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Abstract. Following prolonged exposure to some of the flavonoids with RBL-2H3 cells, secre-

tion of hexosaminidase, a granule constituent, stimulated by an immunologic was enhanced.

RBL-2H3 cells do not normally respond to polybasic secretagogues, but as reported here, they

do so after prolonged exposure. Effect of flavonoids on secretion of hexosaminidase was also

investigated. Of the thirteen flavonoids, quercetin and fisetin were the most potent inhibitors.

A structure-activity study indicated that the position, number, and substitution of the hydroxy

group of the B ring and saturation of the C2-C3 bond are important factors affecting flavonoid

inhibition of secretary granules in RBL-2H3 cells.
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While investigating anti-allergic substances from the

extracts of the pollen of Cryptomeria japonica, these

experiments have found several active substances. One

of these has been identified as apigenin with histamine

release inhibition assay using RBL-2H3 cells activated

by antigen. In 1983, Ohmoto and Yoshida (1) reported

that the pollen of Cryptomeria japonica contained nine

flavonoids including apigenin, luteolin, and naringenin,

but did not describe their physiological roles as poly-

phenolic compounds, which are present in plants and

vegetables. It has been reported that flavonoids serve a

multiplicity of functions in plant physiology (2) and

have been shown to posses anti-inflammatory, anti-

allergic, antiviral, and even mutagenic and anti-carcino-

genic activities (3 – 5). In the present study, after RBL-

2H3 cells were subjected to prolonged exposure to

some of the flavonoids, the sensitivity of RBL-2H3 cells

was examined by various stimuli including polybasic

secretagogues such as compound 48 /80, mastoparan, and

substance P; and we compared the direct effect of the

thirteen flavonoids of different chemical classes on

secretion of hexosaminidase from RBL-2H3 cells in-

duced by antigen (2,4-dinitrophenylated BSA, DNP-

BSA). Some flavonoids are known to inhibit histamine

release from human basophiles (6) and a rat basophilic

leukemia cell (RBL-2H3) (7, 8). However, there is no

relationship between flavonoid structure and inhibition

of secretary granules in RBL-2H3 cells. We also

reported here a relationship to provide a basis for the

further design of anti-allergic drugs.

RBL-2H3 cells were grown in RPMI 1640 supple-

mented with 10% FCS, 100 U /ml penicillin, and

100 �g /ml streptomycin in a 37�C humidified incu-

bator with an atmosphere of 95% air and 5% CO2. A

96-well plate of the cultured cells (5 � 104 cells /0.1 ml

per well) was used for the degranulation assay. After

sensitization of RBL2H3 cells with 0.5 �g /ml of

DNP-specific IgE and washing out, cells were incubated

with various concentrations of flavonoids as indicated

in the text, and then stimulated with antigen. DNP-*Corresponding author. FAX: +81-82-257-5314
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specific IgE treatment was omitted for polybasic secret-

agogues such as compound 48 /80, mastoparan, and

substance P. Secretion was determined by the amount

of hexosaminidase release, a granule constituent. Hexo-

saminidase was subsequently assayed in medium as

described previously (9) and its secretion used as a

marker of degranulation. Briefly, 50 � l samples of the

medium and 50 � l of the substrate (5 mM p-nitrophenyl-

N-acetyl-�-D-glucosaminide in 0.2 M citrate, pH 4.5)

were incubated in a 96-well plate to yield the chromo-

phore, p-nitrophenol. The absorbance of the colored

product was assessed at 405 nm using a microplate

reader. Values for hexosaminidase release were ex-

pressed as a percentage of the total hexosaminidase as

determined by the cells lysed in 0.1% Triton X-100.

DNP-specific monoclonal IgE, p-nitrophenyl-N-acetyl-

� -D-glucosaminide, and flavonoids were from Sigma

Chemical Co. (St. Louis, MO, USA). Mastoparan and

substance P were from Peptide Institute, Inc., Osaka.

Statistical analysis of the different treatment groups was

carried out by one-way analysis of variance (ANOVA),

followed by Student’s t-test.

The cells were exposed to 30 �M of flavonoids for

24 or 48 h. After washing the flavonoids out with RPMI

medium, cells were stimulated with antigen, compound

48 /80, mastoparan, and substance P. In the case of

DNP-BSA, secretion of hexosaminidase increased to

some extent with the treatment of flavonoids after 24 h

of treatment. However, 48-h exposure to genistein en-

hanced secretion about two-fold (194.9%) and was

followed by luteolin (191.4%), fisetin (176.3%), quer-

cetin (171.2%), kaempferol (171.1%), and apigenin

(152.6%), in decreasing order of enhancement, as shown

in Fig. 1a.

Since RBL-2H3 cells do not normally respond to the

basic secretagogues such as compound 48 /80, masto-

paran, or substance P, the study attempted to examine

sensitization of flavonoid-treated RBL-2H3 cells to the

basic secretagogues. Compound 48 /80 (10 �g /ml) had

little effect on hexosaminidase secretion; less than 5% of

total content in the RBL2H3 cell treated with DMSO

(vehicle) for 48 h. In contrast, 30 �M luteolin and

genistein increased hexosaminidase secretion signifi-

cantly by about 13.7% (vs 3.5% for the control) and

7.2% (vs 1.9% for the control), respectively, as shown in

Fig. 1b. In the case of mastoparan used at the relatively

high concentration of 30 �M, genistein and luteolin

increased hexosaminidase secretion by approximately

45.6% and 39.8% compared with 4.4% for the control,

respectively. Finally, when stimulating RBL-2H3 cells

treated with flavonoids for 48 h by 50 �M substance P,

luteolin and genistein increased hexosaminidase secre-

tion significantly by about 11.1% and 5.56% compared

with 1.7% for the control, respectively, as shown in

Fig. 1b. RBL-2H3 cells do not normally respond to

Fig. 1. Comparison of secretory responses to antigen or the various

polybasic secretagogues. a: Acquired sensitivity to immunologics in

flavonoid-treated RBL-2H3 cells. RBL-2H3 cells (5 � 104 cells /0.1 ml

per well) were incubated in either vehicle (DMSO for the control)

or 30 �M of various flavonoids with 0.5 �g /ml of DNP-specific

IgE for 24 or 48 h in normal medium. The cells were washed twice

with Siraganian medium and then stimulated with 20 ng /ml antigen

(2,4-dinitrophenylated BSA, DNP-BSA) for 15 min at 37�C to

measure the percent release of hexosaminidase as described in the

text. Values are the mean � S.E.M. from nine experiments with three

cultures. *P�0.05; **P�0.01 vs the control. The control values are

30 – 35% of the total contents. b: Acquired sensitivity to compound

48 /80, mastoparan, and substance P in RBL-2H3 cells that had been

treated with 30 �M luteolin or 30 �M genistein for 48 h. The cells

were washed twice with Siraganian medium and then stimulated with

10 �g /ml compound 48 /80, 30 �M mastoparan or 50 �M substance

P for 10 min at 37�C to measure the percent release of hexosamin-

idase as described in the text. Values are the mean � S.E.M. from 9

experiments with three cultures. *P�0.05, compared to the respective

control. The control values of luteolin are 3.5% for compound 48 /80,

4.4% for mastoparan, and 1.7% for substance P; and genistein’s

control values are 1.9% for compound 48 /80, 4.4% for mastoparan,

and 1.7% for substance P.
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mastoparan, compound 48 /80, and substance P, but the

present study revealed that the cultured RBL-2H3 cell

can indeed be made to respond to them by prior exposure

to the various types of flavonoids. This finding in part is

in accord with that of Senyshyn et al. (8), who showed

that quercetin induces a substantial increase in the

expression of Gi3 proteins. They suggested that this in-

crease accounts for the acquired sensitivity to polybasic

mast cell secretagogues due to the over-expression of

Gi3 proteins. Indeed the wasp peptide venom, masto-

paran, is known to induce histamine release from mast

cells (10). It was previously shown that mastoparan acti-

vates GTP-binding protein directly (11, 12) to bypass

conventional G-protein coupled receptors. In mast cells

which are specialized secretory cells that secrete a

variety of inflammatory mediators by regulated exo-

cytosis, activation of Gi3 proteins provides a sufficient

signal for exocytosis (13). Therefore, the proposed target

of mastoparan is Gi3 proteins. However, regarding intact

cells, the activation of Gi3 proteins is not always needed

to activate a cell. For example, Ca2+-dependent secretion

from intact cells, as activated by Ca2+ ionophores or

aggregation of Fc�RI, is Gi3-independent. An over-

expression of the active Gi3 mutant failed to induce

exocytosis and arachidonic acid release stimulated by

IgE, suggesting that the expression of active Gi3 proteins,

the target of mastoparan, is insufficient alone to elicit

hexosaminidase release from RBL-2H3 cells (14). It

remains unknown how flavonoids sensitize RBL2H3

cells. Based on the results of this study, however, it

would appear that various secretagogues utilize or

activate biochemical pathways leading to secretion that

differ subtly from one stimulus to another, since certain

flavonoids against one or more stimuli may not be effec-

tive against others.

Middleton and Drzewiecki reported that inhibition of

histamine release by flavonoids varies depending on the

stimulus and the particular structure of the flavonoid (6).

The effect of thirteen flavonoids on hexosaminidase

secretion, as stimulated by an antigen, was examined. In

this study, various concentrations of flavonoids were

added 10 min before stimulation of DNP-BSA. Flavo-

Fig. 2. Effects of flavonoids on the release of hexosaminidase in RBL-2H3 cells stimulated by the immunologic. RBL-2H3 cells

in 96-well plate (5 � 104 cells /0.1 ml per well) were incubated overnight with 0.5 �g /ml of DNP-specific IgE. Following a

washing step, the cells were incubated with various concentration of flavonoid, as indicated in the text, for 10 min, and then

stimulated with antigen (2,4-dinitrophenylated BSA, DNP-BSA) for 15 min. The reaction was stopped by the addition of cold

medium, and hexosaminidase was assayed in the medium as described in the text. Values for hexosaminidase released in the

medium are expressed as the mean � S.E.M. from 3 or 4 experiments of the percentage of the total hexosaminidase, which was

determined in the cells lysed in 0.1% Triton X-100. ***P�0.001 vs the control.
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noids have themselves neither stimulatory nor inhibitory

effects. As shown in Fig. 2, fisetin and quercetin were

the most potent inhibitors with IC50 values of 17.5 and

16.0 �M, respectively, while apigenin, luteolin, and

acacetin were also effective inhibitors, with IC50 values

of 35.0, 39.5, and 40.6 �M, respectively. Kaempferol

was less potent (IC50 value of 66.7 �M) in comparison.

Therefore, the inhibitory activity is dependent on flavo-

noid structures. The six flavonoids that displayed an

inhibitory effect against hexosaminidase release showed

considerable chemical structural similarities (Fig. 3).

First, saturation of the C2-3 bond is required to sustain

activity, because naringenin, D-(+)-cathechin and cya-

nidin chloride did not show the inhibitory effects.

Second, isoflavone structure, for example, genistein in

this study, is not involved in the activity. Third, the 4'

Fig. 3. Structure of flavonoids used in these experiments and their effects on the release of hexosaminidase in RBL-2H3

cells stimulated by the immunologic substance. NE represents no effect at 100 �M of flavonoids.
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position of the B ring required an hydroxy or methoxy

group because chrysin, which has no substitueut at the

4' position of the B ring, exhibited no activity. Further-

more, an �OH group at the 3' position of the B ring is

necessary to maintain activity due to the fact that morin,

which has an �OH group at the 2' position of the B ring,

did not show any inhibitory activity, whereas luteolin

had activity, indicating that the number of �OH groups

in the B ring did not correlate with the inhibitory effect

of histamine release when using RBL-2H3 cells. The

comparison of inactive flavonoids with those of the

active ones in this study showed the presence of a 2-

double bond on the C ring and the position of hydroxy in

the B ring (i.e., flavonols and flavones). Beyond these

two structural classes, the most potent inhibitors have 3'

and 4' �OH groups on the B ring. Elimination of the 3'

�OH substitution reduces the inhibitory potency within

these chemical classes, as shown by comparing luteolin

to apigenin and quercetin to kaempferol or morin. These

results coincide with a previous paper by Agullo et al.

(4) who reported that quercetin, luteolin, apigenin, and

kaempferol inhibit more or less phosphatidylinositol 3-

kinase, tyrosine kinase, and protein kinase C (PKC) in

vitro at varying amounts. The mechanism of flavonoid

inhibition of PKC is not known. Flavonoids may also

play a significant role in specificity of inhibition, and

could help to provide a basis for the further design of

specific inhibitors of secretary granules in a mast cell.

These results suggest that flavonoid derivative con-

tained in pollen may induce phenotypic changes or

sensitization to various activators which may be in-

volved in the mechanisms to cause pollenosis.
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