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Aging is a process associated with life. It takes place at a variable rate in adults, and it
is possible to distinguish chronological aging from physiological aging [1]. Physiological
aging is the result of the involvement not only of intrinsic factors (genetic factors) but
also extrinsic factors that vary from one individual to another [2,3]. In this context, the
multifactorial role of the exposome, including environmental factors but also lifestyles and
life events, is preponderant [4] (Figure 1). Consequently, defining a universal method to
attenuate or prevent physiological aging, which can lead to pathological aging when asso-
ciated with age-related diseases (cardiovascular, neurodegenerative and ocular diseases,
osteoporosis, sarcopenia, type 2 diabetes and certain cancers) [5], is therefore a difficult
challenge. It is nevertheless a major issue due to the increase in lifespan, and preventing
aging, mainly pathological aging, is both a social and economic necessity [6].

Currently, advances in biology and medicine are opening up encouraging prospects
for preventing aging and age-related diseases. Several avenues are possible. Acting on
telomerase activity (or more precisely on the telomeric complex) which reduces the length of
telomeres is one of the oldest possibilities mentioned [7,8]. Indeed, it is well established that
a reduced size of telomeres leads to a reduction in lifespan by favoring certain age-related
diseases [9]. We also know that a reduction in the size of telomeres contributes to cellular
senescence, which in turn contributes to oxidative stress and inflammation, implicated in
several pathologies of aging [10]. Identifying senolitic strategies (destruction of senescent
cells) is therefore an important therapeutic challenge [11]. In addition, mitotherapy and
pexotherapy, which consist of preserving the metabolic activity of certain cellular organelles,
mitochondria and peroxisome, respectively, also represent promising perspectives [12,13].
Cell therapy, thanks to the use of inducible pluripotent cells (iPSC), makes it possible to
consider the treatment of several diseases with important applications in regenerative
medicine [14,15]. At the moment, rejuvenation is no longer a myth, and is gradually
becoming a reality.

In the therapeutic arsenal available to act on aging by promoting the rejuvenation
of certain organs and certain functions, and by preserving cells and tissues from various
physical, chemical and/or biological attacks which can favor aging and age-related dis-
eases, natural and synthetic molecules continue to attract interest. Thus, it has been clearly
demonstrated in different animal models that resveratrol, which is a polyphenol widely
associated with the Mediterranean diet, as well as some of its derivatives increase lifespan
in mice and nematodes by stimulating biogenesis and mitochondrial activity involving
adenosine 5 monophosphate-activated protein kinase (AMPK), sirtuin 1 and peroxisome
proliferator-activated receptor-gamma coactivator (PGC)-1 alpha (PGC1-c) [16-18]. Omega
3 fatty acids, tocopherols and certain phytosterols also have preventive activities on car-
diovascular diseases [19-21]. Thus, many nutrients have the ability to delay aging [22].
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Dimethyl fumarate and its major metabolite, monomethyl fumarate, have also been shown
to prevent the toxicity of major cholesterol oxidation products (7-ketocholesterol and 7f3-
hydroxycholesterol) found at increased levels in the plasma and/or target organs of patients
with cardiovascular, neurodegenerative and ocular diseases [23,24]. Currently, several data
are available that show that natural and synthetic molecules are able to act on aging and on
certain pathologies which result from it.
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Figure 1. Interest of natural and synthetic molecules in the prevention and/or attenuation of aging
and age-related diseases.

Currently, societal changes are leading to more and more interest in natural or synthetic
molecules in order to consider healthy aging. In this context, it is becoming increasingly
interesting to identify molecules that are capable of either promoting rejuvenation, prevent-
ing aging, or protecting against exogenous or endogenous cytotoxic compounds which
can favor aging. The identification of such molecules is made possible through various
studies on humans, animals or cells, and it is important to know the possible target genes
of these molecules and the relevant signaling pathways in order to create applications that
will improve human health.

In this Special Issue of Cells entitled “Rejuvenating, Geroprotective and Cytoprotective
Activities of Natural and Synthetic Compounds: Proofs of Concept, Associated Mecha-
nisms and Applications” (Guest Editor: Dr Gérard Lizard; Associated Guest Editors: Prof.
Mohamed Hammami and Prof. Giuseppe Poli), twelve papers have been published (four
reviews and eight research papers). These various works report the incidence of natural or
synthetic molecules in the pathophysiology of several age-related diseases.

The cytoprotective effect of the taurine conjugate of ursodeoxycholic acid (TUDCA)
has been carefully reviewed on the basis of recent mechanistic investigations carried out in a
number of in vitro and in vivo models. The net anti-inflammatory effect exerted by TUDCA
makes this physiological intermediate of bile acid metabolism a good candidate drug
product in the treatment of a variety of chronic diseases whose progression is promoted
by sustained inflammatory processes, including diabetes, neurodegenerative diseases and
cancer [25].

In between pharmaceuticals and nutraceuticals, an interesting review critically ana-
lyzed the therapeutic potential of sterculic acid, a plant-derived inhibitor of stearoyl-CoA
desaturase 1 (SCD1), the enzyme catalyzing the conversion of saturated fats into monoun-
saturated fatty acids (MUFAs). SCD1 inhibition may promote apoptosis, pyroptosis and
cell cycle arrest, and thus sterculic acid could be considered in the treatment protocols of
non alcoholic fatty liver disease, of cancer, in which the enzyme is often overexpressed and,
last but not least, of the age-related macular degeneration [26].

A comprehensive analysis of the most promising natural compounds to be used as
nutraceuticals in the treatment of inflammatory disease processes, with special regard to
osteoarthritis, has also been provided. The main mechanistic aspects behind the pleiotropic
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effects of substances such as glucosamine, chondroitin sulfate and hyaluronic acid, omega-3
fatty acids, resveratrol, and curcumin were elucidated by means of sound in vitro and
in vivo preclinical studies. The potential contribution of these and many other nutraceuti-
cals to nutrigenomics was discussed [27].

A special focus on the beneficial effects of the polyphenols present in large amounts
in the extra virgin olive oil was nicely afforded and their primary role as nutritional
supplements in elderly was properly underlined by reviewing the increasing bulk of
data proving their remarkable antioxidant and anti-inflammatory properties. Notably,
their in vitro demonstrated effects in quenching the enterotoxicity of dietary cholesterol
oxidation compounds (oxysterols), especially those derived from food cholesterol oxidation,
were underlined and properly commented on [28].

Of note, new and informative mechanistic insights into the protective effects exerted
by polyphenols against a number of cell changes, at least partly due to a cellular redox
imbalance, consistently detectable in age-related diseases, were given by a bulk of original
in vitro research studies. The proof of the great efficacy of three polyphenols, namely
quercetin, resveratrol and apigenin, in counteracting the multifaceted cytotoxicity of 7-
ketocholesterol was provided in the mouse neuronal N2a cell line, since this major oxysterol
was shown to accumulate in patients with age-related diseases, in particular cardiovascular
and neurodegenerative processes [29,30]. A deep mechanistic insight clearly connected the
ROS quenching and reinforcement of the antioxidant defense system to the ability of the
three nutraceuticals to positively modulate a number of redox-dependent signaling path-
ways and transcription factors, that in case of 7-ketocholesterol’s excessive accumulation
ultimately would lead to different expressions of cell death, especially oxiapoptophagy,
associated with several markers of oxidative stress, apoptosis and autophagy [31]. Another
polyphenol, xanthohumol, of the flavonoid sub-family, is already considered as a potentially
useful supplement in anti-cancer therapies, in particular against the progression of colon
cancer, a type of malignant neoplasia not sometimes high resistance to chemotherapeu-
tics. New mechanistic proofs that support the ability of this natural compound to induce
apoptosis of colon cancer cells, at the same time activating post-DNA repair reactions,
making the residual neoplastic cells sensitive to chemotherapy again, were obtained in a
suitable in vitro model [32]. A promising curcumin derivative, GT863, was demonstrated
to efficiently interfere with amyloid-3 production using neuronal cells of human origin
(SH-SY-5Y), acting on y-secretase, not inhibiting its activity but rather avoiding its cleavage
through the N-glycosylation of this protein subunit nicastrin. Indeed, the inhibition of
N-glycosylation in neuronal cells as exerted by the GT863 curcumin derivative appears
of particular interest, because of the better bioavailability shown by this compound in
comparison to curcumin [33]. Polyphenols appear to be the key players in the anti-breast
cancer effects disclosed by an extract of the plant Ephedra alata Dacne, tested in combina-
tion with the cisplatin therapy both in a cancer cell line and in a mouse model. All of the
components of the plant extract were identified by liquid chromatography combined with
mass spectrometry, revealing that about 50% of the total compounds were represented by
quercetin and myricetin and their derivatives. The plant extract was shown to synergize
with cisplatin in inhibiting the proliferation and enhancing the apoptosis of breast cancer
cells [34].

Rather more related to the pre-clinical evaluation of a variety of pharmacological
interventions are other interesting original studies reported in this Special Issue. Sterculic
acid, independently from its known inhibitory effect on stearoyl-CoA desaturase, was
proven to exert a significant anti-inflammatory and anti-proliferative role on layers of
retinal pigment epithelial cells in culture, by exploiting quite a large number of properties,
including the inhibition of fatty acids and steroid synthesis and the up-regulation of
fatty acid degradation and (3-oxidation, all original findings detected by an advanced
technology, namely genome-wide transcriptomics, a promising therapeutic option in the
treatment of age-related macular degeneration [35]. Mitotane, the standard drug used to
treat adrenocortical carcinoma (ACC) with reasonably good results, impairs not only the
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adrenocortical steroid biosynthesis but also the cholesterol metabolism, with an increased
production of some cholesterol oxidation products, named oxysterols. By means of gas
chromatography combined with mass spectrometry, a net increase in the oxysterol 27-
hydroxycholesterol (27OHC) in the plasma of ACC patients under treatment with the drug
was observed. By treating the H295R adrenocortical cell line with micromolar amounts
of 270HC, a marked derangement of mitochondrial potential was observed, followed by
strongly enhanced apoptosis. These findings point to an at least partial contribution of the
270HC-induced apoptosis of ACC cells to the anti-cancer action of mitotane [36].

With regard to lung diseases, in particular idiopathic pulmonary fibrosis (IPF), my-
ofibroblasts can become resistant to apoptosis in a FasL-dependent manner, because the
membrane-bound FasL is cleaved from the cell surface by metalloproteinases, so that the
soluble form of this protein is generated (sFasL). Interestingly, in IPF-lung myofibroblasts
cultivated in the presence of metalloproteinase-7 (MMP-7) as well as in MMP-7 KO mice,
the apoptosis of myofibroblasts induced by FasL was restored. These are original and
promising results supporting the search for and possible adoption of suitable MMP-7
inhibitors in the treatment of IPF [37]. Finally, natural or synthetic drug products actively
down-regulating the adhesion molecule CD44 were proposed as likely candidates to effi-
ciently counteract the differentiation into mesencymal cells of the alveolar epithelial cells
that survive acute lung damage, in this case the experimental lung damaged by bleomycin.
Such an epithelial-mesenchymal transdifferentiation leads to lung fibrosis. The proof of
concept was achieved in bleomycin-treated chimeric mice injected with CD44 knockout
mesenchymal cells [38].

In conclusion, the different publications presented in this Special Issue of Cells entitled
“Rejuvenating, Geroprotective and Cytoprotective Activities of Natural and Synthetic
Compounds: Proofs of Concept, Associated Mechanisms and Applications”, brings new
evidences on the interest to use synthetic and natural molecules to act on aging and to treat
age-related diseases.
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