéáëõôÜ, 
óå áíôßèåóç ìå ôá áíôßóôïé÷á åëåýèåñá ÷ïëéêÜ ïîÝá. Ôá 
÷ïëéêÜ Üëáôá ôçò ôáõñßíçò åßíáé ðéï õäáôïäéáëõôÜ áð’ 
áõôÜ ôçò ãëõêßíçò êáé ðáñáìÝíïõí éïíéóìÝíá áêüìá êáé 
óå ðéï üîéíåò óõíèÞêåò21. Ï éïíéóìüò åßíáé áðáñáßôçôïò 
ãéáôß åìðïäßæåé ôçí êáôáâýèéóç ôùí ÷ïëéêþí ïîÝùí. Ç óõ-
íáñìïãÞ ôçò ôáõñßíçò óôá ÷ïëéêÜ Üëáôá Ý÷åé óçìáíôéêÞ 
åðßäñáóç óôçí äéáëõôüôçôá ôçò ÷ïëçóôåñüëçò, áõîÜíï-
íôáò ôçí áðïâïëÞ ôçò áðü ôïí ïñãáíéóìü êáé ìåéþíïíôáò 
ôá åðßðåäÜ ôçò óôïí ïñü ôïõ áßìáôïò22.

• Ïöèáëìïß 
Ï áìöéâëçóôñïåéäÞò ÷éôþíáò åßíáé ï éóôüò ìå ôçí 

õøçëüôåñç óõãêÝíôñùóç ôáõñßíçò. ¸ñåõíåò (óå ãÜ-
ôåò) Ýäåéîáí üôé ç Ýëëåéøç ôáõñßíçò åðéöÝñåé áëëá-
ãÝò óôïõò öùôïäÝêôåò Ýùò êáé ìüíéìï åêöõëéóìü ôïõ 
áìöéâëçóôñïåéäïýò23. Ðéóôåýåôáé üôé ç ôáõñßíç ðñïóôá-
ôåýåé êáé äéáôçñåß ôçí äïìÞ êáé ôçí ëåéôïõñãßá ôùí êõôôÜ-
ñùí áõôþí, ñõèìßæïíôáò ôçí ïóìùôéêÞ ðßåóç, ðáñåìðïäß-
æïíôáò ôçí öùóöïñõëßùóç ôùí ìåìâñáíéêþí ðñùôåúíþí 
êáé áðïôñÝðïíôáò ïîåéäùôéêÝò äñÜóåéò24. 

• Êåíôñéêü íåõñéêü óýóôçìá
Ç ôáõñßíç åßíáé ôï ìïíáäéêü áìéíïîý ôïõ åãêåöÜëïõ, 

ôïõ ïðïßïõ ç óõãêÝíôñùóç ìåéþíåôáé êáôÜ ôçí áíÜðôõîç, 
ãåãïíüò ðïõ õðïäçëþíåé üôé ç ôáõñßíç ðéèáíüí íá óõí-
äÝåôáé ìå ôçí áíÜðôõîç ôïõ åãêåöÜëïõ. ×áñáêôçñéóôéêü 
åðßóçò åßíáé ôï üôé óå áíôßèåóç ìå ôçí ðïóüôçôá ôáõñßíçò 
ôùí Üëëùí ïñãÜíùí, ôá åðßðåäá ôçò óôïí åãêÝöáëï äéáôç-
ñïýíôáé óå ðåñéðôþóåéò áíåðÜñêåéáò25. ÐéèáíÝò äñÜóåéò 
ôçò ôáõñßíçò óôïí åãêÝöáëï åßíáé ç ñýèìéóç ôçò äéåãåñôé-
êüôçôáò ôùí íåõñþíùí, ç äéáôÞñçóç ôçò ëåéôïõñãßáò ôçò 
ðáñåãêåöáëßäáò êáé ç ñýèìéóç ôçò Ýêêñéóçò ïñìïíþí. 
Äñá åðßóçò óáí áíáóôáëôéêüò íåõñïäéáâéâáóôÞò êáé óáí 
áíôéóõóôáëôéêü ìÝóï26. Ç ôáõñßíç ìåéþíåé ôçí äéÝãåñóç 
ôùí íåõñþíùí, ðïëþíïíôáò ôéò ìåìâñÜíåò, ïðüôå áõîÜ-
íïõí ôçí äéáðåñáôüôçôá ôùí éüíôùí ÷ëùñßïõ. Ôçí äñÜóç 
áõôÞ, íá óôáèåñïðïéåß ôéò ìåìâñÜíåò êáôÜ ôçí äéÝãåñóç, 
ç ôáõñßíç ôçí áóêåß óå üëïõò ôïõò éóôïýò ðïõ äÝ÷ïíôáé 
åñåèßóìáôá27.
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• Áíáðáñáãùãéêü óýóôçìá
Ç ôáõñßíç äéáôçñåß ôçí êéíçôéêüôçôá ôùí óðåñìáôï-

æùáñßùí êáé åíéó÷ýåé ôçí éêáíüôçôÜ ôïõò ãéá ãïíéìïðïßç-
óç, âåëôéþíïíôáò Ýôóé ôçí ãïíéìüôçôá9.

• Ìõéêü óýóôçìá
Ç ôáõñßíç ðáßæåé óôáèåñïðïéçôéêü ñüëï ãéá ôéò ìåì-

âñÜíåò ôùí ìõþí. ÁõîÜíåé êáé áíáðáñÜãåé ôçí ôïíéêü-
ôçôá ôùí ìõþí. ÊáôÜ ôçí äéÜñêåéá ìõúêÞò ðñïóðÜèåéáò, 
ìðïñåß íá ðáñáôçñçèåß ÝëëåéøÞ ôçò, ãé áõôü ç ôáõñßíç 
ìðïñåß íá ÷áñáêôçñéóôåß ùò ïõóßá ôçò äýíáìçò

• ÕðïãëõêáéìéêÞ äñÜóç
ÓçìáíôéêÞ åßíáé ç äñÜóç ôçò ôáõñßíçò ùò õðïãëõêáé-

ìéêüò ðáñÜãïíôáò. Åðéôõã÷Üíåé ìåßùóç ôùí åðéðÝäùí 
ãëõêüæçò óôï áßìá, éó÷õñïðïéþíôáò ôçí äñÜóç ôçò éíóïõ-
ëßíçò ìåéþíïíôáò ôçí ÝêêñéóÞ ôçò êáé êáô’ åðÝêôáóç ôçí 
óõãêÝíôñùóÞ ôçò óôï áßìá. Áõôü ðéèáíüí íá ïöåßëåôáé 
óôçí áëëçëåðßäñáóç ôçò ôáõñßíçò ìå ôïõò õðïäï÷åßò ôçò 
éíóïõëßíçò28. Ìéá Üëëç åðßóçò ðïëý óçìáíôéêÞ äñÜóç, 
åßíáé ç áðïôïîéíùôéêÞ ôçò äñÜóç, ðïõ ðçãÜæåé áðü ôçí 
éêáíüôçôÜ ôçò íá åîïõäåôåñþíåé ôïîéêÝò êáé ìåôáëëá-
îéïãüíåò ïõóßåò, ðïõ ðáñÜãïíôáé óôï áíèñþðéíï óþìá 
Þ ðïõ åéóÝñ÷ïíôáé óôïí ïñãáíéóìü áðü ôï åîùôåñéêü 
ðåñéâÜëëïí24. Äåí åßíáé ôõ÷áßï ôï ãåãïíüò üôé ç óõãêÝ-
íôñùóÞ ôçò åßíáé ìåãÜëç óôïõò éóôïýò, óôïõò ïðïßïõò ðá-
ñÜãïíôáé õøçëÜ åðßðåäá ïîåéäùôéêþí ïõóéþí. Ôï õðï-
÷ëùñéêü ïîý (HClO), ðïõ ðñïÝñ÷åôáé áðü ôçí äñÜóç ôùí 
ïõäåôåñüöéëùí, åßíáé Ýíá ðïëý éó÷õñü ïîåéäùôéêü, ôï 
ïðïßï áíôéäñÜ ìå ìéá óåéñÜ âéï÷çìéêþí åíþóåùí, óõìðå-
ñéëáìâáíïìÝíùí ôùí áìéíïîÝùí, ó÷çìáôßæïíôáò åîáéñå-
ôéêÜ ôïîéêÝò áëäåàäåò, ðïõ ðñïîåíïýí âëÜâç óôï DNA. 
Ç ìïíáäéêÞ äïìÞ ôçò ôáõñßíçò, ìå ôçí óïõëöïíéêÞ ïìÜäá 
óôç èÝóç ôçò êáñâïîõëéêÞò, ôçò åðéôñÝðåé, áíôéäñþíôáò 
ìå ôï õðï÷ëùñéêü ïîý, íá ó÷çìáôßæåé áíôß ôçò ôïîéêÞò áë-
äåàäçò ìéá ó÷åôéêÜ óôáèåñÞ ÷ëùñáìßíç29, ëåéôïõñãþíôáò 
êõôôáñïðñïóôáôåõôéêÜ. ÕðÜñ÷ïõí áíáöïñÝò êáé ãéá ôçí 
ðñïóôáôåõôéêÞ äñÜóç ôçò ôáõñßíçò êáôÜ ôçò ôïîéêüôçôáò 
ôïõ ôåôñá÷ëùñÜíèñáêá (CCl

4
) ðïõ åíÝ÷åé êéíäýíïõò ãéá 

ôá çðáôïêýôôáñá30, üðùò åðßóçò õðÜñ÷ïõí áíáöïñÝò 
ãéá ôçí ðñïóôáóßá ðïõ ðáñÝ÷åé áðü âëÜâåò, ðïõ ìðïñåß 
íá ðñïêëçèïýí áðü âáêôçñéáêÝò åíäïôïîßíåò åíôåñéêÞò 
ðñïÝëåõóçò31. Ç ÷ïñÞãçóÞ ôçò ãéá áðïôïîéíùôéêïýò óêï-
ðïýò ðñïÝñ÷åôáé áðü ôçí éêáíüôçôÜ ôçò íá âéïìåôáôñÝðåé 
êáé íá åîïõäåôåñþíåé ôïîéêÝò êáé åðéâëáâåßò ïõóßåò.

• Ôáõñßíç óôï  êõôôáñéêü åðßðåäï
Ï ñüëïò ôçò ôáõñßíçò óôçí áíÜðôõîç êáé ôçí åðéâßù-

óç ôùí êõôôÜñùí åßíáé õøßóôçò óçìáóßáò. Ç ðáñïõóßá ôçò 
öáßíåôáé íá åßíáé êáèïñéóôéêÞ óôçí áíáðáñáãùãÞ êáé ôçí 
âéùóéìüôçôá ôùí êõôôÜñùí. Óýìöùíá ìå ìéá õðüèåóç12, 
äýï åßíáé ôá ðåäßá äñÜóçò ôçò. Ôï ðñþôï åßíáé ç êõôôáñéêÞ 
ìåìâñÜíç. Ç ïìïéüôçôá ôçò äé-éïíéêÞò (switterionic) äïìÞò 
ôçò ìå ôçí äïìÞ ôùí ïõäÝôåñùí öùóöïëéðéäßùí ôçò êõô-
ôáñéêÞò ìåìâñÜíçò, öùóöáôéäõëï÷ïëßíçò êáé öùóöáôéäõ-
ëïáéèáíïëáìßíçò, åðéöÝñåé áëëáãÞ óå êÜðïéåò ìåìâñáíé-
êÝò ëåéôïõñãßåò, åéäéêÜ ó’ áõôÝò óôéò ïðïßåò åìðëÝêåôáé ôï 
áóâÝóôéï. Ïé êýñéåò èÝóåéò óýíäåóçò ôùí êáôéüíôùí áóâå-

óôßïõ (Ca2+) óôéò êõôôáñéêÝò ìåìâñÜíåò, åßíáé ïé üîéíåò 
ïìÜäåò ôùí öùóöïëéðéäßùí, ìå ôéò ïðïßåò ç ôáõñßíç ìðïñåß 
íá áëëçëåðéäñÜ, ó÷çìáôßæïíôáò æåýãç éüíôùí, ìå óõíÝðåéá 
ôçí ìåôáâïëÞ ôçò äéáìüñöùóçò ôùí ìåìâñáíþí, áëëÜ êáé 
ôçò ÷çìéêÞò óõããÝíåéáò êáé ôïõ áñéèìïý ôùí èÝóåùí óõ-
íáñìïãÞò ôùí êáôéüíôùí32. Ç åðßäñáóç ôçò ôáõñßíçò óôéò 
êõôôáñéêÝò ìåìâñÜíåò åðçñåÜæåé êáé Üëëá ëéðéäï-åîáñ-
ôþìåíá öáéíüìåíá, üðùò åßíáé ç ëåéôïõñãßá ôùí êáíáëéþí 
ìåôáöïñÜò éüíôùí, ç óýíäåóç äéáöüñùí åíæýìùí óôéò ìåì-
âñÜíåò êáé ç öùóöïñõëßùóç ôùí ðñùôåúíþí. 

Åðßóçò, ç áëëçëåðßäñáóç ôçò ôáõñßíçò ìå ôçí ìåì-
âñÜíç ôïõ êõôôÜñïõ åíäå÷ïìÝíùò íá ïöåßëåôáé êáé óôçí 
äõíáôüôçôÜ ôçò íá ó÷çìáôßæåé äåóìïýò õäñïãüíïõ. ¼ðùò 
öáßíåôáé óôï Ó÷Þìá 3Á ïé äåóìïß õäñïãüíïõ ó÷çìáôßæï-
íôáé ìåôáîý åíüò áôüìïõ õäñïãüíïõ ôçò áìéíïìÜäáò êáé 
åíüò áôüìïõ ïîõãüíïõ ôçò óïõëöïíéêÞò ïìÜäáò åíüò ìï-
ñßïõ ôáõñßíçò êáé ôùí áôüìùí ïîõãüíïõ êáé õäñïãüíïõ 
ôùí áíôßóôïé÷ùí ïìÜäùí åíüò Üëëïõ ìïñßïõ ôáõñßíçò. Ç 
óýíäåóç áõôÞ ó÷çìáôßæåé äáêôýëéï. Åßíáé üìùò äõíáôüí 
íá áíáðôõ÷èïýí äåóìïß õäñïãüíïõ áíÜìåóá óå äõï ãåé-
ôïíéêÜ ìüñéá ôáõñßíçò óå ãñáììéêÞ äéÜôáîç, üðùò öáßíå-
ôáé óôï Ó÷Þìá 3Â.

Ó÷Þìá 3. Ó÷çìáôéêÞ ðáñÜóôáóç ôùí äåóìþí õäñïãü-
íïõ ìåôáîý ôùí ìïñßùí ôçò ôáõñßíçò. Á: êõêëéêÞ äéÜôáîç, 
Â: åõèýãñáììç äéÜôáîç

Ôï äåýôåñï ðåäßï äñÜóçò ôçò ôáõñßíçò åßíáé ôï êõôôá-
ñüðëáóìá. Ç ôáõñßíç èåùñåßôáé Ýíáò ðïëý êáëüò ñõèìé-
óôÞò ôçò ïóìùôéêÞò ðßåóçò ôïõ êõôôÜñïõ. Ðñïóáñìüæåôáé 
ðïëý ãñÞãïñá óôéò ïóìùôéêÝò ìåôáâïëÝò åðéôñÝðïíôáò ôçí 
åðéâßùóç ôïõ êõôôÜñïõ óå ïðïéïäÞðïôå åîùêõôôáñéêü ðå-
ñéâÜëëïí. Ç éêáíüôçôÜ ôçò áõôÞ ðñïÝñ÷åôáé áðü ôçí ÷çìé-
êÞ êáé ìåôáâïëéêÞ ôçò áäñÜíåéá, áëëÜ êáé áðü ôçí ìéêñÞ 
ëéðïäéáëõôüôçôÜ ôçò, ðïõ äåí ôçò åðéôñÝðåé íá âãáßíåé Ýîù 
áðü ôï êýôôáñï, Ýôóé þóôå íá äéáôçñåßôáé ï êõôôáñéêüò 
üãêïò êáé ôá õøçëÜ åíäïêõôôÜñéá åðßðåäÜ ôçò2,32. 
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ÖáñìáêåõôéêÝò åöáñìïãÝò 

Ç ôáõñßíç âñßóêåé ðïëõÜñéèìåò öáñìáêåõôéêÝò åöáñ-
ìïãÝò, ëüãù ôùí åõåñãåôéêþí ôçò áðïôåëåóìÜôùí óå ðïë-
ëÜ óõóôÞìáôá ôïõ ïñãáíéóìïý. Ìðïñåß íá ÷ñçóéìïðïéçèåß 
ãéá ôçí áíáêïýöéóç ôùí óõìðôùìÜôùí ôïõ åìöñÜãìáôïò 
ôïõ ìõïêáñäßïõ, ÷ùñßò ðáñåíÝñãåéåò33 êáé ùò ìÝóï êáôÜ 
ôùí áññõèìéþí. ¸ñåõíåò Ýäåéîáí üôé óôçí õðåñ÷ïëçóôå-
ñéíáéìßá ç ôáõñßíç áõîÜíåé ôçí äéáëõôüôçôá ôçò ÷ïëçóôå-
ñüëçò êáé åðïìÝíùò ôçí áðÝêêñéóÞ ôçò áðü ôïí ïñãáíé-
óìü, ìåéþíïíôáò ôá åðßðåäÜ ôçò óôïí ïñü ôïõ áßìáôïò22. 
Ìðïñåß íá ÷ïñçãçèåß ôáõñßíç óôçí êõóôéêÞ ßíùóç, óôçí 
ïðïßá ïé áóèåíåßò õðïöÝñïõí áðü êáêÞ áðïññüöçóç ôùí 
ôñïöþí, åðåéäÞ  áðïäåß÷ôçêå üôé ðåñéïñßæåé ôá óõìðôþ-
ìáôá ôçò íüóïõ áõôÞò34. Ç èåôéêÞ ôçò åðßäñáóç Ý÷åé áðï-
äåé÷ôåß êáé ãéá ôçí ïîåßá çðáôßôéäá35 êáé ôïí óáê÷áñþäç 
äéáâÞôç. Ç ôáõñßíç äåí ÷ñçóéìïðïéåßôáé óôçí êëéíéêÞ 
ðñÜîç ãéá ôçí íüóï Alzheimer, ðáñÜ ôï ãåãïíüò üôé ôá 
åðßðåäÜ ôçò âñÝèçêáí ÷áìçëÜ óôï åãêåöáëïíùôéáßï õãñü 
áóèåíþí óå ðñï÷ùñçìÝíá óôÜäéá ôçò íüóïõ êáé ðáñüôé 
ôá ðïëý ÷áìçëÜ åðßðåäá ôïõ íåõñïäéáâéâáóôÞ áêåôõëï-
÷ïëßíç, ðïõ åßíáé ôï ÷áñáêôçñéóôéêü ôçò íüóïõ, áõîÞèç-
êáí ìåôÜ áðü ÷ïñÞãçóç ôáõñßíçò óå ðåéñáìáôüæùá36. Ç 
÷ñÞóç ôçò óå ïöèáëìïëïãéêÝò ðáèÞóåéò åíéó÷ýåôáé áðü 
ôï ãåãïíüò üôé ç ôáõñßíç åßíáé ôñïöéêüò ðáñÜãïíôáò ôïõ 
áìöéâëçóôñïåéäÞ37 êáé ôïí ðñïóôáôåýåé áðü åêöõëéóìü. 
Ôá ïöÝëç áðü ôçí ÷ñÞóç ôçò óå ìõúêÝò ðáèÞóåéò (ìõïôï-
íéêÞ äõóôñïößá) Ý÷ïõí áðïäåé÷ôåß óå ìåëÝôåò38. Áðïôåëåß 
ôñïöéêü ðáñÜãïíôá óôçí áíÜðôõîç ôïõ êåíôñéêïý íåõñé-
êïý óõóôÞìáôïò, áëëÜ êáé óôïõò åíÞëéêåò åßíáé ãíùóôÞ ç 
÷ñÞóç ôçò óáí áíôéóõóôáëôéêü êáé óôáèåñïðïéçôéêü ìÝóï 
êáôÜ ôçí äéÝãåñóç ôùí êõôôÜñùí êáé ôç íåõñïäéáâßâáóç 
ôùí åñåèéóìÜôùí39. Ç ÷ñÞóç ôçò óáí áíôéåðéëçðôéêü äåí 
åßíáé åðéâåâáéùìÝíç ãéá ôçí áðïôåëåóìáôéêüôçôÜ ôçò. Ç 
áíôéåðéëçðôéêÞ ôçò äñÜóç öÜíçêå óå êÜðïéá ðåéñáìáôéêÜ 
ìïíôÝëá, áëëÜ ï ñüëïò ôçò óôçí óõíáðôéêÞ äéáâßâáóç ðá-
ñáìÝíåé áâÝâáéïò. Ðñïöáíþò ï ëéðüöïâïò ÷áñáêôÞñáò 
ôçò êáé ç ìéêñïý âáèìïý äéåßóäõóç ìÝóù ôïõ áéìáôïåãêå-
öáëéêïý öñáãìïý (blood-brain barrier), áðïôåëïýí ðåñé-
ïñéóôéêïýò ðáñÜãïíôåò ãéá ôçí áíôéåðéëçðôéêÞ äñÜóç ôçò 
ôáõñßíçò. ×ñçóéìïðïéåßôáé åðßóçò êáé ãéá ôçí áíôéìåôþ-
ðéóç ôïõ áëêïïëéóìïý. Ç ÷ïñÞãçóÞ ôçò óå áóèåíåßò ðïõ 
õðïâÜëëïíôáé óå èåñáðåßá áðåîÜñôçóçò áðü ôï áëêïüë, 
öÜíçêå íá Ý÷åé ðëåïíåêôÞìáôá ó÷åôéêÜ ìå ôïí âáèìü êáé 
ôçí äéÜñêåéá áðï÷Þò áðü ôï áëêïüë. Ï ìç÷áíéóìüò äñÜ-
óçò ôçò äåí Ý÷åé áðïóáöçíéóôåß åíôåëþò, ðéóôåýåôáé üìùò 
üôé åðçñåÜæåé ôá íåõñïäéáâéâáóôéêÜ óõóôÞìáôá êáé ôçí 
ñïÞ ôùí éüíôùí áóâåóôßïõ, ìå ôñüðï äéáöïñåôéêü áð’ áõ-
ôüí ôçò áéèáíüëçò, ç ïðïßá ìåéþíåé ôçí éïíéêÞ ìåôáöïñÜ 
ìÝóù ôùí ìåìâñáíþí40. 

Ïé áíåðéèýìçôåò åíÝñãåéåò  áðü ôçí ÷ñÞóç ôçò ôáõñßíçò 
Þ áðü õðåñäïóïëïãßá äåí åßíáé óõíÞèåéò, üìùò äåí åêëåß-
ðïõí åíôåëþò2. ¸÷ïõí áíáöåñèåß áíåðéèýìçôåò åíÝñãåé-
åò  êáôÜ ôçí áíôéìåôþðéóç äåñìáôïëïãéêþí ðáèÞóåùí 
(øùñßáóç), åðéëçðôéêÝò êáôáóôÜóåéò êáé åíäïêñéíéêÝò 
äéáôáñá÷Ýò (åðéíåöñéäéêÞ áíåðÜñêåéá), üðïõ ìðïñåß íá 

ðáñáôçñçèåß õðïèåñìßá êáé êáñäéáêÞ áññõèìßá. Ìðïñåß 
áêüìá íá ðñïêáëÝóåé áðþëåéá ìíÞìçò êáé êáôáóôïëÞ ôïõ 
êåíôñéêïý íåõñéêïý óõóôÞìáôïò. Åßíáé åðßóçò äõíáôüí íá 
åðçñåÜóåé ôçí ëåéôïõñãßá ôùí íåöñþí êáé ôïõ Þðáôïò.  

Ç ÷ñÞóç ôçò ôáõñßíçò ãéá èåñáðåõôéêïýò óêïðïýò 
÷ñÞæåé ðåñáéôÝñù äéåñåýíçóçò2, ðñéí ãßíåé îåêÜèáñïò 
ï ñüëïò ôçò óå êÜðïéåò ðáèÞóåéò, éäéáßôåñá óôçí åðé-
ëçøßá êáé ôïí áëêïïëéóìü. Åðßóçò ðñÝðåé íá ìåëåôçèåß 
ðåñéóóüôåñï ç áëëçëåðßäñáóÞ ôçò ìå Üëëá äéáôñïöéêÜ 
óôïé÷åßá, üðùò ïé âéôáìßíåò êáé ôá ìÝôáëëá êáé íá äïèåß 
éäéáßôåñç ðñïóï÷Þ óôç óçìáóßá ðïõ ìðïñåß íá Ý÷åé ç 
÷áìçëÞ óõãêÝíôñùóÞ ôçò óôï áßìá áóèåíþí ìå êáñêßíï. 
ÐáñÜ ôá åñùôçìáôéêÜ ðïõ ðñÝðåé íá áêüìá íá áðáíôç-
èïýí, ç ÷ñçóéìüôçôÜ ôçò óôçí äéáôñïöÞ êáé óôçí ðñïëç-
ðôéêÞ éáôñéêÞ åßíáé óáöþò êáôáäåäåéãìÝíç êáé äéêáßùò 
÷áñáêôçñßóôçêå ùò “êáôÜ óõíèÞêç” áðáñáßôçôï áìéíïîý 
(“conventional” essential amino acid)

Ç ôáõñßíç, åêôüò ôùí èåñáðåõôéêþí ôçò äñÜóåùí 
êáé éäéïôÞôùí, åßíáé êáé Ýíáò äõíçôéêüò õðïêáôáóôÜôçò 
(ligand) óå åíþóåéò óõíáñìïãÞò ìå ìåôáëëéêÜ éüíôá, ëüãù 
ôçò äïìÞò ôçò. Ç óïõëöïíéêÞ ïìÜäá êáé ç áìéíïìÜäá ðïõ 
äéáèÝôåé ôï ìüñéï åßíáé äõíáôüí íá óõíäåèïýí ìå ìåôáë-
ëéêÜ éüíôá, ìÝóù ôùí áôüìùí Ï êáé Í áíôßóôïé÷á. Ðïëëïß 
åñåõíçôÝò èÝëçóáí íá åêìåôáëëåõôïýí ôçí óõíáñìïóôéêÞ 
éêáíüôçôá ôçò ôáõñßíçò ìå ìÝôáëëá, åîáéôßáò ôùí ðïëý 
óçìáíôéêþí öõóéïëïãéêþí ëåéôïõñãéþí êáé âéïëïãéêþí 
ñüëùí ðïõ åðéôåëåß. Óôï ðëáßóéï ôïõ ïëïÝíá áõîáíüìå-
íïõ åíäéáöÝñïíôïò ãéá ôçí ôáõñßíç, Üñ÷éóáí íá ãßíïíôáé 
ðñïóðÜèåéåò ãéá ôçí óýíèåóç óõìðëüêùí ìå ìÝôáëëá, ìå 
óôü÷ï, ôïõëÜ÷éóôïí ôá ôåëåõôáßá ÷ñüíéá, íá åíéó÷õèïýí 
ïé éäéüôçôÝò ôçò, óõíäõáæüìåíåò ì’ áõôÝò ôùí ìåôÜëëùí, 
þóôå íá áðïôåëåß Ýíá éó÷õñüôåñï äéáôñïöéêü êáé öáñìá-
êåõôéêü ìÝóï ãéá ôá âéïëïãéêÜ óõóôÞìáôá. 
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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, 

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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Ðåñßëçøç
Ç åðïõëùôéêÞ äñÜóç ôïõ õðåñéêïý ôïõ äéÜôñçôïõ 

(H.p) óôçí åðïýëùóç ôñáýìáôïò Þôáí Þäç ãíùóôÞ áðü 
ôçí åðï÷Þ ôïõ ÉððïêñÜôç.

Óêïðüò ôçò åñãáóßáò åßíáé äéåñåýíçóç ôçò ðïéüôçôáò 
åðïýëùóçò ôÝìíïíôïò ôñáýìáôïò ìÞêïõò 3 cm óôç ñÜ÷ç 
åðéìýùí Wistar (250 ±15 g) ìåôÜ áðü ôïðéêÞ ÷ïñÞãç-
óç åðß ðåíèÞìåñïí åëáéþäïõò åê÷õëßóìáôïò õðåñéêïý 
(Rotoel® {Jukunda}ìå10% Hypericum herba). ×ñçóéìï-
ðïéÞèçêáí äýï ïìÜäåò ðåéñáìáôïæþùí (n=10 åêÜóôç, Á 
ìÜñôõñåò, Â ðåéñáìáôéêÞ). Ôñåéò ôïìÝò (5ì) äåéãìÜôùí 
äÝñìáôïò åêôéìÞèçêáí ìå öùôïìéêñïóêüðéï (x20 óå ÷ñþ-
óç áéìáôïîõëßíçò- çùóßíçò).

 Ôá ðåéñáìáôüæùá õðü áãùãÞ ìå H.p. åß÷áí ôá÷ýôåñï 
ó÷çìáôéóìü êïêêéùìáôþäïõò éóôïý óå ó÷Ýóç ìå ôïõò ìÜñ-
ôõñåò. Ôá åñãáóôçñéáêÜ åõñÞìáôá õðïäåéêíýïõí áýîçóç 
ôùí ðáñáìÝôñùí öëåãìïíÞò (CRP, ïëéêÝò ðñùôåÀíåò, áë-
âïõìßíç) óôïõò ìÜñôõñåò óå ó÷Ýóç ìå ôçí ðåéñáìáôéêÞ ïìÜ-
äá. Åíäå÷üìåíá ôá åõñÞìáôá áõôÜ áðïäßäïíôáé óôá öëáâï-
íïåéäÞ êáé ôéò öëáâüíåò ðïõ ðåñéÝ÷ïíôáé óôï õðåñéêü.

ÅéóáãùãÞ
Ç èåñáðåõôéêÞ áíôéìåôþðéóç ôùí ôñáõìÜôùí, Þôáí ôï 

ðñþôï ìÝëçìá üëùí ëáþí . ¹äç áðü ôçí åðï÷Þ ôïõ ÏìÞ-
ñïõ ï Üíèñùðïò ðñïóðÜèçóå íá áíáêïõöéóôåß áðü ôïí 
ðüíï êáé íá åðéôá÷ýíåé ôçí åðïýëùóç ôùí ôñáõìÜôùí ôïõ 
, ìå öõôéêÜ ìÝóá. 

Ìå ôçí åîÝëéîç ôïõ ðïëéôéóìïý, ôï ôñáýìá Ý÷åé ðÜøåé , 
ôïõëÜ÷éóôïí óôéò âéïìç÷áíïðïéçìÝíåò êïéíùíßåò, íá áðï-
ôåëåß óõíÝðåéåò ðïëåìéêþí óõãêñïýóåùí áðü ðõñïâüëá 
üðëá, åêñÞîåéò êëð. 

Ùóôüóï, ç ëýóç ôçò óõíå÷åßáò ôïõ äÝñìáôïò áðü 
åãêáýìáôá Þ èëáóôéêÜ ôñáýìáôá äéáöüñïõ óïâáñüôçôáò 
êáé Ýêôáóçò, áíÜëïãá ìå ôéò óõíèÞêåò ðñüêëçóçò, õðü-
êåéôáé óå äéÜöïñá óôÜäéá åðïýëùóçò.

ÐëÞèïò ìåëåôþí Ý÷ïõí áöéåñùèåß óôçí åðïýëùóç – 
åðáíüñèùóç (remodeling) üóïí áöïñÜ ôçí ðïéüôçôá ôïõ 
êïêêéþäïõò óõíäåôéêïý éóôïý êáé ôçí ôá÷ýôçôá ôçò åðïõ-
ëùôéêÞò äéåñãáóßáò. Åêôüò ôùí óõíèåôéêþí ðñïúüíôùí, 
ðëçèþñá öõôéêþí ðáñáóêåõáóìÜôùí Ý÷åé ðñïôáèåß ãéá 
ôçí êáëýôåñç ðáñÝìâáóç óôçí åðïõëùôéêÞ äéåñãáóßá. 

¹äç ï ÉððïêñÜôçò óôï «ðåñß ãõíáéêåßùí» ÷ñçóéìï-
ðïéïýóå ðáñáóêåõÜóìáôá áðü õðåñéêü ôçò ïéêïãåíåßáò 
Õðåñéêïåéäþí ãéá ôçí åðïýëùóç ôñáõìÜôùí, ôçí åðéëü-
÷åéá áðïêáôÜóôáóç ôùí ãåííçôéêþí ïñãÜíùí êëð.(1)

Ï óêïðüò ôçò åñãáóßáò Þôáí íá ìåëåôçèåß ç ðïéüôç-
ôá ôçò åðïõëùôéêÞò äéåñãáóßáò óå ôïìÞ äÝñìáôïò 3cm 
ìÞêïõò êáé 0,5 cm âÜèïõò óôç ñÜ÷ç åðéìýùí ôïõ ãÝíïõò 
Wistar õðü ôçí åðßäñáóç åëáéþäïõò åê÷õëßóìáôïò õðåñé-
êïý ôïõ äéÜôñçôïõ (Hypericum perforatum L) ðåñéåêôé-
êüôçôáò 10% (Hypericum herba). 

Õëéêü -ÌÝèïäïò 
×ñçóéìïðïéÞèçêáí 2 ïìÜäåò áñóåíéêþí ëåõêþí åðé-

ìýùí áðü 10 æþá åêÜóôç (150g ±10) çëéêßáò 5 – 6 åâäï-
ìÜäùí, ïìÜò Á ìÜñôõñåò ïìÜò Â ðåéñáìáôéêÞ.

Ôá æþá êáé ôùí 2 ïìÜäùí, õðÝóôçóáí áðïøßëùóç ôùí 
ôñé÷þí ôçò ñÜ÷çò êáé óôç óõíÝ÷åéá äéåíåñãÞèç ðåéñáìá-
ôéêü ôñáýìá ôïõ äÝñìáôïò. Ôá æþá ôçò ïìÜäáò Â åðáëåß-
öïíôáé åðß ðåíèÞìåñï ìå ôï åëáéþäåò åê÷ýëéóìá ôïõ õðå-
ñéêïý ôïõ äéÜôñçôïõ (Rotoel® Jukunda), åíþ ôá æþá ôçò 
ïìÜäáò Á åðáëåßöïíôáé ìå åëáéüëáäï.

Ôçí 5ç çìÝñá ôá æþá èáíáôþèçêáí ìå áðïêåöáëéóìü 
êáé åëÞöèç áßìá ãéá âéï÷çìéêü Ýëåã÷ï. ÐáñÜëëçëá, áðïìï-
íþèçêå ôï ôìÞìá ôïõ äÝñìáôïò ðïõ åß÷å õðïóôåß ôïìÞ ôüóï 
óôïõò ìÜñôõñåò üóï êáé óôçí ðåéñáìáôéêÞ ïìÜäá, ôïðïèåôÞ-
èçêå óå äéÜëõìá öïñìáëäåàäçò 10% ãéá ðåñáéôÝñù ìéêñï-
éóôïëïãéêÞ Ýñåõíá. ÅëÞöèçóáí 3 äåßãìáôá ôïìþí áðü êÜèå 
ðáñáóêåýáóìá (20ì ðÜ÷ïõò). ×ñçóéìïðïéÞèçêå ÷ñþóç áé-
ìáôïîõëßíçò çùóßíçò (ÇÅ). Ç áîéïëüãçóç ôùí ðáñáóêåõá-
óìÜôùí Ýãéíå ìå ôç âïÞèåéá öùôïìéêñïóêïðßïõ (x20). 

ÁðïôåëÝóìáôá-ÓõæÞôçóç 
Ôá âéï÷çìéêÜ åõñÞìáôá Ýäåéîáí ðáñïõóßá öëåãìïíÞò 

êáé êáôáâïëéêÞò äéåñãáóßáò ìå áýîçóç ôçò CRP, åëÜôôùóç 
ôçò áëâïõìßíçò, óôáôéóôéêÜ óçìáíôéêÜ (p<0,05 ) êáé ðôùôé-
êÞ ôÜóç ôùí ïëéêþí ëåõêùìÜôùí (p<0,5) (ðßíáêáò 1). Ôá 
éóôïëïãéêÜ åõñÞìáôá áðü ôçí åîÝôáóç ôïõ äÝñìáôïò (ÇÅ) 
Ýäåéîáí üôé ôá æþá ôçò ðåéñáìáôéêÞò ïìÜäáò åß÷áí ôá÷ý 
ó÷çìáôéóìü êïêêéùìáôþäïõò éóôïý êáé åðéôÜ÷õíóç ôçò 
åðïõëùôéêÞò äéåñãáóßáò. Åðß ðëÝïí ôï åýñïò ôçò ôïìÞò ðá-
ñïõóßáóå óìßêñõíóç óå ó÷Ýóç ìå ôïõò ìÜñôõñåò. Ç åðïõ-
ëùôéêÞ äñÜóç ôïõ åê÷õëßóìáôïò Hypericum perforatum L 
öáßíåôáé íá ïöåßëåôáé êõñßùò óôçí äéÝãåñóç êáé åíåñãï-
ðïßçóç ôùí éíïâëáóôþí ðñïò ðáñáãùãÞ êïëëáãüíïõ ðïõ 
åíäå÷üìåíá ðáßæåé ñüëï óôçí åðïýëùóç ôïõ ôñáýìáôïò êáé 
óôç óõññßêíùóç ôïõ ïõëþäïõò éóôïý.(åéêüíá 1)

Óýìöùíá ìå ôïõò Süntar êáé óõí.2009 óôï õðåñéêü ôï 
äéÜôñçôï ðåñéÝ÷ïíôáé öëáâïíïåéäÞ (õðåñïóßäç, éóïêåñ-
êéôßíç, ñïõôßíç êáé åðéêáôåèßíç) êáèþò êáé íáöèïêéíüíåò 
ðïõ åõèýíïíôáé ãéá ôçí åðïõëùôéêÞ äéåñãáóßá.(2)

Åíäå÷üìåíá, ç ôá÷ýôåñç åðïýëùóç óôçí ðåéñáìáôé-
êÞ ïìÜäá íá áðïäßäåôáé óôá öëáâïíïåéäÞ êáé ôéò öëá-
âüíåò ðïõ ðåñéÝ÷ïíôáé óôï õðåñéêü, óõììåôÝ÷ïõí óôçí 
åðïõëùôéêÞ äéáäéêáóßá êáé ôåßíïõí íá åëáôôþóïõí ôïõò 
ðáñÜãïíôåò öëåãìïíÞò, ãåãïíüò ðïõ õðïäåéêíýåé ôï õðå-
ñéêü, áîéüðéóôï óôçí åðåìâáôéêÞ ÷åéñïõñãéêÞ. ´Áëëùóôå 
ðáñüìïéá áðïôåëÝóìá ðñïêýðôïõí êáé áðü ôç äñÜóç Üë-
ëùí õðïåéäþí ôïõ õðåñéêïý ôïõ patulum Thumb êáé ôïõ 
hookerianum Wight êáé Arnott ìå áíáãÝííçóç éóôïý óôï 
óçìåßï ôïõ ôñáýìáôïò, ôá÷ýôåñç óýãêëéóç åéêüíá üìïéá 
ìå åêåßíç ðïõ ðñïêýðôåé áðü ôçí ôïðéêÞ ÷ïñÞãçóç áëïé-
öÞò íéôñïöïõñáæüíçò (3,4,5) 

Åðßäñáóç ôïõ Yðåñéêïý ôïõ ÄéÜôñçôïõ (Hypericum perforatum L) 
óôçí Eðïýëùóç Tñáýìáôïò ÄÝñìáôïò Åðéìýùí.

ÓáðïõíÜêçò Êùíóôáíôßíïò, ×áôæçãéÜííç Åììõ, Êþôóéïõ Aíôùíßá, ÔåóóåñïììÜôç ×ñéóôßíá.
ÅñãáóôÞñéï Öáñìáêïëïãßáò ÉáôñéêÞ Ó÷ïëÞ ÅÊÐÁ

ÅÑÅÕÍÇÔÉÊÇ ÅÑÃÁÓÉÁ RESEARCH ARTICLE
ÖÁÑÌÁÊÅÕÔÉÊÇ 24, I-II, 40-41, 2012 PHARMAKEFTIKI 24, I-II, 40-41, 2012
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Åéêüíá 1: ÉóôïëïãéêÞ åéêüíá ôïìÞò äÝñìáôïò ÇÅ 
(H+EX20): ÌÜñôõñåò: 

ÉóôïëïãéêÞ åéêüíá ôïìÞò äÝñìáôïò ÇÅ 
 åðéäåñìßò, : ëýóç óõíå÷åßáò 

êïêêéþäïõò éóôïý, : åó÷Üñá, 
 åðéäåñìßò,  åðéäåñìßò,  åðéäåñìßò

: äåñìßò/õðïäüñéï 
ëßðïò ìå ðñüóöáôç ïõëÞ. ÌåôÜ ôç ÷ïñÞãçóç Hypericum : 
ÐëÞñçò åðïýëùóç : åðéäåñìßò, 

ÌåôÜ ôç ÷ïñÞãçóç 
 ïõëþäçò éóôüò, : 

ðáñáìÝíïõí åëÜ÷éóôá óôïé÷åßá öëåãìïíÞò

ÐÉÍÁÊÁÓ 1: ÂÉÏ×ÇÌÉÊÁ ÅÕÑÇÌÁÔÁ ÅÐÉÌÕÙÍ ÌÅ ÐÅÉÑÁÌÁÔÉÊÏ ÔÑÁÕÌÁ ÌÅ ÊÁÉ ×ÙÑÉÓ ×ÏÑÇÃÇÓÇ ÕÐÅÑÉÊÏÕ

ÏìÜäåò CRP mg/L ÏëéêÝò ÐñùôåÀíåò Áëâïõìßíç
ÌÜñôõñåò (Á) >35 6,9±0,1 4,1±0,01
ÐåéñáìáôéêÞ ÏìÜò (Â)- Hp 45±0,2* 7,2±0,05** 3,5±0,01*

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

Hypericum perforatum L Induced 
Acceleration on Wound Healing 
Process in Rats.
Sapounakis Constantin, Chatzigianni Emmy, 
Êïtsiou Ántonia, Tesseromatis Christine 
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 (5ì) 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 

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.








