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Abstract 

The Mediterranean diet is worldwide recognized as a good prototype of nutrition, due to the 

conspicuous intake of olive oil, nuts, red wine, legumes, fruit, and vegetables, all fundamental 

elements rich in antioxidant substances and polyphenols. Polyphenols are a wide range of 

phytochemicals and/or synthetic chemical compounds, with proven beneficial properties for human 

health. 

In the present review, we critically summarize the well-characterized antioxidant and anti-

inflammatory properties of polyphenols contained in the olives and extra virgin olive oil and of 

resveratrol, a non-flavonoid phenolic compound, providing a special focus on recent advances on the 

role of microbiota and microRNAs modulation as a valuable effect of these compounds. We also 

show the emerging importance of their consumption in the prevention and management of crucial 

neurodegenerative conditions (alcohol-related brain disorders and aging) and in neuromuscular 

disorders (Spinal Muscular Atrophy and Amyotrophic Lateral Sclerosis and Duchenne Muscular 

Dystrophy), where oxidative stress plays a predominant role.  
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Abbreviations Used 
 
ALS - Amyotrophic Lateral Sclerosis  
BDNF - Brain-derived neurotrophic factor  
BMD - Becker Muscular Dystrophy  
C9orf72 - Chromosome 9 Open Reading Frame 72  
CRISPR - Clustered regularly interspaced short palindromic repeats 
DMD - Duchenne Muscular Dystrophy  
FALS – Familial form of ALS 
FOXO3a - Forkhead transcriptional factor 3a  
FUS - Fused in Sarcoma  
HSF1 - Heat shock factor 1 
lncRNAs - Long non-coding RNAs  
MD - Muscular Dystrophy 
MedDiet - Mediterranean Diet 
miRNAs - MicroRNAs  
mRNPs - mRNA-binding proteins  
NADPH - Nicotinamide adenine dinucleotide phosphate 
NGF - Nerve growth factor  
Nox - NADPH oxidases  
Nrf2 - Nuclear erythroid 2-related factor 2  
PBMCs - Peripheral blood mononuclear cells  
pri-miRNA - Primary miRNA  
rAAV - Recombinant adeno-associated virus 
RNAse - Ribonuclease  
ROS - Reactive Oxygen Species 
SALS – Sporadic ALS 
siRNAs - Short interfering RNAs 
SIRT1 - Sirtuin 1  
SMA - Spinal Muscular Atrophy  
SMN - Survival motor neuron  
SOD1 - Cu-Zn superoxide dismutase 1  
TDP-43 - TAR DNA binding protein 43 
TLR - Toll-like receptors  
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Introduction 

The idea that a proper nutrition could play a decisive role in promoting health is now increasingly 

consolidated. The Mediterranean diet (MedDiet) represents one of the most virtuous models of 

nutrition. This kind of diet was first described by Keys, who noted that Italians and Greeks showed a 

significantly lower mortality rate and incidence of cancer and cardiovascular diseases if compared to 

other countries [1,2].  The MedDiet indicates the dietary pattern, with some differences, of people 

living in Greece, Italy, and southern Europe, and is characterized by a great intake of olive oil, nuts, 

red wine, legumes, fruit, and vegetables, all fundamental elements rich in polyphenols. Adherence to 

the MedDiet includes also moderate consumption of fish, potatoes, eggs, and monthly consumption 

of red meat [3,4]. Furthermore, these populations follow social and cultural habits such as a 

widespread food practice, rest after meals, longer mealtimes, and regular physical activity [5,6]. 

Taken together, all these characteristics reduce the risk of developing cardiovascular diseases, 

hypertension, and neurological diseases [7–9]. Moreover, the MedDiet has shown positive results in 

controlling glycemia and reducing the risk of developing type 2 diabetes [10,11].  

Polyphenols are a big and heterogeneous group of phytochemical or of chemical synthesis 

compounds, structurally characterized by the presence of one or more phenolic rings bounded to 

different structural units [12–14]. These compounds are classified, according to their structure, in 

phenolic acids, flavonoids, stilbenes, and lignans [15]. Polyphenols are naturally produced as 

secondary metabolites of plants and are generally involved in defense against herbivorous and 

pathogenic animals, mechanical support, protection against ultraviolet radiation, attracting pollinator 

insects, spreading fruits, and inhibiting plant growth competitors [15–17]. Some foods are rich in 

specific polyphenols, such as quercetin found in vegetables, fruit, cereals, legumes, wine, and tea 

[18–20]. Tyrosol, oleuropein and hydroxytyrosol are the main polyphenols present in black and green 

olive [18]. Olive oil is widely recognized as a symbol of the MedDiet. Olive oil is a product of the 

mechanical extraction of the olive fruit and is widely used as a source of vegetable oil [21]. 

Chemically, olive oil is composed of a lipid-soluble fraction, principally represented by 
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monounsaturated oleic acid, and by a water-soluble fraction. Polyphenols are found in both fractions, 

aqueous and lipidic [22,23]. It is interesting to note that the olive leaf has a higher concentration of 

total polyphenols than the olive fruit [24]. Based on the definition of the European Union Regulations 

and according to their features, olive oils are commercially classified as extra virgin olive oil, virgin 

olive oil, and ordinary olive oil [25,26]. Compared to other olive oils, extra virgin olive oil has the 

highest quality, the best taste and aspect and the largest quantity of phenolic components, such as 

oleuropein and hydroxytyrosol, flavones, and lignans [27].  

Resveratrol (3, 5, 4’- trihydroxy- trans-stilbene), is a polyphenolic compound of the stilbene family 

widely found in several plants, in fruits, such as grapes and berries, peanuts, tea, and in red wine [28]. 

Structurally, resveratrol has a low molecular weight and is formed by two phenol rings bounded 

together by a double styrene bond, and by three hydroxyl groups. The presence of a double-bound 

allows the existents of cis and trans isoforms. The last one is more stable and abundant in nature [29].  

In the present work, we briefly summarize the well-characterized anti-oxidant and anti-

inflammatory properties of polyphenols contained in the olive oil and of resveratrol, with a special 

focus on the beneficial effect of these compounds in modulating intestinal microbiota and 

microRNAs. Then, we illustrate the emerging importance of these compounds in the prevention and 

management of well-known neurodegenerative conditions (alcohol-related brain disorders and aging) 

and in neuromuscular disorders (Spinal Muscular Atrophy/SMA and amyotrophic lateral 

sclerosis/ALS, Duchenne Muscular Dystrophy/DMD). 

 

Antioxidant and anti-inflammatory properties of olive oil-polyphenols and resveratrol 

Polyphenols are the main antioxidant compounds of our diet and are found in vegetables (broccoli, 

cabbage, and onion), extra-virgin olive oil, fruit (grapes, apples, pears, and cherries), legumes 

(soybean), cereals, chocolate, as well as in drinks such as red wine, coffee and tea [30–34]. Several 

scientific studies on olive oil showed its protective effects on health. In particular, polyphenolic 

compounds of olive oil, such as hydroxytyrosol, can neutralize free radicals and reactive oxygen/ 
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nitrogen species as well as activate the endogenous antioxidant system [35,36]. Because of their 

antioxidant activity, polyphenols protect cells from damage and aging and, consequently, play a 

protective role in chronic diseases such as cancer, diabetes, obesity, neurodegeneration, and 

cardiovascular diseases [37–44].  

The three hydroxyl groups of resveratrol, seem to be essential for its antioxidant activity as they 

are directly responsible of free radical scavenging and of metal chelation [45,46]. Several studies 

have demonstrated the antioxidant, anti-cancer, anti-inflammation, anti-aging, neuroprotective, and 

cardioprotective activity of resveratrol [21,47–51]. As an antioxidant molecule, resveratrol inhibits 

excessive Reactive Oxygen Species (ROS) production, lipid peroxidation, and aberrant mitochondrial 

network [52,53]. In epidermal keratinocytes, treatment with resveratrol increases the production of 

glutathione and decreases the levels of ROS [54]. Sgarbi et al., showed a lower mitochondria 

fragmentation and a higher conservation of the mitochondrial membrane potential in stressed 

fibroblasts when exposed to resveratrol [55]. Moreover, studies conducted in obese mice and diabetic 

rats under the administration of resveratrol revealed a normalization of stress conditions induced by 

hyperglycemia preventing hepatic steatosis [56,57]. In humans, resveratrol intake reduces oxidative 

stress in stress-related diseases. In type 2 diabetes, patients under resveratrol treatment improve 

insulin sensitivity, blood pressure and cardiovascular activity [58,59]. Furthermore, individuals with 

dyslipidemia or obesity show a reduction of plasma triglyceride levels when resveratrol is provided 

alone or mixed in a nutraceutical formula [60–62]. Taken together, these results indicate that 

resveratrol counteracts the increase in oxidative stress exerting a therapeutic effect. 

Inflammation represents the main innate response of the immune system that fights against any 

kind of injury and infection [63–65]. Cytokines play a crucial role in this response; an uncorrected 

balance between pro-inflammatory and anti-inflammatory stimuli can lead to autoimmune diseases 

and chronic inflammatory conditions [66–69]. During the inflammatory response, the production of 

great quantities of ROS promotes additional oxidative stress perpetuating the inflammatory state [70]. 

Polyphenols may modulate the inflammation signaling with an antioxidant-based mechanism and by 
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regulating the expression of inflammatory mediators. Toll-like receptors (TLR), a subfamily of 

pattern-recognition receptors, are primary immune sensors whose function is to activate intracellular 

signaling for the production of cytokines and chemokines that organize initial host defense against 

pathogens [71]. Resveratrol inhibits TLR4 signaling and the following transcription of IL-18 and IL-

1β [72,73]. Resveratrol also promotes the nuclear translocation of the Nuclear Factor Erythroid 2-

Related Factor 2 (NRF2), which activates the transcription of antioxidant enzymes [74,75]. In vitro 

studies in human chondrocytes, using the flavanol Morin, showed an inhibition of IL-1β induced 

expression of cyclooxygenase-2 and matrix metalloproteinase [76,77]. In a rat model of osteoarthritis, 

the administration of curcumin and resveratrol suppressed the expression of IL-1β, IL-6, and TNF-α 

[78,79]. Furthermore, polyphenols modulate the immune and inflammatory response by regulating 

the production of IL-10, an interleukin with anti-inflammatory activity [80,81]. Nutraceutical clinical 

studies in patients with type-2 diabetes, using a legume-based beans diet rich in kaempferol, showed 

an important decrease of inflammatory biomarkers like C- reactive protein, IL-6, and TNF-α [82]. 

Taken together, these data indicate that different kinds of polyphenols may regulate the inflammatory 

response.  

 

Olive polyphenols, resveratrol and alcohol drinking  

Acute, chronic, and prenatal alcohol exposure is associated with cognitive impairment and various 

forms of dementia, as well as with brain damage, liver diseases, cancer, stroke, and injury [83–90]. 

Ethanol affects organs by inducing cell death and by decreasing cell proliferation [91–93]. The 

mechanism underlying the neurotoxicity of ethanol is not yet clearly known. Different studies have 

hypothesized that alcohol consumption may alter neurotrophins production, the neuronal growth 

factors involved in cognitive, learning, and memory activity [94–96]. Nerve growth factor (NGF) and 

brain-derived neurotrophic factor (BDNF) are the best-studied neurotrophins in the physiopathology 

of alcohol use disorders [94,97–99]. Furthermore, they play a crucial role in survival, growth, and 

differentiation of neuronal cells [100–103].  
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Oxidative stress is the main mechanism responsible for alcohol induced damage. Alcohol is mainly 

metabolized in the liver where initially it is oxidized by alcohol dehydrogenase to acetaldehyde, 

which is then metabolized to acetate [104,105]. Moreover, chronic alcohol consumption activates 

cytochrome P450 2E1 which converts alcohol to acetaldehyde in the presence of oxygen and NADPH 

[106]. Acetaldehyde is highly toxic as it alters mitochondrial structure and functions and consequently 

increases ROS production and decreases the synthesis of ATP [107].  

Therapies to reduce oxidative stress can contain the damage caused by alcohol abuse, for this 

reason polyphenols are used as therapeutic options against inflammatory and oxidative related 

diseases [108,109]. Intraperitoneal injections of a mixture of pomace polyphenols increased NGF and 

BDNF levels in the olfactory bulbs and in the limbic system in a mouse model [110,111]. However, 

a toxic effect in a different study was observed using a blend of olive leaf polyphenols containing 

mostly oleuropein [112]. A recent study, demonstrated for the first time that administration of a 

solution enriched in polyphenols prevented ethanol-induced oxidative damage in alcohol addicted 

individuals [113]. In particular, this polyphenol’s blend, rich in hydroxytyrosol and its derivatives, 

reduced serum-free oxygen radicals without affecting the free oxygen radicals defense [98]. Ceccanti 

et al. showed that polyphenol supplementation, predominantly composed by hydroxytyrosol, 

counteracted the expected increase in BDNF on day 3 of administration in men affected by AUD 

during withdrawal [114]. These data indicate how serum neurotrophins levels are useful to 

characterize patients with alcohol dependence to improve their clinical management. 

In alcoholic adult male mice, the intake of resveratrol actively counterbalances serum ROS 

formation caused by chronic alcohol consumption and also modulates BDNF level increase in the 

liver, one of main organs involved in the damage induced by alcohol [115]. In a mouse model of Fetal 

Alcohol Spectrum Disorders [96,116,117], red wine administration during pregnancy elicited only 

minor changes in cognition and in NGF/BDNF levels with respect to the sole alcohol administration; 

this mostly due to the antioxidant and neuroprotective abilities of wine polyphenols 

[21,90,93,99,118,119]. 
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Polyphenols and microbiota 

It is now well established that the microbiota has a crucial role in maintaining a healthy state and 

at the same time is known that many factors can influence it: diet and lifestyle for first. Indeed, the 

role that compounds such as polyphenols plays towards the human bacterial component is instead 

less explored, despite the fact that this healthy molecules can be supplemented in normal nutrition 

and, with ad hoc formulations, in certain pathological conditions [120] .  

Recently, emerging evidence shows that beneficial effects obtained from polyphenol 

supplementation might be mediated by the intestinal microbiota. In a recent meta-analysis conducted 

by Ma and colleagues [121], emerged that polyphenols can impact the intestinal microbiome. In 

particular, the bacterial component most associated with beneficial effects (Lactobacillus and 

Bifidobacterium) results positively modulated, displaying also a counteracting role against potentially 

pathogenic species such as Clostridium. Due to their heterogeneity, however, these results are not 

always consistent or conclusive. Moreover, remains to be clarified how bacterial modulation occurs. 

Nevertheless, evaluating the effects of the polyphenols contained in some foods (for example tea, 

apples, wine, coffee, etc.) compared to a placebo, in particular on the consistency of bacterial 

intestinal flora, it was found that the fecal content of Lactobacillus and Bifidobacterium was 

significantly increased, 220% and 56% respectively. Conversely, no significant effect was evidenced 

on Eubacterium or Bacteroides. Moreover, these results are not affected by the origin of polyphenols. 

Food-dependent alterations have however been recorded for the expression of Atopobium: variations 

in the dose of polyphenols do not seem to influence the concentration of some strains (Prevotella and 

Atopobium) while, on the other hand, a significant increase in Bacteroides, as well as in Enterococcus 

and Enterobacteria was recorded.  

According to in vivo studies focusing on the most altered species (Lactobacillus, Bifidobacterium, 

Clostridium) it emerged that blueberries and red wine potentiate the expression of Lactobacillus; in 

vitro studies instead show a higher impact of coffee and potatoes. The dose of polyphenols used in 
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clinical studies is extremely variable (6.4-2.364 mg/d); the intermediate dose (396 mg/d) seems to 

have the most significant effects on Lactobacillus. At higher doses, bacterial proliferation seems to 

decrease. A wide range of doses were also observed in vitro (0.079-1886mg/L); the best results were 

attributed to doses <62.5 mg/L. Polyphenols contained in red apple, at a dose of 540 mg/die, showed 

in vivo the greatest effects on the abundance of Bifidobacterium, followed by those present in red 

wine. The greatest impact in vitro (concentration of 23 mg/L) was instead recorded by grape seeds 

and potatoes. Tea polyphenols, followed by those of apple, showed the best activity in decreasing the 

expression of pathogenic species associated in vivo with Clostridium. A dose of polyphenols equal 

to 554-593 mg/die, regardless of the source, promotes the abundance of Bacteroides. 

In conclusion, the effect of polyphenols on the microbiota seems to depend on the source, but 

mainly on their concentration. The intake of polyphenols contained in grapes and red wine can 

positively modulate human intestinal microbiota, favoring host healthy state. Available data are so 

far mostly obtained from preclinical experimentation. Clinical studies are not yet sufficient and 

require further confirmation, although promising and deserving of further investigation. Studies that 

analyze the presence, in humans, of polyphenols metabolites (whose role is fundamental in 

explicating their beneficial effects) are quite interesting; most of the dietary polyphenols, especially 

those assumed by grapes and red wine, reache the colon almost intact, where they are degraded into 

simple phenolic acids by the bacterial component. 

What emerges from a review of the literature [122] is that the modulation of the endogenous 

microbial component exerted by polyphenols (specifically grapes, red wine or their extracts), is 

reflected in a modification of their metabolism by specific bacteria. In particular, the study by Quiepo-

Ortuno et al. [123] showed that: i) the consumption of red wine may increase Enterococcus, 

Prevotella, Bifobacterium, Bacteroides uniformis, Eggerthella lenta, and the Blautia coccoides-

Eubacterium rectale groups, but decreases the presence of Actinobacteria and, to a lesser extent, 

Clostridium spp. and C. histolyticum; ii) interestingly, the consumption of de-alcoholic red wine 

promotes the growth of Fusobacteria as Firmicutes and the Blautia coccoides-Eubacterium rectale 
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groups as well as Enterococcus, while it reduces Actinobacteria as Bifidobacterium and Eggerthella 

lenta. 

Concerning the effects of wine polyphenols on microbiota-mediated phenolic metabolites, it 

emerges that an increase in metabolites of resveratrol was recorded in the urine and blood [123–126]. 

A similar trend was also demonstrated following the consumption of de-alcoholic red wine, 

suggesting that the alcohol component does not affect the production of phenolic metabolites by the 

intestinal microbiota. 

In conclusion, it seems clear that the intake of polyphenols modifies the intestinal microbiota both 

in qualitative and quantitative terms, also increasing bacterial production of phenolic metabolites. 

The small number of clinical studies, according to the authors, however, underlines the need for 

further investigations before certainly stating the benefits of polyphenols on the human bacterial 

component. 

 

Polyphenols: a new fuel for MicroRNAs? 

Several observations are reported on transcriptomics, diet and molecular mechanism driving the 

epigenomics interplay between DNA methylation, histone modifications and non-coding RNAs 

[127,128]. Effects of polyphenols on human health are mediated by pleiotropic actions including 

modulation of non-coding RNAs, a recent discovered class of molecules playing a vital role in 

maintaining genomic stability by regulating gene expression [129]. In particular, several experimental 

works evidenced a potential role that non-coding RNAs-related regulatory processes contribute to the 

pathogenesis of various aging-related diseases, such as Alzheimer’s disease, Parkinson and 

neuromuscular disorders [129]. 

Among non-coding RNAs, there are siRNAs, microRNAs (miRNAs) and long non-coding RNAs 

(lncRNAs). They play a central role in maintaining an healthy state in organisms; moreover, several 

works report a description of their biological functions in aging [130,131]. Briefly, we reported 
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emerging literature concerning diet, polyphenols and microRNAs and their potential involvement in 

aging and aging-related diseases. 

MiRNAs are small noncoding regulatory RNAs, single-stranded RNAs of about 22 nucleotides, 

which tune gene expression at the post-transcriptional level by target mRNAs degradation or 

inhibition of their translation. The first step consists in miRNA transcription by RNA polymerase II 

(Pol II), generating a primary miRNA (pri-miRNA) transcript, spanning in length from 100 to 1000 

nucleotides and containing a 60-80 nucleotides stem-loop structure. In the nucleus, the ribonuclease 

III (RNAse III) -like enzyme Drosha and the RNA-binding protein DGCR8/Pasha, process pri-

miRNA in a hairpin intermediate called pre-miRNA exported in the cytoplasm. After processing by 

RNase III enzyme Dicer, which cuts out the loop region of the hairpin, a 18- to 24-nucleotide mature 

miRNA is released. MiRNA is then incorporated into the RISC complex which contains Ago2, a key 

component of an Argonaute protein family. Ago2 directly binds the miRNA generating the effector 

complex of the miRNA pathway. MiRNA drives endogenous gene expression inhibiting the target 

mRNA translation by an imperfect pairing with 3′UTRs of the mRNA targets [132]. Otherwise, when 

the miRNA binds to mRNA with perfect complementarity, cleavage of mRNA is induced. To date 

more than 1000 miRNAs have been found in the human genome and it is believed that they can tune 

more than one third of the mammalian genes. 

To understand the relationship between polyphenols and microRNAs and their potential 

involvement in aging related diseases, it is relevant to consider two specific aspects: circulating 

miRNAs and food miRNAs. MiRNAs can be found in saliva, plasma, urine and cerebrospinal fluid 

and other body fluids. MiRNAs are suspended in biological fluids complexed with exosomes, 

lipoproteins, and RNA-binding protein due to the necessity of their protection from degradation. For 

these reasons, circulating microRNAs can be considered strategic biomarkers of health, disease, and 

nutritional status. Liquid biopsies represent an innovative and powerful diagnostic tool to discover 

changes in microRNA profiles [133]. On the other hand, nutrients in foods, such as fatty acids, 

vitamins and derivatives, amino acids and polyphenols can modulate miRNA expression [134]. 
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Putting together that miRNAs expression can be conditioned by nutrient as polyphenols and that 

miRNAs have a spreading capability through biological fluids, it is conceivable to think that many 

metabolic pathways, as cholesterol metabolism (and consequently cardiovascular diseases), insulin 

sensitivity (diabetes), aging and inflammation might be regulated by molecular determinants 

belonging to non-coding RNAs and antioxidants families [135]. Among polyphenols, flavonoids in 

particular show beneficial cognitive effects by reversing age-related neurodegenerative declines 

[136]. 

MicroRNAs can modulate biological processes related to aging, targeting genes belonging to the 

nutrient-sensing pathways which expression could be affected by aging. Cognitive decline is linked 

to age-related neurodegenerative pathologies as Alzheimer’s disease, in which a putative association 

with nutrient-sensing pathways, influenced by polyphenols, is suggested. Are microRNAs players of 

this pathway? The mechanisms by which aging/neurodegenerative processes modify microRNA 

expression is still unknown, and the experimental work is to its infancy. Many experimental works 

were performed on miRNAs expression profile in age related-diseases, especially on liquid biopsies, 

evidencing that there is a relationship between miRNAs, Alzheimer disease gene targets, neuronal 

pathways, and intracellular and extra-cellular miRNAs gene expression profiles [137]. Serna et al. 

studied microRNA expression profiles in more than thirty old subjects (20 centenarians and 16 

octogenarians) and young persons in peripheral blood mononuclear cells (PBMCs) [138], showing a 

linear miRNAs decrease with aging. Surprisingly, centenarians overexpressed these miRNAs at 

higher levels with respect to octogenarians suggesting that extraordinary aging is sustained by 

elevated levels of miRNAs. These data were also confirmed by a transcriptome analysis from 

centenarians versus octogenarians, confirming distinct gene expression patterns in humans with 

exceptional longevity [139]. Besides, ElSharawy et al. explored for the first time the miRNA 

signature of human longevity, showing 16 miRNAs up-regulated and 64 down-regulated in blood 

samples from the long-lived individuals (centenarians and nonagenarians) with respect to younger 

individuals [140]. MiRNA microarray expression data revealed that clustered down-regulated aging-
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associated miRNAs appear to be associated more often with a disease context than those up-regulated. 

In addition, a large part of the differentially regulated miRNAs described appears with a divergent 

pattern of expression in main age-related diseases, suggesting that miRNome does not change linearly 

along with aging. In order to explain overexpression of specific miRNAs at higher levels in 

centenarians with respect to octogenarians, the expression of miRNA biogenesis machinery during 

ordinary aging was recently explored [141]. The transcriptome profile of RNA Pol II, Drosha, 

Exportin5 and DICER, the main proteins involved in miRNA maturation, was evaluated in PBMCs; 

a downregulation in octogenarians and an increase in young and in centenarians was observed, 

confirming that centenarians reflect a miRNA processing machinery activity similar to that found in 

young individuals [141]. In this context, studies on the role of polyphenols on miRNA biogenesis 

machinery during aging (from young to centenarian people), on the regulation of miRNome and on 

the more appropriate nutrients for a healthy aging are mandatory. 

All these studies show that aging significantly modulates the expression of microRNAs. However, 

the significance of age-related microRNA modulation is under investigation and the study of the role 

of microRNAs in aging is still at the beginning, as described in recent works on microRNAs in aging 

processes [142]. In conclusion, the axis polyphenols-microRNAs-aging and age-associated diseases 

represents a newborn research field. There are many aspects to consider properly to disclose the 

cellular, molecular, and biochemical links. Several reports on animal models showed that compounds 

assumed with food, including polyphenols, may influence the microRNA expression and regulate 

target pathways [143–145]. To date, studies and clinical trials in humans on the influence of nutrient 

components on microRNA expression or profiles are limited [127,146–148], and should plan -omics 

approaches and standardized techniques to reduce the high variability in response of recruited 

subjects and of environmental conditions. Lastly, an unsolved question is if the circulating miRNAs 

are partially derived from foods, if they can cross the digestive barrier, pass in blood circulatory 

torrent of humans preserving their modulatory capacity on metabolic pathways [149,150]. In this 

regard, a very recent study evidenced postprandial modification of plasma microRNA levels after 
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intake of extra virgin olive oil. Among the miRNAs mainly modulated, analyzed by real-time 

quantitative PCR, plasma let-7e-5p levels resulted reduced, indicating that such miRNAs could 

potentially represent targets of modification either by monounsaturated fatty acids or olive oil 

polyphenols introduced with the diet. Even if this study was devoted to cardiovascular diseases, it 

shows that i) dietary intake modulates circulating miRNAs; ii) circulating miRNAs become 

‘nutrient’s messengers and iii) miRNAs act on their specific mRNA targets tuning metabolic 

pathways, potentially involved and/or associated with aging processes or age-associated diseases 

[151]. A future challenge of studies will be to determine the most promising dietary interventions to 

promote healthy aging and prevent cognitive decline and neurodegenerative diseases. 

 

Resveratrol and neuromuscular diseases 

Neuromuscular diseases are a heterogeneous group of disorders that directly affects muscle 

function and structure or, indirectly, impairs muscle control by motor neurons. Because of an altered 

muscle function, patients develop weakness that can be progressive and lead to paralysis and death. 

Spinal muscular atrophy (SMA) and amyotrophic lateral sclerosis (ALS) are two disorders in which 

muscle impairment is primarily caused by the degeneration of motor neurons [152]. 

Several lines of evidence suggest that polyphenols contained in fruits and vegetables exhibit a 

protective activity in neuromuscular disorders. Among them, resveratrol seems to be a good candidate 

for this purpose, due to its neuroprotective properties [153]. Different signaling pathways involved 

in inflammation, oxidative stress and neuronal differentiation have been reported as targets of 

resveratrol demonstrating its usefulness in multisystem disorders like SMA and ALS. 

 

Resveratrol and Spinal Muscular Atrophy 

SMA is a severe autosomal recessive disorder, characterized by the selective degeneration of the 

motoneurons, in the anterior horn of the spinal cord. This disease is the most common genetic cause 

of infant mortality with an estimated incidence of 1 in 6,000 to 10,000 live births. SMA 
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pathophysiology includes progressive proximal muscle atrophy leading to paralysis and, in the most 

severe cases, respiratory distress. SMA is caused by low levels of the survival motor neuron (SMN) 

protein, due to deletions/mutations in the SMN1 gene [154–157]. SMN is highly conserved 

throughout evolution and its function is essential for cell viability. SMN works as a master assembler 

of RNA-protein complexes, and its function is required for key cellular processes, including 

transcription, pre-mRNA splicing, and ribosome biogenesis. The best-characterized function of SMN 

is the assembly of the spliceosomal small nuclear ribonucleoproteins, in association with a 

multiprotein complex, comprising Unrip and seven Gemin proteins (Gemin 2-8) [158,159]. 

Moreover, SMN also associates with several mRNA-binding proteins (mRNPs), such FMRP, FUS, 

KHSRP, HuD, and it traffics with β-actin mRNA in neuronal processes, suggesting a possible role of 

SMN in mRNA transport and/or local translation [160–168].   

In humans, there is a duplicated form of SMN1 gene, named SMN2. The SMN2 gene differs from 

SMN1 by only five nucleotides. As consequence, SMN2 produces a reduced amount of full-length 

SMN protein, which cannot fully compensate for the absence of SMN1. Although SMN1 loss is 

essential to SMA pathology, the number of SMN2 copies determines its severity [169]. 

Currently, therapeutic strategies in SMA can be subdivided into SMN-dependent and SMN-

independent approaches, which aim to increase SMN levels by favoring the inclusion of exon 7 in 

SMN2 transcript or replacing SMN1 gene or targeting SMN-independent factors. Of note, it has been 

demonstrated that resveratrol may modulate gene expression and alternative splicing of mRNA likely 

by  directly binding to DNA and RNA [170]. In this regard, Sakla and Lorsorn tested the effects of 

resveratrol and other polyphenol compounds on SMN2 exon 7 inclusion. They observed an increased 

production of full-length SMN RNA and an augmented concentration of protein as well as the 

formation of SMN-containing nuclear gems in SMA patient fibroblasts treated with these compounds 

[171]. 

Moreover, resveratrol can alter the alternative splicing of mRNA transcripts by affecting the levels 

of specific splicing factors. The level of ASF/SF2, hnRNPA1 and HuR protein were increased but 
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not the level of other splicing factors like RBM4, PTBP1 and U2AF35. ASF/SF2 and hnRNPA1are 

both involved in exon 7 splicing of SMN2, suggesting that resveratrol acts in a specific manner for 

some but not all splicing events [172]. 

 

Resveratrol and Amyotrophic Lateral Sclerosis 

ALS is a progressive and fatal neurodegenerative disease, characterized by a selective loss of upper 

and lower motor neurons of the brainstem and spinal cord [173–175]. Clinical manifestations of ALS 

include weakness, muscle denervation and atrophy, progressive paralysis of all muscles that leads to 

respiratory failure and death [176–179]. The survival rate is estimated at about 3-5 years after the 

onset of symptoms [180–184]. Two ALS forms have been identified: sporadic ALS and familial ALS. 

The majority of ALS cases are sporadic (SALS) with no known genetic component, while 10% of 

them are familial forms (FALS) with a positive familial history and a genetic component [185,186]. 

Currently, over 25 genes have been identified as possible causes of onset for ALS [187]. The most 

common and most well-characterized mutations contributing to ALS pathology are found in the 

following genes: Cu-Zn superoxide dismutase 1 (SOD1), Fused in Sarcoma (FUS), TAR DNA 

binding protein 43 (TDP-43) and a hexanucleotide expansion repeat in Chromosome 9 Open Reading 

Frame 72 (C9orf72) [188]. To investigate the molecular pathway affected in ALS pathology several 

in vivo and in vitro models of disease have been developed [189,190]. The results obtained from the 

analysis of these models highlighted different cellular and molecular mechanisms involved in ALS 

pathogenesis including mitochondrial dysfunction, ROS-associated oxidative stress, protein 

misfolding and aggregation, autophagy, apoptosis, nuclear-cytoplasmic transport, glutamate-

mediated excitotoxicity and altered RNA metabolism and/or processing [191–195]. 

Although different cellular pathways are involved in ALS, the progression of the disease leads 

inexorably to motor neuron death. Currently, no effective treatments are available for ALS. Therapy 

is limited only to symptomatic and palliative treatments. Edaravone and riluzole are the only 

approved pharmacological treatments that can improve the survival rate by 2-3 months [196,197]. In 
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this context, the antioxidant properties of resveratrol could positively target molecular mechanisms 

affecting mitochondrial biogenesis and autophagy involved in ALS pathology.  

Resveratrol may delay the onset of ALS, increasing the survival and preserving the function of 

spinal motor neurons [198,199]. Mitochondrial impairment and ROS production may be reduced by 

treatment with resveratrol. In this regard, resveratrol protects against mitochondrial fragmentation by 

the activation of PGC1a mediated by the interaction between resveratrol and “silent information 

regulator factor 2-related enzyme 1” (sirtuin1 or SIRT1). Moreover, the interaction of resveratrol with 

SOD1 protein [200–202] has positive effects on the up-regulation of SIRT1 expression in the mutant 

hSOD1-G93A-bearing motor neuron-like cell culture model of ALS [203]. Toxic effects from the 

accumulation of misfolded SOD1 aggregates are decreased by activation of SIRT1 by resveratrol 

administration. In detail, resveratrol activates SIRT1, which in turn deacetylases HSF1, inducing the 

transcription of hsp70 and hsp25 and increasing motor neuron survival [204]. 

Inhibitory effects of resveratrol on apoptosis were also observed. SIRT1 resveratrol-activated 

mediates deacetylation and inhibition of p53. Inhibited p53 is unable to induce the expression of the 

pro-apoptotic protein Bax [205]. Recently Yun et al. showed that down-regulation of AMPK/SIRT1 

signaling in bone marrow mesenchymal stem cells from ALS patients can be recovered by resveratrol 

administration [206]. Finally, resveratrol shows neuroprotection effects against glutamate toxicity in 

neuronal cultures and prevents the accumulation of high calcium concentrations [207,208]. 

 

Resveratrol and Muscular Dystrophies 

Muscular dystrophies (MDs) include over 30 genetic diseases characterized by progressive loss of 

muscle function. The clinical phenotype of MDs is very heterogeneous for severity, age of onset, and 

primarily affected muscle types. Patients with MDs develop severe disabilities including loss of 

ambulation, respiratory and cardiac insufficiency [209–211]. Duchenne Muscular Dystrophy (DMD) 

is the most common MD. DMD is a X-linked recessive disease with a high incidence in the male 

population (1/3500) [212,213]. Mutations in the gene encoding dystrophin cause DMD as well as the 
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milder form Becker Muscular Dystrophy (BMD) [214]. Dystrophin is a cytoskeletal protein, which 

plays a major structural role in muscle, providing proper plasticity of the plasma membrane 

(sarcolemma) during muscle contraction [213]. Dystrophin-deficient skeletal muscles exhibit typical 

parameters of damage susceptibility such as an altered architecture, inflammation, and fibrosis. 

Injured muscles undergo a reduced regenerative capacity, progressive muscle weakness, and atrophy. 

Individuals with DMD manifest gait and posture changes early, with loss of ambulation at the age of 

8-12 [215]. At the cardiac level, DMD is characterized by a dilated cardiomyopathy and/or 

arrhythmias progressively increasing with age [216,217]. Consequently, heart failure is a leading 

cause of death in DMD. Although the underlying pathogenesis is well known and several clinical 

trials are in progress, DMD still lacks an effective cure and, so far, corticosteroids remain the only 

treatment.  

The therapeutic strategies designed to treat DMD can be divided into three categories: gene 

therapy, cell therapy and pharmacological treatment [218]. Overall, therapeutic interventions aim to 

replace/repair the genetic defect or modify expression levels of disease-related genes. Noteworthy, 

the size of the dystrophin gene, the largest known [219], has made particularly tedious the 

development of gene therapies, strongly delaying their clinical translation. Pharmacological therapies 

instead aim to counteract or mitigate the pathogenetic mechanisms that sustain the progression of the 

disease [220,221]. Indeed, the searching for synthetic or natural molecules able to prevent muscle 

waste, possibly by a synergistic association with gene therapies, become a crucial objective. Several 

findings converge to the notion that oxidative stress may be a critical component in DMD 

pathogenesis [222,223]. A study monitoring two age classes of DMD patients revealed that a 

dysregulated enzymatic antioxidant response at the muscular level correlates with the severity of 

pathology [224]. To counteract oxidative stress, dystrophin-deficient myofibers activate NRF2 that 

in turn promotes a chronic inflammation, which exacerbates the dystrophic phenotype [224]. Due to 

its ability to target metabolic/oxidative pathways, resveratrol appears a promising therapeutic tool for 

the treatment of muscular dystrophies. In mdx mice, an animal model of DMD, resveratrol preserves 
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cardiac function, counteracting cardiac hypertrophy and fibrosis. Indeed, diet supplementation with 

resveratrol for 32 weeks causes a significant reduction of oxidative damage as well as inflammation-

related genes in the muscles of mdx mice [225,226]. A mechanism by which resveratrol reduces 

muscular damage relies on the activation of SIRT1 [227]. SIRT1 is a NAD+-dependent protein 

deacetylase, which plays a key role in metabolism, mitochondrial pathways, and inflammation [226]. 

Downstream consequences of SIRT1 pathway activation enable cells to establish efficient oxidative 

stress response. Indeed, resveratrol significantly reduces oxidative stress markers in dystrophin-

deficient muscles [226]. Notably, in mdx mice resveratrol significantly reduces expression levels of 

NADPH oxidases (Nox) and their subunits including Nox4, which is a major source of oxidative 

stress implicated in several diseases [225]. Furthermore, up-regulation of SIRT1 in the skeletal 

muscle of mdx mice improves their exercise performance during the treadmill test [228]. Ubiquitin-

dependent degradation of the transcriptional co-activator p300 represents a further cardioprotective 

mechanism of resveratrol [229]. p300 protein is an important player in cardiac development and its 

overexpression contributes to cardiac hypertrophy. Indeed, expression levels of p300 protein appear 

dysregulated in DMD patients [229]. Interestingly, resveratrol acts as a strong inducer of autophagy 

as well as mitochondrial autophagy (mitophagy) [230]. In C2C12 myoblasts, mitophagy occurring 

upon resveratrol treatment enables cells to remove aberrant mitochondria and reduces ROS levels 

[230]. Furthermore, in mdx mice resveratrol switches on autophagy-related genes that are trans-

activated by the Forkhead transcriptional factor 3a (FOXO3a) [231]. Finally, resveratrol corrects 

dystrophic phenotype by reducing inflammation-related genes and up-regulating utrophin-encoding 

transcripts [232]. Collectively, these findings confirm that resveratrol may provide beneficial effects 

for progressive dystrophic pathologies. The idea is that resveratrol could be considered in strategies 

that combine multiple approaches into a single clinical trial, in order to achieve more effective 

treatments for MDs. 
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Conclusion 

Nutrition plays a primary role in the preservation of human health. The Mediterranean Diet is an 

important ally in the prevention of various chronic diseases including those related to 

neurodegeneration. The presence of various compounds with beneficial properties makes this diet a 

powerful tool for this purpose. Obviously, the quantities of these substances taken daily by diet are 

not enough to obtain beneficial effects especially in pathological conditions. For this reason, 

“therapeutic” concentrations of polyphenols can be achieved only supplementing the normal diet. As 

summarized in this review (Figure 1), polyphenols derived from olives and resveratrol could be an 

effective treatment in those pathological conditions where oxidative stress and inflammation play a 

crucial role. In this sense, the use of these complements as adjuvants of standard therapies could allow 

the reduction of the dosages of conventionally used medications, enhancing therapeutic effects and 

at the same time drastically reducing drugs side effects, often linked to the duration of the therapy. 

An increase in clinical trials to confirm the validity of the polyphenolic supplementation efficacy is 

certainly mandatory; for what is emerged so far, their use promises positive outcomes in different 

pathological conditions. 
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Figure 1 Caption 

 

Schematic representation of the correlations between olive polyphenols and resveratrol consumption 

in the MedDiet and neurodegenerative and neuromuscular disorders 
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