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a b s t r a c t

The house dust mite allergen Dermatophagoides pteronyssinus (Der p) is a major driver of allergic asthma.
Studies from our group demonstrated anti-eosinophilic effects of ethanolic extract of Lafoensia pacari
stem bark (and ellagic acid, isolated from L. pacari extract), used as traditional medicine in Brazil to
naturally treat inflammatory conditions. Here, we extended these results through performing phyto-
chemical analysis of the constituents of L. pacari using liquid chromatography-mass spectrometry and
evaluating the anti-inflammatory effects of both L. pacari and ellagic acid in the human BEAS-2B bron-
chial epithelial cell line stimulated with Der p. Ellagic acid (major constituent), gallic acid, ferulic acid,
chlorogenic acid and rosmarinic acid, but not flavonoids (rutin, kaempferol, luteolin and quercetin), were
found in the L. pacari. Pro-inflammatory mediators, IL-6, IL-8 and CCL-2 production were increased in
BEAS-2B stimulated with Der p (10 mg/mL, 24 h) compared to control. L. pacari (250 mg/mL) and ellagic
acid (100 mM) significantly reduced the concentration of these mediators. L. pacari increased the pro-
duction of the anti-inflammatory cytokine, IL-10. These results were associated with the downregulation
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of NF-kB and STAT3 pathways. These findings indicate a novel anti-inflammatory action for L. pacari and
ellagic acid in the airways allergic inflammatory response.

© 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of Japanese Pharmacological
Society. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

The house dust mite Dermatophagoides pteronyssinus (Der p) is
commonly implicated as allergen causing allergic disorders such as
asthma, atopic dermatitis, rhinoconjunctivitis and rhinitis.1 The
complex interaction between immune and structural cells
including the epithelium is associated to pathological mechanisms
of chronic inflammation of allergic asthma.2 The airway epithelium
is the first line of defense against inhaled aeroallergens which plays
a significant role in innate and adaptive immune responses as well
as mucosal airway inflammation.3 Der p activates airway epithelial
cells causing the release of pro-inflammatory chemokines and cy-
tokines that attract and/or activate immune cells to airway in-
flammatory milieu.4 In addition, Der p skews the immune system
toward a Th2-mediated immune response.5

Using experimental models of allergic asthma in vivo which
recapitulate key molecular and pathological features of allergic
responses, our group have demonstrated the pharmacologic ac-
tivities of plant extracts and their isolated compounds in reducing
some of the pathological features of asthma.6 Lafoensia pacari
Jaumes St. Hilaire (Lythraceae) extract, used in traditional medicine
by Brazilian population to treat gastric ulcers and inflammation,
and its isolated compound, ellagic acid has previously been
demonstrated to exhibit significant anti-inflammatory effects in
dampening eosinophilic and neutrophilic-dominant airway
inflammation.7,8

Here in this study, we extended these previous results and
evaluated the anti-inflammatory effects of both L. pacari extract and
ellagic acid in human BEAS-2B bronchial epithelial cell line stim-
ulated with D. pteronyssinus. In addition, we also carried a phyto-
chemical analysis of ethanolic extract of L. pacari stem bark.

2. Material and methods

2.1. Ethanolic extract

L. pacari stem bark was collected through permission in the city
of Cuiab�a (state of Mato Grosso, Brazil). A voucher specimen was
deposited at the Central Herbarium of the Universidade Federal do
Mato Grosso. The crude ethanolic extract was prepared as
described previously.7

2.2. Analysis of L. pacari extract by liquid chromatography mass
spectrometry (LC-MS)

L. pacari extract were analyzed in an LC-MS for the identification
and quantification of gallic acid, ferulic acid, ellagic acid, rosmarinic
acid, apigenin, kaempferol þ luteolin, rutin and quercetin. The
limits of quantification (LQ) considered as the first point of curve
generating a signal/noise higher than 5 are gallic acid (25 ppb),
ferulic acid (50 ppb), apigenin (25 ppb), kaempferol þ luteolin
(25 ppb), quercetin (250 ppb), rosmarinic acid (25 ppb), and rutin
(250 ppb). Compound solubilization was performed in triplicate by
adding methanol. The extract solution was filtered on a 0.45 mm
nylon filter prior to analysis. To prepare the curve, standards with
concentrations ranging from 25 to 3000 ppbwere used. Compound

separation was carried out in a C18 reverse column
(250 mm � 4.6 mm � 5 mm) and, for quantification, an SQ 300 MS
mass spectrometer (PerkinElmer®) was used. Solvents used in the
elution were (A) water þ acetic acid (0.1%) and (B) methanol. The
total running time was 32 min, with 2 min of equilibriumwith 60%
of solvent A and 40% of solvent B. Running was started with 60% of
solvent A and 40% of solvent B, evolving to 100% of solvent B within
25 min. One hundred percent of solvent B remained for 5 min,
returning to the initial condition (60% of solution A and 40% of
solution B) for equilibrium for 2 min before the next injection. The
ions monitored were gallic acid (160.1), ferulic acid (191.1), ellagic
acid (301.1), chlorogenic acid (353.1) e rosmarinic acid (359.4),
apigenin (269.1), kaempferol þ luteolin (285.1), quercetin (301.1)
and rutin (609.2).

2.3. Ellagic acid

Ellagic acid was isolated from ethanolic extract of L. pacari as
described previously9

2.4. Bronchial epithelial cells

The BEAS-2B human bronchial epithelial cell line (purchased
from ATCC; CRL-9609) was cultured in Dulbecco's modified Eagle's
medium (DMEM-F12) supplemented with 10% foetal bovine serum
and 1% penicillin þ streptomycin and incubated at 37 �C in a hu-
midified atmosphere with 5% CO2 and 95% ambient air.

2.5. Stimulus and treatment

BEAS-2B cells (1� 105 cells/mL) were cultured in 96-well plates.
L. pacari extract (10, 50 or 250 mg/mL)7 or ellagic acid (1, 10 or
100 mM)10 or vehicle (DMSO 0.05%) was administrated 1 h before
the crude extract of D. pteronyssinus stimulation (10 mg/mL; pur-
chased from FDA Allergenic, Brazil).11

2.6. Cytotoxicity assay

Cell viability to the L. pacari extract (250 mg/mL) and ellagic acid
(100 mM) were evaluated 24 h after treatments using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide reagent
(MTT; SigmaeAldrich, USA) as described previously with some
modifications.12 Briefly, after 24 h, 5 mg/mL MTT solution was
added to each culture well and incubated in darkness for 4 h at
37 �C. At the end of incubation, the purple formazan crystals were
dissolved adding 100 mL/well of dimethyl sulfoxide for 30 min.
Absorbance was measured with an automatic enzyme-linked
immunosorbent assay reader at a wavelength of 570 nm. Nega-
tive controls were obtained by measuring untreated cell medium.
Data from control and treated cells were calculated and expressed
as percentage of viable cells.

2.7. IL-8, CCL2, IL-6 and IL-10 concentrations

The supernatant was collected at 24 h after Der p stimulation,
and IL-8, IL-6, CCL2 and IL-10 concentrations were determined by
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enzyme-linked immunosorbent assays (ELISA) according to the
manufacturers' instructions (BD Pharmingen).

2.8. NF-kB, IkBa and STAT3 expression

The effect of L. pacari extract and ellagic acid on NF-kB, IkBa and
STAT3 pathways were assessed by cytometry according to Oliveira
et al., 2017.11 Briefly, 24 h after Der p stimulation, cells were fixed
with pre-warmed BD Cytofix Buffer (4% paraformaldehyde) for
10 min at 37 �C. After centrifugation, the cells were permeabilized
in ice-cold methanol for 30 min and then stained with mouse
monoclonal antibodies to Alexa Fluor 488 mouse anti-serine 529
phosphorylated NF-kB p65 (p-p65s529) (BD Biosciences), PE mouse
anti-IkBa or Alexa Fluor 488 mouse anti-Stat3 (pS727) (BD Bio-
sciences) their corresponding mouse IgG2b and IgG1 isotypes,
respectively, for 60 min at 10 �C in dark. The cells were then
washed, resuspended, and subjected to analysis. The expression of
intracellular phosphorylated signaling molecules in 50,000 viable
cells was analyzed by flow cytometry (FACS Calibur; BD). We have
chose flow cytometry once it most commonly used for the analysis
of multiple kinases and provide quantitative data similar to the
Western blot without using significant amount of cells or necessity
of cell lysis and solubilization of the samples. In addition, flow
cytometry has greater sensitivity and precision than Western blot
in many proteins involved in signal transduction pathways whose
expression is at low levels.13,14

2.9. Statistical analysis

The data are reported as mean ± SEM. The means from different
treatments in each individual experiment were compared by
ANOVA. When significant differences were identified, individual
comparisons were subsequently madewith the Tukey's test. Values
of P < 0.05 were considered statistically significant.

3. Results

3.1. Chemical analysis of L. pacari extract by liquid
chromatography-mass spectrometry (LC-MS)

The following constituents were present in LC-MS analysis:
ellagic acid, gallic acid, ferulic acid, chlorogenic acid and rosmarinic
acid. The monitored molecular ion of ellagic acid in 301.1 is also the
characteristic ion for quercetin and glycosylated derivatives, but in
both LC-MS and liquid chromatography with UV/diode array

detection (LC/DAD), flavonoids (rutin, kaempferol, luteolin and
quercetin) were not detected in this extract. In this way, ellagic acid
is the major constituent from L. pacari extract (Fig. 1 and Table 1).

3.2. Effects of L. pacari and ellagic acid exposure on cells viability in
BEAS-2B stimulated with Der p

MTT assay showed that L. pacari and ellagic acid exposure, at
higher dose (250 mg/mL), did not induce any significant difference
in cell viability cells compared to control (considered as 100%)
(Fig. 2).

3.3. Ethanolic extract of L. pacari and ellagic acid reduced the IL-6
concentration in BEAS-2B stimulated with Der p

We next evaluated the doseeresponse effect of L. pacari extract
(10e250 mg/mL) and ellagic acid (1e100 mM) on IL-6 production in
bronchial epithelial cells stimulated with Der p in vitro. Compared
to control group, Der p increased significantly the IL-6 concentra-
tion (Fig. 3). L. pacari decreased IL-6 productions in a dose depen-
dent manner when compared to cells stimulated with Der p
(Fig. 3A). The IL-6 production was reduced from 280 ± 26.97 in
Der p group to 72.11 ± 29.17 (L. pacari at 10 mg/mL), to 28.61 ± 24.18
(L. pacari at 50 mg/mL) and to 16.86 ± 6.32 (L. pacari at 250 mg/mL)
(mean ± SEM for n ¼ 4e8; p < 0.05). Ellagic acid significantly
decreased the IL-6 production when compared to Der p group
(Fig. 3B) reducing from 304.40 ± 29.67 in Der p group to
145 ± 23.03 (ellagic acid at 10 mM) and to 66.32 ± 20.96 (ellagic acid
at 100 mM) (mean ± SEM for n ¼ 5e7; p < 0.05). No significant
alteration in the IL-6 production was observed in the cells treated
with ellagic acid at 1 mM when compared to cells stimulated by
Der p. BEAS-2B cells stimulated with Der p and treated with
L. pacari (50 and 250 mg/mL) and ellagic acid (100 mM) decreased
IL-6 productions when compared to control group.

No significant differences were observed in the IL-6 concen-
tration in cells stimulated with Der p and treated with the vehicle
when compared to cells only stimulated with Der p
(supplementary Figure 1). In addition, no significant alteration of
IL-6 productionwas observed in the cells only treated with L. pacari
(250 mg/mL) or ellagic acid (100 mM) when compared to control
group (supplementary Figure 2).

L. pacari at 250 mg/mL and ellagic acid at 100 mMwere chosen as
the maximally effective concentrations for the subsequent
experiments.

Fig. 1. Results of chromatographic profile of Lafoensia pacari extract.
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3.4. L. pacari and ellagic acid reduced IL-8 and CCL2 concentrations
while only L. pacari increased the IL-10 concentration in BEAS-2B
stimulated with Der p

Compared to control group, Der p increased significantly IL-8
and CCL-2 concentrations (Fig. 4A and B, respectively), but no sig-
nificant alteration was observed in IL-10 concentration (Fig. 4C).
L. pacari extract (250 mg/mL) and ellagic acid (100 mM) decreased IL-
8 and CCL-2 productions when compared to cells stimulated with
Der p (Fig. 4A and B, respectively). The IL-8 productionwas reduced
from 853.5 ± 39.56 in Der p group to 131 ± 10.04 (L. pacari) and to
388.40 ± 71.23 (ellagic acid) (mean ± SEM for n ¼ 7e12; p < 0.05).
The CCL2 productionwas reduced from 1847 ± 25.74 in Der p group
21.85 ± 9.32 (L. pacari) and to 107.10 ± 25.22 (ellagic acid)
(mean ± SEM for n¼ 6e9; p < 0.05). L. pacari significantly increased
the production of IL-10 when compared to cells stimulated with
Der p (Fig. 4C). The IL-10 production was increased from
10.59 ± 5.64 in Der p group to 40.53 ± 5.54 (L. pacari) (~4 folds;
mean ± SEM for n ¼ 9; p < 0.05). No significant alteration in the IL-
10 production was observed in the cells treated with ellagic acid
when compared to cells stimulated by Der p. BEAS-2B cells stim-
ulated with Der p and treated with L. pacari and ellagic acid

(100 mM) decreased IL-8 and CCL2 productions when compared to
control group. On the other hand, L. pacari increased the IL-10
compared to cells non-stimulated.

No significant differences were observed in the IL-8, IL-10 and
CCL2 productions in cells stimulated with Der p and treated with
the vehicle when compared to cells stimulated with Der p
(supplementary Figure 1). In addition, no significant alteration of
IL-8, IL-10 and CCL2 production was observed in the cells only
treated only with L. pacari or ellagic acid when compared to control
group (supplementary Figure 2).

3.5. L. pacari extract and ellagic acid downregulated the
phosphorylation of NF-kB in BEAS-2B stimulated with Der p

Der p induced the phosphorylation of NF-kB p65 Serine 529 (p-
p65s529) when compared to the control group (Fig. 5A). L. pacari and
ellagic acid significantly decreased the phosphorylation of NF-kB
when compared to cells stimulated by Der p. p-p65s529 was
reduced from 0.30 ± 0.02 in Der p group to 0.21 ± 0.02 (L. pacari)
and to 0.20 ± 0.02 (ellagic acid) (mean ± SEM for n¼ 4e6; p < 0.05).

We also evaluated the effect of both L. pacari and ellagic acid in
IkBa degradation. Der p induced IkBa degradation when compared
to control group. Of note, L. pacari and ellagic acid significantly
abolished the Der p-induced IkBa degradation (Fig. 5B).

3.6. L. pacari extract and ellagic acid decreased the activation of
phosphorylated STAT3 in BEAS-2B stimulated with Der p

Der p induced the phosphorylation of STAT3 (p-STAT3) when
compared to control group (Fig. 6). L. pacari and ellagic acid
significantly decreased the phosphorylation of STAT3 when
compared to cells stimulated by Der p. p-STAT3 was reduced from
0.15± 0.04 in Der p group to 0.06± 0.01 (L. pacari) and to 0.10± 0.01
(ellagic acid) (mean ± SEM for n ¼ 3e8; p < 0.05).

4. Discussion

In this study, the phytochemical analysis of L. pacari extract
found ellagic acid as the major compound, in addition to other
compounds (gallic acid, ferulic acid, chlorogenic acid and rosmar-
inic acid). Pharmacologically, L. pacari extract and ellagic acid was
able to suppress Der p-induced IL-6, IL-8 and CCL-2 release from
human bronchial epithelial cell lines in vitro. We also show for the
first time that such anti-inflammatory effects were associated with
downregulation of STAT3 and NF-kB signaling pathways and/or
increase of IL-10 production.

Phenolic acids (such as ellagic acid, gallic acid, ferulic acid,
chlorogenic acid and rosmarinic acid) are widely distributed in the
fruits, seeds, vegetables and medicinal plants. They are known
mainly for the antioxidant activity but demonstrate also anticancer

Table 1
HPLC-MS analysis of phenolic acids from ethanolic extract of Lafoensia pacari stem
bark.

Identified
compound

Average Rt

(min)
RSD (%) [M�H]-, m/z Concentration in

stem bark,
mg/100 g of dry
weight

Ellagic acid 10.603 0.686 301 543.2 ± 6.6
chlorogenic acid 10.831 4.520 353 21.4 ± 18.9
Gallic acid 10.889 4.160 169 76.5 ± 1.6
rosmarinic acid 11.004 3.842 359 9.5 ± 0.6
Ferulic acid 11.447 3.306 193 25.6 ± 0.7

Compounds listed in order of retention time; Rt ¼ retention time (as min).

Fig. 2. Effects of L. pacari and ellagic acid exposure on cells viability. BEAS-2B cells
were treated with L. pacari extract (250 mg/mL) or ellagic acid (100 mM) for 24 h. Cells
viability was measured using MTT method. The data are reported as the means ± SEM
(n ¼ 5/group) from three experiments.

Fig. 3. L. pacari extract and ellagic reduced the production of IL-6 on bronchial epithelial cells stimulated with D. pteronyssinus (Der p). BEAS-2B cells were treated or not with
L. pacari (10e250 mg/mL) or ellagic acid (1e100 mM) and after 1 h the cells were stimulated or not with Der p (10 mg/mL). After 24 h, the culture supernatants were collected and the
IL-6 concentrations were measured using an ELISA kit. The data are reported as the means ± SEM (n ¼ 4e8/group). *P < 0.05 versus control group. #P < 0.05 versus Der p group.
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and anti-inflammatory effects. Specifically in the inflammatory
process, their target are multiple inflammatory components
including immune cell regulation, proinflammatory cytokines
synthesis and pathways such as NF-kB and arachidonic acids, and
others.15e19 Taken together, these effects make phenolic acids
interesting compounds that can play a beneficial role in the pre-
vention and the progress of inflammatory chronic diseases such as
asthma, neurodegeneration and cardiovascular diseases, among
other conditions.

Bioassay-guided fractionation of the ethanolic extract stem bark
of L. pacari in a model of experimental acute eosinophilic (perito-
nitis induced by fraction of theHistoplasma capsulatum yeast wall in

mice) led to identify ellagic acid. In the chemical analysis of etha-
nolic extract stem bark of L. pacari by LC-MS, ellagic acid was found
as the major active compound. This result is in agreement with
other previous published studies.20,21 In addition, the phytochem-
ical analyses demonstrated the presence of gallic acid, ferulic acid,
chlorogenic acid and rosmarinic acid. Flavonoids (rutin, kaemp-
ferol, luteolin and quercetin) were undetectable. Reichert et al.21

carried out phytochemical analysis of methanolic extract of
L. pacari stem bark and found more than sixty substances among
them ellagic acid, catechin, saponins and triterpenes. Other active
compounds such as kaempferol, quercetin-3-O-xylopyranoside
quercetin-3-O-rhamnopyranoside, flavan-3-ols have been detected

Fig. 4. L. pacari extract and ellagic acid reduced the production of IL-8 and CCL-2 but only L. pacari increased the IL-10 concentration in bronchial epithelial cells stimulated with
D. pteronyssinus (Der p). BEAS-2B cells were treated or not with L. pacari (250 mg/mL) or ellagic acid (100 mM) and after 1 h the cells were stimulated or not with Dp (10 mg/mL). After
24 h, the culture supernatants were collected, and IL-8 (A), CCL-2 (B) and IL-6 (C) concentrations were measured using an ELISA kit. The data are reported as the means ± SEM
(n ¼ 6e12/group). *P < 0.05 versus control group. #P < 0.05 versus Der p group.

Fig. 5. L. pacari and ellagic acid downregulated the activation and translocation of NF-kB in bronchial epithelial cells stimulated with D. pteronyssinus (Der p). BEAS-2B cells were
treated or not with L. pacari extract (250 mg/mL) or ellagic acid (100 mM) and after 1 h the cells were stimulated or not with Der p (10 mg/mL). After 24 h, the cells were recovered to
evaluate the activation (phosphorylated NF-kB p65; p-p65s529) (A) and translocation (IkBa) (B) of NF-kB. The percentage of fluorescence in 50,000 cells was analyzed using
cytometry. The data are reported as the means ± SEM (n ¼ 4e6/group), from three independent experiments. *P < 0.05 versus control group. #P < 0.05 versus Der p group.

A.L. Júlio de Souza et al. / Journal of Pharmacological Sciences xxx (xxxx) xxx 5

Please cite this article as: Júlio de Souza AL et al., Dermatophagoides pteronyssinus-induced pro-inflammatory responses mediated via STAT3 and
NF-kappaB signaling pathways in human bronchial epithelial cells e Inhibitory effects of Lafoensia pacari and ellagic acid, Journal of
Pharmacological Sciences, https://doi.org/10.1016/j.jphs.2020.01.004



in the leaves extracts.22,23 The differences from phytochemical
profiles these studies from ours could be associated to solvent
extract (ethanol tomethanol) and sample of crude extract (leaves to
stem bark). However, in all of the published studies including ours,
ellagic acid appears to be the main active constituent of the plant
and thus could represent as a phytochemical marker for the
Lafoensia species. So, ellagic acid is a hallmark from L. pacari ex-
tracts. In addition, all histories of our group with medicinal plants
weremainly focused in the ellagic acid.6,24,25 In this way, we chosen
only the ellagic acid to carried out the experiments. The ellagic acid
content in extract L. pacari corresponded to 17.9 mM. So, we used a
concentration range from 1 to 100 mMof ellagic acid to carry out the
experiments. These doses are in agreement with the previous study
from our group (phagocytosis assay).10

Bronchial epithelial cells are essential to airways homeostasis
and play a significant role in airways inflammation in lung dis-
eases.3,26 Bronchial epithelial cells express pattern recognition re-
ceptors such as Toll-like receptors (TLR) and protease-activated
receptors (PARs), which recognize microorganisms and allergens
such as D. pteronyssinus (Der p), respectively.1 Der p induces the
production of chemokines, cytokines and the expression of adhe-
sion molecules in bronchial epithelial cells27 that can influence
dendritic cell maturation and T cell differentiation and conse-
quently modulate the airway inflammation in asthma patients.28

We found that L. pacari extract and ellagic acid effectively
reduced the production of IL-6, IL-8 and CCL-2 in bronchial
epithelial cells stimulated with Der p. IL-6 and IL-8 are important
epithelial-derived mediators generated by the asthmatic epithe-
lium that contribute to mucosal airway inflammation.26 CCL2 is
chemotactic to monocytes/macrophages, basophils, eosinophils,
and Th2 cells. In addition, CCL2 is involved in the polarization of
Th2 cells.29 Our data also confirms previous results from our lab-
oratory, which demonstrated that ethanolic extract of L. pacari and
ellagic acid markedly dampened airway inflammation driven by an
eosinophilic3,10,30 or neutrophilic8 component in the experimental
models employed in vivo. In this regard, L. pacari and ellagic acid
might favor the control and/or prevention of the development of
Der p-induced allergic airway inflammatory responses seen in
asthma.

A significant therapeutic target for the control of inflammatory
processes is the transcription factor, NF-kB which regulates the
production of IL-6, IL-8, and CCL2 as well as other inflammatory
mediators associated with asthma pathogenesis.31 Interestingly,
L. pacari extract and ellagic acid reduced the phosphorylation of NF-
kB (p-p65s529) in BEAS-2B cells stimulated by Der p. The diminished
productions of IL-6, CCL2 and IL-8 are consistent with the down-
regulation of NF-kB by L. pacari and ellagic acid. In resting cells, NF-
kB is localized to the cytoplasm because of binding to inhibitory

protein IkBa. Pro-inflammatory stimulus leads to ubiquitination of
the IkBa, targeting it for rapid degradation which allowed NF-kB to
translocate into the nucleus where it can up-regulate transcription
NF-kB-dependent genes. L. pacari and ellagic acid inhibit the IkBa
degradation and consequently inhibit the NF-kB translocation to
nucleus.32 Thus, L. pacari and ellagic acid might have the thera-
peutic anti-inflammatory potential to control airways inflamma-
tion associated with allergic asthma.

STAT3 is a transcription factor associated with proliferation,
apoptosis and differentiation cells that can modulate both innate
and adaptive responses through several cytokines and chemokines,
including IL-6,33 IL-834 and CCL235 L. pacari and ellagic acid reduced
the phosphorylation of STAT3 induced by Der p in bronchial
epithelial cells. These effects, in synergism with the down-
regulation of NF-kB, could be related to the reduction of IL-6, IL-8
and CCL2 observed and consequently to the potential anti-
inflammatory effects of L. pacari and ellagic acid.

IL-10 is an anti-inflammatory cytokine that blocks the synthesis
of many inflammatory proteins.36 An inverse association between
severity of asthma and IL-10 concentration has been observed.37 In
addition, IL-10 has a known suppressive effect on peripheral
tolerance to allergens inducing anergy of immune system.38 We
found that Der p did not induce IL-10 production. In addition, no
significant alterationwas observed in the IL-10 concentration levels
in epithelial cells stimulated with Der p and treated with ellagic
acid. This effect is at odds with previous results from our group8

and others22 which demonstrated ellagic acid increased IL-10
production. These differences could be associated with the
different experimental models employed. Distinct from ellagic acid,
L. pacari extract increased the IL-10 concentration in cells stimu-
lated by Der p. Aside from ellagic acid, other compounds, such as
gallic acid,39 rosmaric acid38 and chlorogenic acid,40 we had iden-
tified during phytochemical analysis, was also shown to increase IL-
10 production. As such, these compounds alone and/or in combi-
nation with other constituents could explain the effect of L. pacari
extract on IL-10 production.

Many therapeutic effects of plant extracts and theirs substances
have been demonstrated by their immunomodulatory (immunos-
timulant or immunosuppressant) effects on the immune system.41

In experimental toxocariasis, L. pacari extract reduced cell re-
cruitments below to control.7 These results are in agreement with
our results whose decreasing of cytokines in Der p-stimulated cells
was below to control which it is associated to significant increase of
IL-10 production (immunosuppressive cytokine). Phyllanthus
amarus extract, like L. pacari, also contain ellagic acid, gallic acid
and other substances, demonstrated also immunosuppressive ef-
fects (cell migrations, phagocytosis, cytokine production and cell
proliferations) which it was comparable to immunosuppressive
control drug (cyclophosphamide).41 This effect could be associated
to one or more compounds or same to synergic effect of several
substances. Besides of ellagic acid did not increase the IL-10 pro-
duction in our model, it also can present potential immunossu-
presant effects.42,43 So, L. pacari and ellagic acid could
downregulate the immune system causing an immunosuppressive
effect and this effect or other effects from them could be more
evidenced in altered cells such as cancerigenous or same inflam-
matory cells than normal or non-stimulated cells.44,45 Further
studies are warranted to understand these underlying anti-
inflammatory properties of L. pacari, ellagic acid and other sub-
stances, found in the L. pacari extract, separately.

5. Conclusion

In conclusion, ellagic acid gallic acid, ferulic acid, chlorogenic
acid and rosmarinic acid were found in the L. pacari stem bark

Fig. 6. L. pacari and ellagic acid downregulated STAT-3 pathways in bronchial
epithelial cells stimulated with D. pteronyssinus (Der p). BEAS-2B cells were treated or
not with L. pacari extract (250 mg/mL) or ellagic acid (100 mM) and after 1 h the cells
were stimulated or not with Dp (10 mg/mL). After 24 h, the cells were recovered, and
the percentage of fluorescence in 50,000 cells was analyzed using cytometry. The data
are reported as the means ± SEM. (n ¼ 3e8/group), from three independent experi-
ments. *P < 0.05 versus control group. #P < 0.05 versus Der p group.
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extract. In addition, L. pacari extract and ellagic acid decreased the
Der p-induced activation of bronchial epithelial cells by reducing
the IL-6, IL-8 and CCL2 production and downregulating the NF-kB
and STAT3 signaling pathways. In addition, L. pacari, different from
ellagic acid, demonstrated immunomodulatory potential by
increasing IL-10 production suggesting effects of other compounds
(e.g. gallic acid, ferulic acid, chlorogenic acid and rosmarinic acid).
Together, these results demonstrated that L. pacari and ellagic have
anti-inflammatory potential to dampen airway allergic
inflammation.
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