
Introduction

The number of allergy and rheumatoid arthritis suf-
ferers has increased to over 30% of the population of
Japan. The diet is a promising factor that could alleviate
these diseases. Therefore, we attempted to develop a
tool that efficiently evaluates the anti-allergic and anti-
inflammatory functionality of diet.

During allergic and inflammatory responses, the
expression of many immune and inflammatory genes
drastically increases in tissues. DNA microarray is a
chip carrying an arrayed series of DNA oligonucleotide
sequences. DNA microarray, carrying probes to hybrid-
ize a specific gene target, can detect changes in gene
expression levels. To evaluate the allergic and inflamma-
tory conditions of tissues and the suppressive effects of
food components, we developed a DNA microarray car-
rying genes related to immunity, inflammation and
housekeeping ((Allergy Chip) GenopalTM, Mitsubishi
Rayon Co.).

Suppressive effect of bitter gourd extract on
inflammatory responses7

Bacterial lipopolysaccharide (LPS) induces inflam-
matory responses in RAW264.7 mouse macrophage-like
cells. LPS induces the inflammatory gene expression
and secretion of pro-inflammatory cytokines, such as
TNFα, IL1β and IL18. Therefore, we first determined
the LPS-induced expression of TNFα and other inflam-
matory genes using the DNA microarray we developed.
Figure 1 shows the procedure for determining inflam-
matory gene expression in untreated and LPS-treated
RAW264.7 cells. Each gene expression level is detected
as fluorescence intensity by a DNA microarray reader
(Biochip reader MB-M2C Yokogawa Electric Co.). LPS
induced expression of 65 of the 204 genes carried on
the mouse DNA microarray. Using the total RNA sam-
ple of LPS-treated or untreated RAW264.7 cells, we
then determined the data reproducibility and quantitative
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Fig. 1. DNA microarray detection of inflammatory gene expression in RAW264.7 cells induced by
lipopolysaccharide (LPS)

Fig. 2. Bitter gourd butanol fraction (Bitter gourd) suppresses LPS-induced inflammatory gene
expression in RAW264.7 cells

Cells (1 × 105 cells/ml) were treated with LPS (2 ng/ml) and the bitter gourd butanol fraction
(bitter gourd) for 6 h. Inflammatory gene expression was determined using a mouse DNA
microarray (Genopal ARIM-GX, Mitsubishi Rayon Co., Ltd.). Data are expressed as mean ±
standard error from three different experiments.

: control, : LPS, : Bitter gourd 50 μg/ml, : Bitter gourd 100 μg/ml.
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capacity of the DNA microarray analysis. As a result,
the correlation coefficient between the fluorescence in-
tensity data of two DNA chips applied with an equal
amount of the same sample was 0.99. The correlation
coefficient between the results of the DNA microarray
analysis and quantitative reverse transcription (RT)-PCR
was 0.93. The DNA microarray analysis showed good
quantitative performance and provided highly reproduc-
ible results.

Bitter gourd (Momordica charantia L.) is a com-
mon vegetable in tropical areas of Asia and Africa. It
has been traditionally used as a bitter stomachic and an
anti-diabetic therapy. In our study on food functionality,
we found that the butanol soluble fraction of bitter
gourd placenta extract suppressed LPS-induced gene ex-
pression to the control level7 (Fig. 2). LPS induces in-
flammatory gene expression through the induction of
NFκB and C/EBP transcriptional activities, and MAPKs
activities. We examined the effect of the bitter gourd bu-
tanol fraction on LPS-induced NFκB and C/EBPβ DNA
binding activities in RAW264.7 cells. The NF-κB and C
/EBP promoter binding activity in the nuclear extract
were determined by monitoring their affinity to an im-
mobilized oligonucleotide containing NF-κB and C/EBP
consensus binding site, respectively, and detected by
ELISA. The butanol fraction significantly suppressed the
DNA binding activity of NFκB but not C/EBPβ. Fur-
thermore, the bitter gourd butanol fraction suppressed
the activation of MAPKs p38, JNK, and ERK. Our re-
sults suggest that the bitter gourd butanol fraction sup-
pressed LPS-induced inflammatory gene expression by
inhibiting NFκB DNA binding and following transcrip-
tional activities, and the activation of MAPKs in RAW
264.7 cells. We identified the active components which
suppressed LPS-induced inflammatory gene expression
in the bitter gourd butanol fraction as 1-α-linolenoyl ly-
sophosphatidylcholine (LPC), 2-α-linolenoyl LPC, 1-
lynoleoyl LPC, and 2-linoleoyl LPC.

Since bitter gourd was suggested to suppress LPS-
induced inflammation, we determined the effect of bitter
gourd juice on LPS and anti-collagen antibody-induced
arthritis in Balb/c mice. As a result of daily oral admin-
istration of bitter gourd juice, the thickness of the in-
flamed and swollen hind feet was significantly reduced
after 8 days. Oral administration of control (3% glu-
cose) significantly reduced the thickness of hind feet
only after 12 days. Our result suggests that bitter gourd
juice improved LPS- and anti-collagen antibody-induced
arthritis in Balb/c mice.

Suppressive effect of the flavonoid fisetin on
activated T cell-induced activation of HMC-1
mast cells8

Mast cells play an important role in allergies such
as asthma and pollinosis. Mast cells are activated by
IgE-cross linking, release chemical mediators such as
histamines, prostaglandins, cytokines, and chemokines,
and develop the symptoms of allergy. In addition, mast
cells are activated by cell-to-cell interaction with T cells,
and this is thought to induce cutaneous delayed-type hy-
persensitivity (a T cell-mediated allergic inflammatory
response), airway inflammation and remodeling of
asthma. To evaluate the activation of HMC-1 human
mast cells induced by activated T cell membranes, we
determined the gene expression induced by activated T
cell membranes in HMC-1 cells using DNA microarray.
The DNA microarray analysis showed that activated T
cell membranes induced the expression of 34 genes, in-
cluding those for chemokines, interleukins and cell sur-
face membrane proteins, of the 205 genes carried on the
human DNA microarray (Fig. 3).

Fisetin (3,7,3’,4’-tetrahydroxyflavone) (Fig. 4) is a
flavonoid contained in vegetables and fruits such as on-
ions, strawberries and apples1. Fisetin was shown to
suppress the degranulation and IL4 and IL13 production
in RBL-2H3 rat basophilic cells stimulated by IgE-cross
linking5, 6, 10. We first examined the effect of fisetin on
IgE/antigen-stimulated degranulation of LAD2 human
mast cells. Fisetin suppressed IgE cross-linking-
mediated activation of LAD2 cells. We then examined
the effect of fisetin on activated T cell-induced activa-
tion of HMC-1 cells. Activated T cell membranes in-
duced cell spreading and adhesion of HMC-1 cells and
fisetin suppressed the morphological changes of the
cells (Fig. 5). Furthermore, fisetin significantly sup-
pressed gene expression induced by activated T cell
membranes in HMC-1 cells (Fig. 3). Fisetin suppressed
the secretion of granzyme B (GZMB) and perfolin
(PRF), as well as their gene expression. Fisetin was sug-
gested to suppress gene expression in HMC-1 cells
stimulated by activated T cell membranes by inhibiting
NFκB transcriptional activity.

Drosera rotundifolia, containing flavonoids, naph-
thoquinones, ellagic acid, and other polyphenols, has
been used in the therapy of respiratory tract infections
as the traditional medicine Drosera Herba. We found
that the OASIS HLB column-absorbed fractions of D.
rotundifolia and Drosera tokaiensis, which was sug-
gested to be an amphidiploid between D. rotundifolia
and Drosera spatulata Labill., suppressed the activated
T cell membrane-induced gene expression in HMC-1
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cells4. Our results suggest that D. rotundifolia and D. to-
kaiensis suppress activated T cell membrane-mediated
mast cell activation in inflamed allergic tissues and at
the site of parasitic infections.

Evaluation of skin irritation on a reconstructed
human epidermal model9

The reconstructed human epidermal model has
been accepted as a valid replacement of animal skin irri-
tation testing for cosmetics, according to the European
Center for the Validation of Alternative Methods
(ECVAM)2. The model comprises cultured adult human

Fig. 3. The effect of fisetin on gene expression in HMC-1 cells induced by activated T cell
membranes

Cells were pre-incubated with or without the indicated concentration of fisetin for 15 min. Rest-
ing (Tc-m) or phorbol-12-myristate 13-acetate (PMA)-activated T cell membranes (aTc-m) were
then added and the cells incubated for a further 16 h. Cellular gene expression was determined
using a human DNA microarray (Genopal ARIH-GX, Mitsubishi Rayon). The degree of change
(fold) was calculated compared to control cells. Data are expressed as mean ± standard error
from three different experiments.

:HMC-1 alone, :HMC-1+Tc-m, :HMC-1+aTc-m, :HMC-1+ -aTc-m+Fistin 10 μM,
:HMC-1+ -aTc-m+Fistin 25 μM, :HMC-1+ -aTc-m+Fistin 50 μM.

Fig. 4. The chemical structure of fisetin
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keratinocytes on a collagen base, in conditions that per-
mit their terminal differentiation and the reconstruction
of an epidermis. To examine the sensitivity of the devel-
oped DNA microarray, we determined gene expression
after the topical application of the mild skin irritant so-
dium dodecyl sulphate (SDS) to the reconstructed hu-
man epidermal model LabCyteTM EPI-MODEL (Lab-
Cyte), commercially available in Japan (Fig. 6). DNA
microarray analysis indicated that expression of 10 of
the 205 genes carried on the human DNA microarray
was induced in a LabCyte culture by SDS irritation for
18 h. We have shown for the first time that 0.075%
SDS irritation significantly induced the expression of in-
terleukin 1 receptor antagonist (IL-1RN), FOS-like anti-
gen 1 (FOSL1), heat shock 70 kDa protein 1A (HSPA
1), and myeloid differentiation primary response gene
(88) (MYD88) in a LabCyte tissue. As IL1α is quickly
released in situations of epidermal injury, the ECVAM-
validated protocol recommends determining the amount
of IL1α protein in the culture medium to evaluate the

skin irritation3. DNA microarray and RT-PCR analysis
showed that 0.05% and/or 0.075% SDS induced the ex-
pression of IL1α. Enzyme-linked immunosorbent assay
(ELISA) confirmed that 0.075% SDS induced the secre-
tion of IL1α from the LabCyte culture to the medium.

Thus, we evaluated the inflammatory responses in
macrophages, mast cell activation associated with T
cell-mediated allergic inflammatory response and skin
irritation on a reconstructed human epidermal model us-
ing a DNA microarray carrying genes related to immu-
nity, inflammation and housekeeping. Using the same
methods, we found that bitter gourd exhibited an anti-
inflammatory effect, and fisetin and Drosera Herba pos-
sess a suppressive effect on mast cell activation by acti-
vated T cell membranes. The DNA microarray is useful
for determining gene expression related to allergy, in-
flammation and irritation in human and mouse tissues.
It can be a useful and efficient tool for evaluating the
anti-allergy and anti-inflammatory effects of food com-
ponents.

Fig. 5. Fisetin suppresses the morphological change in HMC-1 human mast cells induced by
activated T cell membranes (aTc-m)

Cells were pre-incubated with or without the indicated concentration of fisetin for 15 min.
Resting (Tc-m) or PMA-activated T cell membranes (aTc-m) were then added and the cells
incubated for 16 h. HMC-1 cell morphology was observed by phase contrast microscopy.
The arrows indicate spreading cells.
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Fig. 6. Evaluation of sodium dodecyl sulphate (SDS)-induced skin irritation in a reconstructed
human epidermal model, LabCyteTM EPI-MODEL

(a) : DNA microarray image of reconstructed human epidermal model stimulated by SDS
(b) : SDS induced a dose-dependent IL1α release into the medium and mRNA expression in
the LabCyte model. The cultures were treated with distilled water (DW) and 0.05, 0.075%
(w/w) SDS solution for 18 h. The amount of released IL1α was determined by ELISA. Gene

expression levels of IL1α determined by DNA microarray (Genopal ARIH-GX) and RT-PCR
were normalized to GAPDH. Results were plotted relative to those in cultures treated with DW
(control). All assays were performed in triplicate, and data are expressed as means ± SE.*, P <
0.05; **, P < 0.01 (two-sided); significantly different from the group treated with DW by
Bonferroni-type multiple test.
■ : RT-PCR, ■ : DNA microarray, ● : ELISA.
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