
452 Clinical and Experimental Rheumatology 2026

1Department of Agriculture, 
Food, Environment and Forestry, 
University of Florence; 
2Rheumatology Division, Multidisciplinary 
Department, Santa Maria Nuova 
Hospital, Florence; 
3Tos.Co.Vit, Tuscany Wine Maker’s 
Association, San Piero a Grado;  
4Institute of Research on Terrestrial 
Ecosystems (IRET), National Research 
Council (CNR), Sesto Fiorentino, Italy.
Francesco Belli* 
Francesca Bandinelli, MD, PhD* 
Roberto Bandinelli, Prof. Emeritus
Mario Pagano, PhD
*Contributed equally.
Please address correspondence to: 
Francesca Bandinelli
SOC Reumatologia, 
USL Toscana Centro,
Piazza Santa Maria Nuova 1, 
50122 Firenze, Italy.
E-mail: francesca.bandi@gmail.com
Received on May 26, 2025; accepted in 
revised form on September 19, 2025.
Clin Exp Rheumatol 2026; 44: 452-461.
© Copyright Clinical and 
Experimental Rheumatology 2026.

Key words: red wine, resveratrol, 
antioxidants, anti-inflammatory 
agents, clone 

Competing interests: none declared.

ABSTRACT 
Resveratol (RS), a non-flavonoid poly-
phenol, is a well-recognised anti-in-
flammatory compound of red wine. This 
narrative review aims to explore the 
mechanisms underlying its potential 
antioxidant properties in osteoarthritis 
(OA), rheumatoid arthritis (RA), spon-
dyloarthritis (SpA), and osteoporosis 
(OP), as well as its clonal variation in 
red wine and future perspectives for 
clinical applications.
Although human data remain limited 
and sometimes controversial, recent 
studies in animal models have demon-
strated that RS can reduce inflamma-
tion by interacting with various cellular 
pathways, including the activation of 
sirtuins, which regulate oxidative stress 
and bone density in OA and OP, and 
modulating gut microbiota, as central 
inflammatory trigger for SpA and RA. 
While RS effects and toxicity are dose-
dependent, its concentration in red 
wine may vary depending on grape 
clone selection and maceration time, 
potentially increasing its levels and as-
sociated health benefits. Additionally, 
pterostilbene, a compound structurally 
related to RS, has shown greater bio-
availability and promising antioxidant 
effects. The rapid metabolism of RS in 
the human body remains a limitation for 
its therapeutic use, which might be im-
proved through combination with other 
antioxidants such as vitamins C and E, 
curcumin, and quercetin, offering syn-
ergistic anti-inflammatory effects.
Moreover, advanced delivery systems, 
including nanotechnology, have been 
developed to enhance RS absorption 
and stability. Continued research is es-
sential to better understand the role of 
RS and other antioxidants, and to opti-
mise their therapeutic potential in the 
near future.

Introduction
Wine is one of the most widely con-
sumed alcoholic beverages globally, 
produced through the fermentation of 
grape must. Its regular consumption 
dates back to ancient civilisations, in-
cluding the Egyptians, and today, pro-
duction levels reach approximately 250 
million hectoliters annually. Alcohol 
assumption, especially when exces-
sive, is often regarded as a factor that 
disrupts metabolic balance. However, 
its impact is dose-dependent and can 
differ depending on the method of in-
take. Notably, moderate consumption 
of red wine appears to have a beneficial 
effect on pro-inflammatory cytokines 
(1). However, numerous studies have 
demonstrated that a reasonable drink-
ing can offer health benefits, largely 
due to the antioxidant properties of its 
polyphenolic compounds (2-4). These 
beneficial effects may help combat 
neurodegenerative and age-related dis-
eases, cancer, diabetes, obesity, and 
cardiovascular conditions, potentially 
increasing life expectancy compared 
to both heavy drinkers and abstainers. 
Red wine is primarily composed of wa-
ter (85%) along with ethanol (13%), 
glycerol, higher alcohols, polysac-
charides, organic acids, polyphenols 
(around 0.1%), and other trace com-
pounds. Among these, polyphenols 
are the most significant group, largely 
contributing to the colour and flavour 
of wine. Polyphenols can be classified 
into flavonoids and non-flavonoids (5-
7). Flavonols play a critical role in sen-
sory perception and contribute to the 
colouration of wine, often in combina-
tion with anthocyanidins. Non-flavo-
noid compounds encompass stilbenes 
and phenolic acids. Among stilbenoids 
– hydrocarbons primarily found in the 
skins and seeds of grapes (8-10) – res-
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veratrol (RS) is the most widely known. 
Discovered around 1940 and studied in 
over 70 plant species (11), RS exists in 
both cis- and trans- forms (trans-3,5,4’-
trihydroxystilbene), as well as in gluco-
sylated variants such as piceid (RS-3-O-
beta-D-glucoside) (12-15) (Fig. 1A).
Even if numerous studies have demon-
strated a potential role of RS (Fig. 1B) 
and of pterostilbene (PTE) – a stilbenoid 
related to RS – to prevent a wide range 
of diseases, their antioxidant properties 
remain still misunderstood among clin-
ical practitioners, due to lack of clinical 
trials and its rare employment in rou-
tinary practice, especially in European 
countries. 
However, the discover of cardio-pro-
phylactic effects of red wine in high 
saturated fat diet, commonly known as 
‘French paradox’, was the modern wa-
tershed for the interest of modern medi-
cine on RS properties (16), as part of the 
great research area on environmental 
factors in inflammatory diseases (17). 
The influence of diet (18) and microbi-
ota (19) on the natural history of many 
rheumatic diseases is well recognised, 
even if with significant limitations for 
standardisation due to multifactorial 
pathogenesis and comorbidities. Red 
wine and RS have gained an increasing 
attention in the last years, representing 
a fascinating young field of study. In 
fact, progress has been hindered by the 
complexity of integrating insights from 

multidisciplinary fields and the diffi-
culty to study human models, for the 
potential side effect of alcohol intake. 
Initial studies on osteoarthritis (OA) 
(20, 21), f﻿ibromyalgia (22), adjuvant 
(23), and rheumatoid arthritis (RA) 
(24) and gout (25) investigated the role 
of RS in symptom relief, even if its use 
as supplementary treatment to reduce 
pain and inflammation is not commonly 
diffused in daily clinical practice until 
now. Furthermore, a pleiotropic effect 
of RS, on systemic inflammation and 
cardiovascular disease of spondyloar-
thritis (SpA), was also postulated, due 
to reduction of immune cells activation 
and improvement of autophagy (1). Fi-
nally, contrarily to most known theory 
of alcohol intake as risk factor for oste-
oporosis (OP), some new evidences on 
red wine showed that, when moderately 
assumed, might paradoxically give po-
tential benefit against risk facture (26-
28). The aim of this narrative review is 
to explore the benefits of RS contained 
in red wine on OA, RA, SpA, and OP 
and the potential mechanisms at the ba-
sis of its antioxidant properties; we also 
investigated the possible clonal varia-
tion of RS in different cultivar and the 
possible future clinical use perspectives 
in rheumatic diseases.

Materials and methods
The articles selected for this narrative 
literature review were searched on 

Google Scholar, Web of Science, Sco-
pus and PubMed until 25th November 
2024 and regardless of the date of pub-
lication, using the following PubMed 
Mesh terms: (resveratrol AND osteoar-
thritis, AND rheumatoid arthritis, AND 
spondyloarthritis, AND osteoporosis) 
(Fig. 1B). Additionally, the references 
of relevant articles were hand-searched 
for the identification of other potentially 
suitable papers on humans and cellular 
or animal models. Based on the paucity 
of studies on humans and for the great 
variety of method lies used, we chose a 
non-systematic structure for this review. 
For this reason, we will not provide the 
flow chart of literature selection. Sub-
sequently, the search strategy was not 
registered in PROSPERO or other spe-
cific databases for systematic reviews 
and was exclusively focused on identi-
fying original full-text articles. Zotero 
was only used for references final revi-
sion. Conference abstracts, commen-
taries, and editorials were excluded. 
However, letters and relevant review 
articles providing sufficiently detailed 
data and methodology were considered 
for inclusion in the review. Succes-
sively, papers were assessed for level 
of evidence using an adapted version of 
modified-Newcastle Ottawa Scale (m-
NOS) for case-control and cohort stud-
ies based on three domains: selection 
(maximum of 4 for cohort studies, 5 
for case-control studies), comparability 
(maximum of 2), exposure (maximum 
of 3 for both) (Table III).

Results 
Resveratrol benefits 
The most important (middle-high qual-
ity m-NOS assessed) studies about the 
effects of RS on cellular inflammatory 
pathways of rheumatic diseases were re-
ported in Table I, derived from more pre-
clinical studies on animal and cellular 
models than research on human subjects.
Initial studies in rats with induced oste-
oarthritis (OA) showed that resveratrol 
treatment reduced mechanical hyper-
sensitivity, heat-induced hyperalgesia, 
and the expression of pro-inflammato-
ry markers such as COX-2 and iNOS 
mRNA. These effects were measured at 
days 0, 7, and 14, and were compara-
ble to those observed with the reference 

Fig. 1 A: Chemical structures of cis- [(Z)-RS on the left and trans-RS [(E)-RS, on the right. 
B: 21,331 publications per year related to the term ‘resveratrol’ on PubMed since 2000, with a two-year 
moving average trendline displayed in red.
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drug etoricoxib. These findings suggest 
that resveratrol may exert a protective 
effect in OA by inhibiting the iNOS/
COX-2 signalling pathway (29).
Unfortunately, only one study (20) was 
registered as a randomised controlled 
trial evaluating RS monotherapy in hu-
man subjects compared to placebo, and 
it did not yield significant results. How-
ever, the study relied solely on subjec-
tive measures such as pain scores and 
global clinical assessment, was limited 
in duration (three months), included a 
small sample size, and did not assess 
specific biochemical markers of OA.
Furthermore, the potential interaction 
with other drugs in rheumatic patients 
has not been further investigated, except 
in the study by Lomholt et al., which ex-
amined the anti-inflammatory effects of 
RS alone or in combination with metho-
trexate (MTX) or adalimumab. This 

study focused on synovial fluid mononu-
clear cells from a limited number of pa-
tients with rheumatoid arthritis (RA) and 
spondyloarthritis (SpA), demonstrating 
that RS may significantly reduce the 
production of monocyte chemoattract-
ant protein-1 (MCP-1 or CCL2) – a key 
cytokine involved in chemotaxis during 
innate immune responses – particularly 
when combined with MTX and in pa-
tients with low disease activity (30).
Furthermore, we did not find other evi-
dence of possible RS association with 
biological or synthetic disease-modi-
fying drugs, steroidal or non-steroidal 
anti-inflammatory treatments, such as 
possible interactions and consequenc-
es on RS toxicity or pharmacokinetic 
mechanisms.

SIRT1 pathways of resveratrol
Sirtuin 1 (SIRT1) is a longevity-asso-

ciated protein initially identified as a 
regulator of lifespan. In recent years, it 
has been shown to modulate key signal-
ling pathways and participate in various 
biological processes related to bone ag-
ing and osteoclastogenesis (31), as well 
as cartilage homeostasis (32). SIRT1 
regulates the expression of extracellular 
matrix proteins and helps prevent chon-
drocyte apoptosis (32).
Initial studies investigating the cogni-
tive benefits of RS have suggested that 
it may also play a key role in regulat-
ing apoptosis and autophagy, potentially 
through the activation of SIRT1. These 
findings point to a promising therapeutic 
strategy targeting aging-related mecha-
nisms (33, 34).
A study conducted on animal models 
and osteoblast culture examined the ef-
fects of different doses of RS on bone 
metabolism. The results showed a cor-

Table I. Most important studies on osteoarthritis, osteoporosis, rheumatoid arthritis and spondyloarthritis were categorised as of poor (0-3), 
fair (4-6), or good/high (7-9) quality based on their total modified Newcastle Ottawa (m-NOS) score. 

Rheumatic 	 First author, year	 Type of study, human or models,	 Parameters studied and	 Main results 	 m-NOS
diseases 	 of publication  	 numbers of patients if applicable	 duration of follow-up	  	 levels (0-9)

Osteoarthritis	 Nguyen,  	 Randomised placebo controlled, 	 Knee pain, WOMAC function, 	 Not significant 	 7 (good-high)
	 2024	 humans, 71 OA treated vs.  	 and patient global assessment, 
		  71 OA with placebo	 3 months	

	 Wang 	 Randomised placebo controlled, 	 Heat and cold hyperalgesia, 	 Increase of movement	 7 (good-high)
	 2016	 rats, 10 OA treated with RS 	 movement measurement, 	 and osteocalcin, 
		  (5mg/kg and 10mg/kg) vs. 	 serum and synovial cytokines 	 decrease of cytokines,
		  5 OA with placebo, 5 OA 	 and osteocalcin, histological 	 in OA treated with RS 
		  with eterocoxib and 5 healthy	 analysis, 0-14 days	 and eterocoxib	 		
	 Wendling	 Case controls, Humans, 19 OA  	 Nuclear and cytoplasmic 	 Similar increase of Sirt1	 5 (fair)
	 2016	 vs. 18 healthy ex vivo peripheral 	 Sirt1 activity and cytokines 	 protein expression and
		  blood cells treated with RS 	 (TNF-α, IL-6, IL-8) by the 	 activity; significant dose-
			   cells cultured for 48 h	 dependent increase in  
				    IL-6 levels only in OA	

Osteoporosis	 Yang 	 Randomised placebo controlled, 	 DEXA and SIRT1, 8 weeks	 BMD increased in	 8 (good-high)
	 2019	 rat models and osteoblast culture 		  low and high RS (but 
		  of 10 OP treated, 5 OP, 5 healthy 		  dose-dependently) treated 
				    groups compared to OP. 
				    RS increased SIRT1 		 	
	 Wang,  	 Randomised placebo controlled, 	 BMD, bone samples for 	 BMD, femur strength	 8 (good-high)
	 2016	 rat models and osteoblast culture of 	 femur strength, SIRT1	 and SIRT1 increased,
		  10 OP +low- RS (5mg/kg), 10 OP+	 and NF-kB pathways, 	 and NF-kb decreased,  
		  middle-RS (25mg/kg) 10 OP+high-	 8 weeks	 only in middle and high RS
		  RS (45mg/kg), 10 OP, 6 healthy		  treated rats (not in low dose) 	

Rheumatoid 	 Lomholt, 	 Case control, humans, 7 RA, 	 MCP1 and MMP3 levels	 Only MCP1 decreased 	 5 (fair)
arthritis and 	 2018	 7 SpA, treated with RS alone 	 in synovial fluid culture, 	 significantly, greatly in
spondylo-		  vs. in combination with MTX 	 either 48 h or 21 days 	 patients with low diseas
arthritis		  or adalimumab		  activity (DAS28CRP ≤3.2), 
				    in high lymphocyte fluid 
				    count and in combination 
				    with MTX 	

DEXA: dual-energy x-ray absorptiometry; MCP1: monocyte chemoattractant protein 1; MMP3: matrix metalloproteinase 3; MTX: methotrexate; SIRT1: 
sirtuin 1.
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relation between RS levels and reduced 
bone resorption rates, with therapeutic 
efficacy observed even at low doses 
(35). Notably, bone mineral density 
(BMD), as measured by DEXA, was 
higher in RS-treated osteoporotic (OP) 
groups after 8 weeks of treatment com-
pared to the OP control group, with a 
more pronounced increase in the high-
dose RS group. Furthermore, RS treat-
ment in osteoblast cultures from the 
same experimental model protected the 
cells by activating the SIRT1 signal-
ling pathway and enhancing mitophagy 
through upregulation of SIRT1 expres-
sion.
Otherwise, in another previous model 
of OP-induced rats, RS demonstrated to 
increase SIRT1 expression, significantly 
improving BMD, SIRT1 levels and fe-
mur strength, only in middle and high 
dose treatment (36). 
Unfortunately, these evidences are 
mostly limited only to animals and in 
vivo and in vitro animal models.
In fact, only one study, on a limited 
number of human subjects and for a very 
limited time of observation, showed, in 
ex vivo peripheral blood mononuclear 
cells, that SIRT1 upregulated activity af-
ter RS treatment was similar in OA and 
healthy controls and that RS at high dose 
might only increase IL6 levels (37). 

Gut microbiota
In rheumatic diseases, microbial dysbi-
osis of gut commensals has been linked 
overall to RA and SpA and appears to 
play a key role in the associated gut in-
flammation. In particular, the ‘gut-syn-
ovial axis’ was hypothesised as a link 
between SpA and inflammatory bowel 
diseases (IBD) (38-42).
Most of SpA patients showed gut mi-
crobiota disorders (43), with a distinct 
microbial profile that has been associ-
ated with fecal calprotectin levels (44). 
In particular, an increased abundance of 
Enterococcus faecalis was particularly 
noted appearing to play a different role 
compared to Lactobacillus plantarum, 
rhamnosus and acidophilus, in patients 
with IBD in remission or with mild 
symptoms (45).
Given its generic influence on intestinal 
homeostasis, the impact of RS on gut 
microbiota has been investigated, show-

ing potential benefits on bowel perme-
ability and secondarily in modulating 
inflammatory responses (46, 47). 
Unfortunately, RS use seemed to be 
limited by low absorption rates in the 
gastrointestinal tract, rapid metabolism, 
and rapid excretion (48).
In fact, although only 14% of the initial-
ly administered RS dose was detected in 
the intestine at its peak (4 hours post-
administration) and was primarily found 
in the small intestine and feces, RS sul-
fate metabolites – rather than RS itself 
– significantly promoted the growth of 
Lactobacillus reuteri (by tenfold) and 
markedly upregulated the mRNA ex-
pression of tight junction and mucin-
related proteins (48). For this reason, its 
use has been proposed in IBD, which is 
frequently associated with SpA (49).
In murine models of SpA, researchers 
found that intragastric administration 
of resveratrol (20 to 50 mg/day for 4 
weeks) reduced disease severity by 
suppressing the TLR4/NF-κB/NLRP3 
signalling pathway, restoring intestinal 
mucosal barrier function, and modulat-
ing gut microbiota composition. Spe-
cifically, it increased the abundance 
of Lactobacillus and Bifidobacterium, 
while reducing levels of Enterococcus 
faecalis and Escherichia coli (46).
Additionally, the interaction between 
RS and gut microbiota has been hypoth-
esised to support metabolic balance and 
help prevent obesity, both of which are 
recognised risk and severity factors for 
rheumatic diseases (50). This effect may 
contribute to reductions in body weight 
and fat levels. However, human studies 
on metabolic syndrome have produced 
inconsistent and conflicting results (47), 
possibly due to the ability of RS to alter 
bacterial populations (48).
Finally, Porphyromonas gingivalis, a 
Gram-negative anaerobic bacterium, 
has gained attention for its involvement 
as an inflammatory trigger and progres-
sion factor in RA (51). Although there 
is limited evidence that RS may exert a 
protective role on oral microbiota (51-
52) and specifically on Porphyromonas 
gingivalis (53), the impact of RS on 
oral microbiota is RA has not been yet 
studied. Future research may explore 
its potential effects on this important 
pathogenetic factor.

Clonal and family variation 
of resveratrol
Due to its widespread popularity, red 
wine is produced across the globe un-
der varying temperatures, altitudes, 
and production methods, resulting in 
a wide variety of types. Some well-
known examples include Merlot, Cab-
ernet Sauvignon, Pinot Noir, and Chi-
anti Classico. Key differences between 
red wine varieties lie in their flavour 
profiles, production techniques, re-
gions of origin, and chemical composi-
tion. Alongside the broad range of red 
wine types, there are also vine clones, 
genetically selected variations devel-
oped to enhance specific characteristics 
as needed. Studies highlight red wine 
clones with RS concentrations that 
differ from the standard varieties (54) 
(Table II). 
These findings suggest that modifying 
the genetics of standard grape popula-
tions can increase the overall RS con-
tent in the resulting wine, also based on 
specific variations between clones (14) 
and in respect of duration of maceration 
process length (1, 5, or 10 days) (15) 
(Table III). In fact, a more prolonged 
maceration times lead to higher RS 
content (15).
Pterostilbene (PTE), or trans-3,5-
dimethoxy-4-hydroxystilbene, is a stil-
benoid compound found in grape skins, 
blueberries, and peanuts (55), and be-
longs to the same chemical family as 
resveratrol (RS). Similar to RS, PTE 
has been associated with several health 
benefits, including lifespan extension, 
antioxidant and anti-inflammatory ef-
fects, and protection against cancer, 
diabetes, cardiovascular, and neuro-
degenerative diseases (56). The main 
structural difference between RS and 
PTE lies in the presence of two meth-
oxyl groups in PTE, which enhance its 
bioavailability and systemic concentra-
tion (57). However, despite its superior 
absorption, only a limited number of 
in vitro and in vivo studies suggest that 
oral administration of PTE may have a 
protective role in acute and chronic in-
flammatory conditions (58).
In animal pivotal models, PTE can re-
duce oedema, inflammatory cells infil-
tration and fibrosis (58-59). Further-
more, in vitro researches showed that 



456 Clinical and Experimental Rheumatology 2026

Antioxidant properties of resveratrol in rheumatic diseases / F. Belli et al.

PTE reduces cytokines levels, such as 
tumour necrosis factor-alpha (TNF-α) 
interleukin-1β (IL-1β), and interleu-
kin-6 (IL-6), block key signalling NF-

κB pathway (60-61) and suppress in-
flammatory mediators like MMP-2 and 
MMP-9 (62), offering antioxidant prop-
erties against OA and arthritis (63).

Future perspectives and limitations
The pivotal studies on animal and in  
vitro models shown previously, sug-
gested that RS may be carefully consid-
ered a promising future therapy in in-
flammatory and degenerative diseases. 
Otherwise, the limited number of pa-
pers and the heterogenous methodology 
used in literature might be considered 
great limits for its immediate diffusion.
Firstly, for its limited bioavailability and 
potential toxicity, the results of RS on 
humans seemed more restricted than in 
basic research. For this reason, the as-
sociation with other antioxidant com-
pounds was postulated to enhance its an-
ti-inflammatory performance and body 
persistence (Supplementary Table S1).
Ascorbic acid or ascorbate, Vitamin C, 
present in plants and animals, might 
reduce and neutralise reactive oxygen 
species to prevent DNA damage, as 
well as supporting growth and devel-
opment in the human body (64). Sec-
ondarily, Vitamin E offers also various 
benefits, such as enhancing protection 
against bacteria, viruses, and parasites, 
supporting the immune system, and 
playing a key role in enzymes involved 
in signal transduction (65-66). 
A recent double-blind clinical trial con-
ducted on 80 postmenopausal women 
(66) demonstrated that a combination of 
resveratrol (RS) and vitamin C can re-
duce oxidative stress parameters. In par-
ticular, the group receiving both RS and 
vitamin C (Group A) showed a signifi-
cant 33% reduction in lipohydroperox-
ides, whereas no significant differences 
were observed in the groups receiving 
RS alone (Group B) or vitamin C alone 
(Group C). However, malondialdehyde 
levels significantly decreased in all three 
treatment groups – by 26% in Group A, 
32% in Group B, and 38% in Group C 
– compared to the placebo group (67).
Otherwise, like RS, also Vitamin C has 
its drawbacks. In fact, when vitamin 
C interacts with transition metals like 
copper and iron, might have a paradox 
pro-oxidant activity (68) that can exac-
erbate infections and cause tooth loss, 
insomnia, and fatigue.
Limited evidence suggests that res-
veratrol (RS), when combined with 
vitamin E in vitro, can inhibit the pro-
duction of inflammatory cytokines 

Table II. Adapted from the Besrukow et al. data (54), this table shows the total content of RS 
across a wide range of red wine cultivars, including their rootstocks and, where applicable, 
clone types. 

V. vinifera L. cultivar	 Clone	 Rootstock	 Resveratrol	 Total

Rondo (PIWI) [RL8]	 10 Gm	 Boerner	 3570	±	100	 7748	±	586
Barbera Nero	 84	 Kober 125AA	 2466	±	184	 6435	±	315
Pinot Noir	 20-13 Gm	 Boerner	 3895	±	337	 5786	±	571
Bastardo	 NA	 Boerner	 2474	±	94	 5700	±	777
Cabernet Sauvignon	 R5	 Boerner	 2758	±	69	 5613	±	535
Zweigelt	 NA	 Boerner	 2459	±	370	 5568	±	470
Gamay Noir	 509 INRA	 Boerner	 3215	±	321	 5458	±	498
Touriga Nacional	 NA	 Boerner	 1959	±	114	 5145	±	156
Trincadeira	 NA	 Boerner	 2177	±	61	 5043	±	179
Teinturier	 NA	 Kober 5BB	 2563	±	53	 4955	±	103
Pinot Meunier	 NA	 Boerner	 2496	±	89	 4940	±	227
Rubintos	 NA	 Boerner	 2957	±	2	 4808	±	55
Ancelotta	 F 18	 Kober 5BB	 2159	±	19	 4761	±	141
Merlot Noir	 INRA 346	 SO4	 2640	±	140	 4652	±	380
Syrah	 99	 Boerner	 2244	±	32	 4640	±	177
Nero (PIWI) [RL5]	 NA	 Boerner	 2895	±	90	 4493	±	318
Pinot Tete de Negre	 NA	 Kober 125AA	 2638	±	47	 4458	±	291
Ramisco	 NA	 Boerner	 2192	±	94	 4358	±	672
Deckrot	 NA	 Boerner	 2201	±	98	 4042	±	220
Nebbiolo	 R 6	 Boerner	 1987	±	34	 4037	±	91
Cabernet Franc	 214 INRA	 Boerner	 2351	±	225	 3996	±	262
Shanii Chernyi	 NA	 5C Gm	 2617	±	268	 3929	±	379
Medoc Noir	 NA	 Boerner	 145	±	8	 3884	± 359
Heroldrebe	 NA	 Boerner	 1153	±	94	 3864	± 168
Sangiovese Brunello	 NA	 Boerner	 1783	±	18	 3738	± 65
Medina	 NA	 Boerner	 2400	±	192	 3718	± 239
Tinta Barocca	 NA	 Boerner	 1306	±	84	 3373	± 188
Maroo Seedless	 NA	 Kober 125AA	 2322	±	41	 3332	± 99
Schiava Grossa	 We 4-7	 Boerner	 1112	±	7	 3329	± 89
Sousao	 NA	 Boerner	 1342	±	7	 3215	±	156
Touriga Franca	 NA	 Boerner	 992	±	92	 3136	±	348
Färbertraube	 NA	 Boerner	 1142	±	33	 3136	±	102
Blauer Gelbhölzer	 NA	 Kober 125AA	 1520	±	32	 3011	±	63
Grenache	 NA	 SO4	 1590	±	66	 2911	±	141
Sangiovese	 R10	 Boerner	 917	±	65	 2789	±	115
Zinfandel	 NA	 Kober 125AA	 479	±	117	 2752	±	189
Pinotage	 NA	 Kober 5BB	 1806	±	31	 2645	±	335
Rotberger	 32-38 Gm	 Boerner	 859	±	1	 2632	±	295
Samtrot	 We 805	 Boerner	 668	±	152	 2481	±	289
Kolor	 NA	 Boerner	 815	±	55	 2255	±	138
Dornfelder	 NA	 Boerner	 637	±	146	 2201	±	266
Dakapo	 1 Gm	 Boerner	 930	±	36	 2194	±	106
Moreto	 NA	 Boerner	 993	±	32	 2106	±	70
Blauer Frühburgunder	 4 Gm	 Boerner	 238	±	2	 2027	±	120
Accent (PIWI) [RL7]	 1 Gm	 SO4	 697	±	149	 1905	±	255
Domina	 NA	 Boerner	 169	±	0	 1851	±	90
St. Laurent	 3 Gm	 Boerner	 167	±	5	 1838	±	38
Dunkelfelder	 1 Gm	 Boerner	 91	±	2	 1769	±	167
Castelao	 NA	 Boerner	 896	±	17	 1730	±	30
Blauer Limberger	 We Elite	 Boerner	 1023	±	17	 1615	±	26
Magyar Frankos	 NA	 Boerner	 586	±	15	 1301	±	23
Tauberschwavz	 NA	 Boerner	 530	±	6	 1215	±	113
Tempranillo	 NA	 Boerner	 110	±	2	 1037	±	139
Blauer Portugieser	 NA	 Boerner	 104	±	3	 753	±	106
Regent (PIWI) [RL7]	 NA	 Boerner	 90	±	10	 631	±	46

Data are expressed as dry weight (mg/kg ± standard deviation). Resistance level against Plasmopara 
viticola was rated on a scale from 1 to 9. Abbreviation: NA, not applicable; PIWI, Pilzwiderstands-
fähige (fungus-resistant) grape varieties; RL, resistance level against Plasmopara viticola.
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such as IL-6, TNF-α, and IL-1β, while 
also stimulating macrophage activity. 
This combination appears to exert a 
synergistic antioxidant effect (69-70), 
particularly in OA chondrocytes from 
animal models, where it significantly 
reduced the hydrogen peroxide (H2O2)-
induced inflammatory response (71). 
Unfortunately, to date, the potential 
benefits of RS and vitamin E co-ad-
ministration have not been investigated 
in Furthermore, the bioavailability of 
RS has been shown to improve when 
combined with curcumin in cases of 
OA and OP (72-73), and with quercetin 
in OP (73). Both curcumin and querce-
tin are known for their antioxidant and 
anti-inflammatory properties (74-75).
Firstly, curcumin (C21H20O6), a natural 
polyphenol extracted from Curcuma 
longa L., a plant belonging to the ginger 
family, traditionally, used as a colour-
ing agent, flavour enhancer, and spice, 
also holds potential applications in the 
pharmaceutical industry as a powerful 
scavenger of reactive oxygen species 
(ROS) (74-76). Furthermore, a pos-
sible use of curcumin and RS in early 
stage of dementia was postulated for a 
possible controversial role on neuroin-
flammation (77), with limited efficacy 
for curcumin (78) and more encourag-
ing benefits on memory performance 
for RS (79). Secondarily, quercetin 
(C15H10O7), a flavonoid widely present 
in various fruits and vegetables (80-81) 
might alleviate intestinal inflammation 
via modulating gut microbiota com-
position (82) and signal transduction 
pathways and ROS modulation (73) 
and in animal models, bone health with 

a possible underlying regulatory role on 
NF-B and intrinsic and extrinsic apop-
totic pathways in OP (83).
Analogously, even though it is currently 
still included among recognised OP risk 
factors, also a moderate alcohol intake 
seemed to have a controversial protec-
tive role on fracture risk, particularly in 
postmenopausal women (84).
Surely, this association might present 
future opportunities for rheumatology 
therapeutic applications. However, fur-
ther research in clinical trial on humans 
are required to establish optimal dosage, 
toxicity levels, and bioavailability to en-
sure their efficacy and safety in human 
health
In fact, even if recent studies suggest 
that its bioavailability and antioxidant 
properties might be ameliorated by 
forming complexes with metal ions 
and other compounds, quercetin’s poor 
solubility, low bioavailability, limited 
permeability, and instability might still 
limit its medical applications (80).
Finally, after oral administration, the 
concentration of RS (free, liquid, or en-
capsulated) in the body might rapidly 
decrease (85), with last levels potential-
ly too low to produce significative and 
persistent impacts on humans. On the 
other side, higher dosage might be lim-
ited by its potential toxicity. Thus, a de-
finitive appropriate dosage remains still 
unclear, with few and controversial data 
available in literature, moreover derived 
by in vitro and animal models (86).
Even if RS is generally considered safe 
and well tolerated in low and moderate 
doses, it might be also conditioned po-
tentially by unknown other drugs inter-

action. Furthermore, the very high dos-
age (overall >5 g/day) might release a 
higher quantity of RS metabolites that 
have potential adverse cytotoxic effects 
with gastroenteric (such as diarrhoea 
and vomiting) and renal complications 
(86).
Notably, modern research is focused on 
developing new RS delivery systems. 
Particularly, in early-stage studies, one 
widely discussed approach is nanodeliv-
ery, a system built using nanotechnology 
to enhance drug efficiency. It has been 
shown that RS can overcome its bio-
availability barriers when incorporated 
into nanoformulations, thus improving 
both its stability and absorption (87-91). 
Secondarily, Navarro et al. (92) have 
developed a method in which exposing 
wine grapes to ultraviolet (UV) light 
increases the production of stilbenes, 
and consequently RS.  Finally, as said 
in previous chapter, the promising com-
bination of RS with other compounds 
that play a role of bio-enhancer of RS 
efficacy and bioavailability (88), might 
reduce RS potential toxicity (69-70).

Conclusion and 
take homes messages 
Red wine, when consumed in modera-
tion, is recognised not only for its cul-
tural significance but also for its poten-
tial health benefits due to the presence 
of polyphenolic compounds such as RS 
in terms of protection against neurode-
generative and cardiovascular diseases. 
RS has shown also potential anti-inflam-
matory effects on rheumatic diseases, 
including RA, SpA, OA, OP, by exert-
ing antioxidant action supported previ-
ously by in vitro and in vivo studies on 
animal models and with controversial 
results on very few issues on humans.
Actual limits for clinical trials are still 
represented by the potential loss of effi-
cacy of RS for its rapid metabolic wash-
out, the uncertain interaction with other 
drugs and its possible dose dependent 
effect and consequent toxicity.
Since therapeutic levels of RS cannot be 
achieved solely through a normal diet, 
its use should be considered only under 
medical supervision and as a comple-
ment to conventional treatments.
Furthermore, it is important to acknowl-
edge that there is no full agreement 

Table III. 
A. Average RS concentrations in the standard population and three clones of Vranac vines (14).	
B. Average RS concentrations in four clones of Prokupac vines (15). 

A 	 Standard	 Vranac	 Vranac	 Vranac
	 Population	 Clone I	 Clone II	 Clone III

Trans-resveratrol 	 0.6 ± 0.129	 0.485 ± 0.084	 0.414 ± 0.062	 0.457 ± 0.107
Total resveratrol	 2.32 ± 0.317	 3.119 ± 0.596	 2.416 ± 0.180	 2.914 ± 0.317

B	 Prokupac 	 Prokupac	 Prokupac	 Prokupac
	 clone PR1	 clone 41/1	 clone PR6	 clone PR7

1 day maceration	 0.35 ± 0.02	 0.41 ± 0.01	 048 ± 0.03	 0.27 ± 0.01
5 days maceration	 0.50 ± 0.02	 0.60 ± 0.02	 0.63 ± 0.03	 0.49 ± 0.02
10 days maceration	 0.94 ± 0.04	 1.17 ± 0.05	 1.46 ± 0.02	 0.82 ± 0.04

Data are reported as the mean ± standard deviation, with respect to the duration of the maceration 
process, with all measurements expressed in mg•L-¹
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within the scientific community regard-
ing the potential risks associated with 
moderate red wine or alcohol assump-
tion, and future research should focus 
on optimising administration methods.
Otherwise, studies highlight that red 

wine clones might contain different RS 
concentrations based on varieties and 
wine maturity, offering an innovative 
possibility of research collaboration be-
tween medicine and viticulture research 
areas. Also PTE, a natural misknown 

compound related to RS with a more 
persistent body concentration, might 
have also pivotal promising therapeutic 
properties.
Furthermore, the possible association 
with other antioxidant compounds (vita-

Fig. 2. The illustration provides a concise overview of the article, highlighting the chemical composition of red wine (including major and minor com-
pounds) and its potential benefits in addressing various diseases.
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min C, vitamin E, curcumin and querce-
tin) and the innovative strategies such 
as nanotechnology-based delivery sys-
tems, might overcome the low bioavail-
ability of RS that represents a limit for 
its pharmaceutical use in the next future.
Additionally, genetic variations among 
grapevine clones and techniques such 
as UV exposure have been shown to en-
hance RS levels in wine, offering new 
opportunities to improve the health-    
related properties of red wine. 

Acknowledgments
We thank Zotero used for the revision 
of references for its free support. 

References 
  1. 	FATICA M, ÇELA E, FERRAIOLI M et al.:     

The effects of smoking, alcohol, and dietary 
habits on the progression and management of 
spondyloarthritis. J Pers Med 2024; 14(12): 
1114. https://doi.org/10.3390/jpm14121114

  2.	BULJETA I, PICHLER A, ŠIMUNOVIĆ J, KOP-
JAR M: Beneficial effects of red wine poly-
phenols on human health: comprehensive 
review. Curr Issues Mol Biol 2023; 45(2): 
782798. 

	 https://doi.org/10.3390/cimb45020052
  3. 	GIOVINAZZO G, GRIECO F: Functional prop-

erties of grape and wine polyphenols. Plant 
Foods Hum Nutr 2015; 70(4): 454-62. 

	 https://doi.org/10.1007/s11130-015-0518-1
  4. 	TUBEROSO, CIG, SERRELI G, CONGIU F, 

MONTORO P, FENU MA: Characterization, 
phenolic profile, nitrogen compounds and 
antioxidant activity of carignano wines.          
J Food Compos Anal 2017; 58: 60-68. 

	 https://doi.org/10.1016/j.jfca.2017.01.017
  5. 	CASTALDO L, NARVÁEZ A, IZZO L et al.:  

Red wine consumption and cardiovascular 
health. Molecules 2019; 24(19): 3626. 

	 https://doi.org/10.3390/molecules24193626
  6. 	GUTIÉRREZ-ESCOBAR R, ALIAÑO-GONZÁLEZ 

MJ, CANTOS-VILLAR E: Wine polyphenol 
content and its influence on wine quality and 
properties: a review. Molecules 2021; 26(3): 
718. 

	 https://doi.org/10.3390/molecules26030718
  7. 	WHITE NA: Red wine composition, Water-

house Lab available at https://waterhouse.
ucdavis.edu/whats-in-wine/red-wine-com-
position (accessed on 30 July 2025).

  8. 	AKINWUMI BC, BORDUN KAM, ANDERSON 
HD: Biological activities of stilbenoids. Int J 
Mol Sci 2018; 19(3): 792. 

	 https://doi.org/10.3390/ijms19030792
  9. 	KEYLOR MH, MATSUURA BS, STEPHENSON 

CRJ: Chemistry and biology of resveratrol-
derived natural products. Chem Rev 2015; 
115: 8976-9027. 

	 https://doi.org/10.1021/cr500689b
10. 	KOH YC, HO CT, PAN MH: Recent advances in 

health benefits of stilbenoids. J Agric Food 
Chem 2021; 69: 10036-57. 

	 https://doi.org/10.1021/acs.jafc.1c03699
11. 	PEZZUTO JM: Resveratrol: twenty years of 

growth, development and controversy. Bio-
mol Ther (Seoul) 2019; 27: 1-14.  

	 https://doi.org/10.4062/biomolther.2018.176 
12. 	NEMZER B, KALITA D, YASHIN AY, YASHIN 

YI: Chemical composition and polyphenolic 
compounds of red wines: their antioxidant 
activities and effects on human health - a re-
view. Beverages 2022; 8(1). 

	 https://doi.org/10.3390/beverages8010001
13. 	TIRAŞ ZŞE, OKUR HH, GÜNAY Z, YILDIRIM 

HK: Different approaches to enhance resver-
atrol content in wine. Ciência Téc Vitiv 2022; 
37: 13-28.  

	 https://doi.org/10.1051/ctv/ctv20223701013
14. 	RADOVIC B, TEŠEVIĆ V, KODŽULOVIĆ V, 

MARAŠ V: Resveratrol concentration in 
“Vranac” wines. VITIS 2015; 54: 169-71.  
https://doi.org/10.5073/vitis.2015.54

15. 	PETROVIĆ A, LISOV N, ČAKAR U et al.:     
The effects of prokupac variety clones and 
vinification method on the quantity of res-
veratrol in wine. Food Feed Res 2019; 46: 
189-98.  https://doi.org/10.5937/ffr1902189p

16. 	CHENG CK, LUO JY, LAU CW, CHEN ZY, TIAN 
XY, HUANG Y: Pharmacological basis and 
new insights of resveratrol action in the car-
diovascular system. Br J Pharmacol 2020; 
177(6): 1258-77. 

	 https://doi.org/10.1111/bph.14801
17. 	BOMBARDIERI S, CUTOLO M: The birth 

of environmental rheumatology. Clin Exp 
Rheumato. 2024; 42: 945-46. https://

	 doi.org/10.55563/clinexprheumatol/inxgof
18. 	NICCHI M, DAL POZZOLO R, BRUNO L et al.: 

The effects of different dietary patterns in 
rheumatic diseases: a still unresolved ques-
tion. J Environ Rheumatol 2024; 1: 23-30. 
https://doi.org/10.55563/jer/04uqby

19. 	CAFARO G, CRUCIANI G, BRUNO L et al.:  
Microbiota and arthritis: cause or conse-
quence? Clin Exp Rheumatol 2024; 42: 
1097-103.  https://

	 doi.org/10.55563/clinexprheumatol/f6q4dc
20. 	NGUYEN C, COUDEYRE E, BOUTRON I et 

al.: Oral resveratrol in adults with knee os-
teoarthritis: a randomized placebo-controlled 
trial (ARTHROL). PLOS Med 2024; 21(8): 
e1004440. https://

	 doi.org/10.1371/journal.pmed.1004440
21. 	NGUYEN C, SAVOURET JF, WIDERAK M, 

CORVOL MT, RANNOU F: Resveratrol, po-
tential therapeutic interest in joint disorders: 
a critical narrative review. Nutrients 2017; 
9(1): 45. https://doi.org/10.3390/nu9010045

22. 	GONZÁLEZ-LÓPEZ-ARZA MV, TRIVIÑO-PAL-
OMO JV, MONTANERO-FERNÁNDEZ J et al.: 
Benefits of the light consumption of red wine 
in pain, tender points, and anxiety in women 
with fibromyalgia: a pilot study. Nutrients 
2023; 15(15): 3469. 

	 https://doi.org/10.3390/nu15153469
23. 	LU J, ZHENG Y, YANG J et al.: Resveratrol 

alleviates inflammatory injury and enhances 
the apoptosis of fibroblast‑like synoviocytes 
via mitochondrial dysfunction and ER stress 
in rats with adjuvant arthritis. Mol Med Rep 
2019; 20: 463-72. 

	 https://doi.org/10.3892/mmr.2019.10273
24. 	DEY M, CUTOLO M, NIKIPHOROU E:          

Beverages in rheumatoid arthritis: what to 
prefer or to avoid. Nutrients 2020; 12(10): 
3155. https://doi.org/10.3390/nu12103155

25. 	CHEN H, ZHENG S, WANG Y et al.: The         
effect of resveratrol on the recurrent attacks 
of gouty arthritis. Clin Rheumatol 2016; 35: 
1189-95. 

	 https://doi.org/10.1007/s10067-014-2836-3
26. 	SU Z, YAO B, LIU G, FANG J: Polyphenols as 

potential preventers of osteoporosis: a com-
prehensive review on antioxidant and anti-
inflammatory effects, molecular mechanisms, 
and signal pathways in bone metabolism.         
J Nutr Biochem 2024; 123: 109488. 

	 https://doi.org/10.1016/j.jnutbio.2023.109488
27. 	GODOS J, GIAMPIERI F, CHISARI E et al.: 

Alcohol consumption, bone mineral density, 
and risk of osteoporotic fractures: a dose-
response meta-analysis. Int J Environ Res 
Public Health 2022; 19(3): 1515. 

	 https://doi.org/10.3390/ijerph19031515
28. 	KUTLEŠA Z, BUDIMIR MRŠIĆ D: Wine and 

bone health: a review. J Bone Miner Metab 
2016; 34(1): 11-22. 

	 https://doi.org/10.1007/s00774-015-0660-8
29. 	WANG ZM, CHEN YC, WANG DP: Resveratrol, 

a natural antioxidant, protects monosodium 
iodoacetate-induced osteoarthritic pain in rats. 
Biomed Pharmacother 2016; 83: 763-70. 

	 https://doi.org/10.1016/j.biopha.2016.06.050
30.	LOMHOLT S, MELLEMKJAER A, IVERSEN 

MB, PEDERSEN SB, KRAGSTRUP TW: Res-
veratrol displays anti-inflammatory proper-
ties in an ex vivo model of immune medi-
ated inflammatory arthritis. BMC Rheumatol 
2018; 10: 27. 

	 https://doi.org/10.1186/s41927-018-0036-5
31. 	CHEN Y, XIAO H, LIU Z et al.: SIRT1: an in-

creasingly interesting molecule with a poten-
tial role in bone metabolism and osteoporo-
sis. Biomolecules 2024; 14(8): 970.  

	 https://doi.org/10.3390/biom14080970
32. 	DENG Z, LI Y, LIU H et al.: The role of Sirtuin 

1 and its activator, resveratrol in osteoarthri-
tis. Biosci Rep 2019; 39(5): BSR20190189.  
https://doi.org/10.1042/bsr20190189

33. 	CAO W, DOU Y, LI A: Resveratrol boosts cog-
nitive function by targeting SIRT1. Neuro-
chem Res 2018; 43: 1705-13. 

	 https://doi.org/10.1007/s11064-018-2586-8
34. 	ZHU L, YANG M, FAN L et al.: Interaction 

between resveratrol and SIRT1: role in neu-
rodegenerative diseases. Naunyn Schmiede-
bergs Arch Pharmacol 2025; 398(1): 89-101. 

	 https://doi.org/10.1007/s00210-024-03319-w
35. 	YANG X, JIANG T, WANG Y, GUO L: The role 

and mechanism of SIRT1 in resveratrol-reg-
ulated osteoblast autophagy in osteoporosis 
rats. Sci Rep 2019; 9(1): 18424.  

	 https://doi.org/10.1038/s41598-019-44766-3
36. 	WANG X, CHEN L, PENG W: Protective effects 

of resveratrol on osteoporosis via activation 
of the SIRT1‑NF‑κB signaling pathway in 
rats. Exp Ther Med 2017; 14(5): 5032-38. 
https://doi.org/10.3892/etm.2017.5147

37. 	WENDLING D, ABBAS W, GODFRIN-VALNET 
M et al.: Resveratrol, a Sirtuin 1 activator,    
increases IL-6 production by peripheral blood 
mononuclear cells of patients with knee osteo-
arthritis. Clin Epigenetics 2013; 5(1): 10. 

	 https://doi.org/10.1186/1868-7083-5-10
38. 	BANDINELLI F, MANETTI M, IBBA-MANNE-

SCHI L: Occult spondyloarthritis in inflam-
matory bowel disease. Clin Rheumatol 2016; 
35(2): 281-89.  



460 Clinical and Experimental Rheumatology 2026

Antioxidant properties of resveratrol in rheumatic diseases / F. Belli et al.

	 https://doi.org/10.1007/s10067-015-3074-z
39. 	BANDINELLI F, MILIA AF, MANETTI M et 

al.: Lymphatic endothelial progenitor cells 
and vascular endothelial growth factor-C in 
spondyloarthritis and Crohn’s disease: two 
overlapping diseases? Clin Exp Rheumatol 
2015; 33(2): 195-200.

40. 	BANDINELLI F, TERENZI R, GIOVANNINI L et 
al.: Occult radiological sacroiliac abnormali-
ties in patients with inflammatory bowel dis-
ease who do not present signs or symptoms 
of axial spondylitis. Clin Exp Rheumatol 
2014; 32(6): 949-52. 

41. 	BANDINELLI F, MILLA M, GENISE S et al.: 
Ultrasound discloses entheseal involvement 
in inactive and low active inflammatory bow-
el disease without clinical signs and symp-
toms of spondyloarthropathy. Rheumatology 
(Oxford) 2011; 50(7): 1275-79.  

	 https://doi.org/10.1093/rheumatology/keq447
42. 	LYU X, CHEN J, GAO X, YANG J: Emerging 

story of gut dysbiosis in spondyloarthropa-
thy: from gastrointestinal inflammation to 
spondyloarthritis. Front Cell Infect Micro-
biol 2022; 12: 973563. 

	 https://doi.org/10.3389/fcimb.2022.973563
43. 	COSTELLO ME, CICCIA F, WILLNER D et al.: 

Brief report: Intestinal dysbiosis in ankylos-
ing spondylitis. Arthritis Rheumatol 2015; 
67(3): 686-91.  

	 https://doi.org/10.1002/art.38967
44. 	KLINGBERG E, MAGNUSSON MK, STRID H et 

al.: A distinct gut microbiota composition in 
patients with ankylosing spondylitis is asso-
ciated with increased levels of fecal calpro-
tectin. Arthritis Res Ther 2019; 21(1): 248. 
https://doi.org/10.1186/s13075-019-2018-4

45. DACA A, JARZEMBOWSKI T: From the friend 
to the foe – enterococcus faecalis diverse im-
pact on the human immune system. Int J Mol 
Sci 2024; 25(4): 2422. 

	 https://doi.org/10.3390/ijms25042422
46. 	DING MH, XU PG, WANG Y, REN B, ZHANG 

J-L: Resveratrol attenuates ankylosing spon-
dylitis in mice by inhibiting the TLR4/NF-
κB/NLRP3 pathway and regulating gut mi-
crobiota. Immunol Invest 2022; 52(2): 194-
209.  https://

	 doi.org/10.1080/08820139.2022.2154162
47. 	CHAPLIN A, CARPÉNÉ C, MERCADER J:  

Resveratrol, metabolic syndrome, and gut 
microbiota. Nutrients 2018; 10(11): 1651. 

	 https://doi.org/10.3390/nu10111651
48. 	ZHANG B, XU Y, LV H et al.: Intestinal phar-

macokinetics of resveratrol and regulatory 
effects of resveratrol metabolites on gut bar-
rier and gut microbiota. Food Chem 2021; 
357, 129532. https://

	 doi.org/10.1016/j.foodchem.2021.129532
49. 	HU Y, CHEN D, ZHENG P et al.: The bidirec-

tional interactions between resveratrol and 
gut microbiota: an insight into oxidative 
stress and inflammatory bowel disease ther-
apy. Biomed Res Int 2019; 2019: 5403761. 
https://doi.org/10.1155/2019/5403761

50. 	GREMESE E, TOLUSSO B, GIGANTE MR,  
FERRACCIOLI G: Obesity as a risk and sever-
ity factor in rheumatic diseases (autoimmune 
chronic inflammatory diseases). Front Immu-
nol 2014; 5: 576. 

	 https://doi.org/10.3389/fimmu.2014.00576 
51. 	LI Y, GUO R, ODURO PK et al.: The relation-

ship between porphyromonas gingivalis and 
rheumatoid arthritis: a meta-analysis. Front 
Cell Infect Microbiol 2022; 12: 956417. 

	 https://doi.org/10.3389/fcimb.2022.956417
52. 	KUGAJI MS, KUMBAR VM, PERAM MR,       

PATIL S, BHAT KG, DIWAN PV: Effect of res-
veratrol on biofilm formation and virulence 
factor gene expression of porphyromonas 
gingivalis in periodontal disease. APMIS 
2019; 127: 187-95. 

	 https://doi.org/10.1111/apm.12930 
53. 	BEN LAGHA A, ANDRIAN E, GRENIER D: 

Resveratrol attenuates the pathogenic and 
inflammatory properties of porphyromonas 
gingivalis. Mol Oral Microbiol 2019; 34: 
118-30. https://doi.org/10.1111/omi.12260

54. 	BESRUKOW P, IRMLER J, SCHMID J et al.: 
Variability of constitutive stilbenoid levels 
and profiles in grape cane (Vitis Vinifera L.) 
depending upon variety and clone, location 
in the vineyard, pruning time, and vintage.    
J Agric Food Chem 2022; 70: 4342-52.  

	 https://doi.org/10.1021/acs.jafc.2c00276
55. 	POULOSE SM, THANGTHAENG N, MILLER 

MG, SHUKITT-HALE B: Effects of pterostil-
bene and resveratrol on brain and behavior. 
Neurochem Int 2015; 89: 227-33.  

	 https://doi.org/10.1016/j.neuint.2015.07.017
56. 	DUKE SO: Benefits of resveratrol and pteros-

tilbene to crops and their potential nutraceu-
tical value to mammals. Agriculture 2022; 
12: 368.  

	 https://doi.org/10.3390/agriculture12030368
57. 	TSAI HY, HO CT, CHEN YK: Biological ac-

tions and molecular effects of resveratrol, 
pterostilbene, and 3’-hydroxypterostilbene.   
J Food Drug Anal 2017; 25: 134-147. 

	 https://doi.org/10.1016/j.jfda.2016.07.004
58. 	YAN W, REN D, FENG X et al.: Neuroprotec-

tive and anti-inflammatory effect of pteros-
tilbene against cerebral ischemia/reperfu-
sion injury via suppression of COX-2. Front 
Pharmacol 2021; 12: 770329. 

	 https://doi.org/10.3389/fphar.2021.7703259
59. YI M, WANG G, NIU J, PENG M, LIU Y:        

Pterostilbene attenuates the proliferation and 
differentiation of TNF-α-treated human peri-
odontal ligament stem cells. Exp Ther Med 
2022; 23: 304. 

	 https://doi.org/10.3892/etm.2022.11233
60. 	LIU H, WU X, LUO J et al.: Pterostilbene at-

tenuates astrocytic inflammation and neu-
ronal oxidative injury after ischemia-reper-
fusion by inhibiting NF-κB phosphorylation. 
Front Immunol 2019; 10: 2408. 

	 https://doi.org/10.3389/fimmu.2019.02408
61. 	ZENG Q, LIAN W, WANG G, QIU M, LIN L, 

ZENG R: Pterostilbene induces Nrf2/HO-1 
and potentially regulates NF-κB and JNK-
Akt/mTOR signaling in ischemic brain injury 
in neonatal rats. 3 Biotech 2020; 10(5): 192. 

	 https://doi.org/10.1007/s13205-020-02167-8
62. 	LI J, RUZHI DENG, HUA X et al.: Blueberry 

component pterostilbene protects corneal 
epithelial cells from inflammation via anti-
oxidative pathway. Sci Rep 2016; 6: 19408. 

	 https://doi.org/10.1038/srep19408
63. 	LIU P, TANG W, XIANG K, LI G: Pterostilbene 

in the treatment of inflammatory and onco-
logical diseases. Front Pharmacol 2024; 14: 
1323377. 

	 https://doi.org/10.3389/fphar.2023.1323377

64. 	MITITELU-TARTAU L, BOGDAN M, CIOCOIU 
M: Editorial: Vitamin C from bench to bed-
side. Front Nutr 2024; 11: 1406342. 

	 https://doi.org/10.3389/fnut.2024.1406342
65. 	LEE GY, HAN SN: The role of Vitamin E in 

immunity. Nutrients 2018; 10: 1614. 
	 https://doi.org/10.3390/nu10111614
66. BRAMBILLA D, MANCUSO C, SCUDERI MR 

et al.: The role of antioxidant supplement in 
immune system, neoplastic, and neurode-
generative disorders: a point of view for an 
assessment of the risk/benefit profile. Nutr J 
2008; 7: 29. 

	 https://doi.org/10.1186/1475-2891-7-29
67. 	MONTOYA-ESTRADA A, GARCÍA-CORTÉS 

AY, ROMO-YAÑEZ J et al.: The administration 
of resveratrol and vitamin C reduces oxida-
tive stress in postmenopausal women-a pilot 
randomized clinical trial. Nutrients 2024; 16: 
3775. https://doi.org/10.3390/nu16213775

68. 	PAWLOWSKA E, SZCZEPANSKA J, BLASIAK 
J: Pro- and antioxidant effects of vitamin c 
in cancer in correspondence to its dietary and 
pharmacological concentrations. Oxid Med 
Cell Longev 2019; 2019: 7286737. 

	 https://doi.org/10.1155/2019/7286737
69. 	WANG N, XU C, LI N et al.: Synergistic an-

ti-inflammatory effects of resveratrol and 
vitamin E in lipopolysaccharide-induced 
raw264.7 cells. Food Sci Technol 2022; 42.

 	 https://doi.org/10.1590/fst.24122
70. 	MONMAI C, BAEK S.-H: Anti-inflammatory 

effects of the combined treatment of resvera-
trol- and protopanaxadiol-enriched rice seed 
extract on lipopolysaccharide-stimulated 
RAW264.7 cells. Molecules 2024; 29: 4343.  
https://doi.org/10.3390/molecules29184343

71. 	SU C-Y, LUO Y, FANG C-H, FANG H-W: The 
effects of antioxidant supplements on the 
inflammatory gene expression of osteoarthri-
tis-like chondrocytes. Appl Sci 2021; 11(1): 
239. https://doi.org/10.3390/app11010239

72. 	POSEY KL: Curcumin and resveratrol: nutra-
ceuticals with so much potential for pseu-
doachondroplasia and other ER-stress condi-
tions. Biomolecules 2024; 14: 154. 

	 https://doi.org/10.3390/biom14020154
73. 	INCHINGOLO AD, INCHINGOLO AM, MAL-

CANGI G et al.: Effects of resveratrol, cur-
cumin and quercetin supplementation on 
bone metabolism-a systematic review. Nutri-
ents 2022; 14(17): 3519. 

	 https://doi.org/10.3390/nu14173519
74. 	BOROUMAND N, SAMARGHANDIAN S, 

HASHEMY SI: Immunomodulatory, anti-
inflammatory, and antioxidant effects of cur-
cumin. J Herbmed Pharmacol 2018; 7: 211-
19.  https://doi.org/10.15171/jhp.2018.33

75. 	JAKUBCZYK K, DRUŻGA A, KATARZYNA J, 
SKONIECZNA-ŻYDECKA K: Antioxidant po-
tential of curcumin-a meta-analysis of rand-
omized clinical trials. Antioxidants (Basel) 
2020; 9: 1092. 

	 https://doi.org/10.3390/antiox9111092
76. 	BERESWILL S, MUÑOZ M, FISCHER A et al.: 

Anti-inflammatory effects of resveratrol, 
curcumin and simvastatin in acute small 
intestinal inflammation. PLoS One 2010, 5: 
e15099. 

	 https://doi.org/10.1371/journal.pone.0015099
77. 	MAZZANTI G, DI GIACOMO S: Curcumin 

and resveratrol in the management of cogni-



461Clinical and Experimental Rheumatology 2026

Antioxidant properties of resveratrol in rheumatic diseases / F. Belli et al.

tive disorders: what is the clinical evidence?  
Molecules 2016; 21: 1243. 

	 https://doi.org/10.3390/molecules21091243
78. AUSTRALIAN NEW ZEALAND CLINICAL TRI-

ALS REGISTRY: Investigation of the effects 
of longvida curcumin on cognitive function, 
mood and biomarkers of health. Available at: 
https://www.anzctr.org.au/Trial/Registration/
TrialReview.aspx?id=370499 (accessed on 
15 June 2016).

79. WITTE AV, KERTI L, MARGULIES DS, FLÖEL 
A: Effects of resveratrol on memory perfor-
mance, hippocampal functional connectiv-
ity, and glucose metabolism in healthy older 
adults. J Neurosci 2014; 34: 7862-70. https://
doi.org/10.1523/jneurosci.0385-14.2014

80. 	XU D, HU MJ, WANG YQ, CUI YL: Antioxidant 
activities of quercetin and its complexes for 
medicinal application. Molecules 2019; 24: 
1123.  

	 https://doi.org/10.3390/molecules24061123
81. 	LESJAK M, BEARA I, SIMIN N et al.:                

Antioxidant and anti-inflammatory activi-
ties of quercetin and its derivatives. J Funct 
Foods 2018; 40: 68-75.  

	 https://doi.org/10.1016/j.jff.2017.10.047
82. FENG J, LI Z, MA H et al.: Quercetin alleviates 

intestinal inflammation and improves intesti-
nal functions via modulating gut microbiota 
composition in LPS-challenged laying hens. 
Poult Sci 2023; 102: 102433. 

	 https://doi.org/10.1016/j.psj.2022.102433
83. 	WONG SK, CHIN KY, IMA-NIRWANA S: 

Quercetin as an agent for protecting the 
bone: a review of the current evidence. Int J 
Mol Sci 2020; 21: 6448.

	 https://doi.org/10.3390/ijms21176448
84. 	SAMPSON HW: Alcohol and other factors    

affecting osteoporosis risk in women. Alco-
hol Res Health 2002; 26: 292-98. 

85. 	CARTER LG, D’ORAZIO JA, PEARSON KJ: 
Resveratrol and cancer: focus on in vivo evi-
dence. Endocr Relat Cancer 2014; 21: R209-
25. https://doi.org/10.1530/erc-13-0171

86. 	SHAITO A, POSADINO AM, YOUNES N et al.: 
Potential adverse effects of resveratrol: a 
literature review. Int J Mol Sci 2020; 21(6): 
2084. https://doi.org/10.3390/ijms21062084

87. 	NOVELLE MG, WAHL D, DIÉGUEZ C, BERNI-
ER M, DE CABO R: Resveratrol supplementa-
tion: Where are we now and where should we 
go? Ageing Res Rev 2015; 21: 1-15. 

	 https://doi.org/10.1016/j.arr.2015.01.002
88. 	PENG L, HU XZ, LIU ZQ, LIU WK, HUANG Q, 

WEN Y: Therapeutic potential of resveratrol 
through ferroptosis modulation: insights and 
future directions in disease therapeutics. 
Front Pharmacol 2024; 15: 1473939. 

	 https://doi.org/10.3389/fphar.2024.1473939
89. 	SONG Y, ZHANG J, ZHU L, ZHANG H, WU 

G, LIU T: Recent advances in nanodelivery 
systems of resveratrol and their biomedical 
and food applications: a review. Food Funct 
2024; 15: 8629-8643. 

	 https://doi.org/10.1039/d3fo03892k
90. 	WALLE T: Bioavailability of resveratrol. Ann 

NY Acad Sci 2011; 1215: 9-15. https://
	 doi.org/10.1111/j.1749-6632.2010.05842.x
91.	SUMMERLIN N, SOO E, THAKUR S, QU Z, 

JAMBHRUNKAR S, POPAT A: Resveratrol 
nanoformulations: challenges and opportuni-
ties. Int J Pharm 2015; 479: 282-90. https://
doi.org/10.1016/j.ijpharm.2015.01.003

92. 	NAVARRO G, MARTÍNEZ-PINILLA E, ORTIZ 
R, NOÉ V, CIUDAD CJ, FRANCO R: Resvera-
trol and related stilbenoids, nutraceutical/
dietary complements with health-promoting 
actions: industrial production, safety, and the 
search for mode of action. Compr Rev Food 
Sci Food Saf 2018; 17: 808-26. 

	 https://doi.org/10.1111/1541-4337.12359


