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Definition
Resveratrol (3,4′,5-trihy- droxystilbene), a natural phytoalexin polyphenol, exhibits anti-oxidative, anti-inflammatory,
and anti-carcinogenic properties. This phytoalexin is well-absorbed rapidly and extensively metabolized in the
body.

1. Introduction

In 1976, resveratrol (3,4′,5-trihy- droxystilbene) was thought to be just a phytoalexin[1], one of the polyphenolic
compounds produced by plants in response to environmental stress [2]. Subsequently, resveratrol was found to exhibit
multiple bioactivities, including anti-oxidative [3], anti-inflammatory [4], cardiovascular protective [5], and anti-aging [6]
properties, in animals. This phytoalexin has been found in at least 72 plant species, such as mulberries, peanuts, and
grapes (Table 1). As a nonflavonoid polyphenol, resveratrol exists as two geometric isomers, trans- and cis- (Figure 1),
and their glucosides, trans- and cis- piceids [7].

Figure 1. Structure of trans-resveratrol (a) and cis-resveratrol (b).
Table 1. The content of resveratrol in some food products.
Plants

Content

Mulberries

5 mg of resveratrol per 100 g

Lingonberries

3 mg per 100 g

Cranberries

1.92 mg of resveratrol per 100 g

Red currants

1.57 mg of resveratrol per 100 g

Bilberries

0.67 mg of resveratrol per 100 g

Blueberries

0.383 mg per 100 g

Peanuts

1.12 mg of resveratrol per 100 g

Pistachios

0.11 mg of resveratrol per 100 g

Fresh grapes

0.24 to 1.25 mg per cup (160 g)

Red grape juice

0.5 mg per liter

2. The Anti-Inflammatory Activity of Resveratrol

Inflammatory response is a multi-stage process involving multiple cell types as well as mediator signals[8]. Inflammation
is an adaptive response, which can be triggered by various danger signals, such as invasion by microorganisms or
tissue injury [9]. The exogenous and endogenous signaling molecules are known as pathogen-associated molecular
patterns (PAMPs) and damage-associated molecular patterns (DAMPs), respectively [8][9][10].

Both PAMPs and DAMPs are recognized by various pattern recognition receptors (PRRs), such as Toll-like receptors
(TLRs) [11][12][13]. The activation of PRR induces intracellular signaling cascades, such as kinases and transcription
factors [12][14]. The signaling pathways mentioned above can promote the production of a variety of inflammatory
mediators (such as cytokines) for inflammation development.
Multiple lines of evidence from laboratory studies, both in vivo and in vitro, have shown that the anti-inflammatory
properties of resveratrol may be explained though inhibiting the production of anti-inflammatory factors. For example,
resveratrol has been stated to suppress the proliferation of spleen cells induced by concanavalin A (ConA), interleukin
(IL)-2, or allo-antigens, and to more effectively prevent lymphocytes from producing IL-2 and interferon-gamma (IFN-γ)
and macrophages from producing tumor necrosis factor alpha (TNF-α) or IL-12 [15]. Resveratrol has been found to
induce a dose-dependent suppression of the production of IL-1α, IL-6, and TNF-α and down-regulate both mRNA
expression and protein secretion of IL-17 in vitro

[16].

Dietary resveratrol supplementation is capable of improving tight

junction protein zonula occludens-1, Occludin, and claudin-1 expression to reduce intestinal permeability in vivo

[17][18].

Resveratrol treatment also reduced the expression of the inflammatory factors, glycation end product receptor (RAGE),
NF-кB (P65) and nicotinamide adenine dinucleotide phosphate (NADPH) oxidase 4 (NOX4) and improved the renal
pathological structure [19]. In addition, as the natural precursor of resveratrol, polydatin (a resveratrol glycoside isolated
from Polygonum cuspidatum) significantly downregulated IL-6, IL-1β, and TNF-α expression induced by Mycoplasma
gallisepticum both in vivo and in vitro, suggested that polydatin also has anti-inflammatory effect [20].
The anti-inflammatory activity of this compound was also demonstrated in a rat model of carrageenan-induced paw
edema [21]. Additionally, it has been reported that resveratrol preconditioning modulates inflammatory response of
hippocampus after global cerebral ischemia in rat [22]. In addition, resveratrol has been documented to be able to
suppress neuro-inflammation mediated by microglia, protect neurons from inflammatory damage, and relieve
inflammation of the airway caused by asthma and airway remodeling

[23][24].

Heat stress may induce reactive oxygen species (ROS) production, cause antioxidant system disorders, and cause
damage to the immune organs in vivo [25]. In a recent report, our research group observed that dietary resveratrol
supplementation in broilers was successful in partially alleviating the detrimental effects of heat stress on the function of
the intestinal barrier, by restoring the damaged villus-crypt structure, altering the mRNA expression of intestinal heatshock proteins, secreted immunoglobulin A, and close junction-related genes and inhibiting pro-inflammation secretion
[26].

Zhang et al. [27] reported that dietary supplementation with resveratrol in broilers could partly reverse the adverse

effects of heat stress on the growth of immune organ by reestablishing redox status and inhibiting apoptosis.
Importantly, our recent study demonstrated that resveratrol could alleviate heat stress-induced innate immunity and
inflammatory response by inhibiting the activation of PRRs signaling in the spleen of broilers [28].
Lipopolysaccharides (LPS) is an essential glycolipid component of Gram-negative bacterial endotoxin which can trigger
inflammatory responses to the host [29]. The addition of resveratrol has also led to decreases in inflammatory mediator
expression, including prostaglandin (PG)E2, COX-2, IL-1β, IL-8, TNF-α, and monocyte chemoattractant protein-1 in BV2 or monocyte LPS stimulation cells

[30][31]

. Additionally, Toll-like receptor-4 (TLR-4) expression in LPS-stimulated cells

was attenuated after resveratrol pre-treatment

[32].

Long-term treatment with this compound is able to increase brain

defenses in aged animals against acute LPS pro-inflammatory stimuli [33]. Moreover, palmitate-induced IL-6 and TNF-α
at mRNA and protein levels in C2C12 cells can also be substantially prevented by resveratrol pretreatment [34].
On the other hand, resveratrol can induce anti-inflammatory properties by suppressing the production of ROS and nitric
oxide (NO). Oxidative stress caused by the accumulation of ROS plays a role in promoting inflammation in a wide
spectrum of diseases, such as chronic inflammation and cancer [35]. It was found that resveratrol was able to suppress
strongly the generation of NO in activated macrophages, as well as decrease strongly the amount of cytosolic inducible
nitric oxide synthase (iNOS) protein and steady state mRNA levels [36]. Dietary resveratrol supplementation also can
effectively eliminate free radicals, enhance the activities of SOD, CAT, and GPX [25][37]. Babu et al. [38] showed that the
cytoprotective effect of resveratrol is predominantly due to mitigation of mitochondrial ROS. A recent study conducted by
Kortam et al. [39] showed that resveratrol increased the liver’s antioxidant and anti-inflammatory activity against chronic
unpredictable mild stress induced depression in the animal model, as explained by the normalization of total antioxidant
ability, glutathione, malondialdehyde (MDA), NF-кB, TNF-α, and myeloperoxidase. Additionally, resveratrol down-

regulated the expression of iNOS mRNA and protein expression in the LPS-stimulated intestinal cells in a dosedependent manner, resulting in a decreased production of NO [32]. Similarly, resveratrol dose-dependently inhibited the
expression of iNOS and IL-6 in LPS-treated RAW264.7 cells, therefore, suppressed the production of NO and the
secretion of IL-6 [40].

3. Summary and Perspectives
Multiple lines of compelling evidence indicate that resveratrol has a promising role in the prevention and treatment of
many autoimmune and inflammatory chronic diseases, such as inflammatory, neurological, and multiple cancers. This
phytoalexin was demonstrated to modulate many cellular and molecular mediators of inflammation, but the molecular
mechanisms of polyphenol are complex and involve multiple signal transduction pathways, and have not been fully
elucidated.
Therefore, future research should focus on: (1) further evaluating the compound during clinical trials and improving oral
absorption efficiency; and (2) elucidating the underlying mechanisms of resveratrol action in several physiological
conditions, in order to make this compound a cutting-edge therapeutic strategy for the prevention and treatment of a
wide variety of chronic diseases.
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