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ABSTRACT 

Resveratrol, a polyphenol abundant in peanuts, 
red wine and the skin of grapes, has been shown 
to have anti-cancer, anti-oxidant and anti-inflam- 
matory activities, and may also have beneficial 
effects on allergic inflammation. We investigated 
the effects of resveratrol on human mast cell ac- 
tivation in comparison to the anti-allergy drug 
tranilast. In LAD2 mast cells, both resveratrol 
and tranilast inhibited degranulation induced by 
the mast cell activators substance P, IgE/anti-IgE, 
and compound 48/80. Resveratrol inhibition was 
immediate, preventing degranulation when add- 
ed simultaneously to physiological stimuli, and 
the effect was sustained for up to 24 hrs. The 
inhibitory effect was not cAMP dependent, but 
may be attributable to calcium modulation, as 
resveratrol, and to a lesser extent tranilast, pre- 
vented substance P-induced increases in intra- 
cellular calcium. Resveratrol attenuated sub-
stance P-induced TNF and MCP-1 production 
and inhibited IgE-mediated release of cysteinyl 
leukotrienes, whereas tranilast was ineffective. 
Furthermore, both resveratrol and tranilast re-
duced expression of the high affinity IgE recep-
tor, FcεRI, on LAD2 cells. The effects of resvera- 
trol on mast cell activation were more marked in 
human primary CD34+-derived mast cells (HuMC), 
and the polyphenol was significantly more effi- 
cacious than tranilast in these cells. In conclu- 
sion, resveratrol inhibited key aspects of human 
mast cell activation to physiological stimuli, and 
was comparable, if not more efficacious than the 
anti-allergy drug tranilast. Thus, resveratrol may 
be an effective therapeutic agent for the treat-
ment of allergic disease. 
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1. INTRODUCTION 

Resveratrol is an antimicrobial agent, produced by cer- 
tain plants in response to pathogens [1,2]. The polyphe- 
nol is most abundant in peanuts, red wine and the skin of 
grapes. This has lead to much research into potential 
health benefits of red wine, though the adequacy of res- 
veratrol content for bioactivity is debatable.  

The polyphenol has been attributed with a variety of 
health promoting activities including cancer prevention, 
antioxidant and anti-inflammatory activity, cardioprotec-
tive effects and airway dilation [3,4], most of which have 
been reported in rodents. Due to its ability to inhibit ara-
chidonic acid release and production of lipoxygenase and 
cyclooxygenase products [5-7], resveratrol may also 
have beneficial effects on allergic inflammatory re-
sponses.  

Mast cells are key mediators of allergic and anaphy-
lactic responses, releasing pro-inflammatory mediators in 
response to allergen-crosslinking of FcεRI-bound IgE 
[8,9]. Resveratrol reduces airway hyperresponsiveness, 
inflammation and allergen specific IgE levels in vivo in 
an OVA-induced mouse asthma model [10]. Preliminary 
in vitro animal studies report resveratrol-induced inhibi-
tion of degranulation and histamine release in mouse 
bone marrow mast cells (BMMC) [11], rat basophil-like 
cells (RBL-2H3) [12,13], and rat peritoneal mast cells 
[14], likely by suppressing tyrosine phosphorylation of 
ERK and PLC 1 [12]. Furthermore, mouse BMMC cys-
teinyl leukotriene, prostaglandin D2, and TNF production 
are reduced by resveratrol [11].  

Studies examining the effects of resveratrol on human 
mast cells are lacking. Thus, the purpose of this study 
was to determine the effect of resveratrol on key aspects 
of human mast cell activation to physiological stimuli, 
including degranulation and inflammatory mediator re- 
lease. To this effect, we utilized CD34+ cell-derived hu- 
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man primary mast cells (HuMC) and LAD2 mast cells. 
Furthermore, we compared the effects of resveratrol to 
an existing anti-allergy medication, tranilast.  

2. MATERIAL AND METHODS 

2.1. Growth of Human Mast Cells  

LAD2 cells were cultured in serum free media (Stem-
Pro-34 SFM, Life Technologies, Burlington, ON) sup- 
plemented with 2 mM L-glutamine, 100 U/ml penicillin, 
50 µg/ml streptomycin and 100 ng/ml stem cell factor 
(Peprotech Inc., Rocky Hill, NJ). The LAD2 cells were 
periodically tested for expression of kit and FcεRI by 
flow cytometry and the expression of these receptors was 
equal to that of blood derived CD34+ cells. Human pe-
ripheral blood-derived CD34+ cells were cultured in 
StemPro-34 SFM supplemented with 2 mM L-glutamine, 
50 µg/ml streptomycin, 100 IU/ml penicillin, 100 ng/ml 
SCF, and 100 ng/ml recombinant human IL-6 and re-
combinant human IL-3 (PeproTech) (30 ng/ml; first 
week only). At 8 - 10 weeks, cultures consisted of greater 
than 99% HuMC, and stained metachromatically with 
toluidine blue. For experiments requiring overnight in-
cubation, both LAD2 and HuMC were cultured in serum 
free media (StemPro-34 SFM) supplemented with 2 mM 
L-glutamine, 100 U/ml penicillin, 50 µg/ml streptomycin 
and 100 ng/ml SCF.  

2.2. Degranulation Assay  

Cells were suspended in buffer and stimulated with 0.5 
μg/ml substance P or 0.3 μg/ml compound 48/80 (Sigma- 
Aldrich Canada, Oakville, ON) for 30 min at 37˚C/5% 
CO2. For IgE assays, cells were sensitized overnight at 
37˚C/5% CO2 with 0.5 μg/mL myeloma IgE (Calbio- 
chem, Billerica, MA), followed by 30 min stimulation 
with 100 μg/ml rabbit anti-IgE (Dako, Carpinteria, CA) 
or overnight with 0.1 μg/ml IgE-biotin (Abbiotec, San 
Diego, CA) and 30 minutes with 0.5 μg/ml streptavidin. 
Cells were pretreated with tranilast and/or resveratrol 
(Sigma-Aldrich) for the indicated times prior to agonist 
stimulation. β-hexosaminidase levels in the supernatants 
and cell lysates were quantified by hydrolysis of sub- 
strate p-nitrophenyl N-acetyl-β-D-glucosamide (Sigma- 
Aldrich) in 0.1 M sodium citrate buffer (pH 4.5) for 90 
min at 37˚C. The percentage of β-hexosaminidase release 
was calculated as percent of total content.  

2.3. Calcium Imaging 

Cells were loaded with 1 μM fura-2 AM (Invitrogen, 
USA) in HEPES buffer for 30 min at 37˚C, followed by 
washing and 15 min incubation in BSA free Hepes at 
37˚C. Cells were placed in a poly-D lysine coated glass 
bottom dish under an inverted fluorescent microscope 

(Axiovert 200, Carl Zeiss Canada Ltd.) and excited at 
340 and 380 nm using a high speed filter changer. Fluo-
rescence measurements were performed and calcium 
responses were recorded at 100 msec intervals using 
SlideBook for Stallion, version 4.26.04 software (Intelli-
gent Imaging Innovations, USA). Resveratrol, tranilast 
(10 μg/ml), and substance P (0.5 ug/ml) were added after 
establishing basal calcium signal. Calcium responses of 
20 randomly selected cells were analyzed for each condi-
tion (and repeated for n = 3) and were plotted as 340/380 
ratio vs time.  

2.4. ELISA Analysis for TNF and MCP-1 

Cells were pretreated with resveratrol and/or tranilast 
for 3 hrs at 37˚C/5% CO2 followed by 20 hrs stimulation 
with 0.5 μg/ml substance P. Cell free supernatants were 
isolated by centrifugation and analyzed for human cyto-
kine expression using commercial TNF and MCP-1 
ELISA kits (eBiosciences, San Diego, CA).  

2.5. EIA Analysis of Cysteinyl Leukotrienes  

Cells were sensitized overnight with 0.5 μg/ml IgE, 
prior to treatment with resveratrol or tranilast for 3 hrs at 
37˚C/5% CO2. Cells were subsequently stimulated with 
100 μg/ml anti-IgE. Cell free supernatants were isolated 
by centrifugation and cysteinyl leukotriene (cysLT) lev-
els were measured using commercial competitive en- 
zyme immunoassays (Assay Designs).  

2.6. EIA Analysis of cAMP 

Cells were treated with 10 μg/ml resveratrol, tranilast 
or 10 μM forskolin for 30 min, then the reaction was 
stopped with the addition of 5 M HCL for 20 min fol-
lowed by trituration with a pipette. Cell free supernatants 
were isolated by centrifugation and cAMP was measured 
using a commercial competitive immunoassay (Cayman 
Chemicals, Ann Arbor, MI). 

2.7. Real Time PCR 

Cells were pretreated with resveratrol or tranilast for 3 
hrs followed by 3 hrs stimulation with 0.5 μg/ml Sub-
stance P (37˚C/5% CO2). Total RNA was isolated from 
each treatment using Tri Reagent method (Sigma-Aldrich 
Canada, Oakville, ON). cDNA was synthesized by re-
verse transcription of 1μg total cellular RNA using oligo 
dT primer (IDT; Integrated DNA Technologies) and 
M-MLV reverse transcriptase enzyme (Invitrogen, Bur-
lington ON). Gene expression was analyzed using quan-
titative PCR on a Step One Plus system (Applied Bio-
systems, Foster City, CA). Twenty ng of cDNA was used 
in each quantitative PCR assay, and all reactions were 
performed in duplicate for 40 cycles. Primer sets were  
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designed using Primer Express software (Applied Bio-
systems). TaqMan probes, IDT primers (Integrated DNA 
Technologies) and Gene Expression Master Mix (Invi-
trogen; Burlington, ON) were utilized (Table 1). All data 
were normalized to GAPDH internal controls and re- 
ported as fold change in expression over untreated con- 
trol cells.  

2.8. FcεRI Expression by Flow Cytometry 

Cells were treated with resveratrol or tranilast for 20 
hrs at 37˚C/5% CO2, washed and resuspended in 0.1% 
BSA/PBS and placed on ice for 10 min. Cells were sub- 
sequently incubated with PE-conjugated anti-FcεRI an- 
tibody or isotype control antibody (eBiosciences, San 
Diego, CA) for 1 hr, at 4˚C. Cells were washed twice 
with 0.1% BSA/PBS, resuspended in the same buffer and 
analyzed on a FACSArray flow cytometer (BD Biosci- 
ences, Mississauga, ON). FcεRI levels are expressed as 
mean fluorescence intensity (MFI). 

2.9. Statistical Analysis 

Results were expressed as means ± standard errors. 
Data were analyzed by Student’s t test or one-way ANOVA. 
-hexosaminidase release was measured in quadruplicate 
for each experimental condition, with each experiment 
performed at least 3 times, and data analyzed by repeated 
measures ANOVA with Tukey Post Hoc test. IC50 values 
were determined by non-linear regression, 4-parametric 
analysis using GraphPad Prism software (GraphPad Soft- 
ware Inc, San Diego, CA). All data were corrected for 
vehicle (DMSO) effects and significance was defined as 
a P value of less than 0.05. 

3. RESULTS 

3.1. Inhibition of Mast Cell Degranulation 

To determine the effect of resveratrol and tranilast on 
human mast cell degranulation, LAD2 cells were pre-
treated with different concentrations of the two com-
pounds for 30 min prior to stimulation with either sub-
stance P (0.5 μg/ml), compound 48/80 (0.3 μg/ml) or  

IgE/anti-IgE (0.5 μg/ml/100 ng/ml) (Figure 1). Both 
resveratrol and tranilast (100 μg/ml), inhibited degranu-
lation induced by substance P (68% and 52%, respec-
tively), compound 48/80 (80% and 51%), and IgE/anti-IgE 
(37% and 27%, respectively). 

3.2. Effects on Degranulation Are Immediate 

To determine the optimal inhibitory effects of resvera-
trol, several treatment times were tested. LAD2 cells 
were pretreated with resveratrol for 0 min (i.e. same time 
as stimulant), 30 min, 3 hrs, and 24 hrs prior to activation 
with 0.5 μg/ml substance P, 0.3 μg/ml compound 48/80, 
or 0.5 μg/ml streptavidin (in 0.1 μg/ml IgE-biotin sensi- 
tized cells). Resveratrol significantly inhibited substance 
P and IgE mediated human mast cell degranulation at all 
time points tested (Figures 2(a) and (c), respectively). 
Resveratrol also inhibited compound 48/80-induced de-
granulation, though it was less effective at earlier time 
points, requiring higher concentrations to inhibit re-
sponses (Figure 2(b)). IC50 values calculated from con-
centration response curves as in Figure 2(d) ranged from 
1.34 to 12.5 ug/ml depending on the stimulant utilized 
and the duration of resveratrol treatment. 

3.3. Modulation of Intracellular Calcium 

As degranulation is calcium dependent, we examined 
the effects of 10 μg/ml resveratrol and tranilast on intra-
cellular calcium levels when added simultaneously with 
the stimulant substance P. Resveratrol, and to a lesser 
extent tranilast, attenuated substance P-dependent in-
creases in intracellular calcium in LAD2 cells by 98% ± 
15% and 45% ± 36%, respectively (Figures 3(a) and (b)).  

3.4. No Effect on cAMP Production 

As increasing cAMP can inhibit mast cell degranula-
tion, we examined the effects of resveratrol andtranilast 
on cAMP production in LAD2 cells, in comparison to the 
adenylate cyclase activator, forskolin. Neither compound, 
at 10 μg/ml had any effect on cAMP production, whereas 
cAMP levels double with addition of 10 μM forskolin 
(Figure 3(c)). 

 
Table 1. Sequences of oligonucleotides used for real time PCR. 

Gene Forward primer Reverse primer Probe (VIC/BHQ) 

GAPDH 5’-gattccacccatggcaaattc 5’-gggatttccattgatgacaagc 5’-cgttctcagccttgacggtgcca 

Gene Forward primer Reverse primer Probe (FAM/TAMRA) 

TNF 5’-tctggcccaggcagtca 5’-gcttgagggtttgctacaaca 5’-cttctcgaaccccgagtgacaagcc 

MCP-1 5’-tctctgccgcccttctgt 5’-gcctctgcactgagatcttcct 5’-ctgctcatagcagccaccttcattccc 

TNF, tumor necrosis factor; MCP-1, monocyte chemotactic protein-1; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; FAM, 6-carboxyfluorescein; 
TAMRA, carboxytetramethylrhodamine; BHQ, black hole quencher. 
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Figure 1. Inhibition of LAD2 degranulation. Substance P (n = 
6), compound 48/80 (n = 3) and IgE/anti-IgE (n = 4) induced 
degranulation (% beta hexosaminidase released) was attenuated 
by resveratrol and tranilast. Data are expressed as mean ± SEM, 
*p < 0.05, **p < 0.01, ***p < 0.001. 

3.5. Inhibition of Cytokine/Chemokine  
Production 

We have previously shown that substance P stimulates 
human mast cells to produce cytokines and chemokines. 
As such, the ability of resveratrol and tranilast to inhibit 
substance P-mediated production of TNF and MCP-1 
was tested in LAD2 cells. Both resveratrol and tranilast 
inhibited TNF production following 3 hrs of pretreatment 
(Figure 4(a)). Resveratrol was the more potent inhibitor, 
reducing TNF release by 61% ± 2% at 10 μg/ml, com- 
pared to tranilast (35% ± 6%; p = 0.06). The two com- 
pounds combined had no addititive or synergistic effect. 
Shorter incubations with the compounds were insuffi-
cient for reducing TNF production, as 30 min pre-treat- 
ment had no significant effect on substance P-induced 
TNF release (data not shown). TNF mRNA expression 
was inhibited 51% ± 12% following 3 hrs pretreatment 
with 20 μg/ml resveratrol, though there was no effect  

 

Figure 2. Resveratrol effects on degranulation are time depen- 
dent. LAD2 cells were pretreated with resveratrol for the indi- 
cated times, stimulated with (a) substance P; (b) compound 
48/80 or (c) IgE-biotin/streptavidin and degranulation (%β he- 
xosaminidase release) was measured (n = 3 - 6); (d) Concen- 
tration response curve for LAD2 stimulated with substance P, 
with resveratrol added simultaneously. Data are expressed as 
mean ± SEM, *p < 0.05, **p < 0.01, ***p < 0.001. 

 
with the molar equivalent concentration of tranilast (Fig- 
ure 4(b)). Substance P-induced chemokine response was 
more sensitive to the polyphenol, as 1 μg/ml resveratrol 
inhibited MCP-1 production by 39% ± 6% (Figure 4(c)),  
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Figure 3. Effect on calcium flux and cAMP production in 
LAD2 cells. (a) Representative trace curve; (b) mean ± SEM 
(*p < 0.05) of data from n = 3 independent experiments show- 
ing resveratrol and tranilast inhibited substance P-dependent 
increases in intracellular calcium. Addition of drugs is indicated 
by the arrow on the trace curve; (c) Resveratrol and tranilast 
had no effect on cAMP production, n = 3.  
 
whereas MCP-1 mRNA expression was entirely prevent- 
ed with 100 μg/ml resveratrol (Figure 4(d)). Tranilast 
had no significant effect on MCP-1 production or ex- 
pression, and the two compounds combined had no addi- 
tional effect. 

3.6. Inhibition of Cysteinyl Leukotriene  
Production 

Following 3 hrs pretreatment, 10 μg/ml resveratrol 
partially attenuated anti-IgE mediated production of cys- 
teinyl leukotrienes in IgE sensitized LAD2 cells by 27% 
± 14% compared to control, though this was not statistic- 
cally significant. Tranilast had no effect on IgE-mediat- 
ed response and the two compounds combined had no 
additional effect (Figure 4(e)). 

3.7. Downregulation of FcεRI Expression  

IgE mediates mast cell activation via its high affinity  

receptor, FcεRI. Thus we investigated the effects of res- 
veratrol and tranilast on LAD2 cell FcεRI expression 
after 20 hrs treatment. While both compounds signifi- 
cantly reduced FcεRI expression at 100 μg/ml, resvera- 
trol was more efficacious, reducing baseline FcεRI ex- 
pression by 28% ± 0.4%, compared to 14% ± 2% by 
tranilast (Figure 4(f)). 

3.8. Effects on HuMC Cells 

Lastly, we examined the effects of resveratrol and 
tranilast on primary human mast cells, HuMC. The ef- 
fects of resveratrol were more marked in HuMC com- 
pared to LAD2 cells. Thirty minute pretreatment with 
resveratrol significantly attenuated IgE/anti-IgE-induc- 
ed degranulation of HuMCs, resulting in 62% ± 7% inhi- 
bition at 10 μg/ml. In contrast to LAD2 cells, tranilast 
had no significant inhibitory effect on HuMC degranula- 
tion (Figure 5(a)). Similarly, 3 hrs pretreatment with 10 
μg/ml resveratrol nearly abolished IgE/anti-IgE-induced 
cysteinyl leukotriene production by 90% ± 1% (Figure 
5(b)). As with LAD2, tranilast had no effect on cysteinyl 
leukotriene production. Resveratrol and tranilast com- 
bined had no additional effect.  

4. DISCUSSION 

Mast cells are the key mediators of allergic inflamma- 
tion and anaphylactic responses, releasing histamine, 
proteases, arachidonic acid metabolites and proinflam- 
matory cytokines and chemokines in response to numer- 
ous stimuli. These ubiquitous cells are distributed through- 
out vascularized tissue, particularly at locales of patho- 
gen entry, and can be activated by neuropeptides, such as 
substance P, complement proteins, bacterial, viral and 
parasitic components and antigen-crosslinking of IgE 
bound to its high affinity receptor FcεRI [8,9].  

Several studies have shown inhibitory effects of the 
polyphenol resveratrol in murine mast cell lines [11,12, 
14]. Kang et al. reported that resveratrol inhibits chemo- 
kine production induced by non-physiological stimuli, 
PMA and calcium ionophore, in the human mast cell line, 
HMC-1. Aside from the inability of these cells to re- 
spond to IgE, this study was further limited in that it did 
not look at degranulation or release of arachidonic acid 
metabolites [15]. Here we present the first study exam- 
ining the effects of resveratrol on human mast cell acti- 
vation to physiological stimuli, using peripheral blood 
derived primary mast cells and LAD2 cells (which are 
IgE responsive and more closely resemble primary mast 
cells than do HMC-1). We found that resveratrol reduced 
all the major parameters of human mast cell activation, 
i.e. degranulation and release of pro-inflammatory cyto- 
kines, chemokines and cysteinyl leukotrienes in LAD2 
cells, likely by regulating calcium flux. The effects of 
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Figure 4. Inhibition of inflammatory mediator release and LAD2 mast cell function. Resveratrol inhibited substance P-induced (a) 
TNF production (n = 4); (b) TNF mRNA expression (n = 3); (c) MCP-1 production (n = 4); and (d) MCP-1 mRNA expression (n = 6), 
whereas tranilast had no effect; (e) Resveratrol (10 μg/ml) partially inhibited IgE/anti-IgE-induced cysteinyl leukotriene (cysLT) 
production (n = 3) and (f) reduced FcεRI expression (n = 3). Data are expressed as the mean ± SEM (*p < 0.5). 

 
resveratrol on degranulation and release of cysteinyl leu- 
kotrienes were more marked in human primary mast cells 
(HuMC), and the polyphenol was significantly more effi- 
cacious than the commercially available anti-allergy drug, 
tranilast, in both cell types.  

Resveratrol has limited bioavailability, being metabo- 
lized within 30 min following IV administration, and 2 - 
4 hrs following oral administration in humans [16,17]. 
Given the short half life of the compound, effects on 
mast cell activation would have to be rapid. As we show 
here, resveratrol inhibition is immediate, preventing de- 
granulation and calcium influx when added simultane- 
ously to physiological stimuli, and the effect is sustained 
for up to 24 hrs. Longer duration of treatments (3 hrs) 

with resveratrol were required to inhibit slower aspects 
of mast cell activation, including de novo synthesis of 
inflammatory mediators, though this would still poten- 
tially be within range of the compound’s bioavailability. 
Thus assuming adequate concentrations are ingested, 
resveratrol could potentially inhibit mast cell activation 
and reduce allergic inflammation. Furthermore, resvera- 
trol metabolites, which are more stable and have greater 
bioavailability (half life of 7 - 14 hrs in serum) than their 
parent compound, may also be biologically active [3,16].  

The immediate effects of resveratrol on degranulation 
responses suggest that resveratrol is not acting through a 
complex signaling pathway. Rather, one possibility is 
that resveratrol is binding directly to the stimuli to pre-  
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Figure 5. Inhibition of HuMC activation. (a) IgE/anti-IgE-in- 
duced degranulation was attenuated by resveratrol, whereas 
tranilast was ineffective; (b) Resveratrol prevented release of 
cysteinyl leukotrienes by IgE/anti-IgE, in contrast to tranilast, 
which had no effect on arachidonic acid metabolite release. 
Data are expressed as mean ± SEM (*p < 0.05, **p < 0.01, ***p < 
0.001, n.s. = not significant). 

 
vent interaction with the cell. However, the significant 
structural differences of the three stimuli (one a small 
peptide, one a large immunoglobulin protein and one a 
chemical compound) makes this unlikely. Furthermore, if 
prevention of stimuli-cell interactions was occurring, one 
would expect that all mast cell responses would be 
equally affected. This was not the case, as resveratrol had 
no significant effect on IgE-mediated cysteinyl leukot- 
riene production, whereas IgE-mediated degranulation 
was reduced by as much as 81%. Additionally, resvera- 
trol was differentially potent with respect to inhibition of 
TNF and MCP-1 expression, and required much longer 
treatment times (3 hrs) to have any effect on cytokine 
responses, as compared to degranulation.  

A more likely mode of action of resveratrol is via in- 
hibition of calcium signaling. Critical to mast cell de- 
granulation is the rise in cytosolic calcium levels follow- 
ing cellular activation [18,19]. We found that 10 μg/ml 
resveratrol effectively abolished calcium flux when 
added simultaneously with substance P. This concentra- 
tion of resveratrol gave 53% inhibition of degranulation 
under the same experimental conditions, thus calcium 
modulation only partially accounts for the effects of res- 
veratrol on degranulation. The rapidity of this response 
suggests that resveratrol is directly inhibiting calcium 
flux, possibly by direct inhibition of calcium channel 
activation. Kang et al. similarly demonstrated partial 
reduction in PMA/calcium ionophor-induced calcium 
flux in HMC-1 mast cells, though they did not correlate 

this to degranulation responses [15].  
Modulation of cyclic nucleotides can also impact de- 

granulation, as cAMP analogues [20], cAMP phosphodi- 
esterase inhibitors [21], and the AC cyclase activator 
forskolin [22,23] inhibit mast cell degranulation, as do 
cAMP elevating agents, such as PGE2 [24], methanan- 
damide [22] and β2 adrenergic agonists [23]. We did not, 
however, observe any increase in cAMP levels following 
resveratrol treatment, thus cAMP is not responsible for 
the inhibitory effects of the polyphenol. 

Inhibition of MCP-1 and TNF expression observed in 
this study may be attributable to resveratrol modulation 
of transcription factor activation. In fact, resveratrol is 
reported to reduce activation and nuclear translocation of 
the transcription factor NF-κB in a number of cell types 
[15,25,26]. Furthermore, resveratrol inhibits AP-1 tran- 
scription factor activation in U-937 histiocytic lym- 
phoma cells [25]. This inhibition is likely mediated up- 
stream of the transcription factors, as resveratrol prevents 
activation of IκB kinase and subsequent IκB phosphory- 
lation in THP-1 monocytes [26], though not in U-937 
histiocytic lymphoma cells [25]. Additionally, Kang et al. 
reported reduction in ERK activation and IκB degrada-
tion in HMC-1 cells which may have contributed to re-
duced TNF, IL-6 and IL-8 expression in these cells [15].  

In conclusion, our data shows that resveratrol inhibits 
the major aspects of mast cell activation, partially by 
attenuating calcium flux, and that these effects occurred 
within the time range of reported bioavailability. Fur-
thermore, resveratrol was a more effective inhibitor of 
mast cell activation than the commercially available anti- 
allergy drug, tranilast. Thus resveratrol may be a potent- 
ial candidate for alternative treatment of allergic inflame- 
mation. 
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