
Several studies have demonstrated the potential of
flavonoids for the prevention and/or intervention of various
allergic diseases. Ellagic acid (2,3,7,8-tetrahydroxy[1]ben-
zopyrano[5,4,3-cde][1]benzopyran-5,10-dione) is a polyphe-
nol antioxidant found in certain fruits and nuts, such as rasp-
berries, strawberries, walnuts, longan seed, mango kernel and
pomegranate (Fig. 1).1) Ellagic acid has a variety of biologi-
cal activities, including potent anti-oxidant,2) anti-cancer3)

and anti-mutagen properties4) in a number of in vitro and
small animal models.

Asthma, allergic rhinitis, atopic dermatitis and atopic
eczema are among the common causes of chronic illness.
Mast cells play a key role in the immediate-type allergic 
diseases through the release of a number of mediators and
cytokines. The secretory response of mast cells can be in-
duced by aggregation of their cell surface-specific receptors
(FceRI) for immunoglobulin (Ig)E by the corresponding
antigen. Activated mast cells can produce histamine, as well
as a wide variety of other inflammatory mediators such as
leukotrienes, prostaglandins, proteases and several pro-in-
flammatory and chemotactic cytokines such as tumor necro-
sis factor (TNF)-a , and interleukins (IL)-6, IL-4, IL-13, IL-
8.5) Among the inflammatory substances released from mast
cells, histamine remains the best-characterized and most po-
tent vasoactive mediator implicated in the acute phase of im-
mediate hypersensitivity.6)

In the earlier work, ellagic acid has been suggested to

ameliorate allergic asthma by suppressing eosinophilic in-
flammation in a murine model.7) However, a direct relation-
ship between ellagic acid and the mast cell-mediated anaphy-
lactic reaction has not yet been understood. The objective of
the present study is to investigate whether ellagic acid can in-
hibit IgE-mediated allergic response in mast cells and in
vivo, and its mechanism of action. Our results will give an in-
sight into the prevention or treatment of mast cell-dependent
allergic diseases.

MATERIALS AND METHODS

Materials Ellagic acid, azelastine, disodium cromogly-
cate (DSCG), anti-dinitrophenyl (DNP) IgE, DNP-human
serum albumin (HSA), anti-actin antibody and N-(2-hydro-
xyethyl)piperazine-N �-2-ethanesulfonic acid (HEPES) were
purchased from Sigma-Aldrich Chemical Co. (St. Louis,
MO, U.S.A.). Percoll solution was purchased from Pharma-
cia (Uppsala, Sweden). Ellagic acid was dissolved in di-
methyl sulfoxide (DMSO) and freshly diluted in phosphate-
buffered saline (PBS) for all in vitro experiments.

Experimental Animals Male Sprague-Dawley rats (8
weeks old, 230—280 g) were purchased from Damool Sci-
ence (Daejeon, Korea). Animals were housed 3—5 per cages
in laminar air-flow cabinet maintained at 22�1 °C and rela-
tive humidity of 55�10% throughout the study. All experi-
ments were performed in compliance with the guidelines ap-
proved by Institutional Animal Care and Use Committee of
Yanbian University School of Medical Sciences.

Anti-DNP IgE-Mediated Passive Cutaneous Anaphy-
laxis (PCA) Rats were sensitized in the right dorsal skin by
the intradermal injection of 500 ng anti-DNP IgE in 50 m l
PBS and were given a sham PBS injection in the left dorsal
skin. Twenty-four hours later, the rats received into the penile
vein an injection of 200 m l of PBS containing 100 mg DNP-
HSA with 1% Evans blue. Ellagic acid [10, 50, 100 mg/kg
body weight (BW)] was administered orally at 1 h before the
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Fig. 1. Chemical Structure of Ellagic Acid

Ellagic acid is a polyphenolic compound found in grapes, nuts and fruits, especially
pomegranates and red berries.



antigen challenge. As a control, an anti-histamine and mast
cell-stabilizing agent, azelastine, was orally given at 1 h prior
to the challenge with antigen. Thirty minutes after the chal-
lenge, the rats were killed by terminal anaesthesia, tissue sec-
tions around the intradermal injection site excised and
weighed, followed by extraction of extravasated Evans blue
dye by incubation of biopsies in 1 ml formamide at 55 °C for
24 h and measurement of absorbance at 620 nm using a spec-
trophotometer (Spectra MAX PLUS, Molecular Devices,
CA, U.S.A.). Tissue Evans blue concentrations were quanti-
fied by interpolation on a standard curve of dye concentra-
tions in the range of 0.01 to 30 mg/ml.

Preparation of Rat Peritoneal Mast Cells (RPMC) Sus-
pension Rats were anesthetized with ether and injected
with 10 ml of calcium-free HEPES-Tyrode buffer into the
peritoneal cavity, and the abdomen was gently massaged for
about 90 s. The peritoneal cavity was opened, and the fluid
was aspirated using a Pasteur pipette, and RPMC were puri-
fied by using a Percoll density gradient as described in detail
elsewhere.8) RPMC preparations were at least 95% pure as
assessed by toluidine blue staining and at least 98% of these
cells were viable as judged by trypan blue exclusion. Purified
mast cells (1�106 cells/ml) were resuspended in HEPES-Ty-
rode buffer.

Assay of Histamine Release Mast cell suspensions
(2�105 cells in 200 m l) were sensitized with 10 mg/ml anti-
DNP IgE for 6 h and preincubated with ellagic acid (50, 100,
200 mM), the vehicle (0.1% DMSO, used as a control) or
DSCG at 37 °C for 5 min prior to the challenge with DNP-
HSA (100 ng/ml). Following centrifugation at 150�g for
10 min, the amount of histamine in the supernatant was de-
termined by the radioenzymatic method.9) The inhibition per-
centage of histamine release was calculated using the follow-
ing formula:

inhibition (%)�{1�(T�B)/(C�N)}�100

Control (C): anti-DNP IgE (�), ellagic acid (�); Normal
(N ): anti-DNP IgE (�), ellagic acid (�); Test (T): anti-DNP
IgE (�), ellagic acid (�); Blank (B): anti-DNP IgE (�), el-
lagic acid (�).

Assay of TNF-aa and IL-6 Secretion RPMC were sensi-
tized with 10 mg/ml anti-DNP IgE for 6 h and then stimulated
with 100 ng/ml DNP-HSA for 30 min with or without ellagic
acid. TNF-a and IL-6 concentrations in the supernatant were
determined by using commercial ELISA kits, according to
the manufacturer’s instructions (Invitrogen-Biosource Cy-
tokine & Signaling, Camarillo, CA, U.S.A.). The formula for
calculating the inhibition rate of the production of TNF-a
and IL-6 by ellagic acid is the same as that for estimating the
inhibition rate of histamine release.

Western Blot Analysis RPMC pellets were lysed in ice-
cold 1% Nonidet P-40-containing lysis buffer (20 mM

Tris–HCl, pH 8.0, 0.15 M NaCl, 1 mM EDTA, 1 mM sodium
orthovanadate, 1 mM PMSF, 10 mg/ml aprotinin, 10 mg/ml 
leupeptin, 25 mM p-nitrophenyl p�-guanidinobenzoate, 1 mM

pepstatin and 0.1% sodium azide) immediately after stimula-
tion and centrifuged. Protein concentrations of cell lysates
were determined using the Bradford reagent (Bio-Rad, Her-
cules, CA, U.S.A.). Samples (30 mg of protein per lane) were
loaded on a 12% SDS-PAGE gel. After electrophoresis at
120 V for 90 min, separated proteins were transferred to

polyvinylidene difluoride membranes (Amersham Pharmacia
Biotech, Piscataway, NJ, U.S.A.) by the wet transfer method
(250 mA, 90 min). The amount of TNF-a and IL-6 was de-
termined using anti-TNF-a (Serotec Ltd., Oxford, United
Kingdom) and -IL-6 antibodies (Santa Cruz Biotechnology
Inc., Santa Cruz, CA, U.S.A.). Immunodetection was done
using enhanced chemiluminescence detection kit (Amersham
Pharmacia Biotech).

Determination of Intracellular Calcium Ion Concen-
tration ([Ca2��]i) RPMC were incubated at 37 °C for
30 min with 5 mM fura 2-AM (Molecular Probes, Eugene,
OR, U.S.A.) in HEPES-Tyrode solution after 6 h sensitization
with anti-DNP IgE. After washing the dye from the cell sur-
face, aliquots of the cell suspension were placed in a cuvette
and incubated with ellagic acid at 37 °C for 5 min, and then
100 ng/ml DNP-HSA was added. Fluorescence was recorded
using a fluorometer (Molecular Devices, Sunnyvale, CA,
U.S.A.) at an excitation of 340 nm and an emission of 510
nm. Ellagic acid did not exhibit autofluorescence nor inter-
fere with fura 2 fluorescence.

Cytosolic and Nuclear Protein Extractions for Analysis
of Nuclear Factor-Kappa B (NF-kkB) RPMC were sensi-
tized with 10 mg/ml anti-DNP IgE for 6 h and preincubated
with ellagic acid or the vehicle at 37 °C for 5 min prior to the
challenge with DNP-HSA (100 ng/ml). The cells were har-
vested and washed twice with ice-cold PBS. According to
the method described by Lee et al., cytosolic and nuclear
proteins were obtained from the washed cell pellets.10) For
Western blotting analysis, samples were processed by the
procedure mentioned above. The NF-kB activation was as-
sayed using anti-NF-kB p65 antibody (Upstate Biotech,
Lake Placid, NY, U.S.A.).

Statistical Analysis The results obtained were expressed
as mean�S.E.M. for the number of experiments. Statistical
evaluation of the results was performed using one-way
ANOVA, followed by Duncan’s multiple range tests. Results
with p�0.05 were considered statistically significant.

RESULTS AND DISCUSSION

PCA represent models of acute allergic reactions in which
mast cells appear to be essential.11) In these models, IgE of
defined allergen specificity is injected into the skin of rats,
and 24 h thereafter, the specific antigen is administered intra-
venously. The ensuing FceRI aggregation of mast cells re-
sults in the secretion of multiple preformed mediators. These
products in turn produce the local effects including increased
cutaneous blood flow, enhanced vascular permeability lead-
ing to tissue swelling and itching due to the stimulation of
cutaneous sensory nerves by histamine.12) The present study
indicates that physiological responses associated with PCA
were less severe in ellagic acid-treated rats (Table 1). Like-
wise, azelastine exhibited significant inhibition of PCA at the
dose of 10 mg/kg BW. In agreement with this in vivo experi-
ment, ellagic acid inhibited the release of preformed media-
tors (histamine) from RPMC triggered by anti-DNP IgE (Fig.
2). Ellagic acid alone did not affect spontaneous histamine
release (data not shown). Thus, we suggest that ellagic acid
might inhibit IgE-mediated anaphylaxis by down-regulating
mast cell activation.

Activation of mast cells also stimulates cytokine release.
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Thus, we first determined whether ellagic acid could modify
the protein expression of cytokines. Ellagic acid dose-de-
pendently inhibited the antigen-stimulated expression of pro-
tein for TNF-a and IL-6 (Fig. 3). To further prove the above
results, we next tested whether ellagic acid suppressed the se-
cretion of both cytokines in the cells. In consistent with the
Western blotting results, in the presence of ellagic acid, a
dose-dependent suppression of the secretion of both cy-
tokines was shown (Fig. 3). Ellagic acid significantly inhib-
ited the release of TNF-a and IL-6 at 100 mM (69.4 and
57.9% inhibition, respectively), and at 200 mM of ellagic acid,
the inhibition was 77.7 and 68.5% inhibition, respectively.
Pro-inflammatory cytokines, particularly TNF-a and IL-6,
are known to play a central biological role in triggering and
sustaining allergic inflammation in mast cells.13,14) From this,
reduction of pro-inflammatory cytokines from mast cells is
considered to be one of the key indicators of attenuated aller-
gic symptom. Therefore, our findings propose that ellagic
acid could suppress acute allergic inflammation through the
regulation of cytokines production in mast cells.

To gain insight into the mechanism of mast cell inhibition
by ellagic acid, we investigated its effects on calcium signal-
ing and NF-kB activation in mast cells. As noted, increased

[Ca2�]i functions as an essential trigger for the secretion of
inflammatory mediators, activation of transcription factors
and elaboration of cytokines by IgE-stimulated mast cells.
This Ca2� response is supposed to occur in (at least) two
steps: first one is calcium release from the internal store and
second one is calcium influx from the external environ-
ment.15) Ellagic acid suppressed the increase in [Ca2�]i in
RPMC activated by IgE-mediated antigen stimulation (Fig.
4A). This effect is consistent with the inhibition of degranu-
lation and cytokine production by ellagic acid. Next, an addi-
tional experiment was performed to determine which type of
Ca2� response is impaired by ellagic acid in the IgE-sensi-
tized RPMC. In a Ca2�-free solution, DNP-HSA induced a
transient increase in [Ca2�]i that may be attributable to Ca2�

release from the internal store. This increase was dose-de-
pendently inhibited by ellagic acid (Fig. 4B). After cessation
of the DNP-HSA-induced Ca2� release, the re-addition of
Ca2� to the store-depleted cells led to a fast [Ca2�]i increase
and a plateau indicating the presence of an influx pathway for
Ca2�. This increase was also attenuated by ellagic acid in a
dose-dependent way (Fig. 4B). From these, ellagic acid was
found to suppress both the Ca2� release from the internal
store and the following Ca2� influx.

Previous reports have demonstrated that NF-kB plays a
critical role in immune and inflammatory responses, includ-
ing asthma and anaphylaxis.16) Activation of NF-kB has also
been observed after FceRI-mediated allergic response in
mast cells.17) Determination of NF-kB protein level in nu-
clear extracts has revealed that this protein level is substan-
tially increased in IgE-stimulated RPMC, suggesting that
NF-kB is activated (Fig. 5). However, the NF-kB p65 levels
in nucleus were decreased by the treatment of ellagic acid. In
contrast, levels of NF-kB p65 protein in cytosolic extracts
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Table 1. Inhibitory Effect of Ellagic Acid on Anti-DNP IgE-Mediated
Passive Cutaneous Anaphylaxis in Rats

Treatment 
Anti-DNP IgE

Amount of Evans Inhibitiona)

(mg/kg BW) blue (mg/g) (%)

None (PBS) � 51.30� 4.16 —
Ellagic acid 10 � 50.58� 3.72 —

50 � 48.41� 5.69 —
100 � 52.16� 4.33 —

Azelastine 10 � 50.95� 2.54 —

None (PBS) � 269.57�18.13 —
Ellagic acid 10 � 225.34�14.95 19.93

50 � 188.15�10.60* 35.98
100 � 169.63� 8.21* 46.18

Azelastine 10 � 153.47�12.29* 53.06

Ellagic acid was administered orally at 1 h prior to the challenge with antigen (DNP-
HSA). Each amount of Evans blue represents the mean�S.E.M. of five independent ex-
periments. a) Inhibition (%)�{1�(T�B)/(C�N )}�100. Control (C ): anti-DNP IgE
(�), ellagic acid (�); Normal (N ): anti-DNP IgE (�), ellagic acid (�); Test (T): anti-
DNP IgE (�), ellagic acid (�); Blank (B): anti-DNP IgE (�), ellagic acid (�).
∗ p�0.05, significantly different from the control value. Azelastine (10 mg/kg) was
used as a typical anti-allergic control drug.

Fig. 2. Inhibitory Effect of Ellagic Acid on Anti-DNP IgE-Mediated Hist-
amine Release from Rat Peritoneal Mast Cells (RPMC)

RPMC were preincubated with ellagic acid at 37 °C for 5 min prior to the incubation
with DNP-HSA. Each data value represents the mean�S.E.M. of five independent ex-
periments. ∗ p�0.05, significantly different from the control value.

Fig. 3. Inhibitory Effect of Ellagic Acid on the Anti-DNP IgE-Mediated
Protein Expression and Production of Cytokines (TNF-a and IL-6) in Rat
Peritoneal Mast Cells (RPMC)

RPMC were sensitized with anti-DNP IgE and preincubated at 37 °C for 5 min in the
absence or presence of ellagic acid before the challenge with DNP-HSA. The protein
expression of these cytokines was measured by Western blotting. A representative re-
sult was presented among at least five separate experiments with similar results. The
level of cytokine in the supernatant was measured by using ELISA. Each data value
represents the mean�S.E.M. of five independent experiments. ∗ p�0.05, significantly
different from the control value.



from IgE-stimulated RPMC were decreased compared with
the levels in the normal group. The NF-kB p65 levels in cy-
tosol preparations were increased by the treatment of ellagic
acid. These results indicate that ellagic acid inhibits NF-kB

activity by preventing translocation of this transcription fac-
tor into the nucleus. Several evidences have also shown that
expression of TNF-a and IL-6 is dependent on the activation
of NF-kB.18) Therefore, these data suggest that the inhibition
of NF-kB activity by ellagic acid modulates allergic inflam-
matory processes through suppression of the production of
inflammatory cytokines.

In conclusion, our results provide evidence that ellagic
acid can inhibit the IgE-mediated anaphylactic reaction in in
vivo and in vitro murine models. The inhibition of pro-in-
flammatory mediator release by ellagic acid appears to be in-
volved in the suppression of [Ca2�]i increases and NF-kB ac-
tivity. Ellagic acid may therefore be suitable for the treatment
of allergic and inflammatory diseases. Further studies are
needed to elucidate the possibility that ellagic acid may also
be effective in the human mast cells and in the treatment of
human allergic disorders.
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Fig. 4. Effect of Ellagic Acid on Ca2� Signaling (A, Increase in [Ca2�]i;
B, Ca2� Release and Influx) in Anti-DNP IgE-Stimulated Rat Peritoneal
Mast Cells (RPMC)

RPMC were sensitized with anti-DNP IgE and preincubated at 37 °C for 5 min in the
absence or presence of ellagic acid before the challenge with DNP-HSA. The level of
calcium fluorescence was recorded using fluorometer. Each data value represents the
mean�S.E.M. of five independent experiments. ∗ p�0.05, significantly different from
the control value.

Fig. 5. Effect of Ellagic Acid on NF-kB Expression in Nuclear and Cy-
tosolic Protein Extracts from Anti-DNP IgE-Stimulated Rat Peritoneal Mast
Cells (RPMC)

NF-kB p65 expression in nuclear (Nuc) and cytosolic (Cyt) protein extracts from
RPMC was shown. A representative result was presented among at least five separate
experiments with similar results.


