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Dietary Apigenin Suppresses IgE and Inflammatory Cytokines
Production in C57BL/6N Mice
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Flavonoids ubiquitously exist in plants, vegetables, fruits, and teas. We evaluated the effect of dietary
apigenin, one of the well-known flavonoids, on the immune system in C57BL/6N mice. Mice were
fed experimental diets containing apigenin for 2 weeks. After the experimental period, there was no
significant difference in body and organ weights between the control and the apigenin group. The
total immunoglobulin (Ig) E levels in mice fed apigenin were significantly suppressed, whereas levels
of IgG, IgM, and IgA were not affected. We also examined the effect of the apigenin diet on cytokine
expression in mice sera using a cytokine array. The production of regulated upon activation normal
T cell expressed and secreted (RANTES) and soluble tumor necrosis factor receptor | (STNFRI) in
mice sera was down-regulated by the apigenin diet. These results suggest that a diet containing
apigenin can reduce serum IgE and inflammatory cytokines such as RANTES and sTNFRI in mice.
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INTRODUCTION cytokines in vivo is not examined. In the present study, we report
the effect of dietary apigenin on the production of Igs and

The flavonoids are a diverse family of chemicals commonly cytokines in C57BL/6N mice

found in fruits and vegetables. Flavonoids are plant polyphenolic
compounds, which have a diphenylpropane skeleton (C6C3C6)
structure, that include monomeric flavanols, flavanones, fla- MATERIALS AND METHODS

vones, and,ﬂavon,o!s' Some flavonoids ,have been fOL,md to Materials. Apigenin (4,5,7-trinydroxyflavone) was purchased from
possess various clinically relevant properties such as antitumor, agrich Chemical Co. (St. Louis, MO). Phorbol 12-myristate 13-acetate
antiplatelet, antiischemic, and antiinflammatory activitigs-( (PMA) and calcium ionophore A23187 were purchased from Sigma
3); yet, they have many more biological effects. Many different Chemical Co. (St. Louis, MO), respectively.

enzymes involved in intracellular signaling can be affected by  Experimental Animals and Diet. Male 8 week old C57BL/6N mice
flavonoids (4). Especially the effects of flavonoids on protein were obtained from Kyudo Co., Ltd. (Tosu, Japan). They were kept at
kinases are of great interest since they directly influence immunethe Biotron Institute of Kyushu University in a 12 h light/12 h dark
functions in the host. Apigenin, one of the most common cycle (light on 8 a.m=8 p.m.) in an air-conditioned room (2@ and
flavonoids, is widely distributed in many fruits and vegetables 60% humidity under specific pathogen-free conditions). This experiment

such as parsley, onions, orange, teas, chamomile, and wheafas carried out according to the guidelines for animal experiments at
sprouts and in some seasonings (5—8) the Faculty of Agriculture and the Graduate Course, Kyushu University,

. . and the Law (no. 105) and Notification (no. 6) of the Japanese
Our previous report demonstrated that two flavones, chrysin government. After preliminary breeding for 1 week, the mice were

and apigenin, could suppress the expression of the high affinity gjyiged into two groups and provided with one of the following diets
immunoglobulin (lg) E receptor k&I expression in human  ad libitum: control diet (MF diet, Oriental Inc.) or apigenin diet (MF
basophilic KU812 cells and the suppressive effect of apigenin diet containing 0.025% apigenin) for 2 weeks. At the end of the feeding
on FceRIl expression was stronger than that of chrySin ( period, mice were killed by drawing blood from the abdominal aorta
Moreover, it has been reported that apigenin has been shownunder light anesthesia with diethyl ether. Serum was obtained by
to be an inhibitor for IL-4 production by basophils in vitrdQ]. centrifugation at 1000&pr 15 min at 4°C and stored at-80 °C until

However, the effect of apigenin on the production of Igs and USe: The body weight was measured before the experimental feed started
' and after it ended. Immediately after excision, each tissue was weighed

. 5 Hould be add 3. ol and fe8L)( and the lymphocytes were isolated from spleen.
*To whom correspondence shou e addressed. Tel an R1 -
(92)642-3008. E-mail: tatibana@agr.kyushu-u.ac.jp. Measurement of Ig Levels.The measurement of Ig concentration

¥ Faculty of Agriculture, Kyushu University. ?n the mice sera was performed usi_ng a sandwich enzyme-linked
* Bio-Architecture Center, Kyushu University. immunosorbent assay (ELISA). Rabbit anti-mouse IgA (Zymed, San
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Francisco, CA), goat anti-mouse IgG H L) (Zymed), and rabbit
anti-mouse IgM (u-chain specific) (Zymed) were used to fix each Ig. pice

Yano et al.

Table 1. Effects of Apigenin on the Growth Parameters of C57BL/6N

These antibodies were diluted using 1% bovine serum albtmin

phosphate-buffered saline (BSA&BS), added to a 96 well plate, and parameter control apigenin
incubated for 1 h at 37C. Then, 30Q:L of 1% BSA—PBS was added body weight ()

and kept at 37C for 2 h; samples (5@L) were added to each well initial 221401 221401
for 1 h at 37 °C. Each well was treated with a solution of either final 243+ 0.4 241+ 0.4
peroxidase (POD)-conjugated goat anti-mouse IgA (Zymed), POD- fissue weights (g)

conjugated goat anti-mouse 1gG (HL) (Zymed), or POD-conjugated heart 013+ 000 0.12+0.00
rabbit anti-mouse IgM (Zymed) to detect the respective Ig and incubated kidney 0.32+001 0.31+001
for 1 h at 37°C. The plates were rinsed with PBS containing 0.5 mL/L liver 1.22 +0.03 1.18 + 0.02
polyethylene sorbitan monolaurate (Nacalai Tesque, Kyoto, Japan) lung 0.14+0.00 0.14+0.00
between each step. Then, a 10:9:1 mixture of 1.8 mi@Hn 0.2 M spleen 0.07 £0.00 0.07 £0.00

citrate buffer (pH 4.0), KO, and 11.7 mM of 2,2azinobis (3-

ethylbenzothiazoline sulfonic acid) was added. Finally, absorbance at
415 nm was measured after the addition of 160 mM oxalic acid to

@Data are means + SEM for eight mice in each group.

stop the coloring reaction. Measurement of total serum IgE concentra- Table 2. Total Serum IgG, IgM, IgA, and IgE Levels in C57BL/6N

tion was determined using the ELISA Mouse IgE kit (Seikagaku Co.

' Mice
Tokyo, Japan).

Evaluation of Cytokine Levels in Mice Sera.Thirty-two cytokine Ig control apigenin
proteins in mice sera were assessed using a commercially available 19G (mg/mL) 13112 21201
mouse cytokine protein array kit (Ray Biotech, Inc., Norcross, GA) IgM (mg/mL) 1:0;0:2 1:0;0:1
following the appended protocol. Briefly, membranes were incubated IgA (ug/mL) 2757 +39.6 403.1 +53.0
with mice sera fo1 h atroom temperature, and then, the membranes IgE (ng/mL) 86+18 4.3+ 0.4*

were treated with biotin-conjugated antibodies. Next, membranes were

treated with POD-conjugated streptavidin at room temperature for 1 h.

@Serum concentrations of Ig levels from five to six mice were measured by

Data were analyzed using the image analyzer Chemimager 5500 (AlphaELISA. Data are means + SEM. Statistical analysis was performed using Student's

Innotech, San Leandro, CA).

Preparation and Stimulation of Spleen Lymphocytesimmediately
after the excision, lymphocytes were isolated from the spleen. Cells
were suspended in RPMI 1640 medium (Nissui, Tokyo, Japan) and

ttest. *P < 0.05; significantly different from control diet.

Table 3. Effects of Apigenin on Cytokine Expression in Mice Sera

washed two times. Then, 5 mL of the cell suspension was added to
lympholyte-mouse (Cedarlane, Hornby, Canada) to isolate the lym-

relative intensity
as compared to

phocytes. Red cells were lysed with the ammonium-chloride potassium

relative intensity
as compared to

carbonate buffer (155 mM NiEI, 10 mM KHCO, and 10 mM cytokines the control group cytokines the control group
ethylenediaminetetraacetic acid, pH 7.4), and lymphocytes were washed 6Ckine ND IFN-y 1.086
two times with RPMI 1640 medium. The spleen lymphocytesx 2 CTACK 83%2 :«:. 0B 13??
10° cells/mL, were cultured in RPMI 1640 medium containing 5% fetal g%asxFln 0.995 ,\i‘ét;ani ) 1053
calf serum (PAA Laboratories GmbH, Austria) with 0.5 ng/mL PMA GM-CSF 1.043 MCP-5 1.084
and 0.15«M A23187 and then incubated at 3T for 24 h. IL-2 1.142 MIP-1a. 1.115
Reverse Transcription-Polymerase Chain Reaction (RT-PCR). IL-3 ND MIP-2 0.876
The total RNA was extracted from lymphocytes costimulated with PMA IL-4 1.253 MIP-36 0.813
and A23187 using TRIZOL (Invitrogen, Carlsbad, CA) following the IL-5 ND RANTES 0.791
manufacturer’s instructions. First-strand cDNA was synthesized from  IL-6 1148 SCF 0.847
total RNA (7 ug) with a (dT)o primer and 20 U of Moloney mouse IL-9 0.952 STNFRI 0.761
leukemia virus (MMLV) reverse transcriptase (Amersham Pharmacia :H(Z) 8822 LANITF? 1 gg%
Biotech). Specific primer sequences for each gene were as follows: |/, 070 0.973 TNF-a. 0.954
mouse IL-2, sense 5'-ATGTACAGCATGCAGCTCGCATC-ahd IL-13 1.000 TPO 0848
antisense 5SGGCTTGTTGAGATGATGCTTTGACA-3' mouse IL- IL-17 1.000 VEGF 1.030

4, sense 5'-ATGGGTCTCAACCCCCAGCTAGT-8hd antisense 5'-
GCTCTTTAGGCTTTCCAGGAAGTC-3'mouse IL-6, sensé&TG-
GTGACAACCACGGCCTTCCCTA-3and antisense ATGCTTAG-
GCATAACGCACTAGGTT-3; mouse IL-10, sens€é ATGCAGGA-
CTTTAAGGGTTACTTGGGTT-3and antisense ATTTCGGAGAG-
AGGTACAAACGAGGTTT-3; mouse IL-12p40, sensé-6AGGTG-
GACTGGACTCCCGA-3and antisense &£AAGTTCTTGGGCGGGT-
CTG-3; mouse IFNy, sense 5SAACGCTACACACTGCATCT-3 and
antisense SAGCTCATTGAATGCTTGG-3; mouse TNFe, sense 5
TCCCCAAAGGGATGAGAAGTTC-3 and antisens€ 5§ CATACCAG-
GGTTTGAGCTCAG-3; mouse RANTES, sense-6TGCCCACGT-
CA AGGAGTAT-3 and antisense &GGAAGCGTATACAGGGTCA-
icagd aﬂgu:rﬁi':;t:gé55e,?.?zAsgigg@;%i;%&%ﬁ%ﬁéi%fg&ﬁé,. 1 shows boqu and tissue vyeights after the experimenta}l period.
Specific PCR fragments were separated on an agarose gel eIectro-We set the initial body We'ght at 22_'1 g for b_Oth experimental
phoresis and visualized by ethidium bromide. groups. The_re was no significant difference in body and organ
Statistical Analysis. The Student's-test was used for the statistical ~ Weights during the study.
analysis. Ig Productions in Mice Sera. We investigated whether
dietary apigenin could affect Ig productions, and serum antibody
levels were measured by ELISA. As showrTiable 2, we could
not detect any significant deference between the control and
the apigenin group for 1gG, IgM, and IgA. However, the levels

2The relative levels of cytokine were determined by intensity. The densities of
signals were normalized with background and positive control. CTACK, cutaneous
T-cell-attracting chemokine; GCSF, granulocyte colony-stimulating factor; GM-CSF,
granulocyte—-macrophage colony-stimulating factor; IL, interleukin; IFN, interferon;
KC, CXC ligand 1; MCP, monocyte chemoattractant protein; MIP, macrophage
inflammatory protein; RANTES, regulated upon activation normal T cell expressed
and secreted; SCF, stem cell factor; STNFR, soluble tumor necrosis factor receptor;
TARC, thymus and activation-regulated chemokine; TIMP, tissue inhibitor of
metalloprotease; TNF, tumor necrosis factor; Tpo, thrombopoietin; VEGF, vascular
endothelial growth factor; and ND, not detected.

RESULTS

Body and Organ Weights.We first examined whether an
apigenin intake affects the weight of the body and orgéable
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Figure 1. Effect of the apigenin diet on the expression of cytokines mRNA in spleen lymphocytes. Total mRNA was isolated from spleen lymphocytes
stimulated with PMA and A23187 in C57BL/6N mice fed apigenin. Each cytokine and 5-actin mRNA was analyzed by RT-PCR. Data are means = SEM
for four mice in each group.

of IgE in mice fed with apigenin diet were significantly lower | (sTNFRI) levels in mice sera derived from the apigenin group
than those in mice fed with control diet. tended to decrease as compared with those of the control group
Cytokines Levels in Mice Sera.As dietary apigenin (relative intensity of RANTES and sTNFRI in mice sera from
decreased the IgE level in mice sera, we hypothesized thatthe apigenin group as compared to the control group were 0.791
apigenin can regulate cytokines production in mice sera. To and 0.761, respectively).
identify cytokines affected by feeding apigenin, a cytokine Quantitation of Cytokines mMRNA Levels from Spleen
protein array assay was performed as showhahle 3. There Lymphocytes. PMA is mitogenic to T and B cells activating
were no cytokines up-regulated or down-regulated over two several cytokine-encoding genes. lonophore A23187 increases
times in the apigenin group as compared with the control group. calcium permeability across the cellular membrane to the cytosol
Only regulated upon activation normal T cell expressed and of lymphoid cells and is considered a comitogen of T lympho-
secreted (RANTES) and soluble tumor necrosis factor receptorcytes (1). Practically, on costimulation with PMA and A23187,
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some cytokines mRNA expression in spleen lymphocytes was We showed here that dietary apigenin reduced serum IgE,
significantly up-regulated (data not shown). After costimulation RANTES, and sTNFRI levels in C57BL/6N mice. A wide range
with PMA and A23187, mRNA expressions of IL-2, IL-4, IL-  of phenolic compounds are present in plants, vegetables, fruits,
6, IL-10, IL-12p40, IFNy, TNF-o, and RANTES in spleen  and teas, and their chemical characteristics such as the type of
lymphocytes from mice fed apigenin were detected by RT-PCR. glycosylation, esterification, or polymerization have a great
No significant differences were found in these cytokines mRNA influence on their bioavailability and metabolisr@9(—32).
expression between the control group and the apigenin groupApigenin is detected in substantial amounts in parsley, celery,

(Figure 1). bell pepper, belimbi fruit, guava, and the chamomile anthodium
(33—35) and accumulates in a bound form as apigen®- 7-
DISCUSSION glucoside and various acylated derivatives. After ingestion, the

. . ) . ) apigenin glucosides are hydrolyzed by both intestinal mucosal
IgE is one of the major mediators of the immediate anq pacterigp-glucosidases releasing the aglycone. In a recent

hypersensitivity reaction that underlies atopic conditions_ such study, absorption and excretion of apigenin after the ingestion
as seasonal allergy, food allergy, asthma, and anaphyBjs (ot apigenin-rich food, i.e., parsley, were tested; in the result,

In many individuals, the level of total serum IgE correlates apigenin is enriched in the human circulation. However

roughly with the severity of these allergic diseas&8)( As  maximum plasma concentrations were comparably low (0.34
shown inTable 2, we demonstrated that in vivo apigenin - mo|/ ) and on average, only 0.22% of the ingested apigenin
selectively down-regulates the production of IgE. IL-4 and IL- §se was found in the 24 h urine samples. The main part of the

13 are key molecules related to IgE production, Th2 differentia- jgested apigenin was either excreted unabsorbed or was rapidly
tion, and allergic inflammation. HoweveFable 3 shows that metabolized after absorption (36).

IL-4 and IL-13 levels in mice sera were not modulated by the |, ~4se of intake flavonoids as dietary supplements, we

apigenin diet. o o ingested at +3 g/day. Moreover, in the normal U.S. diet,
On the other hand, in this study, the apigenin diet tended 10 fjay0noids are unavoidably consumed daily with an estimated
decrease the RANTES level in sera of mice. RANTES is a key {qa] consumption of 1 g/dayay). This quantity corresponds
_S|gnaI|ng _chemoklne mvolyed in the_lnltlatlon of physiologic 4 apigenin contents (0.025%) comprised of the diet in our
inflammation (14). Chemokines including RANTES are relevant gyperiments. Diet therapy for allergic diseases has not been
in allergy and asthma not only for their role in regulating estaplished except for avoidance of food allergens in cases when
leukocyte recruitment but also for other activities, such as patients are sensitized to foods. The intake of apigenin may
cellular activation, inflammatory mediator release, promotion gjjeviate allergic symptoms and even prevent allergic diseases.
of Th2 mﬂammatpry responses, and regglathn of IgE synthesis o, the other hand, a vegetable very rich in apigenin such as
(15). The reduction of serum IgE by apigenin diet may result arsley and celery is also very often involved in adverse
in part from the decrease serum RANTES. Recently, it has beengactions to foods. Thus, the results coming from this study need

reported that peroxisome proliferator-activated receptor
(PPARy) ligands decrease RANTES protein secretion in human
endometrial stromal cells (16). It was reported that some
flavonoids including apigenin exhibited weak PPARgonist
activities in an in vitro competitive-binding assay7). More-
over, we previously reported that PPARgand inhibits I1L-4-
induced IgE class switching in human B cell line DND3®).
Apigenin acting as PPARIligands may suppres both RANTES
production and thus IgE production in vivo. For the future, it is
necessity to confirm whether apigenin suppresses the RANTES
as well as PPAR ligands and affects directly IgE production
by B cells.

We also found that dietary apigenin was down-regulated
STNFRI levels in mice sera as shown Trable 3. Soluble
TNFRI, which circulates in many body fluid49—21), repre-
sents the extracellular domains of the TNFRR). Elevated
STNFRI levels have been found in serum, plasma, ascites, or
urine in association with endotoxinemia, infections, and ma-
lignancies as well as chronic autoimmune disorders including
inflammatory bowel diseas@8—27). Our results conclude that
the apigenin diet can decrease the inflammatory cytokines level
in sera.

In spleen lymphocytes, there were no effects of dietary
apigenin on IL-2, IL-4, IL-6, IL-10, IL-12, IFNy, and TNFe
MRNA expression induced by PMA and A23187. These results
were consistent with the results obtained by cytokine array. On
the other hand, dietary apigenin reduced the RANTES level in
mice sera without down-regulating its mMRNA expression from
spleen lymphocytes. RANTES expresses in various cells includ-
ing T lymphocytes, monocytes, basophils, and eosinop®@k (
We presume that apigenin diet might attenuate the RANTES

expression in tissues except spleen lymphocytes although further

studies are required.

to be deeply investigated in the future.

ACKNOWLEDGMENT

We thank S. Kobayashi, H. Onda, M. Sumida, and A. Tajima
for technical assistance.

LITERATURE CITED

(1) Avila, M. A.; Velasco, J. A.; Cansado, J.; Notario, V. Quercetin
mediates the down-regulation of mutant p53 in the human breast
cancer cell line MDA-MB468.Cancer Res1994,54, 2424—
2428.

Gerritsen, M. E.; Carley, W. W.; Ranges, G. E.; Shen, C. P,;
Phan, S. A.; Ligon, G. F.; Perry, C. A. Flavonoids inhibit
cytokine-induced endothelial cell adhesion protein gene expres-
sion. Am. J. Pathol1995,147, 278—292.

Piantelli, M.; Rossi, C.; lezzi, M.; La Sorda, R.; lacobelli, S.;
Alberti, S.; Natali, P. G. Flavonoids inhibit melanoma lung
metastasis by impairing tumor cells endothelium interactions.
J. Cell Physiol.2006,207, 23-29.

Middleton, E. J.; Kandaswami, C. Effects of flavonoids on
immune and inflammatory cell functionBiochem. Pharmacol.
1992,43, 1167—1179.

Matern, U.; Heller, W.; Himmelspach, K. Conformational
changes of apigenin 7-O-(6-O-malonylglucoside), a vacuolar
pigment from parsley, with solvent composition and protein
concentrationEur. J. Biochem1983,133, 439—448.
Fernandez-de-Simon, B.; Perez-llzarbe, J.; Hernandez, T.; Go-
mez-Cordoves, C.; Estrella, |. Importance of phenolic compounds
for the characterization of fruit juiced. Agric. Food Chenil992,

40, 1531—1535.

Engelhardt, U. H.; Finger, A.; Kuhr, S. Determination of flavones
C-glycosides in teaZ. Lebensm. Unters. Forscii993, 197,
239—244.

@

~

3

~

4

=

®)

6

~

)



Effects of Apigenin Administration on the Immune System

(8) Peryt, B.; Szymczyk, T.; Lesca, P. Mechanism of antimutage-
nicity of wheat sprout extractdMutat. Res.1992,269, 201—
215.

Yano, S.; Tachibana, H.; Yamada, K. Flavones suppress the

expression of the high-affinity IgE receptor dRI in human

basophilic KU812 cells]. Agric. Food Chenm2005,53, 1812—

1817.

Hirano, T.; Higa, S.; Arimitsu, J.; Naka, T.; Ogata, A.; Shima,

Y.; Fujimoto, M.; Yamadori, T.; Ohkawara, T.; Kuwabara, Y.;

Kawai, M.; Matsuda, H.; Yoshikawa, M.; Maezaki, N.; Tanaka,

T.; Kawase, |.; Tanaka, T. Luteolin, a flavonoid, inhibits AP-1

activation by basophil8iochem. Biophys. Res. Commga06

340, 1-7.

Alfaro-Bustamante, F.; Ramirez-Flores, G.; Gonzalez-Mendoza,

A.; Islas-Rodriguez, A.; Fafutis-Morris, M. Effect of phorbol

myristate acetate (PMA) and ionophore A23187 on interleukin-2

levels and proliferation of activated T lymphocytes from patients
with lepromatous leprosyint. J. Lepr. Other Mycobact. Dis.

1997,65, 73-79.

Cher, D. J.; Mosmann, T. R. Two types of murine helper T cell

clone. Il. Delayed-type hypersensitivity is mediated byl T

clones.J. Immunol.1987,138, 3688—3694.

(13) Mosmann, T. R.; Coffman, R. L. Heterogeneity of cytokine
secretion patterns and functions of helper T célth:.. Immunol.
1988,46, 111—147.

(14) Conti, P.; Barbacane, R. C.; Reale, M. Chemokines in inflam-
matory statesAllergy Asthma Proc1999,20, 205—208.

(15) Gangur, V.; Oppenheim, J. J. Are chemokines essential or
secondary participants in allergic responsest. Allergy,
Asthma, Immunol2000, 84, 569—581.

(16) Pritts, E. A.; Zhao, D.; Ricke, E.; Waite, L.; Taylor, R. N.
PPAR+ decreases endometrial stromal cell transcription and
translation of RANTESIn vitro. J. Clin. Endocrinol. Metab.
2002,87, 1841—-1844.

(17) Liang, Y. C.; Tsai, S. H.; Tsai, D. C.; Lin-Shiau, S. Y.; Lin, J.

K. Suppression of inducible cyclooxygenase and nitric oxide

synthase through activation of peroxisome proliferator-activated

receptor-yby flavonoids in mouse macrophagd<eBS Lett.

2001,496, 12-18.

Miyazaki, Y.; Tachibana, H.; Yamada, K. Inhibitory effect of

peroxisome proliferator-activated receptorligands on the

expression of IgE heavy chain germline transcripts in the human

B cell line DND39.Biochem. Biophys. Res. Commg@02,295,

547—-552.

Steinshamn, S.; Brekke, O. L.; Waage, A. Soluble tumor necrosis

factor receptors, tumor necrosis factor and interleukin-6 in serum

in granulocytopenic patients with fevedr. J. Haematol 1995,

89, 719-724.

(20) Spengler, U.; Zachoval, R.; Gallati, H.; Jung, M. C.; Hoffmann,
R.; Riethmuller, G.; Pape, G. Serum levels and in situ expression
of TNF-alpha and TNF-alpha binding proteins in inflammatory
liver diseasesCytokine1996,8, 864—872.

(21) Corti, A.; Merli, S.; Bagnasco, L.; D’Ambrosio, F.; Marino, M.;
Cassani, G. Identification of two forms (3B3 and 48 kD) of
the urinary soluble p55 tumor necrosis factor receptor that are
differentially N- andO-glycosylatedJ. Interferon Cytokine Res.
1995,15, 143—152.

(22) Nophar, Y.; Kemper, O.; Brakebusch, C.; Englemann, H.; Zwang,
R.; Aderka, D.; Holtmann, H.; Wallach, D. Soluble forms of
tumor necrosis factor receptors (TNF-Rs). The cDNA for the
type | TNF-R, cloned using amino acid sequence data of its
soluble form, encodes both the cell surface and a soluble form
of the receptorEMBO J.1990,9, 3269—3278.

(23) Van Zee, K. J.; Kohno, T.; Fischer, E.; Rock, C. S.; Moldawer,
L. L.; Lowry, S. F. Tumor necrosis factor soluble receptors

)

(10

(11

(12)

(18)

(19)

J. Agric. Food Chem., Vol. 54, No. 14, 2006 5207

circulate during experimental and clinical inflammation and can
protect against excessive tumor necrosis factor alphetro
andin vivo. Proc. Natl. Acad Sci. U.S.A992,89, 4845—4849.

(24) Spinas, G. A.; Keller, U.; Brockhaus, M. Release of soluble
receptors for tumor necrosis factor (TNF) in relation to circulating
TNF during experimental endotoxinemi&.Clin. Invest.1992,

70, 533—536.

(25) Andus, T.; Gross, V.; Holstege, A.; Ott, M.; Weber, M.; David,

M.; Gallati, H.; Gerok, W.; Scholmerich, J. High concentrations

of soluble tumor necrosis factor receptors in ascitepatology

1992,16, 749—755.

Gardiner, K. R.; Halliday, M. |.; Barclay, G. R.; Milne, L,;

Brown, D.; Stephens, S.; Maxwell, R. J.; Rowlands, B. J.

Significance of systemic endotoxaemia in inflammatory bowel

diseaseGut 1995,36, 897—901.

Hadziselimovic, F.; Emmons, L. R.; Gallati, H. Soluble tumor

necrosis factor receptors p55 and p75 in the urine monitor disease

activity and the efficacy of treatment of inflammatory bowel

diseaseGut 1995,37, 260—263.

Heath, H.; Qin, S.; Rao, P.; Wu, L.; LaRosa, G.; Kassam, N.;

Ponath, P. D.; Mackay, C. R. Chemokine receptor usage by

human eosinophils: The importance of CCR3 demonstrated

using an antagonistic monoclonal antibodyClin. Invest.1997,

99, 1178—184.

Manach, C.; Scalbert, A.; Morand, C.!iResy, C.; Jiménez, L.

Polyphenols: Food sources and bioavailabiktgn. J. Clin. Nutr.

2004,79, 727—747.

(30) Rechner, A. R.; Kuhnle, G.; Bremner, P.; Hubbard, G. P.; Moore,
K. P.; Rice-Evans, C. The metabolic fate of dietary polyphenols
in humansFree Radical Biol. Med2002,33, 220—235.

(31) Rechner, A. R.; Smith, M. A.; Kuhnle, G.; Gibson, G. R;
Debnam, E. S.; Srai, S. K. S.; Moore, K. P.; Rice-Evans, C.
Colonic fermentation of dietary polyphenols: influence of
structure on microbial fermentation produdtsee Radical Biol.
Med. 2004, 36, 212—225.

(32) Scalbert, A.; Morand, C.; Manach, C.{Resy, C. Absorption
and metabolism of polyphenols in the gut and impact on health.
Biomed. Pharmacothe2002,56, 276—282.

(33) Justesen, U.; Knuthsen, P.; Leth, T. Quantitative analysis of
flavonols, flavones, and flavanones in fruits, vegetables and
beverages by high-performance liquid chromatography with
photodiode array and mass spectrometric detectiorChro-
matogr.1998,799, 101-110.

(34) Miean, K. H.; Mohamed, S. Flavonoid (myricetin, quercetin,
kaempferol, luteolin, and apigenin) content of edible tropical
plants.J. Agric. Food Chem2001,49, 3106—3112.

(35) Svehlikova, V.; Bennett, R. N.; Mellon, F. A.; Needs, P. W.;
Piacente, S.; Kroon, P. A.; Bao, Y. Isolation, identification and
stability of acylated derivatives of apigenindglucoside from
chamomile Chamomilla recutitdL.] Rauschert) Phytochemistry
2004,65, 2323—2332.

(36) Meyer, H.; Bolarinwa, A.; Wolfram, G.; Linseisen, J. Bioavail-
ability of apigenin from apiin-rich parsley in humasn. Nutr.
Metab.2006,50, 167—172.

(37) Formica, J. V.; Regelson, W. Review of the biology of quercetin
and related bioflavonoid§.ood Chem. Toxicoll995,12, 1061—
1080.

(26)

27)

(28)

(29)

Received for review March 15, 2006. Revised manuscript received May

11, 2006. Accepted May 17, 2006. This work was supported in part by

grants from the Kanpou Science Foundation and from the Integrated

Research on Safety and Physiological Function of Food, MAFF, Japan,
H.T.

JF0607361



