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Abstract

Ageing is a complex process occurring simultaneously on various
levels - visual, physical, mental. Some among many factors responsible for
maintenance of good physical and mental health are various nutrients,
vitamins, antioxidants and medical drugs. Within this review, selected
substances that show anti-ageing potential were examined. This paper
reviews data on model organisms concerning the effects of widely used
drugs and dietary supplements on the lifespan of model organisms.
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Introduction

Long life in good condition is one of the biggest desires of
humankind. People found a solution for removing the visual effects of
ageing in esthetic medicine, while methods for remaining in good health
and mental condition are not always that obvious and simple. People are
more and more conscious about healthy ageing, they seek for the most
reliable and effective methods for extending their lives. Because of
growing interest in ageing gracefully, more and more steps are being made
towards meeting these expectations in the world of science. There is a
great increase in supplements especially designed to promote healthy
ageing, but also newest research is being performed on well-known drugs,
that their contribution in extending lifespan was yet unknown. Within this
research the wide variety of medical drugs and supplements was described,
and their anti-ageing influence was analysed.

Metformin

A drug, which is widely discussed and examined in terms of its
ability to prolong patients’ life is metformin, which is a synthetic
derivative of French Lilac (Galega officials). It is an oral anti diabetic
drug, most commonly prescribed for type II diabetes. In a study performed
on male mice, 0,1% metformin concentration in diet, implemented at
middle age, turned out to significantly extend lifespan and healthspan,
while 1% concentration was toxic [1]. Metformin is believed to imitate the
benefits of calories restriction, which result in enhanced physical
performance, higher insulin sensitivity as well as reduced levels of low-



density lipoprotein and total cholesterol [2,3]. The intake of metformin
came out to exhibit antioxidant properties and to reduce oxidative damage
through the increase in the activity of AMP-activated protein kinase.
Nevertheless, metformin cannot be called a miracle drug. Its main
disadvantage is the fact that it can cause vitamin B12 deficiency and result
in peripheral neuropathy or neuropsychiatric symptoms [4,5]. The
preliminary findings of MILES (Metformin in Longevity Study) as well as
TAME (Targeting Aging with Metformin) confirm the anti-aging
properties of Metformin. However, it remains uncertain whether it can be
effective for healthy participants [5]. Although metformin undeniably
reduces early mortality linked with diseases, such as diabetes, cancer,
cardiovascular disease and cognitive impairment, the evidence that it is
capable of prolonging lifespan is highly controversial and the mechanism
still unknown.

Rilmenidine

Rilmenidine is a medication used in the treatment of hypertension. It
acts as an I1- imidazoline receptor agonist, which encourages scientists to
consider the receptor as a target for longevity medicine scientists. In a
study performed on Caenorhabditis elegans treated with rilmenidine at
both young and old age, the medicine was proven to extend lifespan.
Similar to metformin, it mimics the caloric restriction gene transcription
observed in the tissue of mice kidneys and livers. The study of the
mechanism of action showed that transcription factors, such as FOXO/
DAF-16 and NRF1,2,3/ SKN-1, were needed. Although the research
showed the potential of rilmenidine to prolong lifespan, there is currently
not enough studies to undeniably confirm its efficacy and mechanism of
action [6].

Nicotinamide mononucleotide

NMN (Nicotinamide mononucleotide) has been a widely examined
dietary supplement known for its anti-aging and neuroprotective
properties. The nucleotide is transformed to NADH (nicotinamide adenine
dinucleotide), which takes part in processes within mitochondria [7]. It has
been noticed that the decline in NADH levels in tissues is associated with
the progress of aging. Its levels can impact DNA repair, immune cell
activity and metabolic pathways. The restoration of NADH levels act as a
potential therapeutic target capable of reversing or delaying age-related
diseases, such as cardiovascular disorder, diabetes or cognitive



impairment[8,9]. A 60-day clinical trial on 80 middle-aged healthy adult
participants implemented oral doses of placebo, 300 mg, 600 mg, or 900
mg of NMN. No safety issues were mentioned after the study. Within the
research, walking distance and blood biological age were evaluated. The
walking distance during a 6-minute walking test was significantly higher
in patients who received NMN supplementation in comparison to placebo
group [10]. Nevertheless, the studies, which examine NMN effectiveness,
are criticised not to be of high quality and not to properly prove its anti-
aging action. It remains uncertain whether the benefits confirmed in
animal studies can be referred to humans’ physiology.

Resveratrol

Resveratrol 1s a polyphenol found in blueberries and grapes. It has
been found to modulate the hallmarks of ageing by the reduction of
oxidative damage, inflammation, cell senescence and attrition of
telomeres. The mechanism of action includes several genes associated with
longevity, which are PBEF, Sirtl, Sirt3, Sirt4, FoxO1 and Fofo3a [11].
Several studies suggested its effectiveness in the prevention of type II
diabetes, hypertension, Alzheimer’s disease, cancer and cardiovascular
disease by reducing cholesterol levels and inflammatory response [12]. In
a study performed on mice, the treatment with resveratrol enhanced their
aerobic capacity by the increase in the running time and oxygen
consumption in muscle fibres. Resveratrol intake contributed to decrease
of PGC-1alpha acetylation and increase in PGC-1alpha activity. It resulted
in the activation of genes associated with mitochondrial biogenesis and
oxidative phosphorylation [13,14]. Nevertheless, research performed on
mice has not been able to show an undeniable impact on survival or
lifespan extension.

Probiotics

Probiotics are alive organisms which are administered in adequate
amounts, continue to live in intestines and exhibit desirable effects on
patients. This impact takes place through different pathways, that is gut-
brain axis as well as gut skin axis [15]. While the benefits on
gastrointestinal tract are generally well-recognized, new research suggests
many various benefits for human body systems and homeostasis, for
instance endocrine, immune, cardiovascular and CNS (central nervous
system). Especially, their advantages for neurological and psychiatric
symptoms are widely emphasised in disorders, such as depression, anxiety,



autism and Parkinson’s disease. The possible mechanism of indirect
impact on the central nervous system is through the calming effect of the
vagus nerve. Cellular senescence has been recently stated to be an effect of
microbiome imbalance. The senescent cells, which die because of stress
and undergo growth arrest, tend to accumulate and be linked to chronic
ang ageing pathologies. The mechanism is accompanied by inflammatory
cytokines, growth factors and chemokines. Particularly, skin disease can be
induced by senescence, because skin acts as a frequent site of senescent
cells accumulation [16,17]. However, although probiotics can play a role
in skin health and its ageing by inhibiting cell senescence, it remains
questionable whether they are capable of prolonging lifespan and
healthspan.

Acarbose

Acarbose is the a-glucosidase inhibitor, whose mechanism of action
involves slowing down digestion of carbohydrates and inhibits
postprandial increase of glucose levels in blood. It is basically used in
treatment of patients with diabetes mellitus type 2 and patients with
glucose intolerance. [18] Similarly to metformin, acarbose decreases mean
weight value in patients, delays new onset of diabetes and positively
influences cardiovascular health. [19] Looking closer into cardiovascular
health, according to the STOP-NIDDM trial performed by Chiasson JL, et
al. (2003) [20] it was shown that acarbose treatment increased the
probability of remaining free of any cardiovascular event by 49%. This
significant number brings hope for diabetic patients, being at particular
risk of cardiovascular malfunctions. Research on acarbose gives important
insight in increasing lifespan of patients, whose life is at higher risk due to
diabetes and obesity.

Mianserin

Mianserin is an atypical antidepressant that is used primarily in the
treatment of depression, at lower doses is used for patients suffering from
insomnia. Its effect on extending the lifespan of humans was not yet
determined, but promising research was performed in 2021 on nuisances.
[21] To perform this research nuisances Caenorhabditis elegans (C.
elegans) were investigated - a well-established model organism commonly
used within ageing research. Treatment groups, besides control group,
were given either mianserin alone, glucose alone, or combined doses of
both mianserin and glucose. Lifespan was determined by monitoring the



worms until they died. Researchers observed that mianserin treatment
resulted in a 12% increase in lifespan, but reduced lifespan by 6% of the
glucose fed group. In the group fed with a combination of mianserin and
glucose, the effect of increasing the lifespan was reduced. [21]. This
research shows not only the potential of mianserin in increasing lifespan,
but also underlines the importance of glucose level in diet. Observation
form above research occurs, that there is additional advantage in
improving longevity deriving from drugs lowering sugar blood levels.
High glucose level not only reduced lifespan itself, but also abolished the
lifespan-extension established by mianserin.

Rapamycin

Rapamycin is a macrolide immunosuppressant used widely for the
prevention of organ transplant rejection and for the treatment of
lymphangioleiomyomatosis. Most important feature of rapamycin, while
considering its anti-ageing effect, is its capacity of inhibiting the
mammalian target of rapamycin (mTOR) by binding to the intracellular
receptor FKBP12. [22] The mTOR pathway is a main regulator of tissue
metabolism and cell physiology. It accounts for functioning of multiple
tissues including liver, muscle, white and brown adipose tissue and the
brain [23] and is dysregulated in human diseases, including diabetes and
obesity [24]. Impairments in those pathways have such an impact on the
human body, as the activity of the mTOR (precisely its subunit C1) is
regulated by i.a insulin and growth factors, and oxidative stress. [25] Due
to the observed correlation of rapamycin on mTOR, thus its direct
influence on tissue metabolism, researchers decided to investigate the
influence of this drug on the process of ageing. Study performed by
Selvarani et al. (2021) showed clear influence of rapamycin on increase in
lifespan in mice. Researchers found out that high doses of rapamycin
increased the lifespan of male rats up to 61%. Moreover, there was no
report stating any negative effect of rapamycin on the lifespan of
laboratory mice. [26] This important observation gives us insight into cell
metabolism and the possibility of its alteration.

Vitamin D

Vitamin D is the common name for a group of prohormones soluble
in fats, that the main role is intestinal absorption of elements and
compounds like calcium, magnesium, and phosphate [27]. In humans, the
most important compounds in this group are vitamin D;(cholecalciferol)



and vitamin D, (ergocalciferol) [28]. It was proven that vitamin D plays a
significant role in prevention of neural degeneration [29]. In terms of high
quality life, not only longevity is the most important, but a key aspect are
years of life in full physical and mental health. Due to the observation of
vitamin D's influence on the nervous system, researchers decided to
measure its impact on ageing and age-related diseases. Caenorhabditis
elegans was used as a model organism and its lifespan and healthspan were
measured. Treatment with vitamin D3 significantly extended the lifespan
of worms and rescued worms with a mutant vitamin D receptor gene
(which typically have decreased life spans in comparison to the first
group). What is interesting, treatment with vitamin D3 additionally, to a
small extent, prolonged the lifespan of worms that were engineered to
represent Alzheimer disease [32]. This observation brings insight into the
possibilities of not only extending the lifespan, but also possible treatment
of diseases substantially decreasing quality of life.

Not only the need of preventing neurodegenerative diseases speaks in
favour of supplementation of vitamin D. Chowdhury et al. (2014) showed
a direct relationship between low vitamin D levels and an increased risk of
all-cause mortality [30]. The same conclusion derives from research
performed by Autier et al. (2007), by showing the relationship between
vitamin D supplementation and reduction of all-cause mortality by 7%
[31].

Coenzyme Q10

This fat-soluble substance is present in every mitochondria of
animals’ and plants’ cells. Main role of coenzyme Q10 is transporting
electrons in the electron transport chain, which results in energy generation
in the form of ATP. Presence of CoQ10 allows cells to create energy in the
process of cellular respiration. Study performed by Mantle D. et al. (2019)
show that supplementation of coenzyme Q10 has a positive effect on
prevention or management of diseases that significantly shorten and
decline in quality human life [33]. Researchers analysed the role of CoQ10
in terms of cardiovascular disease, diabetes, kidney disease and liver
disease. Randomised controlled clinical trials have proven
supplementation with CoQ10 or CoQ10 with selenium to be effective in
reduction of mortality up to 50% in patients with cardiovascular disease
[33]. These outstanding results prove the effectiveness of supplementation
in terms of the deadliest diseases of the present times.



Taurine

Taurine 1s an amino sulfonic acid, it is the end product of the
degradation of the sulphur amino acid, cysteine. Synthetic taurine is an
ingredient in energy drinks, powdered modified milk for babies, cat food
and sports nutrition products. Organically, it has been discovered that an
exceptionally high concentration of taurine occurs in the developing brain
and drops dramatically right after development is complete [34]. Taurine
has also been shown to improve cognitive function by increasing glial
metabolism, but in higher doses can cause encephalopathy [35]. As the
effect of taurine on the developing brain was already proven, scientists
started to investigate its effect on the ageing brain. Singh P. et al. (2023)
focused on taurine supplementation in terms of healthspan and lifespan
[36]. Firstly, they measured blood taurine concentrations at different ages
in mice, monkeys, and humans. Results showed more than 80% decrease
in taurine serum concentration in elderly humans, compared with the
concentration in serum of younger individuals. Secondly, solution or
taurine was administered to mice at different life stages. Results showed
10-12% increase in length of life in taurine-fed mice in comparison to
control mice [36]. These results are very promising, yet more investigation
on humans should be performed.

Discussion

There 1s no denying that there are both advantages and disadvantages
of studies performed on the efficacy of available supplements and medical
drugs in longevity medicine. Human beings have always been dreaming of
immortality or even to extend lifetime and years in health and these days
they see a possibility. First of all, the studies constitute a possibility to
discover promising cellular targets and particular genes responsible for the
length of life. They can act as a basis for further research of therapies for
civilization diseases, such as cancers or cardiovascular incidents.
Indirectly, the extension of people’s lives could lead to huge development
of societies.

However, neither of the described substances can be considered as
flawless. Researchers may be blinded by their eagerness for longer life as
well as fame after their thesis for a particular substance is supported by a
study. That 1s why the methodology of the studies is not always
convincing. There 1s a question whether it is safe to use a medicine which
extends life and is used for a particular disease in a healthy patient. For



instance, using rilmenidine for a patient without hypertension, metformin
and acarbose without diabetes or mianserin with no depressive symptoms
may seem unreasonable.

What is more, as with every substance, the mentioned medicines and
dietary supplements are not free of side effects. For example, the usage of
metformin can lead to life-threatening vitamin B12 deficiency. Moreover,
polypharmacy is a common phenomenon nowadays and the
recommendation to apply another drug or dietary supplement can result in
deepening the condition. Also, it remains unobvious whether these
substances actually prolong life or only extend it by preventing common
diseases. Moreover, even if some of the substances undeniably confirmed
its efficacy and was to be used globally, it could lead to ageing of the
society as well as human overpopulation.

Conclusion

All things considered, it is uncertain whether the depicted medicines
and dietary supplements inhibit ageing or they only exhibit an isolated
impact on longevity by preventing common civilization diseases, such as
cancer, diabetes and cardiovascular incidents. In spite of the fact that an
outstanding amount of articles confirm the advantages of mentioned
substances, the research is not always of high quality, is often performed
on animals such as mice or Caenorhabditis elegans and a small number of
human participants are involved. Therefore, their mechanism of action
constitutes a promising target of research, but the existing evidence still
does not undeniably confirm their effectiveness.
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