
Abstract
Caloric restriction (CR) in normal human bodies means to maintain a low-caloric diet, balanced in nutrients, vitamins and catalytic 
mineral ions (ca. 1750 Kcal/day), in order to benefit aging in good health, an active longevity preventing emerging diseases, and 
avoiding not genetic but certain kinds of obesity.

A correct caloric intake for the energy needs of the human body for normal activity is necessary. Every organism has a particular 
metabolism that depends on its genetic and epigenetic characteristics, diet and habits (activity, stress, and toxics) and we must adapt 
its diet, hoping to enjoy good health and achieve an active longevity. Food that we consume our body metabolizes, excretd or accumu-
lated. If it is too much can be stored in the form of fat. The excess of diet leads to cell damage and shortening of life. The mitochondria 
is like a metabolic turbine of energy production, and eliminates the last steps of nutrients as CO2 and H2O. It’s functioning and its good 
physiological condition is cause of longevity. In humans, caloric restriction (CR) is beneficial, and prevents a long list of diseases of the 
elderly, which we quote in the text. It protects against the causes of aging, prevents production of free radicals, and the accumulation 
of fat and damage.

The researcher Guarente discovered that caloric restriction activated the transcription of a gene called Sirtuin2 (SIR2), with capacity 
to delay aging. Nowadays, as will be mentioned the Spanish researcher Maria Blasco, whose work focuses on the loss of the protec-
tive telomere of chromosome ends, which kept young the cells. Telomeres become worn down during cell division, while the enzyme 
telomerase repairs and lengthens the telomeres and obtains, according to the mentioned research in mouse and rats, increasing ac-
tive longevity.

The circadian rhythm day-night activity is important in the regulation of psychic, physical activity and obesity. The light of the sun 
which control our hormonal rhythms (circadian rhythm) determines that the evening rises several hormones (growth hormone 
(HGH), melatonin and serotonin). HGH uses our fat reserves as fuel. Everyone’s rhythm is different. Melatonin helps maintain the 
body’s circadian rhythm, and there are reciprocal connections of the serotonin and circadian systems likely have importance for 
neurobehavioral disorders.
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Caloric restriction for active longevity is to adapt the diet to indi-
vidual body needs. Each human being has a certain metabolism 
that depends on its genetic and epigenetic characteristics, and they 
must adapt their diet, that is to say, to follow an adequate and bal-
anced caloric restriction [1-4]. It should limit the energy intake of 
the diet, to prevent obesity, an actual pandemic disease of wellbe-
ing that affects most families today. Sufficient amounts of vitamins, 
minerals, and other important nutrients are needed and essential 
amino acids [5]. In humans, calorie restriction (CR) has been shown 
to reduce cholesterol, fasting glucose, and blood pressure.

In persistent obesity, it is not yet known specifically for each of 
them, the precise caloric intake, which equivalent to optimal health 
and longevity. In a series of experimental works initiated by Guar-
ente and followed by other researchers, was found that the caloric 
restriction or a diet low in calories activated the transcription of 
a gene called sirtuin-2 (SIR2), with the ability to delay aging [12-
14]. The light of the sun, that controls our hormonal rhythms (cir-
cadian rhythm), determines that at nightfall the hormones which 
use our fat reserves as fuel are elevated. One of these hormones is 
the growth hormone (HGH), which rises at dusk and reaches its 
maximum secretion at midnight. In addition to stimulating growth 
and activity in children, it mobilizes our fat deposits during night 
sleep.On the other hand, experiments with animal species so far exposed 

to CR, including primates, rats, mice, spiders, Drosophila flies, 
earthworms and rotifers, have shown an increase in their longevity. 
CR is a dietary measure capable of increasing maximum longevity, 
comparing with average longevity [6-10].

Everything that we consume in excess, our organism responds ac-
cording to our physiology and molecular biochemistry, it is metab-
olized obtaining energy (ATP), or stored in the form of fat or ex-
creted (feces, urine, exhalation H2O and Co2, and sweat). The ATP is 
synthesized in the mitochondria converts’ energy for intellectual, 
mechanical, muscular or nervous physical activity. The number of 
mitochondria in each organ or tissue is the function of the needs of 
each one.

Epidemiological studies suggest that lifestyle, such as sedentari-
ness (reduced physical activity), high or excessive food consump-
tion and adiposity by hereditary predisposition are responsible for 
overweight, and a 70% of chronically diseases, its manifestation or 
aggravation, as well as the decrease in longevity [11].

Overweight is a clear risk factor for disease development, such as 
type 2 diabetes, cardiovascular disease, and metabolic syndrome. 
The latter is a group of different entities whose common factor is 
oxidative stress. Caloric restriction also prevents respiratory disor-
ders, high blood pressure, osteoarthritis, reproductive abnormali-
ties, hepatitis, and some types of cancer [4].

A diversified CR diet helps protect against the causes of aging and 
elderly diseases by slowing mitochondrial activity, quickly neutral-
izing free radicals, improving health and longevity. This situation 
can be controlled by the genes of longevity that induce the synthe-
sis of sirtuins (see below).

Citation: Bartolomé Ribas Ozonas and María Cascales Angosto. (2019). Caloric Restriction and Longevity. Journal of Pharmacy and Drug 
Development 1(1). DOI: 10.5281/zenodo.3373326

Page 2 of 12

The Hormética or mitohormética hypothesis of caloric restric-
tion (CR) is known, due to the involvement of mitochondria, in the 
process of aging and active longevity. It proposes that the reduced 
diet imposes a biological stress although of low intensity to the 
organism, which raises a response of organic defense to the mito-
chondria and at the genetic level that induces a new epigenome, 
because we are what we eat. Fact that has opened a new scientific 
discipline, the Nutrigenomics, which studies the diet effect on the 
genome of our cells. We have 4 million of genes that are exposed to 
the infinite food compounds that affect their microRNAs that con-
trol important aspects of our organism [6,15]. The microRNAs are 
small fragments of 18 to 25 ribonucleotides capable of controlling 
the expression of genes coding for proteins, for example through 
the maternal feeding, both in pregnancy and in maternal nutrition. 
The diet of adults and environmental pollutants also regulate the 
expression of microRNAs, and these are contained in animal and 
plant foods exerting their action, which should be taken into ac-
count to diversify our diet [16, 17].

Introduction

The mitohormetic hypothesis of CR, proposes a mitochondrial organic defense response to the genetic level that induces a new 
epigenome, which has led several scientist to propose that “we are what we eat”. A fact that has opened a new scientific discipline, 
Nutrigenomics, which studies the effect of the diet on the expression of the genome of our cells.



Journal of Pharmacy and Drug Development

Although the hypothesis of mitohormesis (mitochondrial excita-
tion) was a purely hypothetical concept until the end of 2007, later 
works carried out in animals and flies, earthworm (Caenorhabditis 
elegans) and other species showed that the restriction caloric diet 
and glucose metabolism in mitochondria increases longevity, re-
ducing oxidative stress, and damage by oxygen free radicals (ROS) 
and the damage of by free radicals of oxygen and other oxidizing 
forms of chemical compounds [9].

Clive McCay and Mary Crowell of Cornell University [18,19] ob-
served that laboratory rats, fed a very low calory diet with vital nu-
trients, increased their longevity twice as long as expected. These 
observations were examined in detail by a series of experiments 
with mice performed by Walford and his pupil Weindruch [1], re-
ported that the restriction of caloric intake of laboratory mice in-
creased proportionately their longevity compared to a group of 
mice with a normal diet. These maintained a more youthful appear-
ance, increased their level of activity and showed delay in the onset 
of diseases associated with ageing.

A study conducted at the Salk Institute for Biological Studies and 
published in 2007 in the journal Nature [9] determined that the 
gene PHA-4 was responsible for longevity under the effect of caloric 
restriction in animals, with similar effects in humans. The discovery 
has given hope for the synthesis of future drugs that increase hu-
man longevity; however, a drug treatment should not be a substi-
tute for a healthy lifestyle.

The mitochondria is an intracellular organelle that is considered 
totally integrated in the cellular functions, so much so that, when 
the mitochondria are damaged, they have an impact on the whole 
organism and on the general health condition. Mitochondria af-
fects nuclear gene expression this is a coordinated response to the 
causes that affect the organism. By means of glycolysis (lysis of glu-
cose) energy is obtained for the cell, and consists of 10 consecu-
tive enzymatic reactions. It is performed inside the plasma mem-
brane or cytoplasm, under anaerobic conditions, and the glucose 
molecule is degraded into 2 molecules of pyruvic acid. Its overall 
reaction is: Glucose + 2NAD+ + 2ADP + 2Pi + 2Pyruvate + 2NADH + 
2ATP + 2H + 2H2O.

The two molecules of pyruvate, are able to follow other metabol-
ic pathways and thus continue releasing energy to the organism. 
Through the Krebs cycle or cellular respiration, the pyruvic acid 
formed in the glycolysis is completely oxidized to CO2 and H2O in 
the presence of oxygen. It is developed in two successive stages: 
the Krebs cycle and the respiratory chain, associated with oxidative 
phosphorylation (Figure 1).

Currently, among the different theories of aging, there are two 
more important, as the theory of free radicals and the theory of the 
glycation, being able to explain both the mechanism of the caloric 
restriction.

An excessively high calorie diet affects the mitochondria that satu-
rated cannot neutralize the excess of free radicals, and the enzy-
matic reactions of defense either, which has an unfavorable effect 
on the cell and consequently on the systemic organs and tissues 
and to the organism in general. In this situation mitochondria 
are damaged, and degenerate. In a situation of caloric restriction,
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A new study published in June 2012 by the University of Washing-
ton in St. Louis [20,21], explained that the limitation in calorie in-
take results in an improvement of the cardiovascular system, more 
potent pumping of the heart and better adaptation to physical ac-
tivity. All of this suggests an improvement in overall health.

Other data in the scientific literature report that dehydroepiandros-
terone (DHEA) [22] is an endogenous prohormone precursor of an-
drogens and estrogens, which is effective in preventing aging and 
stimulating active longevity. The secretion of dehydroepiandroster-
one (DHEA) and its sulfated ester decreases with age. Its inclusion 
as a dietary supplement has not shown a noticeable improvement 
compared to placebos in the regeneration of hormonal activities 
during old age. However, their low blood levels of this hormone are 

Longevity

associated with poor health status and signs of ageing, which coin-
cide with the human physiology of the elderly [21].

The Spanish researcher Maria Blasco in recent mice studies ex-
plains that longevity depends on the length of telomeres at the 
ends of the chromosomes, the longer the telomere length at birth 
would be translated into a longer life and youthful longevity. And 
that longevity would depend on the accumulation of cellular dam-
age that is reflected in the wear and shortening of telomeres, and 
these are repaired and lengthened by telomerase, whose adminis-
tration could increase longevity [5].

Mitochondria and longevity



Journal of Pharmacy and Drug Development

NADH and FADH2 (sinthetized during glycolysis containing high en-
ergy electrons. In the mitochondria NADH and FADH2 transfer their 
electrons to O2 and synthetized ATP.

Currently the numerous and recent publications have shown that 
the mechanisms of intracellular and mitochondrial caloric reduc-
tion favor the neutralization of free radicals inhibiting oxidative 
stress, through numerous molecules reducing the organism’s de-
fense system.

If we control a balanced energy supply, our diet, in relation to our 
caloric needs, achieve better health, delay aging, help reduce cho-
lesterol and other lipids, reduce the resistance to insulin, we bene-
fit in a word our organism, physiological and biochemical state, and 
ultimately we increase our quality of life and longevity. Balanced di-
ets mean that all immediate principles, vitamins and the necessary 

mineral elements must be included. A change of diet is not enough; 
it must be accompanied by a change in lifestyle, in which we are 
aware of what is best or ideal for our health. 

We are aware that the genetic map in the mitochondria lies the age, 
and the subjective time of life, which is transmitted precisely by 
the maternal mitochondria. The energetic power of the food goes 
through the glycolysis and the Krebs cycle. The latter, aerobic me-
tabolism is the most efficient way to obtain energy (ATP) from nu-
trients and calories’ formation (1 ATP = 7.3 kcal; 1 ATP produces 
10,300 calories per mol).
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Glycolysis and Krebs Cycle

mitochondria work loosely, and neutralize free radicals that do not 
damage cell structures and membranes. The mitochondrial efficien-
cy and efficacy of a calorie-restricted organism will have less fatty 
content and will need less energy to maintain its weight, which also 
means that it will have less glucose in the bloodstream. Less blood 
glucose means less glycation of adjacent proteins and less fat than 
oxidizing that may cause atherosclerosis in the bloodstream. Dia-
betics suffering from Type 2 diabetes mellitus have insensitivity to 
insulin caused by long-term exposure to high blood glucose levels. 

Obesity leads to type 2 diabetes. This type of diabetes and the un-
controlled type 1 produce an accelerating effect of aging due to the 
above effects [22, 23].

Figure 1: Energy production from glucose through glycólysis and Krebs cycle. 
(https://en.wikipedia.org/wiki/Citric_acid_cycle).

Glycolysis and Krebs cycle
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This process occurs in mitochondria and includes the conver-
sion of pyruvate into acetyl coenzyme-A, in the tricarboxylic acid 
cycle (Krebs cycle, figure 1), and then oxidative phosphorylation 
or electron transport chain (Figure 2). The basic source of energy 
for muscle contraction is adenosine-triphosphate, ATP, whose em-
pirical formula is: Adenosine-PO3-PO3-PO3. The last two phosphate 
bonds are of high energy. Each link stores 7.3 kcal of energy per 
mol of ATP, under normal conditions. Therefore, when a molecule 
radical phosphate is released, 7.3 kcal can be used, and provided to 
muscle contraction or to other energy expenditure.

Figure 2: Electron transport chain (oxidative phosphorylation) 
in the internal mitochondrial membrane, and a scheme for the 
production of oxygen-free radicals. Molecular O2 acts as accep-

tor of electrons. Superoxide radicals, hydrogen peroxide, and 
hydroxyl radical are represented. (http://www.robertlfurler.

com/2013/04/03/global-climate-change-finding-an-equilibrium 
-between-oxidation-and-reduction/) 

To keep us in our weight is essential to adjust our consumption 
of food to our needs. The recommendations of the WHO (World 
Health Organization) establish a caloric intake of 2,000 to 2,500 
kcal/day for an adult male and 1,500 to 2,000 kcal/day for women. 
These needs decrease as we get older. A man of 65 years of aver-
age constitution will need about 1,900-2,100 kcal/day while a 
woman 65 years of average constitution oscillates between 1,500-
1,700 kcal/day. However, the experience with obese and patients,

The “free radicals” and other oxidizing forms of numerous native or 
polluting compounds, damage the nuclear DNA causing the organic 
or germ cell to reproduce defectively, do not or be sterile. Mitochon-
dria, which are the sources of cellular and organic energy, to syn-
thesize ATP, also suffer, not only in their DNA molecules but in their 
membranes, whose oxidative effects lead to cell death. If the action 
of free radicals is avoided, mitochondria perform their task without 
detrimental function. Also many fatty acid, proteins and hormones 
suffer the oxidative effect of free radicals.

Electrons (e-) and protons (H+) derived from the oxidation of food 
and toxic agents intervene in a series of oxidation-reduction reac-
tions through which they are transported to oxygen. These pro-
cesses befall in the inner membrane of the mitochondria where 
the system sits. The transporting molecules of e-and H+ are NADH 
(Nicotinamin-adenine-dinucleotide reduced) and FADH2 (Flavin-
adenine-dinucleotide reduced), reduced coenzymes that when los-
ing an electron and a proton, go to oxidized, according to the follow-
ing reactions:

The cellular metabolism (oxidation) of the food, generates reduced 
compounds in all the cellular compartments, which transfer their 
reducing equivalents to the coenzymes in their oxidized form NAD+ 
and FAD+, transforming in their reduced form, before cited. The re-
oxidation of the reduced electronic transporters, NADH and FADH2, 
produce ATP, through the electron transport chain enzymes in the 
mitochondrial internal membrane. The “Quimiosmótic hypothesis” 
of Mitchell (1961) proposes that the transport of electrons and the 
oxidative phosphorylation producing ATP, are two events coupled 
by a gradient of protons (H+) through the internal mitochondrial 
membrane (Figure 2).

As the high-energy electrons run in the respiratory chain, the liber-
ated energy pumps protons from the matrix into the inter-mem-
brane space resulting in an electrochemical gradient between the 
negative charges of the matrix and the positive charges of the inter-
membrane space. The energy stored in that gradient is used for ATP 
synthesis by ATP-synthase, when protons return to the matrix and 
form from one ADP molecule to ATP.

recommends a calorie restriction for the man 1,500 kcal/day and 
for the woman 1,200 kcal/day, to maintain a calorie restriction and 
for a suitable weight.

NADH + H+ + ½ O2 = NAD+ + H2O
FADH2 + H+ + ½ O2 = FAD+ + H2O
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In the biosphere, matter is limited so that its recycling is a key 
point in the maintenance of life on Earth; otherwise, the nutrients 
would be exhausted and life would disappear. All living beings 
need oxygen to generate energy; however, they have to cope with 
their waste products, including free radicals (reactive oxygen spe-
cies, ROS).

These are mainly formed in the mitochondria causing oxidative 
damage to other cellular components and induce a whole series of 
pathologies expressed in the scientific literature. The key enzyme 
in the organism’s defense system is nicotinamin-nucleotide-trans-
hydrogenase (TH) (Figure 3).

Figure 3: The mitochondrial defense system transforms the free 
radicals of oxygen to H2O2 which is detoxified by peroxidase to 
water with the help of reduced glutathione (GSH) as substrate. 
The elevated levels of mitochondrial glutathione (GSH) are 
maintained by Nicotinamin-adenine-dinucleotide-phosphate 
(NADPH)-dependent on glutathione-reductase, and this is where 
transhydrogenase acts (TH). Krengel U. and Törnroth-Horsefield 
A. 2015; Coping with oxidative stress. Science vol 347, 125-126.

The mitochondrial enzyme transhydrogenase (TH) produces NA-
DPH that contributes to the defense against free radicals of oxygen 
and other molecules. Electrons migrate from complexes I and III 
to molecular oxygen (O-2) and are formed superoxide anions O-2 
which by superoxide-dismuntase (SOD) become H2O2, and finally 
by peroxidase (PRX) and glutathione (GSH) form water (H2O) [22, 
23].

In mammals rodent and also in humans, caloric restriction in-
creases longevity by preventing or delaying the onset of chronic 

Benefits of caloric restriction

Caloric restriction and aging in humans.

diseases such as diabetes, atherosclerosis, cardiomyopathy, auto-
immune disorders, renal and respiratory pathologies, and cancer. 
Also, caloric restriction decreases cerebral neurodegeneration and 
increases neurogenesis in animal models of Alzheimer’s disease, 
Parkinson’s, Huntington’s and stroke although it could be deleteri-
ous in cases of amyotrophic lateral sclerosis [1,11,24].

The caloric restriction, defined as the reduction of the caloric in-
take below the habitual voluntary consumption without malnutri-
tion, delays the ageing and increases the maximum life duration in 
different species such as yeasts, flies, worms, fish and rodents. The 
magnitude of life prolongation depends on the earliest age of onset 
of caloric restriction, the intensity of such restriction, and the own 
genome. 

With a caloric restriction diet, the decrease in the production of 
reactive oxygen species is promoted; and activation of antioxidant 
systems that reduce oxidative stress and free radical-induced tissue 
damage. There is also a decrease in levels of T3 and the sympathetic 
activity that induces the decrease of body temperature and energy 
expenditure of rest, reduction of the levels of inflammatory cytok-
ines and modest increase of the level of cortisol, with a decrease in 
systemic inflammation; protection against deterioration of the im-
mune function associated with aging, and increased expression of 
neurotrophic factors. 

In relation to aging, restriction in calories ingestion simultaneously 
affects multiple processes involved in aging, such as improving DNA 
repair processes, in relation to the damaged cell proteins and oxi-
dized lipids. It also promotes the reduction of protein glycation and 
the formation of PFGA (accumulation of final products of advanced 
glycation, and collagen crosslinking. Many of the effects of caloric 
restriction are mediated by the regulation of the genetic expression 
of high significance in cellular repair and survival, stress resistance 
and protection against oxidative damage, and other genes involved 
in the inflammation [25,26].

Epidemiological studies suggest that caloric restriction may have 
beneficial effects on the factors involved in the pathogenesis of pri-
mary and secondary aging in humans.

Recently, data from several studies carried out in members of the 
“Calorie Restriction Society” have been published; a group that 
practices this restriction voluntarily believing that it will prolong 
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In several randomised studies, the effect of caloric restriction on 
ageing-related variables in non-obese adults has been assessed. 
In one study it was observed that 25% reduction in caloric intake 
over 6 months reduced visceral fat, insulin resistance, body tem-
perature and oxidative stress marker levels. Another study also 
showed that caloric restriction reduced bone mass as well as mus-
cle mass and strength in the lower extremities.

The excessive CR is the decrease of the caloric contribution to a 
level that carries harmful effects on health, like anemia, muscular 
detriment, neurological deficit, edema in inferior limbs, weakness, 
dizziness, depression and irritability. The subject becomes a pa-
tient with anorexia nervosa (opposite to bulimia), and also has 
altered the regulation of body temperature, skin, bone, cardiovas-
cular, blood, pulmonary, immune and reproduction system.

It is estimated that protein coding genes are 20,344. Of these each 
cell type uses on average about 10,000 and there are 400 differ-
ent cell types. That’s why the organism has 4 million. If we also 
consider those that do not code for proteins would be like those 
that encode for RNA circular 38,000, the IncRNA 30,000 and the 
mirRNA 2000. In this category we would have about 70,000. Then 

It has been shown that the reduction of 45% of the normal energy 
supply for 24 weeks is harmful in thin men. A parameter to assess 
the safety of calorie restriction is BMI: a BMI lower than a 18.5 is 
associated with an increase in the death rate in adults and a BMI 
of 13 in males and 11 in women is associated with possible death 
by starvation.

Excessive caloric restriction

Gens and Sirtuins in caloric restriction and longevity

their lives. Why do we age? What are the data so far known for 
aging?: a).- oxidative stress; b).- alteration of mitochondria; c).- 
oxidation of macromolecules (deterioration); d).- DNA injuries 
(genetic instability and epigenetic alterations); e).- Glucation, of 
proteins (increment of age); f).- lipoperoxidation of membranes; 
g).- shortening of telomeres in replicative cells [5,7,10].

The experimental calorie restriction group consisted of people of 
both sexes with a median body mass index (BMI) of 19.6 kg/m² 
that ingested an average of 1,800 kcal (30% less than usual) from 
nutrient-rich foods such as vegetables, fruit, nuts, dairy, egg white, 
wheat and soybean proteins for an average of 6.5 years, compared 
to controls that consumed a typical Western diet. This group 

there are the nuclear, nucleolar, ribosomics, and of transfer. If we 
add all and assume the concept of gene as a fragment of DNA that is 
transcribed to RNA, there are around 100,000 [6,16].

In the year 2000, Leonard Guarante, of the Massachusetts Institute 
of Technology (MIT, Massachusetts, USA), discovered that caloric re-
striction or a low-calorie diet activated the transcription of a gene 
called SIR2 (SIRTUIN2), with the ability to delay the aging. This 
gene, which encodes the protein SIR2, was detected in greater con-
centration in the fly Drosophila melanogaster, when it was subjected 
to a diet of lower caloric intake. The SIR2 gene plays a central role in 
the cell metabolic cycle. From this finding, these authors created a 
mutant fly that overexpressed the gene Sirtuin, and discovered that 
with this over-expression, these flies, could live up to 60% more 
than normal (control). They also demonstrated that SIR2 is related 
to greater life expectancy, also in yeast and nematodes, and that in 
humans there is a SIRT2 analogue gene [12,13,27]. The enzymes 
Sirtuins are protein molecules called NAD-dependent deacetylases 
that connect the metabolism to longevity (figures 4 and 5).

Figure 4: Regulation and function of sirtuins.

Environmental changes, stress and diet regulate the activity of sir-
tuins altering the quotient NAD/NADH, the intracellular concen-
tration of nicotinamide and those of other sirtuins. The sirtuins of 
Mammals (SIRT1 – 7) have different meanings and objectives in the 
nucleus, cytoplasm and mitochondria, and can exert an impact on 
metabolism, DNA repair or cell survival (figure 4).
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As mentioned above, its presence and mechanism of action has 
been established in Saccharomyces cerevisiae, Caenorhabditis el-
egans and Drosophila melanogaster (Figure 6). The mammals con-
tain seven counterparts of the yeast SIR2, SIRT1 to 7 [8,28]. It has 
been demonstrated the meaning of these sirtuins as regulators of 
aging or longevity, which makes them potential pharmacological 
targets for the treatment of age-related diseases such as metabolic 
and degenerative diseases, and with the metabolic syndrome.

When cells undergo calorie restriction, a cascading process is initi-
ated through the cell membrane. A signal activates a gene called 
NAMPT, and the resulting enzyme builds up inside the cell. NAMPT 
accumulation also causes another small molecule called NAD (Nic-
otinamin-adenine-dinucleotide; NAD). This is singular, because the 
accumulation of NAD only occurs within the mitochondria; in the 
cellular cytoplasm the concentration of NAD plummets when the 
calories are missing. Returning to mitochondria, NAD accumulation 
has a posterior effect: it increases the activity of two other mito-
chondrial proteins produced by the genes called SIRT3 and SIRT4.

The combined effect of what we are dealing with is clear. The mito-
chondria enhance, increase their energy production, and the pro-
cess of cellular aging is slows: it’s as if the cell said: Die? Not at all! 
Summarizing, then, a low calorie diet increases the concentrations 
of NAMPT, NAD, SIRT3 and SIRT4, and as a whole makes the cell 
live longer, and with more energy. The following idea immediately 
arose: what would happen to induce, at the molecular level, and in-
crease the concentrations of NAD, SIRT3 and SIRT4, without having 
to diet? This is, again, the significant importance and necessity of 
research for the treatment and cure of the disease.

The physiological regulation by SIRT1 in mammals is a fact. SIRT1 
regulates the survival of neurons, gluconeogenesis, lipolysis, the 
survival of beta cells of insulin secretion by interacting with a se-
ries of proteins [29,30]. The activation of AMPK during the glucose 
restriction induces the activation of SIRT1, and blocks the induction 
of the Biogenic program, subject that is treated in another lesson of 
the course. However, activation of SIRT1 by AMPK may also result 
in the regulation of other regulation objectives by SIRT1, such as 
p53, the coactivator of the gamma receptor activated by the Peroxi-
somal proliferator (PGC-1 β), or the FOXO family of factors of tran-
scription, which leads to a plethora of possible effects that perhaps 
go beyond the regulation of biogenesis.

Figure 5: Deacetylation and ADP-ribosyl-reactions 
by sirtuins. Both reactions involve the break of the 

NAD to free nicotinamide.

Figure 6: Life expectancy and scheme of longevity 
mechanism in several species.

SIR (silent, information regulator) proteins regulate longevity in 
many organisms. In yeast, an extra copy of the gene SIR2 increases 
life expectancy, while eliminating the gene shortens it. The protein 
SIR silences chromatin, increases the ability to repair DNA and is 

involved in chromosome fidelity during meiosis. The SIR promotes 
longevity by suppressing the formation of extra-chromosomal cir-
cles of RDNA (ERC) in yeast. The Ortologo of the Caenorhabditis 
elegans Sir 2.1 also broadens life expectancy, although by a differ-
ent mechanism. The protein Sir 2.1 requires the protein DAF-16 to 
induce a greater longevity in these species [12,13,27].
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Many obese have a certain gap between their hormonal levels 
during the day-night rhythm of the circadian cycle or rhythm. 

An example is the high concentration of cerebral serotonin that ap-
pears in blood when awakening and induces satiety. Serotonin is a 
metabolite of the essential amino acid tryptophan. And precisely 
many obese present at dawn elevated levels of serotonin, whose 
metabolite is melatonin, both related to sleep and the last as a drug 
(Figure 7).

Caloric restriction and prevention of pathologies

Habit and circadian rhythm.

a) Metabolites of tryptophan in caloric restriction.

Figure 7: Some interesting metabolites of Tryptophan. (https://sites.tufts.edu/sleep/biochemical-pathway/)

Serotonin is a neurotransmitter secreted by the pineal gland that 
carries signals (stimulus) along and between (synapsis) neurons, 
the cells of the brain and nervous system. Contributing to sleep as 
its metabolite the melatonine and to happiness and wellbeing. It 
plays an important role also in the regulation of mood and appetite 
[31]. It structure as chemical compound is synthesized from the 
amino acid tryptophan in the brain and gastro-intestinal system.

High levels of serotonin cause a reluctance and rejection for break-
fast. On the other hand in many obese at dusk befall decreases in 
serotonin, which increase the appetite that causes addictive im-
pulses to ingest food. In frequent cases the obese ones incline to-
wards flours, bread with jam, candies and chocolates. These sud-
den oscillations of cerebral and blood serotonin, promote in the 
obese, the modification of their meal schedule. A tendency to eat 
more at night before bedtime, than during breakfast before work 
and energy expenditure, is the so-called “inverted diet”.

b) Circadian rhythm and hormones.

When applying calorie restriction, habits should be overcome if 
they are inverse to hormonal rhythms, normal day-night circadian 

These are transformed into amino acids and leave the tissues, as you 
all know, to be converted into glucose in the liver and mitochondria, 
through the glycolysis and the Krebs cycle mentioned above (Figure 

rhythm. Food Ingestion hours: breakfast-lunch-dinner, must coin-
cide with both: with the circadian rhythm day-night, with the lev-
el hormones that govern a normal body, and with the schedule of 
their physical activity or work. Deregulation leads to obesity. The 
lack or poor breakfast, and an abundant dinner favor the obesity. 
Some obese do not have breakfast, while others make a poor pro-
tein breakfast.

It is important to know the metabolism and calorie expenditure. 
Even in the case of a subject with normal weight and balanced en-
ergy expenditure, when breakfast is lacking or it is a very scarce 
breakfast, during his physical activity there is an expense and low-
ering of the blood glucose levels that detects the brain. The lack 
of blood glucose and therefore cerebral, diminishes the faculties 
of the brain, which feeds on glucose.In the absence of breakfast, a 
consumption or destruction of muscle proteins, collagen joints, skin 
and ligaments begins.
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In this context, cortisol (Figure 8), is one of the hormones that af-
fects the transformation of proteins into energy, and determines 
that throughout the morning proteins are used to keep blood glu-
cose levels stable. This situation causes muscular and joint pain, as 
well as a generalized weakness. The skin loses collagen, slimming, 
loses its turgor and damages its seven cell layers of various embry-
onic origin.

The sunlight that directs our hormonal rhythms (circadian rhythm) 
determines that at nightfall the growth hormone (HGH) that uses 
our reserve fat as fuel is elevated. A generous dinner accompanied 
by no activity, prevents fat mobilization. At dusk begins the rise of 
growth hormone (HGH), involving in addition to other hormones 
such as epinephrine, norepinephrine, ghrelin, testosterone, and 
cortisol). HGH, also called hormone somatotropin, is a peptide

c) Circadian rhythm and cortisol

d) Circadian rhythm and growth hormone.

It is estimated that a person slims between 500 and 800 grams dur-
ing night sleep (during the day increases in weight, while slimming 
when sleeping). You should avoid flours and starches, and the over 
feeding just at night, when the HGH begins to increase.

Otherwise in the night will not lose weight, and dawn with more fat 
and heavier than the night before. The HGH hormone, in addition to 
mobilizing fat, also activates the immune system by promoting the 
white blood cells to attack the bacteria and malignant cells thereby 
facilitating the formation of antibodies.

During the night, in fasting, the levels of insulin are low, however at 
the beginning of the digestion by food intake appear in the blood 
two peaks of secretion of insulin, the first corresponding to the 
reserve of the beta cells of the Langerhans islets of the endocrine 
pancreas, and the second to the rapid new synthesis, caused by the 
ingestion of food and elevation of the blood glucose level.

Experimental data on the interrelationship between obesity and 
periodontitis are available, both of which involve a hyper inflamma-
tory state and an aberrant lipid metabolism prevalent in obesity, as 
well as insulin resistance, with loss of support tissue. Periodontal 
adipocytes secrete important adipoquines in the control of appetite 

Obesity s also important a risk factor of diabetes. CR minimice the 
levels of glucose and the action of glucolisis, Krebs cycle and electron 
transport chain, can act easily reducing free radicals formation and 
diminishing cell damage in mitochondrial membranes that cause 
cellular death, which results in inducing premature aging. Obesity 
intervenes in the development of type 2 diabetes, is known as adult 
onset or non-insulin-dependent diabetes. It is the most common 
form of this disease that affects 90% of diabetics. Therefore, calorie 
restriction is advised in obese people to avoid inheriting other pa-
thologies [32,33].

The brain starts up a saving system, which allows to lower the di-
etary energy expenditure as a mechanism to survive without eat-
ing. Of this it turns out that if in a hike preceded by the breakfast 
we spend some 100 calories food, the lack of breakfast will cover 
them with the own reserves. Researchers quantify the intensity of 
physical activity in a unit of measurement called MET, as a meta-
bolic equivalent. A MET equals the number of calories a body con-
sumes in the unit of time while it is resting. The foods are usually 
expressed in calories and values of “indicative daily amounts, CDO” 
of an adult (2,000 kcal). Nutritional needs vary according to age, 
sex, genetics, physical and intellectual activity, and other factors.

1), restoring the levels of blood glucose and in the brain. This gen-
eral pathology and specifically dermal translates into some elderly, 
although not obese, to suffer itching, itching in the skin, which 
come from the toxins of their muscles and tendons.

Figura 8: Molecular estructure of cortisol.

hormone. HGH stimulates growth, cell reproduction and regenera-
tion in humans (children) and other species.

The growth hormone is a polypeptide of 191 amino acids of a single 
chain synthesized, stored and secreted by the somatótropas cells 
inside the lateral wings of the adenohypophysis, is the one that uses 
the fat of reserve as fuel and the one responsible for Weight loss or 
thinning that occurs during night sleep. However, excessive inges-
tion of food uses that contribution, rather than body fat deposits. 

e) Caloric restriction and diabetes.

f) Other data of interest
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Both TNF-α and IL-6 are secreted by adipocytes after intracellular 
signaling, and induce insulin resistance and stimulate liver produc-
tion of C-reactive protein. 

Caloric restriction should be a habit, necessary for weight loss, to 
prevent various diseases and pathologies, such as the entities of 
the metabolic syndrome, and the improvement of senescence and 
to achieve an active longevity.
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