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Abstract
Restriction of food intake and regular physical activity retard age-associated decline in func-

tional and cognitive capacities and prevent age-related diseases in rodents, non-human prima-
tes and humans. This review focuses on the possible biological mechanisms underlying the anti-
aging action of these interventions. The following mechanisms are considered: (1) attenuation of
oxidative stress; (2) up-regulation of antioxidant defenses; (3) modulation of glycemia and insu-
linemia; (4) enhancement and protection of brain function.
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Introduction
According to demographic surveys the

worldwide proportion of humans over 65
years of age will more than double, from
6.9 % in 2000 to 16.4 % in 2050 (1). Du-
ring this period, the population of octo- and
nonagenarians will grow from 1.9 to 4.2%,
and that of centenarians is predicted to be-
come 16 times larger in 2050 than in 1998
(2.2 million compared to 135 000) (1).  The
advanced age is known to be associated
with chronic health problems and various
kinds of disabilities (arthritis, rheumatism,
spine problems, cardiovascular disease,
cognitive impairment, neurodegenerative
disorders) (2)  Therefore, there is a gro-
wing public interest in the development of
strategies that would be efficient in delay-
ing aging, while preserving a good overall
physical and mental health. Among the
anti-aging interventions, tested in numero-
us studies with animals (mainly rodents or

non-human primates) and humans,  calo-
rie (dietary) restriction and regular physi-
cal activity appeared to be the most effi-
cient (3).

Dietary restriction attenuates oxidative
stress

One of the most important findings of
the free radical research was that decreasing
the daily dietary intake (without essential
nutrient, vitamin and mineral deficiency)
increases average life span (4). Dietary re-
striction (DR) has been recognized as the
most effective way of slowing the aging
process in laboratory animals (5).  Over the
years, several theories have been presen-
ted to explain the anti-aging effects of ca-
loric restriction. Postulated mechanisms
include depressed metabolic rate, reduced
oxidative stress, increased DNA repair ca-
pacity and altered expression of genes in-
volved in energy metabolism or encoding
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for mediators of stress responses (6). One
favored hypothesis suggests that DR acts
by decreasing oxidative stress (4). It has
been postulated that limited food intake,
or dietary restriction (DR), is associated
with proportionate decreases in oxygen
utilization (5, 7). Taking into account that
over 90% of oxygen is consumed by mito-
chondria, this means that food restriction
results in less superoxide anion formation
and less ATP production. Less superoxide
radicals decreases oxidative stress and thus
aging rate (thereby increasing life span),
whereas less ATP production (less energy
input) results in adaptation of metabolic
rate in the effort to sustain body mainte-
nance and function. Numerous studies on
animal models have evidenced that dieta-
ry manipulation can modify many aspects
of free radical metabolism such as free ra-
dical generation, lipid and protein peroxi-
dation, DNA damage and repair, and an-
tioxidant defenses, thereby reducing levels
of oxidative stress in various tissues  (8).
This  hypothesis is supported by results of
numerous studies which evidenced that, as
compared to ad-libitum (AL)-fed rodents,
the rate of oxidant generation in mitochon-
dria from DR animals was significantly
lower. Moreover, the age-related accumu-
lation of oxidatively damaged proteins, li-
pids and DNA was clearly less (9).

Dietary restriction appeared to be effec-
tive in stimulating enzymatic processes of
elimination of reactive aldehydic products,
such as 4-hydroxynonenal (HNE), gene-
rated from lipid peroxidation in mitochon-
dria (10). It was found that both main pa-
thways of the elimination of HNE in rat
liver mitochondria, i.e. via HNE oxidation
by aldehyde dehydrogenase and conjuga-
tion of HNE with glutathione by glutathio-
ne-S-transferase (GST), were well prese-
rved in DR animals throughout their life-
span. The findings of the same investiga-
tion also concludes that the activities of

both these enzymes were reduced with age
in ad-libitum (AL)- fed controls. Another
finding was that the fluidity of the mito-
chondrial membrane from DR  rats dete-
riorated less than in their AL-fed counter-
parts. The increase in membrane rigidity
is a phenomenon observed during sene-
scence. There is substantial evidence that
this was due to alterations of membrane
lipid structure owing to lipid peroxidation
(11). Results obtained in an earlier study
suggest that DR may lead to the modifica-
tion of fatty acid composition localized in
the phospholipid layer of the mitochondrial
and microsomal membranes by increasing
linoleic acid and decreasing docosapenta-
noic acid contents in both membranes (12).
Interestingly, the improvement in membra-
ne fluidity was also observed in animals
subjected to chronic exercise training. The
most effective anti-aging action was obse-
rved when caloric restriction was combi-
ned with exercise training (13). Moreover,
in the exercised and dietary-restricted ani-
mals the antioxidant defense was enhan-
ced, as it was reflected by the highest acti-
vities of catalase and glutathione peroxi-
dase, and higher levels of cytosolic ascor-
bate and glutathione (GSH).

It should be stressed that DR was fo-
und to maintain high levels of physical ac-
tivity over the life span. Such a conclusion
was drawn from the experiment with ro-
dents in which rats having free access to
running wheels and receiving daily 40%
less calories lived longer and were capa-
ble of sustaining high running activity even
after all AL-fed sedentary or exercised ani-
mals had succumbed  (14). These findings
have been supported by results obtained by
Radak et al.  (15) who reported that even
the late onset of DR can reverse age-rela-
ted alterations of protein metabolism. It
appeared that DR had beneficial effects on
the locomotive functions in rodents, main-
ly due to the increased proteasome activi-
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ty. This was  reflected by a marked reduc-
tion of the age-associated accumulation of
potentially detrimental oxidatively modi-
fied proteins in the tendon.

The theory suggesting enhancement of
protein turnover and renewal during aging
following lifelong or late onset of DR,
which may contribute to the extension of
life span in dietary restricted animals, was
also supported by Goto el al. (16) and Spin-
dler (17). In the latter investigation DR was
also found to enhance the enzymatic capa-
city for gluconeogenesis (17) initiated from
carbon required for glucose synthesis
which is provided from peripheral protein
turnover.

Limiting protein intake in rodents has
been shown to have the same effect as ca-
loric restriction, i.e. the extension of life
span. The accumulation of oxidatively
modified proteins, which is known to in-
crease during aging, was found to be sub-
stantially decreased in animals fed diets
restricted in either protein or calories (18).
This was reflected by significantly lower
level of protein carbonyls in animals fed a
low-protein diet as compared to rats con-
suming normal food containing 20% case-
in. Moreover, in rats exposed to g-irradia-
tion a greater increase in protein carbonyls
was observed in animals fed high-protein
as compared to low-protein diets.  Incre-
asing the dietary content of easily peroxi-
dized amino acids might also contribute to
free radical damage, thus leading to a dec-
line in life expectancy. In agreement, when
1% of either histidine or lysine is added to
a semisynthetic diet containing 20% of ca-
sein as the sole source of protein, average
life expectancy was decreased. Converse-
ly, replacing casein by a soybean protein
containing a lesser amount of easily oxidi-
zed amino acids increased  life expectancy
by about 13% (19).

Another important observation was that
calorie or protein restriction may reduce the

occurrence of cancer in rodent models (20,
21, 22),  which might reflect the fact of
fewer DNA mutations induced by oxidants
in DR animals. DR has also been shown to
strengthen DNA repair (23), although few
studies have focused specifically on repair
of oxidative lesions (24). Most interesting
are the results of a recent study which evi-
denced that calorie restriction, even if star-
ted late in life, suppressed tumorigenesis
in p53-deficient mice prone to spontane-
ous neoplasms (sarcoma and lymphoma)
(25).

Dietary restriction improves insulin sen-
sitivity

The widely documented physiological
effect of DR is an increase in insulin sensi-
tivity as reflected by reduced blood gluco-
se and insulin levels (26). It has recently
been postulated that increased insulin le-
vels (hyperinsulinemia), being secondary
to insulin resistance, could accelerate aging
through its effects on antioxidant enzymes
and free radical generation processes (27).
An underlying molecular mechanism  co-
uld be that significantly lower plasma le-
vels of insulin and triiodothyronine follo-
wing calorie-restricted feeding  alter (at the
level of transcriptional control exerted by
these hormones) activity of desaturase en-
zymes that are important in the control of
membrane lipid unsaturation. Lower do-
uble bond content would result in higher
resistance of mitochondrial membranes to
peroxidative damage (5).

One of the consequences of DR is a re-
duction in body fat stores. The fat cells play
an important role in metabolic regulation
of glucose metabolism, as they release free
fatty acids (FFAs) that reduce both gluco-
se uptake in muscle and insulin secretion
from the pancreas (28).  They are also in-
volved in production of �adipokines� (lep-
tin, adiponectin and tumor necrosis factor
TNFa) implicated in the regulation of ener-
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gy expenditure, food intake and insulin sen-
sitivity (28). Numerous studies have eviden-
ced  that body weight loss may increase in-
sulin sensitivity and glucose disposal (29).
A long-term maintenance of stable normal
adult body weight prevented the develop-
ment of impaired glucose tolerance, hyper-
glycemia and type-2 diabetes mellitus
(NIDDM) in older-aged rhezus monkeys
(30). These results support previous findings
from studies with rodents which evidenced
the anti-aging  action of  DR (28).

Especially interesting are the results of
a study on the effect of DR on pinealecto-
my-induced insulin resistance in rats (31).
It was shown that lack of melatonin after
pinealectomy increased insulin resistance
and decreased expression of GLUT4 gene.
Calorie restriction led to the improvement
in insulin sensitivity, mainly due to enhan-
ced GLUT4 gene expression and insulin-
induced GLUT4 translocation, towards the
plasma membrane in white adipose tissue.

Dietary restriction enhances brain func-
tion

One of the most interesting recent fin-
dings on caloric restriction is that not only
it can increase maximum life span in many
species, but it has also been shown to re-
tard brain aging (32). There is sufficient
evidence that the life-extending effect of
DR in rodents is associated with up-regu-
lation of brain-derived neurotrophic factor
(BDNF) in the brain, which may increase
the resistance of neurons to aging (33).
Moreover, BDNF signaling in the brain can
increase sensitivity to insulin in peripheral
tissues (34) suggesting its role in the regu-
lation of glucose metabolism and body
weight (35). It was documented that BDNF
acts directly on the brain to regulate glu-
cose metabolism, which results in enhan-
cement of insulin action in peripheral tis-
sues (36). These findings imply that BDNF
is a major regulator of energy metabolism.

It was also demonstrated that administra-
tion of BDNF increases insulin content as
compared to the pretreatment levels and
restores granulated b-cells in diabetic (db/
db) mice pancreatic islets. This anti-diabe-
tic effect, observed also after intracerebro-
ventricular BDNF administration, was not
due to alterations in appetite.

Of great importance is the investigation
displaying profound effects of DR on bra-
in vulnerability to injury and disease (37).
This was evidenced by a substantial reduc-
tion of seizure-induced damage to hippo-
campal neurons in rats maintained on ca-
lorie restricted diet. Moreover, DR appe-
ared to exert protective effects on neurons
against degeneration in animal models of
Alzheimer�s, Parkinson�s and Huntington�s
diseases (38) and stroke.

Dietary restriction - human studies
A vast majority of research on the ef-

fects of DR on ageing was performed with
the use of animal models, mainly rodents,
and more recently in non-human primates
(39, 40). As these studies are still in pro-
gress, final conclusions on whether chro-
nic DR may increase maximal life span
cannot be drawn. However, the median life-
span of restricted rhezus monkeys has been
demonstrated to exceed that of their AL-
fed controls (41). Factors implicated in
extension of life span are similar to those
found in rodents, i.e. reduced body fat, lo-
wer fasting glucose, insulin, serum trigly-
cerides and cholesterol. The application of
DR to human population would certainly
pose many ethical and physical concerns
which may discourage researchers and par-
ticipants from making decision of using it
with the aim of retarding aging.

Of great importance addressing the ethi-
cal and physical concerns of this area are
results of the �Biosphere 2� experiment
aimed at the evaluation of changes in phy-
siological, hematological, hormonal and
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biochemical parameters in humans subjec-
ted to severe, selective calorie restriction
for two years (42, 43, 44). Biosphere 2 was
a closed ecological �miniworld�  enclosu-
re near Tuscon in Arizona containing 7 bio-
mes (rain forest, Savannah, ocean, desert,
agricultural station and habitat for humans
and domestic animals), which were inten-
ded to provide sufficient food supply for
humans sealed inside. Eight healthy sub-
jects (4 men and 4 women) lived therein
for 2 years while being totally isolated from
the external world, as all organic material,
all water and nearly all air had to be recyc-
led, and all food was grown inside. Their
diet (1750-2100 kcal/d, approximately 11-
12 % energy from protein, 9-11% from fat
and ~77-80% from complex carbohydra-
tes) was rich in vitamins, minerals and tra-
ce elements. All the physiological and he-
matological parameters studied after 2
years of calorie restricted diet were very
close to those found in similar experiments
with rodents or monkeys (43). Despite a
marked weight loss, especially during the
first 6 months, all biospherans remained in
excellent physical and mental health thro-
ughout the entire 2-year period.

Whether the prolonged period of ener-
gy restriction would extend longevity in
humans remains yet a point to be elucida-
ted. It may seem justified to quote Harman,
that  �Caloric restriction can almost certa-
inly increase the maximum life span of
humans. However, the increase associated
with a tolerable level of restriction would
undoubtedly be small. The goal for humans
is to significantly increase healthy life span
while living a normal life. Efforts to achie-
ve this goal should also include some ac-
ceptable degree of caloric restriction� (7).

Insulin resistance during aging � the ef-
fect of exercise

Exercise is considered a very important
component of healthy living in advanced

old age. Aging is known to be associated
with an increase in body weight and fat
mass, both in the abdominal as in visceral
regions (45). It has been documented that
exercise training is beneficial in protecting
individuals from a number of chronic age-
related diseases, including non insulin-de-
pendent diabetes mellitus (NIDDM). Re-
gular aerobic exercise has been found to
increase lean body mass (LBM)  (46), en-
hance insulin sensitivity, and improve glu-
cose metabolism (29, 47, 48) in elderly
subjects.  With this been known, lifestyle
interventions such as dietary modification
and physical activity may present the best
options sufficient to preserve better health
status during aging by delaying the onset
of insulin resistance.  This was confirmed
by results of a study in which the euglyce-
mic clamp technique was applied to me-
asure the glucose infusion rate (GIR) per
LBM, which provides a quantitative esti-
mate of insulin action, in sedentary young
and old subjects as well as in young and
aged athletes (49). A significant decrease
in GIR/LBM was reported in older controls
as compared with younger trained indivi-
duals and young controls. The lowest GIR/
LBM, indicative of a severe impairment of
glucose tolerance, was found in the bedrid-
den subjects. These results suggest that in-
sulin sensitivity decreases with the aging
process and may be further affected by
physical inactivity, whereas physical tra-
ining may improve insulin responsiveness
in aged individuals up to the levels similar
to those of young athletes. It is also evi-
dent that physical activity in young people
may improve insulin sensitivity (49). Si-
milar results have been recently presented
by Ryan et al. (29) who also found that re-
gular physical activity had beneficial ef-
fect on b-cells sensitivity to glucose and
the peripheral tissue sensitivity to insulin
throughout the large age span (18 to 69 yr)
in female subjects. The exact mechanism
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implicated in this improvement is still not
fully understood. However, human studies
have evidenced an increase in GLUT 4 pro-
tein expression in muscle cells and GLUT
4 protein translocation towards the plasma
membrane. Despite only a limited number
of studies performed in humans, it seems
probable that exercise training can modu-
late insulin sensitivity in skeletal muscle
by enhancing the dynamic processes of
protein phosphorylation and activation of
the insulin/phosphoinositol 3-kinase
(PI3K) signaling pathway (50).

Insulin resistance and the resulting hy-
perglycemia is a known cause of increased
generation of free radicals (51). It appears
that many reactions associated with hyper-
glycemia, such as glucose autooxidation,
protein glycation and formation of advan-
ced glycation end products (AGEs),  may
acutely and chronically increase the pro-
duction of reactive oxygen species (ROS),
resulting in an oxidant/antioxidant imba-
lance. It has recently been found that en-
hanced mitochondrial formation of ROS in
pancreatic b-cells exposed to elevated glu-
cose levels resulted in suppression of the
first phase of the glucose-induced insulin
secretion (52).  Excessive glucose was also
found to alter signal transduction pathways
through the activation of protein kinase C
(PKC) and increased diacylglycerol levels
(DAG), which is implicated in the diabetic
vascular and neurological complications
(53). Of further importance is the sugge-
stion that all three pathways of hypergly-
cemic damage (mitochondrial superoxide
overproduction, AGEs formation, PKC
activation) may be blocked by inhibitors
of mitochondrial electron transfer chain
(ETC), the uncouplers of oxidative pho-
sphorylation or Mn-SOD (54), which may
imply that enhanced superoxide production
by the ETC presents a causal link between
elevated glucose and all pathways respon-
sible for hyperglycemia-induced damage.

In all tissues with diabetic complications
where glucose uptake is independent of
insulin (retina, lens, kidney, peripheral ne-
rves), exposure to elevated glucose levels
causes an increase in intracellular sorbitol
and fructose levels due to increased activi-
ty of aldose reductase (AR) and sorbitol
dehydrogenase (SDH), which not only in-
creases cellular levels of sorbitol and fruc-
tose but also decreases the ratio of NADPH
to NADP+ and increases in  cytosolic
NADH/NAD+ ratio. The depletion in
NADPH cell stores by AR may inhibit
other NADPH-requiring enzymes, e.g. glu-
tathione reductase, which may result in a
drop of reduced glutathione (GSH) levels,
thus increasing the susceptibility of endo-
thelial cells to damage by H

2
O

2
 (55). Mo-

reover, it was evidenced that acute eleva-
tions in glucose levels may depress natu-
ral antioxidant defences, e.g. incubation of
purified bovine Cu-ZnSOD with different
glucose concentrations (10-100 mmol/l)
reduced the enzyme activity by approxi-
mately 60%- this may lead to reduced pro-
tection against the damaging effects of su-
peroxide radicals (56).

Increased oxidative stress in aged
NIDDM patients was evidenced by measu-
ring their plasma total antioxidant poten-
tial that was significantly lower, and lipo-
hydroperoxide content of low-density li-
poproteins that was higher in diabetics as
compared to the age-matched healthy con-
trols  (57). It can, therefore, be presumed
that the loss of antioxidant capacity may
substantially contribute to accelerated
aging processes as it is observed in diabe-
tic patients.

Interestingly, an analysis of age-related
trends in insulin resistance in a large sam-
ple of healthy elderly subjects, whose age
ranged from 28 to more than 100 years,
revealed that over the age of 50 up to 80-
85 there was an increase in insulin resistan-
ce (IR). Interestingly, beyond 85-90 years
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of age, there was a marked improvement
in insulin sensitivity. An additional signi-
ficant conclusion that can be drawn from
this study is that very old individuals are
free from diabetic complications and that
the selection for longevity starts at appro-
ximately 85 years of age (58).

Exercise up-regulates antioxidant defen-
ses

Regular physical activity is recommen-
ded for its associated beneficial effects on
health in both young and old individuals.
This recommendation is of particular im-
portance in elderly individuals, whose se-
dentary lifestyle and frequently observed
obesity make them vulnerable to chronic
diseases including cardiovascular disease,
hypertension, NIDDM, as well as to func-
tional and cognitive decline. It should be
stressed, however, that unaccustomed and
strenuous exercise may be associated with
muscle damage and inflammation which
gives rise to excess free-radical formation,
thus deepening the imbalance between free
radical production and the body�s antioxi-
dant defense systems. The extent of this
imbalance determines the degree of oxida-
tive stress normally associated with enhan-
ced exercise-induced utilization of oxygen.
On the other hand, regular aerobic exerci-
se may up-regulate antioxidant defense sys-
tems in skeletal muscles, blood, and,  to a
lesser extent, in cardiac and liver tissues.
Cellular response to oxidative stress and
the proliferative capacity of many different
cell types have been recently found to dec-
line with aging  (59). Therefore, a consi-
deration must be given to issues aimed at
the activation of the host defense mecha-
nisms in response to oxidative stress. It
appears that the best mechanism for acti-
vating such responses is the stress itself (3).
This implies that a sublethal or conditio-
ning stress can lead to enhanced survival
and reduced tissue damage following a

subsequent, more severe stress. This con-
cept, called �hormesis� refers to the often
observed phenomenon of a beneficial bio-
logical action from a factor or agent that is
generally viewed as detrimental (60). In
humans, a conditioning stress such as re-
gular exercise is believed to elicit many
anti-aging benefits (3).  Obviously, subjec-
tion of the athlete to repeated bouts of exer-
cise repeatedly results in acute stress. It is
therefore possible that some of benefits of
regular exercise are derived through such
a stress-tolerance mechanism (3). Howe-
ver, animal studies revealed that aged ske-
letal muscle has a limited capacity to fur-
ther increase its antioxidant potential (61).

In one of the most recent studies with
the participation of healthy elderly humans,
no effect was found of a 12-weeks� training
on oxidative stress, measured as the ratio
of free radical reaction products of antipy-
rine (para-, meta-, and ortho-hydroxyanti-
pyrine) to plasma antipyrine after 45 min
cycling at 50% W

max
 (62). These authors

conclude that despite the evident improve-
ment in functional capacity of the elderly
following training,  the participants did not
cope better with the exercise-induced oxi-
dative stress that did the controls, although
their antioxidant defense mechanisms were
not compromised.

Exercise enhances and protects brain
function

Exercise is an universal activity capa-
ble of inducing change throughout the
body. Recently, several exciting findings
have extended this concept to include the
brain as an organ that directly benefits from
exercise (63).  Changes in gene expression
in the hippocampus, a brain region critical
for learning and memory, suggest that phy-
sical activity initiates modifications in
molecular mechanisms supporting the he-
alth and enhancing the plasticity of the bra-
in. These findings are derived mainly from



12
ANTI-AGEING INTERVENTIONS

recent experiments performed by Cotman�s
group from the Institute for Brain Aging
and Dementia of the University of Califor-
nia (Irvine), which are also supported by
results reported by other authors (64).

An animal model of a voluntary wheel
running was chosen as it closely mimics
what humans have when exercising becau-
se animals choose the time, speed, and di-
stance of running throughout the experi-
ment. The brain region showing the ear-
liest and most sustained neurotrophic up-
regulation was the hippocampus.  The hip-
pocampus is also known as a target for early
neurodeterioration in neurodegenerative
diseases like Alzheimer�s disease (AD).
After 2-7 nights of voluntary running, a
20% increase in BDNF mRNA as well as
significant rise in BDNF protein, as com-
pared to sedentary animals, were found in
rat hippocampus (63). However, the incre-
ase in BDNF mRNA level was observed
only when running distance exceeded a
threshold level of approximately 500 m per
day. It should be stressed that some rats
could voluntarily run a distance of 20 km
in one night. Similar results were obtained
by Gomez-Pinilla et al. (64).

Maintenance of cerebral BDNF is im-
portant for effective neural function and
longevity (63). BDNF is a member of neu-
rotrophic family that supports the proper
functioning of glutamatergic neurons con-
necting cognitive, sensory and motor bra-
in regions. It exerts its neuroprotective role
by promoting survival of hippocampal,
striatal, and septal neurons in culture and
in vivo as well as by protecting the brain
against insults such as ischemia. Hippo-
campal BDNF mRNA expression was
strongly influenced by physical activity, as
significant increases in BDNF transcripts
levels were already found after 6 h of vo-
luntary running (65).  Interestingly, when
rats capable of running spontaneously up
to 20 km/night were abruptly deprived of

habitual running, a marked decrease lasting
up to 10 days was observed in expression
of mRNA encoding for BDNF and for its
high affinity receptor TrkB in certain hip-
pocampal areas (66). These observations
verify that both spontaneous running and
its sudden termination give rise to area-spe-
cific and trophic factor-specific changes in
hippocampus.

More recently, a similar study has po-
inted to the possibility of application of
exercise in an early rehabilitation after bra-
in injury (67). The underlying rationale is
that motor enrichment may prime the bra-
in to respond more adaptively to brain in-
jury by up-regulating trophic factors such
as BDNF, glial cell line-derived neurotro-
phic factor (GDNF) and fibroblast growth
factor (FGF)-2. A sedentary lifestyle befo-
re brain injury may result in a decrease of
levels of trophic factors below the baseli-
ne, leaving the brain more vulnerable to
degeneration. It also seems possible that
in the chronic stages after brain injury that
the application of exercise would reactiva-
te mechanisms of brain plasticity, thus
making rehabilitation more effective.

The finding that exercise may cause an
up-regulation of BDNF has potential signi-
ficance in preventing or treating clinical
depression (68), as depression is commonly
observed in the elderly population. Anti-
depressant drugs are known to increase
BDNF mRNA levels in animals, and
BDNF itself is recognized for its antide-
pressant action (68). Interestingly, a decre-
ase in BDNF after an abrupt deprivation
of animals of their free access to running
wheel correlates with depression often re-
ported by athletes whose training has been
suddenly interrupted following an injury.
A decline in BDNF mRNA levels in the
hippocampus was also found after expo-
sure of animals to severe stress.  It was fo-
und that the combined action of an antide-
pressant such as tranylcypromine, combi-
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ned with exercise, led to significantly gre-
ater increases in hippocampal BDNF
mRNA levels than did either treatment alo-
ne (63). The impact of exercise on redu-
cing brain stress responses presents an exci-
ting area for future studies.

Suggestions derived from the growing
body of evidence of the exercise-induced
up-regulation of BDNF imply that physi-
cal activity in humans may efficiently in-
crease the brain�s resistance to damage and
age-related neurodegenerative diseases.
Extensive research on humans provides
convincing arguments that physical activi-
ty, particularly if maintained through later
life, could be beneficial for preserving good
overall health and cognitive function (69).

The aforementioned argument that exer-
cise can mediate brain function is suppor-
ted by research from trials with people aged
60-75 years in which two groups of elder-
ly subjects underwent either aerobic (wal-
king) or anaerobic exercise (stretching)
(70). The aerobic group showed marked
improvements in neuropsychological me-
asures and the enhanced physical fitness,
while the effect was lacking in anaerobic
exercisers.  In another study, a comparison
of clinical evaluations of cognitive func-
tion, spaced by 5 years, of 4,615 adults
aged 65 years and older, revealed that high
levels of physical activity corresponded
with decreased incidence of cognitive im-
pairments. These results were particularly
significant in women (71). A similar study
examining questionnaire data from 193
participants with Alzheimer�s disease (AD)
and 358 healthy controls revealed that the
individuals with no cognitive impairments
were more active (in terms of activity, di-
versity and percentage intensity) during
their midlife than the group with AD (72).
However, the relationship between oxida-
tive stress and physical activity in advan-
ced age is still poorly understood, there is
also a substantial lack of data regarding the

effects of acute exercise and training in el-
derly subjects. There is no doubt that in-
volvement in regular exercise can result in
a significant improvement of the quality of
life in elderly populations. Moreover, it
appeared to be a useful tool in preventing
falls and fall-related fractures, which are
the major source of death and injury in ol-
der people (73). It should be stressed, ho-
wever, that the quality and quantity of exer-
cise necessary to elicit substantial health
benefits differ from those needed to result
in significant gains in fitness (74). Finally,
the fact should be emphasized that aging
is certainly a highly complex process, and
factors that are crucial for the aging of one
individual may be different from those most
important to another (75). Therefore, indi-
vidual counseling strategies, including pre-
scription of the adequate daily exercise re-
gimen for older adults, have to be adopted
with the aim of attaining the optimum re-
sponse, such as overall physical and men-
tal health. Physical activity programs ad-
dressed to the older adult community sho-
uld preferably be integrated into daily li-
ves rather than be implemented at the in-
dependent individual basis. The effective-
ness of such an approach has been confir-
med by results of a recent study (76) that
provided evidence supporting the hypothe-
sis that the group-mediated counseling pro-
gram led to much higher adherence of ol-
der adults to moderate physical activity,
which was in contrast to the low frequen-
cy of participation in a traditional exercise
program.

Conclusion
Regular physical activity and restriction

of dietary food intake without essential
nutrient, vitamin and mineral deficiency
presents important components of the mo-
difiable lifestyle habits. Physical activity
and DR have a potent impact on slowing
aging processes through the improvement
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of general health and functional capaci-
ties, up-regulation of antioxidant defen-
ses as well as the reduction of age-related
risks of cognitive impairment in elderly
persons.
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