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Abstract 

The fundamental concepts of the aging process are exposed: Its dimension as a health problem, aspects related to its 
repercussion from the social point of view, and Its influence on aspects that can affect the normal development of 
contemporary society. The roles of genetics, cellular and biochemical processes that concur in the development of aging 
is analyzed, making special reference to the role of Adenosine Mono Phosphate Kinase [AMPK]. activation in the 
regulation of the aging process and the participation of mechanisms for its activation. It is concluded that Policosanol is 
a medicament of natural origin that could be proposed as candidate to be used for a healthy aging, based on the results 
of various investigations in experimental models and data obtained from different clinical trials.  
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1. Introduction

1.1. Definition 

Aging is an inevitable, inexorable and irreversible process, commonly defined as the functional decline that occurs 
during the life of all living organisms, which is characterized by a progressive loss of physical and functional integrity 
that precedes death [1]. 

1.2. Aging as a health problem 

For the first time in history, most people have reached a life expectancy of more than 60 years. Twenty % of all humanity 
will reach that age in the very near future, and by then, the consequences on health, health systems, and the workforce 
will be very adverse. That is because aging results a state of vulnerability to worsening conditions related to climate 
change, emerging infectious diseases or infectious diseases resistant to antibiotics, but above all, due to the increasing 
incidence of chronic non-communicable diseases (CNCDs) that frequently accompany the aging process. All of this 
implies an enormous challenge for the whole of society, and that is why it is necessary to ensure that the aging process 
runs by the healthiest way possible. To achieve this objective, it is very important to eliminate the conditions of potential 
risks of CNCDs [2]. 

Even when life expectancy increases in the developed world, due to the undeniable advances in the treatment of CNCDs 
in contemporary medicine, these require costs in treatments that must be applied during the rest of the lives of those 
who suffer CNCDs, but only to maintain a relative state of health without being cured. Thus, despite the treatments, 
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these diseases are responsible for millions of deaths, which have come to constitute more than 60% of all causes of 
death, with a tendency to increase by 17% in 2025 [3].  

1.3. Some molecular and physiological mechanisms related to the aging process 

The molecular mechanisms associated with the aging process are not yet fully understood in their all magnitude and 
depth. Advances in knowledge have only just begun to reveal the complex mechanisms involved in its development. 

Aging is associated with a gradual accumulation of damages not only molecular, but also cellular and homeostatic, which 
conditions the alteration of physiological processes leading to a decline in physical and mental capacity. These 
alterations usually appear gradually, discreetly, isolated or also simultaneously and even at a relatively early in life [4]. 

The different changes related to aging do not necessarily occur at the same age, and not always they behave in the same 
way in all individuals, due to the random influence of the phenomena that favor the aging process, such as: the various 
levels of environmental contamination, the different harmful habits and unhealthy behaviors that are particulars for 
each individual [4]. 

Various evidences indicate that the organismal imbalance caused by metabolic disorders associated to unhealthy 
nutritional habits and sedentary lifestyle, among others, exert a negative influence on the aging process, quality of life 
and survival. Thus, the accumulation of adipose tissue, caused by not healthy nutritional habits and sedentary lifestyle, 
is related to different metabolic disorders such as metabolic syndrome, dyslipidemia or diabetes mellitus, which 
negatively affect longevity in various tissues and organs. So, because the body's energy needs are determined by the 
balance between fat-free mass and the level of physical activity, when the level of ingested calories exceeds the body's 
needs, they accumulate as fat in adipose tissue and consequently, obesity and weight gain occur, conditioning the 
appearance of damages that are expressed at the cellular level by the increase in reactive oxygen species, which in turn 
promote aging [4]. 

On the contrary, caloric restriction (without reaching malnutrition), promotes longevity in a wide spectrum of 
experimental models that range from microorganisms to the human species. Caloric restriction protects against 
excessive adiposity, which prevents cardiovascular diseases, insulin resistance, type II diabetes, neurodegenerative 
diseases and cancer, which are among those that appear more frequently with advancing age. Studies at the molecular 
level suggest that caloric restriction is a process regulated by Sirtuin 1 (Sirt 1), which is a member of a family of protein 
deacetylases that are activated by AMPK [5,6]. 

On the other hand, maintaining adequate and systematic physical activity is associated with delayed mortality, which 
has been proven in elderly patients, even when they are already very weakened, and even with severe illnesses. This 
indicates the importance of practicing physical activity as part of the medical indication to control the aging process. It 
is considered that the increase in physical activity is the only measure capable to attenuate the progressive decline in 
muscle mass and strength, since it acts against the progressive decrease in the volume and function of the muscle 
mitochondria, as well as on the inflammatory state that is produced in muscle fibers during the aging process [7].  

Caloric restriction and increased physical activity are considered pillars for the development of healthy aging. The 
molecular mechanism that constitutes the starting point to explain the effect the two recommendations is because by 
bough ways AMPK is activated [7]. 

1.4. Genetic factor 

As a response to the metabolic and molecular disorders that appear during the aging process, the genome sets in motion 
mechanisms that tend to preserve functional homeostasis, biochemistry and cell biology to control the evolution of 
those disorders [8]. 

When considering the genetic bases of longevity, it is necessary to bear in mind that the genome is the genetic 
inheritance of the ancestors, while the epigenome would be represented both by the aforementioned modifications of 
the environment and harmful habits. On the contrary, those habits that are capable to maintain the healthy course of 
aging and can favorably modify various negative factors [9]. 

It has been suggested that those individuals who have already reached the age of 70 are those who have managed to 
"escape" from CNCDs. As age advances, the genetic factor begins to take a greater importance, which is considered 
heritable between 15 and 40%. In these sense, it is suggested that such heritability manifests itself more clearly in those 
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who have reached ages over 90 years, in which the genetic factors that determine longevity are evidently stronger, 
especially if they have been inherited by paternal ancestors [9]. 

Being genetically predetermined the approximate age in which the death occurs, it has been said that: ”it is not a matter 
of prolonging the years of life but, mainly, of giving more life to the years”. In this way, developing preventive measures 
that modify the epigenome in a positive sense, with the aim that the aging process proceeds in a healthy way, could be 
a good strategy for the prevention of CNCDs, as a whole, probably more effective and economically supportable than if 
those were treated each of them separately [9]. 

It is considered that the number of genes that could be related to longevity is about 500, of which, only a small number 
of them have been studied. One of those gen is the polymorphism of the leukocyte antigen, which is over-represented 
in long-lived Okinaguens in relation to the younger controls. It has also been observed that there are different 
polymorphisms in French and German centenarians compared to young people, in the genes that encode the synthesis 
of Apolipoprotein E, Apolipoprotein A and angiotensin converting enzymes [9]. 

Fork head box O (FOXO) 1, 3, 4, and 6 are a family of proteins that modulate the expression of genes involved in 
apoptosis, the cell cycle, DNA damage repair, oxidative stress, cell differentiation, and glucose metabolism, among many 
others cellular functions that are associated with healthy aging. The activity of these proteins is regulated by various 
mechanisms, but mainly by the activity of the Sirt proteins, which in turn are regulated by AMPK. The lack of regulation 
of FOXO proteins can lead to diseases such as cancer [10]. 

These FOXO proteins are transcription factors that play an important role in the extension of life and are related to 
dietary restriction. A better understanding about the way by which FOXO proteins act, could help to clarify the 
mechanisms by which aging is a risk factor for various diseases, on the other hand, it could increase the possibility for 
the development of a wide spectrum of drugs to prevent those diseases related to aging [11,12]. 

1.5. Aging at the molecular and cellular level 

The fundamental function of AMPK is the homeostatic control of metabolic energy necessary for many metabolic 
processes. Increased AMPK activity can extend life span in mammals because it regulates autophagy, improves cell 
function, induces mechanisms that increase resistance to stress, and controls the inflammatory response. On the 
contrary, the decline in AMPK activity is associated with aging, increased oxidative stress, reduced autophagy of 
damaged cell organelles, appearance of inflammation, favors various metabolic disorders, and consequently the loss of 
capacity for the regeneration of stem cells in tissues, resistance to stress and good cell function, which are indicators of 
health and prolongation of life [13,14]. 

At present, there is the objective to study the polymorphism of genes that encode proteins involved in different aspects 
related to longevity at the cellular level, such as: mitochondrial and peroxisomal dysfunction, resistance to oxidative 
stress, DNA methylation, control of the cell cycle, the proteolysis of misfolded proteins, changes in membrane lipids, the 
shortening of telomeres and the decline of autophagy among other changes associated with aging [15,16].  

A consensus has been reached that, at the cellular level, progressive DNA damage and the decline of the mitochondria 
are mainly responsible for natural aging. However, this does not diminish the importance of the effect that peroxisome 
dysfunction produces on the normal aging process, since these organelles are integrated into an endomembrane system 
that governs cellular aging by modulating the levels of non-esterified fatty acids. and diacylglycerol. Furthermore, there 
is a functional interrelation between peroxisomes and mitochondria from the point of view of their metabolic activity. 
In this sense, both organelles share aspects related to oxidation-reduction mechanisms, which constitutes the basis of 
one of the best known theories to explain the aging process. Peroxisomes functions as a source, as a sink, or also as a 
target for reactive oxygen molecules. However, it is considered that their participation in the aging process has been 
underestimated [17]. 

With advancing age, both peroxisomes and mitochondria can deteriorate and autophagy constitutes the only defense 
mechanism against the accumulation of defective mitochondria and peroxisomes, which, once damaged, promote aging. 
Although, however, this autophagy mechanism can also fail with increasing age. 
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2. Regulatory effect of very long chain fatty acids (VLCFA) on the aging process 

Experimental data suggest that VLCFA play an important role in the regulation of telomere length, which are necessary 
actors of aging and longevity. In these experiments, it has been shown that the deletion of elongase (an enzyme that 
intervenes in the synthesis of VLCFA) in mice leads them to death a few hours after birth [18]. 

The deterioration of peroxisomes and their malfunction can lead to an increase in reactive oxygen species since, by 
decreasing the β oxidation of VLCFA in peroxisomes, they accumulate in excess leading to a decrease of plasmalogen 
synthesis [19]. 

Among the multiple functions, plasmalogens are able to trap free radicals, as well as neutralize hypochlorous and 
hypobromous acids, highly oxidizing, which are produced by leukocytes during inflammation, which is a condition 
closely linked to aging. Besides that, Plasmalogens also inhibits the synthesis of nitric oxide. In addition, the reduction 
of plasmalogen production alters the composition of cell membranes, their structure, fluidity and function.19 The 
limitation of VLCFA synthesis is also capable of inducing the formation of unfolded proteins, a phenomenon closely 
associated with aging [20]. 

Patients with adreno-leuko-dystrophy, whose shows a genetic deficiency of peroxisomes, suffer from serious metabolic 
disorders, caused by poor metabolism of VLCFA, exhibiting severe central and peripheral nervous system involvement, 
as well as other symptoms that profoundly affect their health, and that is why they die at early age [21]. On the contrary, 
it has been shown that diets rich in VLCFA and also in polyunsaturated fatty acids (DHA, EPA) can increase the 
proliferation of peroxisomes and enzymes that participate in lipid metabolism [22]. It is significant that saturated and 
unsaturated VLCFA are peroxisome proliferator ligands α (PPARα), which play a very important role in the induction of 
transcription of multiple peroxisomal enzymes [23-26]. 

It has been suggested that the protective effects of VLCFA contained in the diet could occur via regulation of the SIRT - 
SREBP-1 - histone H3 axis, which leads to the consideration that VLCFA are involved in genetic processes related to 
control of aging [6]. 

The levels of serum plasmalogens, derived from VLCFA, show a positive and significant correlation with the 
functionality and plasma concentration of High-Density Lipoprotein- Cholesterol (HDL-c) [27]. 

HDL tends to decrease with advancing age and as a consequence increases the incidence of coronary stenosis and 
abnormal glucose tolerance, all of which is also associated with a decrease in plasmalogen in HDL-c and with a decrease 
in its antiapoptotic activity [28]. 

On the contrary, the elevation of the HDL-c concentration is associated with longevity, as demonstrated in a prospective, 
national cohort study, which included 7766 elderlies between 65 and 74 years of age. In this study, 1921 deaths 
occurred in a period of 5.9 years. The risk of all-cause mortality was associated with an HDL-c level <61 mg / dl. While 
the minimum mortality was associated with HDL-c figures> 71 mg/dl in a range between 61 and 85 mg/dL [29]. All of 
which suggests an important role of HDL-c, possibly associated with its plasmalogen content and reducing the velocity 
of the aging process. 

3. Effects of policosanol in different aspects associated with the aging process 

Policosanol is a mixture of very long chain fatty alcohols (VLCFAl), extracted from Cuban sugar cane, originally indicated 
to improve the lipid-profile. Policosanol reduces the serum concentration of total cholesterol, triglycerides, Low Density 
Lipoprotein-Cholesterol (LDL-c), and Very Low Density-Cholesterol (VLDL-c) but, on the contrary, increases HDL-c 
serum concentration and improves its functionability. It was demonstrated that policosanol exert those effects by 
activating AMPK [30-32]. 

Starting from the hypothesis that improving the functionability of HDL-c it can be stimulated the cell growth, as well as 
tissue regeneration. And taking into account that the improvement in the functionality of HDL-c is associated with the 
effects of cell regeneration, vasodilation, anti-thrombotic and anti-apoptotic and that policosanol notably increases the 
concentration of plasmalogen and paraoxonase in HDL-c; a study was carried out where an increase in the growth rate 
of brain gliomas cells and the regeneration of the tail was observed in an experiment with zebrafish treated with 
reconstituted HDL-c and enriched with policosanol. This result is considered as an antiapoptotic and tissue regeneration 
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action, which was accompanied by a decrease in the production of reactive oxygen species, all of which could explain 
longevity, attributable to the improvement in HDL-c functionality [33-35]. 

It was also confirmed that Policosanol also increased plasmalogen concentration in LDL-c and for this reason the 
oxidation of LDL-c is also inhibited. Plasmalogen content, synthesized in the peroxisome from VLCFAL that make up 
policosanol, also contributes to the antioxidant activity of HDL and LDL [36,37]. 

In some of these experiments, VLCFA and VLCFAL have similar effects. The similarity in the effect of VLCFAL and VLCFA 
could be explained because both molecules convert into each other according to the metabolic cycle described by Rizzo 
in the endothelial reticulum [38]. 

The anti-aging effect of Policosanol was also observed in a randomized, double-blind, placebo-controlled clinical trial 
involving 1,470 women and men between 60 and 80 years of age for 3 years. This test revealed a significant decrease in 
total cholesterol, LDL-c and to a lesser extent triglyceride, which was accompanied by a significant elevation of HDL-c. 
During the trial, 23 participants died due to different CNCDs: 19 in the placebo group (2.6%) and 4 in the group treated 
with policosanol (0.5%) p <0.001, one of whom died due to a traffic accident [39]. 

4. Effects of policosanol related to the aging process 

4.1. Anti-inflammatory effects 

With the increase in human life expectancy, individuals are exposed for a longer time to different antigens that, together 
with the aging of the immune system, favor the establishment of a low intensity chronic inflammatory state called 
“inflammaging”. The most important goal of researchers studying inflammaging is to develop effective interventions to 
improve inflammation. However, only a small fraction of these contributions have managed to have clinical applications 
[40]. 

Recent studies have shown that AMPK exerts anti-inflammatory effects through the activation of Sirt1, PGC1α, FOXO3a 
and p300, in addition to downregulating several proteins related to the inflammatory process such as NF-kB and AP-1, 
which is why, the AMPK activation has been a suggested mechanism as a therapeutic target to treat inflammation and 
diseases related to inflammatory processes [41]. On the other hand, there has been evidence that deletion of AMPKα1 
in glial cells of mice develops mitochondrial dysfunction and a pro-inflammatory response [41]. 

It has been shown, in experiments with rats, that Policosanol prevents aspects of the inflammatory process such as the 
development of foam cells in granulomas induced by carrageenan (extravascular medium), evidencing its anti-
inflammatory effect in the improvement of lesions of the intima in the aorta [42]. Moreover, it has been also shown anti-
inflammatory effects in patients with subclinical inflammation, [43]. in obese women [44]. and in patients with 
hyperlipidemia [45]. 

4.2. Antiapoptotic effects 

Policosanol treatment significantly decreases the circulating endothelial cell count induced by sodium citrate injection 
in animal models [46]. It has been shown that Policosanol, in addition to preventing endothelial damage, significantly 
reduces the thickness of the intima in rabbit arteries previously damaged by forceps [47]. The experimental results 
were confirmed in a double-blind, controlled clinical trial in hypercholesterolemic elderly patients, treated with 
policosanol, in whom a reduction in circulating endothelial cells was observed [48]. 

Another clinical trial in the elderly confirms that policosanol, in addition to regulating the level of serum lipids, improves 
endothelial cell function and decreases platelet aggregation by adenosine diphosphate, which could slow the progress 
of atherosclerotic disease [49]. 

4.3. Antioxidant effects 

When Policosanol is administered orally (100 and 200 mg / kg) to rats, a decrease in lipid peroxidation is observed in 
the serum of these animals for 4 weeks; thiobarbituric acid formation in microsomes isolated from rats is significantly 
decreased by 50%; decreases hyperlipidemia as well as oxidative stress in KKA mice with type II diabetes as well as 
significantly increases (20.9%) the latency time to initiate Cu +2-induced LDL peroxidation, while increasing total 
antioxidant activity plasma (24.2%) (p <0.05) in a double-blind trial [50-52]. 
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Another clinical trial in the elderly confirms that policosanol, in addition to regulating the level of serum lipids, improves 
endothelial cell function and decreases platelet aggregation by adenosine diphosphate, which could slow the progress 
of atherosclerotic disease [53]. 

4.4. Effect on the reduction visceral fat and of body weight 

It has been observed that adding octacosanol (the most abundant component of Policosanol) to a high-fat diet 
suppresses peripheral renal fat in experimental animals and concludes that octacosanol and Policosanol are powerful 
anti-obesity molecules that increase the activity of brown fatty tissue and therefore increase energy expenditure and 
reduce body fat [54]. 

The decrease in body weight was the most reported event (24.4%) in a post-marketing surveillance study involving 
27,879 patients [55]. 

Another drug-epidemiological study also showed the reduction in body weight as the majority report among the 
collateral effects of Policosanol [56]. Notwithstanding these results, it would be of interest to carry out clinical trials 
especially aimed at confirming the reduction in body weight and other anthropometric measurements in normal weight 
and obese individuals. 

4.5. Effect on physical activity 

Physical inactivity has a significant impact on health around the world. Eliminating physical inactivity would eliminate 
6% to 10% of the major noncommunicable diseases, such as cardiovascular disease; type II diabetes; metabolic 
syndrome, as well as lung and colon cancer and increases life expectancy [57]. 

In animals fed with policosanol, the amount of voluntary physical activity was significantly higher and in humans, 
treatment with Policosanol plus omega 3 administered to eighteen karateka showed a reduction in reaction time and 
increased the feeling of vigor [58]. 

A nutritional supplement that mainly contains Policosanol (Vasoactol), used in Cuba for aged people or with special 
pathophysiological conditions, significantly increased VO2 max (maximum oxygen consumption), mean power and total 
exercise time in patients treated in relation to placebos in a double-blind trial [59]. Furthermore, a mixture of VLCFAL 
extracted from Cuban sugar cane wax (D-003), improved VO2max, decreased pain and increased the perception of 
health (Euro-Qol score) as well as cardiovascular capacity (Specific Activity Scale) [60]. The exposed results suggest a 
facilitating effect of the development of physical activity. 

5. Effects of policosanol treatment on some CNCDs 

5.1. Ictus  

A dose of 200 mg of Policosanol protected Mongolian gerbils from death due to cerebral infarction induced by carotid 
ligation [61]. 

A meta-analysis was performed to study the evidence regarding the relationship between VLCFA ingestion and risk of 
stroke that included 476,569 individuals with no history of stroke and 11,074 with a history of stroke. The data analysis 
revealed that the ingestion of VLCFA is inversely associated with the risk and stroke mortality [62]. 

The addition of Policosanol to conventional therapy in the treatment of stroke patients was able to significantly improve 
neurological recovery compared to patients treated with conventional therapy. In patients treated with Policosanol, a 
better response of oxidative variables and serum lipid profile was also observed [63]. 

5.2. Coronary heart disease  

A study conducted in the United States of America concluded that VLCFA were associated with a healthy serum lipid 
profile (low triglycerides concentration and increased HDL-c) and decreased cardiovascular risk by 52% [64]. 

5.3. Diabetes mellitus  

An experimental study in mice with type II diabetes, treated with Octacosanol (the major component of policosanol), 
showed that the animals attenuated hypertriglyceridemia and total cholesterol concentration, as well as the 
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concentration of lipoperoxides in serum and liver tissue, indicating an improvement in hyperlipidemia and oxidative 
stress in treated animals [65].. 

Policosanol supplementation decreased the concentration of glucose and cholesterol, as well as the activity of the 
enzyme 3 Hydroxymethyl Glutaryl CoA Reductase in a model of rats fed diets rich in cholesterol [66]. 

The concentration of circulating VLCFA-derived phospholipids is associated with a lower risk of diabetes and a decrease 
in triglycerides in the elderly [67]. 

Treatment with Policosanol produced a significant reduction in total cholesterol, LDL-c and the HOMA index 
(Homeostatic Model Assessment) (p <0.002) indicating an effect on insulin resistance and glucose metabolism in 
patients with fatty liver. A non-significant trend, but a marked reduction in transaminases, triglycerides, and body mass 
index was also found in these patients [68]. 

It has been observed in a clinical trial that treatment with Policosanol has a lowering effect on glycosylated hemoglobin 
in addition to a better composition of serum lipids in non-insulin-dependent diabetic patients, [69]. which has been 
repeated in another trial with diabetic patients [70]. 

5.4. Metabolic syndrome  

A population study carried out in South Korea demonstrated the association of VLCFA in the improvement of the 
metabolic syndrome. The results indicated that dietary ingestion of VLCFA is significantly associated with a decrease in 
circulating triglycerides and negatively associated with the risk of metabolic syndrome compared to subjects with low 
VLCFA intake among other cardiovascular risk markers [71]. 

In a randomized controlled study held in Cuba, Policosanol was able to improve oxidative stress in patients with 
metabolic syndrome in addition to a beneficial effect on the lipid profile been safe and well tolerated [72]. 

The treatment with a product containing policosanol (Armolipid) for six months improved oxidative stress and serum 
lipid profile in patients with metabolic syndrome and it is suggested that the risk and development of atherosclerosis is 
reduced, particularly in small and dense LDL-c patients [73]. 

5.5. Arterial hypertension  

Consumption of Policosanol for 12 weeks in healthy subjects significantly reduced systolic and diastolic blood pressure, 
as well as mean arterial pressure in 12 weeks of treatment, and also decreased total cholesterol, LDL-c and triglycerides 
while increasing HDL-c [74]. 

A large study on the results reported in the literature indicates a significant hypotensive effect of Policosanol on systolic 
(p <0.001) and diastolic (p <0.013) pressure. However, longer-term studies are suggested [75]. 

6. Conclusion 

The increase in the global population over 60 years of age and the CNCDs associated with the increase in life expectancy 
are a cause for concern throughout the world. There is a need for a health culture that promotes healthy nutritional 
habits and the systematic practice of physical activity, as well as the use of medicines of natural origin that can 
contribute to the prevention of CNCDs associated with old age. Policosanol is a medicine of natural origin with proven 
effects on the mechanisms that regulate the aging process that, in addition, prevents or attenuates the development of 
different CNCDs, so it is suggested to be included among the medicines of natural origin that can contribute to a healthier 
aging.  
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