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Abbreviations
BDNF: Brain-derived neurotrophic factor
C5: Complement 5
CCL2: Chemokine (C-C motif) ligand 2 (aka MCP-1)
CD: Cluster of differentiation
COX-2: Cyclooxygenase-2
CRP: C-reactive protein
CXCL10: C-X-C motif chemokine 10
FOXO: Forkhead transcription factor
GM-CSF: Granulocyte-macrophage colony-stimulating factor
HSP70: Heat shock protein 70
ICAM-1: Intercellular adhesion molecule 1
IFN-γ: Interferon-gamma
iNOS: Inducible nitric oxide synthase
IL-6: Interleukin-6
JAK/STAT: Janus kinase/Signal transducer and activator of 
transcription
JNK: c-Jun N-terminal kinase
LPS: Lipopolysaccharide
MAPK: Mitogen-activated protein kinase
MCP-1: Monocyte chemoattractant protein -1
MIP-α: Macrophage inflammatory protein-1 alpha
miR: microRNA
NAD: Nicotinamide adenine dinucleotide
NFκB: Nuclear factor kappa B
NK: cells Natural killer cells
PBMC: Peripheral blood mononuclear cell
PGE2: Prostaglandin E2
PI3K: Phosphoinositide 3-kinase
PKC: Protein kinase C
ROS: Reactive oxygen species
SIRT1: Sirtuin1
TNF-α: Tumor necrosis factor-alpha
SOD2: Superoxide dismutase 2

Introduction 
 Resveratrol is a stilbene polyphenol found in grapes and other 
plants with demonstrated anti-inflammatory effects. The anti-
inflammatory effects of resveratrol in various adverse health 
conditions have been reviewed [1]. The beneficial effects of resveratrol 
likely are not solely due to its anti-inflammatory actions but rather a 
combined wide-ranging effect including antioxidant, anti-tumor and 
anti-proliferative actions. The antioxidant effects of resveratrol have 
been well documented (see [2] for review) and stilbenoids in general 
exert several biological activities ranging from cardioprotection, 
neuroprotection, anti-inflammation, anti-microbial and anti-tumor 
properties [3-5]. 

 One of the important signaling pathways reported for resveratrol 
is the activation of sirtuins, a member of the NAD (+)-dependent  
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Abstract
 Resveratrol is a polyphenol found in grapes, blueberries, mulberry 
and raspberry. Due to its antioxidant, anti-inflammatory, anti-microbial 
and anti-proliferative properties resveratrol has been reported to 
have health benefits in aging and age-related health disorders. While 
the actions of resveratrol and related polyphenols are likely multi-
factorial, the anti-inflammatory of polyphenols are reasonably well 
documented. Most studies demonstrating efficacy with resveratrol 
have been conducted in animal models or in vitro models. In human 
trials some promising effects of resveratrol have been reported for 
several health conditions including cancer, dementia, inflammatory 
bowel syndrome, arthritis, ulcer and dermatological disorders. The 
molecular mechanisms underlying resveratrol’s anti-inflammatory 
effects include signaling pathways mediated by NFκB, Akt, JAK/
STAT and sirtuins and also a reduction in pro-inflammatory cytokine 
production. The antioxidant effects of resveratrol involve reducing 
Reactive Oxygen Species (ROS) and malondialdehyde levels, or 
conversely increasing levels of antioxidant enzymes superoxide 
dismutase, catalase and glutathione peroxidase. Review of all aging-
associated health conditions is beyond the scope of this article. We 
will, therefore, focus on the effects of resveratrol and other stilbenoids 
on selected areas of health including immune function, renal function 
and cognitive function from animal and human studies in aging.
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enzymes, or sirtuin-activated pathways [6]. In Human Airway 
Smooth Muscle Cells (HASMCs) taken from patients with chronic 
obstructive pulmonary disease, lipoteichoic acid-induced cytokine/
chemokine release was attenuated by resveratrol including a decrease 
in CCL-2, IL-6, IL-8 and GM-CSF, likely mediated through the 
activation of SIRT1 [7]. Resveratrol decreased LPS and nicotine-
induced cytotoxicity in human gingival fibroblasts by decreasing 
ROS and PGE2 production, as well as the expression of COX-2 
through activating SIRT1 and mediated by the decline in PKC, 
PI3K, MAPK and NFκB pathways [8]. Other intracellular signaling 
pathways that may or may not be mediated by sirtuins have also been 
reported. The anti-inflammatory effects of resveratrol have been 
reported in many cell types and several signaling molecules have been 
identified in its anti-inflammatory actions. When murine microglial 
(C8-B4), macrophage (RAW264.7) and Neuronal-like (Neuro2a) 
cell lines were stressed with pro- inflammatory stimuli including 
Lipopolysaccharide (LPS) and Interferon-γ (IFN-γ), resveratrol was 
an inhibitor of nitric oxide and pro-inflammatory cytokine release 
in these cells [9]. Rat hepatocytes isolated and cultured and then 
stimulated with interleukin-1 and interferon-γ along with varying 
concentrations of resveratrol showed that resveratrol decreased the 
cytokine-induced iNOS expression, possibly through up-regulation of 
the JNK-signaling pathway [10]. In Human Coronary Artery Smooth 
Muscle Cells (HCASMCs), resveratrol reduced both basal and IFN-
γ-stimulated levels of levels of MCP-1, IL-6 and IL-8 by attenuating 
ERK activity [11]. Activation of SIRT1 through resveratrol in 
RINm5F cells (pancreatic islet cell line) or isolated rat islets also 
prevented the pro-inflammatory stress induced by IL-1β and IFN-γ 
by inhibiting iNOS and nitric oxide production likely through the 
inhibition of the inhibition of the NFκB signaling pathway [12]. Liu et 
al. [13], investigated the molecular basis of the effects of resveratrol 
on TNF-α-induced ICAM-1 expression in Human Umbilical Vein 
Endothelial Cells (HUVECs) and they found that resveratrol 
attenuated endothelial inflammation by reducing ICAM-1 expression 
and that the protective effect was mediated partly through the miR-
221/222/AMPK/p38/NFκB pathway. Subedi et al. [14], reported that 
the extract of resveratrol-enriched rice developed through genetic 
engineering techniques, also showed robust anti-inflammatory 
effects in LPS-activated BV-2 murine microglial cells by inhibiting 
the expression of iNOS, COX-2 and inhibiting the NFκB- pathway. 
Even in the absence of resveratrol, activation of SIRT1 by any other 
means has been documented to have anti-inflammatory effects 
lending support to the hypothesis that one of the anti-inflammatory 
mechanisms of resveratrol may be through activating sirtuins. 
Yoshizaki et al. [15], showed that the gene expression profiles in 
3T3-L1 adipocytes by SIRT1 activators was inversely related to 
inflammatory gene expression and an attenuation of TNF-α-induced 
insulin resistance. While resveratrol does not act exclusively through 
activation of SIRT1, it is conceivable that some of the actions of 
SIRT1 activators may be relevant to the anti-inflammatory actions of 
resveratrol as well. 

 Other stilbenes, besides resveratrol, have also been reported to 
have anti-inflammatory properties. Extract of Artocarpus lakoocha, 
traditionally used in Thai medicine, is high in stilbenoids, especially 
oxyresveratrol. In RAW 264.7 murine macrophage cell line, this 
extract attenuated the LPS-induced increase in iNOS and COX-
2, through blocking the PI3K/Akt pathway [16]. Piceatannol, 
a stilbene with a chemical structure similar to resveratrol, also  

inhibits inflammation induced by TNF-α by attenuating the NFκB 
signaling pathway in KBM-5 cells [17-18]. In propionibacterium 
acnes-stimulated human keratinocyte cell line HaCaT, piceatannol 
alleviated proliferation and migration of keratinocytes through its 
anti-inflammatory properties by blocking the NFkB pathway [19], 
indicating that one possible mechanism of the anti-inflammatory 
action of some stilbenoids may be through attenuating the NFκB 
pathway (see [20] for review). Combretastatins are dihydrostilbenoids 
found in the bark of Combretum caffrum, a South African 
bushwillow tree. Several bioactive stilbenes (combretastatins A 
series), dihydrostilbenes (combretastatins B series), phenanthrenes 
(combretastatins C series) and macrocyclic lactones (combretastatins 
D series) have been reported in the literature [21-22]. While the anti-
tumor properties of some of the combrestatins have been reported 
previously [23-24], their anti-inflammatory effects have also been 
demonstrated [25-28]. Similar to some other stilbenoids, it appears 
that one of the mechanisms by which combretastatins exert their anti-
inflammatory effects might be through attenuating the activation of 
the NFκB pathway, likely through a reduction of p65 subunit nuclear 
translocation as demonstrated in DND-41 leukemia and Jurkat T-cell 
lines [27].

 The anti-inflammatory actions of resveratrol and some potential 
cellular mechanisms have also been reported in in vivo models. Long-
term treatment of the fish Nothobranchius guentheri, with resveratrol 
reversed several senescence-associated secretory activity generally 
associated with aging in the gut, including down-regulating levels 
of proinflammatory cytokines IL-8 and TNFα and up-regulated 
expression of anti-inflammatory cytokine IL-10 [29]. Senescence-
Accelerated Mice (SAM) are commonly used as animal models in 
aging studies. Ginés C et al. [30], using SAMP8 mice that are prone to 
aging, reported an increase in inflammatory status and NFκB protein 
expression in the pancreas of the old mice and in addition they reported 
a decrease in sirtuin 1 and FoxO factors but this was attenuated by 
administration of resveratrol. Rodríguez-Bies et al. [31], reported that 
resveratrol improved muscle performance in mature and old animals 
but not in young mice. In addition, resveratrol also primed the effect 
of exercise by increasing endurance, coordination and strength in 
older mice, an effect that was associated with a higher protection 
against oxidative stress. Similarly, in 16-month old C57BL/6J mice 
combining resveratrol supplementation with exercise training for 4 
weeks increased the muscle strength and endurance performance of 
aged mice when compared to resveratrol alone [32]. Issuree et al. [33], 
reported in a mouse model of C5a-induced acute peritonitis that pre-
treatment with resveratrol significantly attenuated the effects of C5a 
on several markers of inflammation including vascular permeability, 
neutrophil migration as well as release of IL1-β, TNF-α, IL-6 and 
MIP-α.

 The potential anti-inflammatory effects of resveratrol have 
therapeutic implications in human clinical studies. This is especially 
relevant for the aging population where chronic low-grade inflammation 
is a contributing factor to many age-related adverse health conditions. 
In Peripheral Blood Mononuclear Cells (PBMCs) taken from patients 
with gout, SIRT1 was down-regulated when exposed to monosodium 
urate crystals but was restored by resveratrol in a dose-dependent 
manner with the high doses of resveratrol ameliorating the release of 
the inflammatory cytokine IL-1β [34]. Osteoarthritis, an aging-related 
inflammatory condition is characterized by a decrease in SIRT1 in the  
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osteoarthritic cartilage and resveratrol can activate SIRT1 to attenuate 
the progression of osteoarthritis [35]. No effect of resveratrol on 
inflammation was found in a systematic review and meta-analysis 
of studies examining the association of two selective established 
biomarkers of inflammation, IL-6 and C-Reactive Protein (CRP) in 
middle-age and older adults with chronic low grade inflammation 
[36]. Rabassa et al. [37], reported that in a longitudinal analysis 
with data from 769 participants aged ≥65 yr from the Invecchiare in 
Chianti (Aging in Chianti) study, higher habitual dietary resveratrol 
intake was associated with lower risk developing frailty syndrome 
during the first 3 y of follow-up but not after longer follow-up 
periods. The in vitro, in vivo and human studies provide evidence of 
the anti-inflammatory efficacy of resveratrol and that one of the major 
intracellular signaling molecules appears to be the SIRT1 (activation 
of SIRT1) and also attenuation of the NFκB pathway and subsequent 
decrease in pro-inflammatory cytokines.

Resveratrol and Immune Function in Aging
 The immune system is a key component of inflammation and 
is body’s natural response to injury or infection. Immune function 
involves several cell types regulating both innate and adaptive 
responses as well as interactions amongst them while responding to 
an antigen. Innate immune response is non-specific and relatively 
immediate whereas adaptive immune response is antigen-specific and 
delayed. But cells of the innate immune response play an important 
role in the initiation and subsequent responses of adaptive immune 
regulation. In addition, proteins of the innate system are crucial in 
the removal of pathogens following an adaptive immune response. 
One of the major components of the innate immune system is the 
activation of the complement proteins. Some of the proteins involved 
in the complement system are complement Component 3 (C3) and 
complement Component 5 (C5). Cells of the adaptive immune 
response include T and B lymphocytes and antigen-presenting 
cells. Natural killer cells (NK cells) may play a role in both innate 
and adaptive responses and as mentioned above, the functional 
classification of cell types involved in the activation of the two types 
of immune responses may not always be distinct.

 Immunosenescence is the gradual decline of the immune system 
with age [38]. While the responses of both the innate and adaptive 
immune system are attenuated, there is also a decline in the diversity 
of the antigen repertoire and an accumulation of functionally-
impaired memory lymphocytes that can affect the ability to fight 
infection or recovery from injury. Resveratrol regulates immune 
cell function including synthesis of pro-inflammatory cytokines 
and gene expression, as described above, but its role in combating 
immunosenescence is less clear and reports are scarce. Yuan et al. 
[39], reported that dietary intake of resveratrol for 45 days induced 
a significant increase in CD4+ T-cells in 12 month old and 21 
month old Wistar rats. Further, resveratrol supplementation also 
increased the delayed-type hypersensitivity response, a T-cell-
mediated immune response, in aged rats. In 24-month-old C57/BL6 
aged mice fed control diet or diet supplemented with resveratrol for 
8 weeks were challenged with LPS and the acute response of pro-
inflammatory markers assessed in the brain [40]. They reported that 
an acute LPS injection induced a strong pro-inflammatory response 
in the hippocampi with an increase in the expression levels of IL-
6, TNF-α, IL-1β and CXCL10, but resveratrol induced a higher 
expression of these cytokines in mice already treated with LPS 
indicating that resveratrol might play an important role in attenuating 
immunosenescence.

 There immune effects of resveratrol on companion animals (dogs 
and cats) are scarce. But it is conceivable that resveratrol is beneficial 
in aging by modulating the immune system although the evidence to 
support this is indirect. For instance, sarcopenia, a generalized decline 
of skeletal muscle mass and function, affects cats and dogs and 
aging is an important determinant of sarcopenia [41]. Chronic low-
grade inflammation or systemic inflammation is thought to play an 
important role in sarcopenia [42]. Pastor et al. [43], recently reported 
that supplementation of a combination of alpha-tocopherol acetate 
and resveratrol attenuated the risk of sarcopenia in adult dogs (5.4+1.4 
yr old). Whether such a beneficial effect with resveratrol alone or 
resveratrol in combination with any other ingredient would also show 
a positive effect in aging dogs is not known but is a possibility and 
needs to be investigated. Woode et al. [44], collected whole blood 
from six healthy, adult, client-owned dogs and incubated them with 
different concentrations of resveratrol for 4hr with the maximal 
concentration being 6000ng/ml. Following incubation, phagocytosis 
and oxidative burst and cytokine production were evaluated using 
LPS, Lipoteichoic Acid (LTA), or Peptidoglycan (PG) to stimulate 
cytokine production. They reported that while phagocytosis was not 
altered by resveratrol at any concentration compared to control, TNF, 
IL-6, production was increased and IL-10 levels were decreased with 
resveratrol. It appears that the acute effects of resveratrol may favor 
pro-inflammatory effects under some conditions, but whether this has 
a beneficial effect in some disease states, where an activation of the 
innate immune response is essential, is not clear but is conceivable. 
A follow-up study was reported by [45]. They collected whole blood 
from 12 healthy, adult client-owned dogs on day 0 and 3 of which six 
dogs received resveratrol, 200mg/kg, orally once daily for three days 
and six dogs served as controls. Production of TNF, IL-6 and IL-10 by 
leukocytes was analyzed following stimulation by LPS, LTA, or PG. 
When they measured the cytokines they found that resveratrol had 
increased TNF and IL-6 levels, however they saw no effect on IL-10. 
Whether such a difference in the effects of resveratrol in acute versus 
relatively long exposure is due to the underlying pharmacokinetics 
of resveratrol in dogs is not clear. Muzzio et al. [46], reported that 
in dogs after a 13 week oral administration of resveratrol in 40 
healthy beagle dogs, the peak resveratrol plasma concentration in 
dogs ranged between 1-5h after oral dosing and that resveratrol was 
rapidly metabolized to glucuronide and sulfate. Interestingly, cats 
appear to have low activity of β-glucuronidase and [47], reported that 
resveratrol metabolites, resveratrol-3-O-glucuronide and resveratrol-
4’-O-glucuronide could not be detected in the blood or urine of intact 
male and female cats given resveratrol orally for 4 weeks at 3mg/
cat/day, although resveratrol-3-O-sulphate was significantly higher in 
resveratrol-fed cats when compared to controls. Glucuronidation, or 
lack thereof, can initiate an immune response [48,49]. The beneficial 
effects of resveratrol or other stilbenoids in cats are scarce although 
resveratrol has been reported to have protective effects in cats against 
arsenic trioxide-induced oxidative stress in feline and lungs [50] and 
brain [51]. Given the protective effects of resveratrol, the immune-
modulating effects of resveratrol or other stilbenoids in cats and dogs 
is a promising area of research, especially its effects on the aging 
immune system.

 Kaszubowska et al [52], reported that in a study involving older 
subjects age >over 85 yr), old subjects (age <85 yr) and young sub.jects 
(mean age 21±0.3 yr), the oldest subjects had a much higher percentage 
of both NKT-like cells and T-lymphocytes expressing SIRT1, HSP70 
and SOD2. NKT-like cells are CD1d-independent NKT cells are a  
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subset of T-cells which represent highly differentiated, conventional 
T lymphocytes co-expressing several NK (Natural Killer) associated 
receptors. While the study by Kaszubowska et al. [52], did not assess 
the role of resveratrol, given that resveratrol can activate SIRT1, 
it is conceivable that resveratrol can modulate NKT-cells and thus 
play a role in immunosenescence. Interestingly, Owczarz et al. [53], 
reported that in PBMCs from young (mean age 27±4.3 yr), elderly 
(65±3.4 yr) and long-lived (94±3.5 yr) individuals, there was an age-
related decrease of SIRT1 expression in PBMCs. Since PBMCs are 
composed of T-cells, B-Cells, NK cells and monocytes and so it is not 
clear if the decline in SIRT1 seen in elderly is indicative of a general 
decline in SIRT1 in all cell types and assessing SIRT1 in individual 
cell types might have provided a clearer picture on the levels of SIRT1 
in aging in leukocytes. Regardless, from these studies it is evident 
that the immunostimulatory properties of resveratrol in aging needs 
to be investigated further and these studies provide a strong rationale 
that resveratrol has the potential to modulate the humoral and cell-
mediated immune responses in aging.

Resveratrol and Renal Function in Aging
 There is evidence to indicate that changes in renal structure 
(reduction in mass) and function Glomerular Filtration Rate (GFR) 
accompany aging [54-56]. While the number of tubular cells and 
glomerular cells decreases significantly with aging in humans, 
the number of glomerular tufts per unit area may also decrease 
significantly with advancing age [57]. Several associated functional 
changes take place with aging, including a decline in renal blood flow 
and sodium clearance and the ability to maximally concentrate urine. 
Such reduction in renal function with aging is likely multi-factorial 
[58], but an increase in inflammatory processes is hypothesized to 
play an important role in the decline of renal function [59-60].

 Resveratrol may be one option to consider in improving kidney 
function in aging (see [61] for review) although as mentioned later 
more studies are warranted to determine the efficacy of resveratrol 
in aging. Studies from in vitro and in vivo studies indicate that 
resveratrol may play a protective role in kidney function. Abharzanjani 
et al. [62], reported that human embryonic kidney cells (HEK-293 
cells) when treated with high glucose to simulate hyperglycemic 
conditions, decreased levels of thioredoxin, an antioxidant protein, 
but this decline was attenuated in the presence of increasing doses 
of resveratrol. Using both in vitro and in vivo studies Hsu et al. 
[63], demonstrated that in the mouse kidney resveratrol significantly 
increased both Klotho mRNA and protein expression and Klotho 
was also up-regulated in resveratrol-treated NRK-52E cells. Klotho 
functions as an aging suppressor gene [64] and a decrease in Klotho 
gene expression is also reported in chronic kidney failure patients 
[65]. The Renin-Angiotensin System (RAS) may play a diverse role 
in renal aging function. Angiotensin II (Ang II)/ Angiotensin II Type 
1 Receptor (AT1R) axis may increase tissue ROS production whereas 
the angiotensin 1-7 (Ang 1-7)/ Mas Receptor (MasR) axis may play 
a protective role. In C57BL/6 mice fed resveratrol for 6 months, 
resveratrol suppressed the Ang II/AT1R axis and enhanced the AT2R/
Ang 1-7/MasR axis when compared to controls [66] and a reduction 
in inflammation is hypothesized to be one of the mechanisms of the 
protective effect. Ryu et al. [67], reported that kidneys from aged mice 
showed increased infiltration of CD68-positive macrophages as well 
as higher expression of Extracellular Matrix (ECM) proteins, when 
compared to young controls and this was associated with decreased  

SIRT1 levels. However, resveratrol significantly attenuated hypoxia-
induced production of ECM proteins, mitochondrial damage, reactive 
oxygen species generation and apoptosis and thus may play a role 
in protection against tubulointerstitial damage in aged kidney. 
Resveratrol can also regulate the nuclear factor (erythroid-derived 2)-
like 2 (Nrf2) protein, a transcription factor that increases expression 
of antioxidant enzymes in the cell and also regulates inflammation 
and senescence [68]. Resveratrol when administered to 18-month 
aged mice for 6 months improved renal function, proteinuria, as 
well histological changes and inflammation in aging mice and this 
was hypothesized to be mediated through up-regulating Nrf2 and 
SIRT1 signaling pathways [69]. In Streptozotocin (STZ)-induced 
diabetic rats which also develop diabetic nephropathy, hyperglycemia 
significantly enhanced production of pro-inflammatory cytokine IL-
1β in the kidney but resveratrol reduced IL-1β although it increased 
the pro-inflammatory TNF-α and IL-6 levels in the diabetic kidneys 
[70]. Long-term studies with resveratrol to study its effects on renal 
function in aging are lacking. However, Wong et al. [71], reported 
that while 6-month treatment of resveratrol in drinking water to F2 
hybrid mice reduced protein carbonylation, a marker of oxidative 
stress, in the liver and kidney, the 12-month treatment resulted in a 
significant elevation of protein carbonylation, a marker of oxidative 
damage and 8-iso-PGF-2α, marker of DNA damage, in the kidney. 
This study provides a rationale for long-term studies with resveratrol 
indicates to assess whether it might exacerbate the oxidative stress 
effects of aging on kidney function. Liu et al. [72], demonstrated that 
in mice with unilateral ureteral obstruction, low-dose of resveratrol 
partly improved renal function, whereas the higher dose aggravated 
renal fibrosis. Saldanha et al. [73], reported in a pilot study that 500 
mg of resveratrol supplementation for 4 weeks had no antioxidant 
and anti-inflammatory effect in 20 non-dialyzed patients with chronic 
kidney disease. While several above-mentioned studies in vitro and 
in vivo conditions appear to support the notion that resveratrol may 
have beneficial effects in renal function, human studies are scarce 
to indicate any benefit of resveratrol in kidney function. In addition, 
reports on the effects of resveratrol on improving kidney function in 
aging are negligible and thus warrant conducting robust animal and 
human studies.

Resveratrol and Cognitive Function in Aging
 The association between systemic inflammation and cognitive 
deficits has been documented. Several inflammatory markers 
are elevated in the serum including levels of pro-inflammatory 
cytokines IL-6, TNF-α and CRP. These inflammatory proteins are 
associated with an impairment in specific components of cognitive 
function in human studies [74-76]. In a longitudinal study using 
two subsamples of aging adults (n=9066 and n=12,561) from the 
English Longitudinal Study of Ageing (ELSA) study, greater body 
mass was indirectly associated with a decline in memory function 
over 6 yr and this was associated with relatively higher levels of 
circulating CRP [77]. Trollor et al. [78], also reported increased 
markers of systemic inflammation including IL-12 and IL-6 in 873 
non-demented community-dwelling elderly participants aged 70-90 
yr and this was related cognitive deficits. In addition to the increases 
in circulating levels of the generally accepted pro-inflammatory 
markers, as mentioned above, several other immune markers have 
also been implicated in cognitive decline in aging. Bettcher et al. [79], 
reported that in a sample of 399 asymptomatic older adults (mean 
age=72.1 yr), when assessed longitudinally for changes in memory  
function using a test for longitudinal verbal memory measure. 
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They report an increase in the within-subject serum levels of Monocyte 
Chemoattractant Protein-1 (MCP-1) and this was associated with 
a decrease in delayed recall, a component of cognitive function. 
Similarly, in a population-based sample of 215 working adults (25-67 
yr), MCP-1 was found to be elevated and this was associated with  

poorer executive cognitive functioning [80]. These studies indicate an 
important role of pro-inflammatory proteins in attenuating cognitive 
function and strategies to reduce such inflammation through diet and 
nutrition or supplements including polyphenols are desirable (Table 
1).

Study Design Resveratrol Dose and Adminis-
tration

Results for Cognition or Learning and 
Memory Potential Anti-Inflammatory Mechanism References

High-fat diet induced cognitive 
dysfunction in 22 month aged C56/

BL6 mice.

Standard chow diet enriched with 
resveratrol (1g/kg, w/w) providing 
approximately 160mg/kg resvera-

trol daily intake for 8 wk.

No significant improvement was seen in 
old mice fed resveratrol when compared 

to age-matched controls as assessed using 
Morris water maze (MWM).

In the high-fat + resveratrol fed aged mice 
there was an improvement in the Novel 

Object Recognition Task when compared 
to aged high-fat fed controls.

Resveratrol generally increased mRNA of inflam-
matory markers TNF-a, CXCL10, IL-1, IL-6 and 
CCL-3 in the hippocampus of aged+resveratrol 

group when compared to aged matched controls.

In the high-fat + resveratrol fed aged mice there 
was a modest decrease in these inflammatory 

markers induced by high-fat diet

[81]

Effects of resveratrol on oxidative 
damage and cognition in 3-month 
old senescence-accelerated mice 

(SAM) (n=50).

Resveratrol dissolved in 0.1% 
CMC and given by intra-gastric 
gavage at doses of 25, 50 and 

100mg/kg daily for 8 wks.

Resveratrol treated groups had 
improved learning and memory 

with Morris water maze test when 
compared to other groups.

Resveratrol groups also had improved neu-
romuscular coordination and sensorimotor 

capacity when compared to normal and 
model groups.

Superoxide Dismutase (SOD) -This antioxidant 
enzyme that scavenges superoxide radicals, had 

increased levels of activity in all 3 groups of 
resveratrol when compared to model group. SOD 

also has an anti-inflammatory effect.

[82]

Four groups of 3-month old Wistar 
rats. (n=16 in each period was n=16, 

except at month 8 where n=32)

Resveratrol (10mg/kg/day) or 
Vitamin E (2mg/kg/day), adminis-

tered at 2, 4, 6, & 8 months.

Behavioral tests using Novel Object 
Recognition (NOR) task performed on 
the group administered resveratrol for 
8 months. Recognition index for NOR 

showed a 20% increase in long term mem-
ory when compared to the control group

Chronic resveratrol treatment preserves cerebral 
integrity in CA1 and CA2 region of hippocampus 
and enhances cognitive performance in long term 

memory. Whether the anti-inflammatory and 
antioxidant effects of resveratrol played a role in 
preserving cerebral integrity and thus improving 

memory is not clear but a possibility.

[83]

Wistar rats (n=8 in placebo group 
and in the resveratrol group).

Resveratrol 10mg/kg given p.o. 
for 4 weeks

ELSIA was performed to measure BDNF 
levels after 0, 2 and 4 weeks of treatment.

Serum BDNF concentration levels signifi-
cantly increased at 2 weeks and 4 weeks, 

although the 4 week resveratrol group 
difference was not significant to 2 week 

resveratrol group.

Resveratrol-treated group with L-NAME 
(inhibitor of NOS-3, where NOS-3 

contributes to vasorelaxation) significant-
ly reduced PHE-induced contraction of 
VSMC when compared to control group 

with L-NAME.

BDNF may have played a neurotrophic role in and 
thus may have contributed to improved cognition 
in the resveratrol group. BDNF has been reported 

to have anti-inflammatory effects.

Further, the ability of resveratrol to reduce VSMC 
contractility may enhance neuroprotection and aid 

in the prevention of cognitive impairment.

[84,85]

Adult male Wistar rats (n=50) Resveratrol 5mg/kg/day or 20mg/
kg/day for 35 days.

When compared to control groups using 
Morris water maze, passive avoidance and 

locomotor activity tests.

CUMS rats treated with resveratrol at 5mg/
kg scored poorly in Morris water maze and 

passive avoidance tests.

Resveratrol may have the ability to increase 
levels of BDNF and c-Fos expression and lower 
plasma levels of TNF-α and IL-1β, reversing the 

negative effects of chronic stress, while improving 
cognition.

CUMS rats treated with resveratrol at 20mg/kg 
reversed the effects of lower BDNF and c-Fos 

expression in CA1 and CA3 region of hippocam-
pus, as well as in the amygdala that were caused 

by chronic stress. Increased TNF-α and IL-1β 
levels due to stress were reduced with 20mg/kg 

resveratrol.

[86]

Four groups of Wistar rats, aged 
12-14 months; n=20/ Group.
Group A-Control group-sham 

surgery; Group B-VaD modeling 
surgery;, Group C-Control + 

resveratrol; Group D-VaD modeling 
surgery + resveratrol.

Groups C and D received daily 
oral dose resveratrol at 25mg/kg, 

8 weeks post-surgery until 12 after 
surgery.

Morris water maze test was used to 
measure spatial learning and memory 

performance. The resveratrol treatment 
group showed significantly shorter escape 
latency and escape distance compared to 

rats in model group.

Levels for Bax, caspase-3, cleaved PARP 
(pro-apoptotic) were significantly reduced, but 

levels for Bcl-2 (anti-apoptotic) were significantly 
increased and Bax/Bcl-2 ratio was also decreased 

in resveratrol group compared to controls

While levels of inflammatory markers were not 
assessed, it is conceivable that a reduction of in 

some of the pro-apoptotic molecules played a role 
in reduced inflammation.

[87]
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 The above table summarizes the outcome of several studies 
regarding the anti-inflammatory effects of resveratrol and the potential 
for improved cognition in both rodents and humans. Results from most 
of the rodent studies provided similar findings, i.e. an improvement 
in memory. At the cellular and molecular level resveratrol appears to 
increase BDNF, a neurotrophin, which binds to TrkB receptor which  

causes an increase in plasticity in the brain and is involved with 
many processes which improve cognition [85]. Multiple studies 
in this table have shown that BDNF levels have increased in 
resveratrol treatment groups. The anti-inflammatory effects of 
BDNF have also been documented [84]. Along with increasing 
levels of BDNF, resveratrol was shown to also increase c-Fos protein  

Table 1: Anti-inflammatory and immune-modulating effects of resveratrol on cognitive function in aging or age-related cognitive decline.

Abbreviations: 

ADAS-Cog: Alzheimer’s Disease Assessment Scale-cognitive; ADCS-ADL: Alzheimer’s Disease Cooperative Study-Activities of Daily Living Scale; AVLT: Auditory verbal 
learning test; BDNF: Brain-derived neurotrophic factor; BMI: Body mass index; CBF: cerebral blood flow; CCL3: Chemokine (C-C motif) ligand 3; CDR-SOB: Clinical dementia 
rating-sum of boxes; CMC: Carboxymethyl cellulose sodium; CUMS: Chronic unpredictable mild stress; CVLT: California verbal learning task; CVR: Cerebrovascular respon-
siveness; FC: Functional connectivity; GSH-Px: Glutathione peroxidase; HbA1c: Glycated hemoglobin; MDA: Malondialdehyde; MMSE: Mini-mental state examination; NOR: 
Novel objects recognition; NPI: Neuropsychiatric inventory; NTS: Nucleus tractus solitarius; PARP: Poly (ADP-ribose) polymerase; PHE: Phenylephrine; POMS: Profile of mood 
status; SAM: Senescence-accelerated mouse; SOD: Superoxide dismutase; TH: Tyrosine hydroxylase; TPH: Tryptophan hydroxylase; TrkB: Tyrosine kinase receptor B; VaD: 
Vascular dementia; VSMC: Vascular smooth muscle cells.

Wistar rats- Young (3 months, n=8) 
and old (20 months, n=14)

Young (n=8); vehicle control 
(corn oil 1mg/kg i.p.) for 30 days.

Old (n=8) Vehicle control
Old (n=6)-resveratrol (20mg/kg 

per day).

Radial maze test was used for working 
memory and rats treated with resveratrol 

showed reduced time and reduced number 
of errors when compared to control group.

Tryptophan Hydroxylase 1 (TPH-1), TPH-2 and 
Tyrosine Hydroxylase (TH) had increased activity 
in resveratrol group. TPH-1 deficiency can induce 

neuroinflammation.

[88,89]

Four groups of Wistar Kyoto 
(WKY) rats, aged 10 weeks; n=4/

Group: (Group A) sham group, 
(Group B) WKY + Ang-II, (Group 

C) WKY + Ang-II + losartan, 
(Group D) WKY + Ang-II + 

resveratrol

All groups were treated for 14 
days. Resveratrol was adminis-

tered at 10mg/kg/day.

Both resveratrol and losartan treated 
groups showed lower systolic blood pres-
sure, lower superoxide levels in the NTS 

and increased BDNF levels.

Contextual memory possibly improved by the 
deletion of NADPH oxidase 2 and elevation of 

superoxide dismutase 2.

Resveratrol may reduce oxidative stress and 
increase BDNF levels in order to prevent memory 

impairment.

Resveratrol and losartan improved hippocam-
pal-dependent and impaired contextual memory

[90]

C57BL/6 mice (8-month old) were 
injected with scopolamine (1.5mg/
kg) 30-min prior to the behavioral 
test to induce cognitive deficits.

Treated with resveratrol oligomers 
from the seed coat extract of 

Paeonia Suffruticosa (PSCE), at 
doses of 150 and 600mg/kg for 

28 days.

PSCE improved the cognitive performance 
of scopolamine-treated mice in behavioural 

tests including novel object recognition 
test, Morris water maze and inhibitor 

avoidance task.

PSCE (150mg), but not 600mg, significantly 
reduced scopolamine-induced increase in serum 
IL-1β, IL-6 and TNF-α. Scopolamine-induced 
decreased IL-4 levels were increased by both 

doses of resveratrol.

[91]

Senescence Accelerated Mouse-
Prone (SAMP8), a non-transgenic 

mice strain, mothers were fed 
resveratrol (1g/Kg) for two months.

Two generations of offspring were 
fed a standard diet and were tested 

for cognitive performance with 
the offspring of SAMP8 that were 

fed standard chow.

Both generations of offspring from 
resveratrol-fed mothers demonstrated im-
provements in cognition Object novel rec-
ognition and Morris Water Maze (MWM) 

tests when compared to controls.

Methylation levels of the promoter region of the 
transcription factor gene NF-kb was increased in 
resveratrol-fed offspring mice brain hippocampus 

and a reduction in IL-6 and CXCL10 was also 
observed when compared to controls.

[92]

Double-blind study involving 46 
healthy older (50-80 yr) and over-
weight (BMI=25-30kg/m2) adults.

Received either placebo or 200mg 
resveratrol + 320 mg quercetin for 

26 weeks.

Resveratrol group had a significant 
increase in retention of words over 30 

minutes.

MMSE score did not change between res-
veratrol + quercetin and placebo group.

AVLT scores (delayed recall and 
recognition) showed a beneficial effect 

in the resveratrol + quercetin group with 
memory function in the within-group level 

(pre vs post), but not significant at the 
between-group level.

There was a reduction in inflammatory markers 
TNF-α and IL-6 but in both placebo and resvera-
trol groups, when pre-treatment was compared to 
post. No statistically significant changes in hsCRP 

or BDNF levels were reported.

[93]

A double-blind, randomized 
study (52 weeks) involving 119 

individuals with mild to moderate 
Alzheimer’s Disease.

Received either placebo or 500mg 
resveratrol orally once daily, 

gradually increasing up to 1000 
mg twice daily.

No significant effects from resveratrol 
treatment on assessments of cognition 

including CDR-SOB, ADAS-cog, MMSE 
and NPI.

At week 52 the CSF Aβ40 and plasma Aβ40 de-
clined more in placebo than in resveratrol group. 
Aβ can contribute to pro-inflammatory effects.

[94]

A 14 week double-blind, random-
ized trial involving post-menopausal 

women 45-85 yrs. old (n=80).

Received either 75mg of 99% 
pure synthetic trans-resveratrol 

(ResVidaTM) twice/day or place-
bo for 14 weeks.

Significant improvement in resveratrol 
group for verbal memory and overall 

cognitive performance.
The Category fluency and Camel and Cac-

tus both showed an increase in CVR.

Resveratrol significantly improved CVR and this 
may be due to its ability to regulate cerebral blood 
flow. An increase in CVR showed an interconnec-
tion with improved verbal memory and cognitive 

performance.

[95]

A double-blind, randomized 
controlled trial in 60 healthy elderly 
subjects (60-79 yr). Range of BMI = 

21-37kg/m2.

Received either resveratrol 
(200mg/day) + quercetin (320mg/

day) or placebo for 26 wks.

No significant enhancement in memory 
performance in resveratrol group after 6 
months compared to controls when as-

sessed in California Verbal Learning Task 
(CVLT, main outcome). Non-significant 

improvement in the ModBent task (an ob-
ject recognition task) in resveratrol group.

Overall increases in serum hsCRP, IL-6 and 
TNF-α in both control and resveratrol groups. 

HbA1c levels also did not change when compared 
to placebo group.

[96]
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expression, while lowering plasma levels of TNF-α and IL-1β in rats 
exposed to CUMS, which may aid in reducing the negative effects 
of chronic stress, while improving cognition [86]. Another study 
measured levels for Bax and Bcl-2 (genes responsible for regulating 
apoptotic cell death) and it was found that levels for Bcl-2 were 
significantly increased, Bax were significantly reduced and the Bax/
Bcl-2 ratio was significantly decreased in the resveratrol treatment 
group. Cleaved caspace-3 and PARP were significantly reduced as 
well, providing a possible neuroprotective effect of resveratrol [87]. 
Whether a reduction in apoptotic cells may have resulted in reduced 
inflammation is not clear from some of the studies cited in the table, 
although reduced clearance of apoptotic cells may lead to prolonged 
inflammation [97]. It is therefore conceivable that the effects of 
resveratrol, by reducing apoptotic markers, may have indirectly 
played a role in its anti-inflammatory effects and subsequent 
improvement in cognition. In human studies the effects of resveratrol 
in improving cognition are less consistent although a trend towards 
an overall improvement in cognitive function. For instance, one meta-
analysis that reported results obtained from 226 individuals from 
four randomized clinical trials evaluating the effects of resveratrol 
on cognition did not support the role for resveratrol in improving 
cognition [98]. It should, however, be noted that there are limitations 
in meta-analysis studies and often times it is not possible to include 
certain studies in meta-analysis for various reasons. Regardless, meta-
analysis do provide a succinct analysis which can be investigated 
further. In the current review circulating levels of inflammatory 
markers were not assessed in most reported human studies making 
the association between inflammation and cognition in human studies 
difficult to assess. Nonetheless, the anti-inflammatory effects of 
resveratrol, directly or indirectly, may have the potential to improve 
cognitive functions although more studies are warranted.

Conclusion/Perspectives 
 There is evidence to indicate from rodent or non-human studies 
that resveratrol has the potential to exert anti-inflammatory effects 
and thus have beneficial health effects in aging. Some of the molecular 
actions of resveratrol, even when not assessed in aging studies, are 
relevant to aging and thus their potential to have a benefit in aging can 
be extrapolated. This would be particularly relevant when assessing 
the actions of various immune molecules including pro-inflammatory 
cytokines or chemokines. Surprisingly, not many studies have 
assessed the effects of resveratrol in renal function in aging and more 
studies would certainly benefit from rodent or well-controlled human 
studies with kidney dysfunction. Further, well-conducted human 
trials are limited when assessing the effects of systemic inflammation 
and cognition. Resveratrol appears to have benefits when given to 
companion animals but more research is warranted and the acute and 
long-term effects of resveratrol need to be investigated thoroughly 
especially on the aging immune system. At the cellular level, while 
more intracellular mechanisms of resveratrol are being elucidated, 
the precise mode of resveratrol’s anti-inflammatory actions is not 
clear. Blockade of NFκB signaling pathway and activation of SIRT1 
and SIRT1-mediated signaling pathways appear to play an important 
role in the anti-inflammatory effects of resveratrol. Regardless of 
whether resveratrol is developed further for subsequent human 
studies, understanding some of the resveratrol-mediated intracellular 
signaling pathways, important in health in aging, will hopefully lead 
to development of newer and more efficacious therapeutics. 
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