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Abstract
We isolated three active constituents from an aqueous extract of spinach leaves by evaluating the inhibitory activity of IgE-mediated degranulation in rat basophilic 
leukemia RBL-2H3 cells, and determined their chemical structures. These compounds, referred to as SO-1, SO-2 and SO-3, were assessed to be flavonol glucuronides 
with the same fundamental structure. Among them, SO-1 exhibited the most potent granulation-inhibitory activity at the concentrations of 0.5~10 µg/ml. This 
inhibitory effect was completely exhibited by its aglycon, which was prepared by the enzymatic treatment of β-glucuronidase and the chromatographic isolation. 
These compounds hardly showed cytotoxicity at the same concentration range in RBL-2H3 cell culture. To reveal its inhibitory mechanism, we examined the 
effects of SO-1 on the signal transduction of antigen-stimulated degranulation in the cells. Both SO-1 and its aglycon reduced the elevation of intracellular Ca2+ 
concentration in a dose-dependent manner and also effectively inhibited the activation of tyrosine kinases such as Syk and Lyn, which underlay in the upstream of 
intracellular signal transduction followed by antigen stimulation. Furthermore, both SO-1 and its aglycon remarkably suppressed the passive cutaneous anaphylaxis 
(PCA) reaction induced in ICR mouse ear, as compared with the authentic anti-allergic drugs. In this PCA reaction, the aglycon exerted more potent inhibitory 
activity than SO-1, indicating that SO-1 also functions in vivo through the hydrolysis to the aglycon in the gastrointestinal tract. Together with these results, we 
conclude that spinach contains the promising anti-allergic flavonoid glucuronide, suggesting that this compound and its original vegetable may be beneficial to 
prevent or ameliorate allergic constitutions of humans.

Introduction
Recently, the number of type 1 allergy patients has been increasing 

in the world, especially in developed and industrialized countries. This 
is one of most important healthcare problems to be resolved. Type I 
allergy exerts symptoms of acute inflammation reactions like asthma 
and rhinitis. Type 1 allergy reaction is mediated by the specific binding 
of polyvalent allergens to the corresponding IgE receptors (Fcε R1) 
on the surface of mast cells and basophils [1,2]. Then, the antigen-
binding to the cells immediately triggers the intracellular signal cascade 
leading to the final release of chemical mediators, such as histamine, 
serotonin, arachidonic acid metabolites, proteases, heparin, and so 
on, from intracellular granules, followed by the occurrence of acute 
allergic symptoms. Thus, mast cell plays a critical role in the allergic 
reaction [3,4], indicating that the regulation of such hypersensitivity of 
the cells is considered to be very important for the prevention and/or 
amelioration of allergic constitution of humans. 

So far, various types of drugs including histamine blockers and 
degranulation inhibitors have been developed and employed for the 
medical treatment. However, these chemically synthesized drugs have 
been reported to exhibit some side effects together with their potent 
effects. In order to prevent or ameliorate such symptoms of type I 
allergy, it has been focused on the screening of promising natural 
resources including fruits, herbs and plants, which possess moderate 

inhibitory activities of degranulation in cellular systems. However, 
there are hardly reported that very popular vegetables have such effects 
in in vitro and/or in vivo assay systems. Spinach, Spinacia oleracea Linn., 
is a kind of well-known vegetables belonging to the Chenopodiaceae 
family, which is cultivated world-widely. In the previous papers 
relating to spinach constituents, it contains a various compound such 
as nutrients, vitamins, minerals and polyphenolic compounds. To date, 
it has been reported that spinach has antioxidant effect, anti-mutagenic 
and anti-inflammatory effects [5-11]. The antioxidant effect of spinach 
is reported to be mainly due to the flavonoid compounds such as 
spinacetin glucoside, patuletin glucoside and dioxol flavonoid [5,7,10]. 
On the other hand, some flavonoid compounds isolated from other 
plants, including quercetin, kaempherol and so on have been shown 
to inhibit histamine release from rat basophilic leukemia cells [2,12-
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18]. However, it is unknown that spinach has an inhibitory component 
on both IgE-mediated degranulation from the cells and in vivo allergic 
reactions. 

In this study, we demonstrate the inhibitory effect of an aqueous 
extract from spinach leaves on IgE-mediated degranulation in RBL-
2H3 cells and the isolation of three active compounds based on the 
biological evaluation test. All compounds are identified as flavonoid 
glucuronides with the same fundamental skeleton, which are specific 
to spinach. By using the most active compound, we examine the 
underlying mechanism to inhibit the degranulation in cellular 
response. Furthermore, we clarify the inhibitory effects of both the 
glucuronide and its aglycon on passive cutaneous anaphylaxis (PCA) 
reaction in mice. 

Materials and methods
Materials

RBL-2H3 cells were obtained from JCRB (Saitama, Japan) and 
maintained under the culture conditions recommended by the cell 
bank. Eagle’s minimum essential medium (MEM), bovine serum 
albumin (BSA), mouse anti-dinitrophenol (anti-DNP) monoclonal 
IgE, DNP-conjugated human serum albumin (DNP-HSA), calcium 
ionophore A23187, oxatomide, gum arabic, Evan’s blue dye and 
β-glucuronidase (EC 3.2.1.32, Type HP-2 from Helix pomatia) were 
purchased from Sigma (St. Louis, MO). Fetal bovine serum (FBS) was 
obtained from HyClone Laboratories (Utah, USA). Anti-phospho-
Syk (Tyr525/526) rabbit monoclonal antibody, anti-phospho-Lyn 
(Tyr507) rabbit polyclonal antibody and horseradish peroxidase-
conjugated anti-rabbit IgG (Goat) were purchased from Cell Signaling 
Technology, MA, USA). WST-1 and 1-methoxy PMS were the products 
of DOJINDO Laboratories (Kumamoto, Japan).

Extraction and isolation procedures

Fresh spinach was purchased from the local supplier in Shobara 
city, Hiroshima, Japan. Spinach leaves (1.34 kg) were vigorously 
ground with 2 volumes of hot distilled water in a food processor 
and mixed for 1 hour at 80°C in a mechanical stirrer. Then, spinach 
mixture was separated into an aqueous extract and residual substances 
using double-layered gauze. This procedure toward the residual 
substances was repeated in a similar manner. The spinach extract 
obtained was first examined for its inhibitory activity of IgE-mediated 
degranulation in RBL-2H3 cells under the serial dilution of original 
sample. Total aqueous extract (6 L) was subjected to a Diaion HP20 
column chromatography (Mitsubishi Chemical, Tokyo, Japan) (45×3 
cm) eluted with distilled water and methanol (Kanto Chemical, Tokyo, 
Japan). The methanol fraction was concentrated in vacuo using a rotary 
evaporator at 45°C and further chromatographed on a Sephadex LH-20 
column (Amersham Biosciences) (30×2 cm) eluted with distilled water 
and 70% aqueous acetone. Elution was conducted with 2 column-
volumes of distilled water and separated into 3 fractions (Fr. W-1, 
W-2 and W-3) with different visible colors, such as black, red and 
yellow, respectively. Among these three aqueous fractions and acetone 
fraction, the most effective fraction (Fr. W-3, 1.21 g) was concentrated 
and subjected to a thin layer chromatography (TLC, Silica gel, Merck 
Ltd., Japan) using CHCl3-MeOH-H2O (6:4:1). The yellow fraction was 
separated on a preparative thin layer chromatography (pTLC, Silica 
gel, Merck Ltd. Japan) using CHCl3-MeOH-H2O (6:4:1) and yielded 
six fractions. Among them, the most active fraction (Fr.4, 408 mg) was 
separated by a high performance liquid chromatography (HPLC) using 
a Mightysil RP-18 GP column (250×10 mm, 5 µm, Kanto Chemical, 

Tokyo, Japan) eluted with 26%AcCN-0.02% trifluoroacetic acid 
(TFA) at a flow rate of 2.0 ml/min. Elution was monitored at 260 nm 
using UV-VIS detector (SPD-10A VP, Shimadzu, Japan). The active 
fractions (Fr.4-2, 4-3, 4-4) were finally purified by HPLC eluted with 
22%AcCN-0.02%TFA. The purity of the isolated compounds was 
confirmed by an analytical HPLC. The final yields of SO-1 from Fr. 
4-4, SO-2 from Fr. 4-2 and SO-3 from Fr. 4-3 were 4.2, 3.6 and 3.8 mg, 
respectively.

Assessment of chemical structures

The chemical structures of three compounds isolated from spinach 
were assigned by the instrumental analyses of 1H-NMR (700MHz, 
C5D5N), 13C- NMR (175MHz, C5D5N) and 2D-NMR (HMBC and 
ROESY), together with the data reported in the previous papers 
describing the compounds isolated from spinach [5,7,10]. SO-1, 
faint yellow powder, was identified as 5,3’,4’-trihydroxy-3-methoxy-
6,7-methylenedioxyflavone-4’- glucuronide. HR-ESI-MS was m/z 
521.0941 [M+H]+ (calcd. 521.0931 for C23H21O14) [5]. SO-2, faint yellow 
powder, was identified as axillarin-4’-β-glucuronide. HR-ESI-MS was 
m/z 523.1088 [M+H]+ (calcd. 523.1088 for C23H23O14) [10]. SO-3, faint 
yellow powder, was identified as jaceidin-4’-β-glucuronide. HR-ESI- 
MS was m/z 537.1234 [M+H]+ (calcd. 537.1244 for C24H25O14) [7]. 

Determination of β-hexosaminidase release from RBL-2H3 
cells

IgE-mediated degranulation assay: RBL-2H3 cells (JCRB) were 
dispensed into a 96 well plate at a cell density of 5×104 cells/well using 
Eagle’s minimum essential medium containing 10% FBS. To each 
well, 50 ng/ml of anti-DNP IgE was added and incubated at 37°C for 
24 h under humidified 5% CO2-95% air for sensitization of the cells. 
Blank and control wells were added with the same volume of Tyrode 
HEPES buffer containing 1% BSA. The cells were washed twice with 
Tyrode HEPES buffer and then incubated with 80 µl of Tyrode HEPES 
containing various concentrations of samples at 37°C for 30 min. Then, 
20 µl/well of Tyrode HEPES buffer or antigen solution containing 
DNP-HSA at a final concentration of 50 ng/ml was added to each well 
and incubated at 37°C for 1 h to stimulate the cells. After incubation, 
the supernatant from each well was collected and the cells were lysed 
with the addition of 100 µl of lysis buffer containing 0.1% Triton 
X-100. Both supernatant and cell lysate were transferred to a 96-well 
assay plate at 20 µl/well and incubated with 100 µl of substrate  solution  
(4-nitrophenyl-N-acetyl-β-D-glucosaminide in 0.1 M citrate buffer, 
pH 4.5) at 37°C for 2.5 h. The reaction was stopped by adding 100 µl of 
0.2 M borate buffer (pH 9.8) and the absorbance was measured at 415 
nm using a microplate reader (Model 550, BIO-RAD). All test samples 
were dissolved in dimethylsulfoxide and diluted to an indicated 
concentration with Tyrode HEPES buffer (final concentration of 
DMSO is less than 0.1%). The percentage of inhibitory effect on 
the release of β-hexosaminidase was calculated using the following 
equation. Inhibition (%) was calculated as [1 – (S – B)/(C – B)]×100.  
In this equation, S, B and C express the absorbance of sample-treated 
well, blank well and control well with stimulant only, respectively.

Calcium ionophore-mediated degranulation assay: RBL-2H3 
cells were similarly incubated in 96 well plates at a cell density of 
5×104 cells/well at 37°C for 24 h under 5% CO2-95% air. The cells were 
washed twice with Tyrode HEPES buffer and then incubated with 80 
µl of Tyrode HEPES containing various concentrations of samples at 
37°C for 30 min. Then, 20 µl/well of calcium ionophore A23187 was 
added and incubated at 37°C for 1 h to stimulate the cells. The following 
experimental procedures were the same as described above.
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An IgE-induced passive cutaneous anaphylaxis (PCA) reaction was 
carried out as follows. Each mouse was intradermally injected with 20 
µl of anti-DNP-IgE antibody (5 µg/ml) in right-side ear and the same 
volume of saline in left-side ear. After 24 h, the sample solution of 
SO-1 or its aglycon was orally administered to mice at the indicated 
doses. These samples and oxatomide used as a positive control were 
all suspended into gum arabic solution and given to mice at the dose 
of 0.1 ml/10 g body weight. Two hour after this treatment, the mice 
were received an intravenous injection of saline containing DNP-HSA 
at 0.4 mg/ml and 1% Evan’s blue (SIGMA-ALDRICH). After 30 min of 
this injection, mice were sacrificed by cervical dislocation and their ears 
were removed. Each ear was immersed in 500 µl of 1N KOH solution 
and dissolved overnight at room temperature. The extravasated Evan’s 
blue dye was extracted with acetone-0.2 M phosphoric acid solution 
(13:5), centrifuged for 20 min at 700×g and measured for the amount 
of dye at 620 nm in a spectrophotometer (V-530, Jasco). From the data 
obtained, the percentage of inhibitory effect on PCA reaction by test 
samples was calculated.

Statistical analysis

To assess the degranulation data, a uniformity of variances of 
data was identified by Bartlett’s analysis and then two-way analysis 
of variance and Tukey’s test were used for statistical significance of 
differences. To assess the PCA reaction data, differences between two 
groups were statistically evaluated by two-tailed Student’s t-test.

Results
Isolation and chemical structures of active compounds from 
spinach

The aqueous extract of spinach leaves showed an apparent 
inhibition of IgE-mediated degranulation in RBL-2H3 cells by using 
the sequentially diluted samples (Figure 1). The extract was separated 
by column chromatography including Diaion HP20 and Sephadex 
LH-20, preparative thin layer chromatography and repeated HPLC. 
On the basis of cellular assays of degranulation-inhibitory activity, 
three yellowish compounds with the similar chromatographic 
behaviors were finally isolated. The flow chart of isolation is shown in 
Figure 2. Based on the data of the NMR and MS analyses of SO-1, its 
chemical structure was assigned as 5,3’,4’-trihydroxy-3-methoxy-6,7- 
methylenedioxyflavone-4’-glucuronide (Figure 3), being the same 
compound as 6-(3,4- dihydroxy-phenyl)-9-hydroxy-7-methoxy-[1,3]
dioxolo[4,5-g]chromen-8-one-4’-β- glucuronide reported by Bergman 
et al. [5]. This compound has been reported to have antioxidant activity 

Enzymatic formation of aglycon

SO-1 was enzymatically treated with β-glucuronidase (type HP-2 
from Helix pomatia. The reaction mixture consisted of 950 µl of SO-1 
solution (10 mmol/l) prepared in 0.1 M sodium acetate buffer (pH 5.2)-
0.5 M sodium chloride and 50 µl of β-glucuronidase solution, followed 
by incubation at 37°C for 3 h in a water bath. After centrifugation for 10 
min at 10000×g, the supernatant was recovered and subjected to HPLC 
to purify the aglycon from SO-1.

Measurement of intracellular Ca2+ concentrations

Intracellular Ca2+ levels were monitored with Calcium Kit Fura-
2 (Dojindo Laboratories, Kumamoto, Japan) according to the 
manufacturer’s instructions. RBL-2H3 cells were seeded into a 96-well 
culture plate at a cell density of 5×104 cells/well and treated with anti-
DNP IgE (0.5 µg/10 µl/well) at 37°C for 24 h under humidified 5% 
CO2-95% air. After washing twice with PBS(-), the cells were incubated 
with 100 µl of Fura-2 AM for 1 h. The treated cells were washed twice 
with PBS and incubated with sample at the indicated concentrations 
at 37°C for 30 min. Then, the cells were stimulated by the addition of 
20 µl of DNP-HSA (0.25 µg/ml) and the fluorescence was immediately 
measured using a fluorometric microplate reader at 340/380 nm 
for excitation and 510 nm for emission (Varioskan, Thermo Fisher 
Scientific, Yokohama, Japan).

Immunoblotting analysis

RBL-2H3 cells were seeded into a 60 mm culture dish at 1.0×106 
cells/dish and treated with anti-DNP IgE for sensitization, followed by 
treatment with samples and stimulation with DNP-HSA as described 
above. Fifteen minutes after the stimulation, the cells were removed, 
washed and finally lysed using lysis buffer. Resultant cell lysates were 
subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PACE) and then transferred onto polyvinylidene fluoride (PVDF) 
membranes. After blocking for 1 h in 5% skim milk, the membrane 
was incubated with a primary antibody at 4°C overnight, followed 
by incubation with a horseradish peroxidase-conjugated secondary 
antibody at room temperature for 1 h. Immunoreactive proteins were 
detected with the enhanced ECL kit and chemiluminescence detector 
(EZ Capture, ATTO Corporation, Tokyo, Japan).

Cytotoxicity assay in RBL-2H3 cells

RBL-2H3 cells were dispensed into 96 well plates at a cell density 
of 5×104 cells/well using MEM containing 10% fetal bovine serum. 
The mixture was incubated for 3 h at 37°C under humidified 5% CO2-
95% air for adhesion to microplate of the cells. Then, the cells were 
incubated with test sample (100 µl) at 37°C for additional 24 h. To each 
well, 20 µl/well of WST-1 solution (5 mM WST-1-20 mM 1-methoxy 
PMS ) was added and incubated at 37°C for 2 h under humidified 5% 
CO2-95% air. The absorbance of each well was measured at 415 nm 
using a microplate reader. Based on the data obtained, the percentage 
of cytotoxicity was calculated as relative cell viability.

PCA reaction in mice

Five-week-old male ICR mice weighing 30-35 g (CLEA Japan, Inc., 
Tokyo, Japan) were housed in an air-conditioned room (23 ± 2°C) with 
a 12 h light and dark cycle. Mice were fed commercial pellets and water 
ad libitum. This study was approved by the Animal Use Committee of 
Prefectural University of Hiroshima and the animals were maintained 
according to the guidelines for the care of laboratory animals of 
Prefectural University of Hiroshima.
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Figure 1. Inhibitory effect of an aqueous spinach extract on antigen-stimulated 
degranulation in RBL-2H3 cells.
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in that paper and considered to be a constituent specific to spinach. 
Similarly, the NMR and MS data of SO-2 and SO-3 were in agreement 
with the literature values of axillarin-4’-β-glucuronide and jaceidin-
4’-β-glucuronide [7,10], respectively (Figure 3). Thus, these three 
compounds were shown to have the very similar characteristics on 
chemical structures such as the same fundamental skeleton of flavonol 
and the presence of glucuronic acid at C’4 in β-configuration. 

Inhibitory effects of spinach glucuronides on the 
degranulation from RBL-2H3 cells

Among these three flavonol glucuronides isolated from spinach, 
the compound, named SO-1, exhibited a remarkably potent inhibitory 
effect on IgE-mediated degranulation in RBL-2H3 cells, whereas 
other two, referred to as SO-2 and SO-3, showed weak activities in 
the same assay system (Figure 4). SO-1 suppressed the IgE-mediated 
degranulation even at the concentration of 0.5 µg/ml and its IC50 
value was estimated to be 0.97 µg/ml (1.85 µM). This activity was 
markedly higher than that of ketotifen fumarate, an authentic anti-
allergic drug, with its IC50 value of 114 µM estimated in the present 
study (Figure 4). Since these compounds have the similar chemical 
structures as described above, it is of a nterest to assess the structure-
activity relationship among them.  We found that the presence of 
methylenedioxy linkage at C6 and C7 in the A ring of the flavonoid was 
considered to be essential for degranulation-inhibitory activity. However, 
all the three compounds had no inhibitory effect on calcium ionophore 
A23187-induced degranulation in RBL-2H3 cells (data not shown). 

 

Figure 2. Flow chart of isolation of active compounds from spinach.
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Figure 4. Inhibitory effects of SO-1, SO-2 and SO-3 on antigen-stimulated degranulatio 
in RBL-2H3 cells.  RBL-2H3 cells were treated with each compound from spinach (A) or 
ketotifen fumarate salt (B) at the indicated concentrations and stimulated with DNP-HSA. 
The release of β-hexosaminidase was determined by enzymatic assay. Values are expressed 
as the means±S.D. of three independent assays. 
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Figure 3. Chemical structures of SO-1, SO-2 and SO-3 isolated from spinach.
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To further elucidate the functional moiety in SO-1 molecule, we 
prepared its aglycon from SO-1 by the enzymatic hydrolysis using 
β-glucuronidase (Helix pomatia), followed by chromatographic 
isolation. The purity was confirmed by the elution profile on HPLC 
and the coincidence of the UV spectrum with that of SO-1 (data not 
shown). In this treatment, 11.9 mg of aglycon form was recovered 
from 18.6 mg of SO-1. We compared the inhibitory effects of SO-1 
and its aglycon on the β-hexosaminidase release from RBL-2H3 cells. 
The aglycon as well as SO-1 strongly suppressed the IgE-mediated 
degranulation around the same concentration ranges (Figure 5). It 
showed more potent activity than SO-1 with the IC50 value of 0.51 µg/
ml (1.47 µM), indicating that the degranulation-inhibitory activity of 
SO-1 is caused by the flavonol moiety constituting the glucuronide 
form. However, the aglycon of SO-1 also had no inhibitory activity on 
calcium ionophore A23187-stimulated β-hexosaminidase release in 
cell assay.

To reveal the mechanism underlying the inhibitory effects of SO-1 
and its aglycon on IgE-mediated degranulation in RBL-2H3 cells, 
we examined both the elevation of intracellular Ca2+ concentration 
and the phosphorylation of signaling protein kinases induced by 
the antigen stimulation in the cells. As shown in Figure 6, antigen 
stimulation immediately increased the release of Ca2+ ions from the 
endoplasmic reticulum to cytoplasm and such elevation of intracellular 
Ca2+ levels was effectively suppressed by the treatment of both SO-1 
and its aglycon in a dose-dependent fashion. Thus, both compounds 
were shown to have an ability to suppress the late-stage event of 
degranulation signaling. In addition, we further examined the early-
stage events of degranulation, such as the phosphorylation of Lyn 
and Syk molecules, which are located in the downstream coupled to 
antigen-antibody-coupled FcεRI complexes. As shown in Figure 7, 
both SO-1 and its aglycon markedly inhibited the phosphorylation of 
Syk in a dose dependent manner, whereas they showed weak inhibition 
of the phospholylation of Lyn at the same concentrations used. These 
results indicate that the degranulation-inhibitory effects of SO-1 and its 
aglycon are mainly due to the potent suppression of the activation of 
Syk following antigen stimulation.   

Effects of SO-1 and its aglycon on PCA reaction in mice

We evaluated the effects of SO-1 and its aglycon on PCA reaction in 
ICR mice, together with oxatomide as a positive control of antiallergic 

drug. In this experiment, all compounds suspended in gum arabic 
solution were administered to mice by gastric intubation. Two hours 
after antigen stimulation, the amounts of extravasated Evan’s blue dye 
in each ear were extracted and estimated spectrophotometrically. As 
shown in Figure 8, both SO-1 and its aglycon significantly suppressed 
the extravasation of dye caused by antigen stimulation. SO-1 at the 
dose of 52 mg/kg (100 µmol/kg) showed more potent suppression in 
PCA reaction than oxatomide at the dose of 43 mg/kg (100 µmol/kg).  
In contrast, the aglycon at the lower dose of 8.5 mg/kg (25 µmol/kg) 
completely suppressed the extravasation of dye induced by antigen 
stimulation, indicating that the aglycon could suppress the PCA 
reaction more efficiently than SO-1 and oxatomide. 
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Figure 5. Inhibitory effect of SO-1 and its aglycon by antigen-stimulated degranulation 
in RBL-2H3 cells.  RBL-2H3 cells were treated with each compound at the indicated 
concentrations and stimulated with DNP-HSA. The release of β-hexosaminidase was 
determined by enzymatic assay. Values are expressed as the means±S.D. of three 
independent assays.

Figure 6. Effects of SO-1 and its aglycon on antigen-stimulated elevation of intracellular 
Ca2+ levels in RBL-2H3 cells.  IgE-sensitized RBL-2H3 cells were treated for 30 min with 
or without samples at the indicated concentrations. After the stimulation with antigen at 
20 seconds, intracellular Ca2+ levels were measured. A representative result from three 
independent experiments is shown.  

(A) 

  

(B) 

  

Figure 7. Effects of SO-1 and its aglycon on antigen-stimulated phosphorylation of Lyn 
and Syk kinases in RBL-2H3 cells.  IgE-sensitized RBL-2H3 cells were treated with or 
without samples at the indicated concentrations. Fifteen minutes after the stimulation with 
antigen, the cell lysates were subjected to SDS-PAGE and Western blot analysis. Relative 
density ratios of phosphorylated Lyn 1 and 2 (p-Lyn 1 and p-Lyn 2) (A) and Syk (p-Syk) 
(B) to controls were calculated. A representative result from two independent experiments 
is shown in each case.  
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Cytotoxicity of spinach glucuronides and its aglycon in RBL-
2H3 cells

The cytotoxicities of spinach flavonol glucuronides (SO-1, SO-2 
and SO-3) and the aglycon of SO-1 in RBL-2H3 cells were examined for 
their cytotoxicity at the same concentration ranges used in this study. 
SO-1 and its aglycon showed no cytotoxicity at 1~10 µg/ml, whereas 
SO-2 and SO-3 had a weak cytotoxicity as compared with SO-1.

Discussion
Recently, it has been focused to search for foods and their 

constituents to suppress the cellular responses of mast cells and 
basophils, leading to the prevention or improvement of allergic 
symptoms. In addition, it is necessary to have a series of evidence 
to support both in vitro and in vivo effectiveness of these promising 
materials. Several flavonoids including quercetin, luteolin, kaempferol 
and myricetin are known to inhibit histamine release from human 
basophils and rat basophilic leukemia cells [12,14]. It has been also 
reported that some flavonoid glucosides or glucuronides exhibit the 
inhibitory effect on IgE-mediated degranulation [1,2,14-17]. In this 
study, we isolated 3 constitutes from an aqueous extract of spinach on 
the basis of inhibition of IgE-mediated degranulation in RBL-2H3 cells. 

These three compounds were all assigned to be flavonol glucuronides 
with very similar chemical structures and one compound (SO-1) 
among them exerted remarkably potent activity at an extremely low 
concentration of 1 µg/ml, which is more potent than quercetin and 
luteolin. The aglycon prepared from SO-1 by enzymatic hydrolysis 
also showed more potent activity than SO-1, indicating that the active 
moiety of SO-1 is flavonol, but not glucuronate. From these results, 
SO-1 and its aglycon are suggested to have the same mechanism to 
inhibit the IgE-mediated degranulation in RBL-2H3 cells as well as 
quercetin and luteolin. In fact, SO-1 and its aglycon were demonstrated 
to inhibit both the elevation of intracellar Ca2+ concentration and the 
activation of tyrosine kinase (Syk). However, the findings that such 
activities of SO-1 and its aglycon are strictly due to the presence of  a 
methylenedioxy group at C-6 and C-7 positions and their activities 
are apparently higher than those of quercetin and luteolin suggest 
the superiority of spinach as one of the promising vegetables for the 
improvement of antiallergic constitutions. 

  Spinach has a notable flavonoid content compared to other 
flavonoid-rich vegetables such as broccoli and red onion [7]. There are 
only a few papers describing the biological effects of flavonoids isolated 
from spinach, such as antioxidative and antimutagenic activities [5-
7]. Very recently, Ishida et al. [19] reported the inhibitory activity of 
aqueous spinach extract on the degranulation of RBL-2H3 cells. In that 
paper, they indicated that the active compounds were heat-stable and 
trypsin-resistant compounds with molecular weights of 0.5~14 kDa, 
assuming that they may be peptides or water-soluble polysaccharides, 
but not phytochemicals. Interestingly, their spinach extract inhibited 
the elevation of intracellular Ca2+ levels and the phosphorylation of Syk 
kinase caused by antigen stimulation. Thus, although the suppression 
of IgE-mediated degranulation of RBL-2H3 cells by the aqueous 
spinach extract was similarly observed in different laboratories, we 
could identify one active constituent as flavonol glucuronide in this 
study. This compound was found to dose-dependently suppress the 
elevation of intracellular Ca2+ concentration and the phosphorylation 
of Syk kinase induced by the antigen stimulation. Furthermore, these 
effects were completely confirmed by the use of aglycon prepared from 
SO-1, indicating that SO-1 was the potent active constituent in the 
aqueous spinach extract. 

Although SO-1 and its aglycon effectively suppressed the IgE-
mediated degranulation at the concentrations of 0.5~10 µg/ml, both 
compounds had no inhibitory effect on calcium ionophore A23187-
induced degranulation at the same concentrations tested. These results 
indicate that the dose-dependent suppression of intracellular Ca2+ 
concentration by these compounds is due to the inactivation of the 
upstream component in signaling pathway such as Syk kinase, but not 
the inhibition of influx of extracellular Ca2+ ions. Thus, it is apparent 
that both SO-1 and its aglycon have the same mechanism to inhibit 
the antigen-stimulated activation of Syk kinase effectively and Lyn 
kinase weakly. Syk is one of the most important signaling molecules 
in IgE-mediated degranulation [20-22], and the degranulation-
inhibitory activities of many natural substances are demonstrated to 
be mediated through the inactivation of Syk. However, it is difficult to 
speculate that these compounds can directly regulate the intracellular 
tyrosine kinases, because SO-1 is considered to hardly transporte 
across the cell membrane due to its glycoside form. In addition, many 
literatures demonstrate that flavonoid compounds might be not 
physiologically incorporated into the cells. Therefore, it is acceptable 
to speculate that the flavonoid compounds such as SO-1, its aglycon, 
quercetin and luteolin may interact with the antigen-antibody-coupled 

 

 
Figure 8.  Effect of SO-1 and its aglycon on PCA reaction in mice.  A, Mice were 
administered with the aglycon of SO-1 (50, 100 µmol/kg) or oxatomide (100 µmol/kg). 
B, Mice were administered with SO-1 (50, 100 µmol/kg). Each value represents the mean 
±SEM of 4-5 mice. *p<0.05 or #p<0.05 as compared with the control group or oxatomide 
group.
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FcεRI complexes on the cell surface of RBL-2H3 cells. For examples, 
the disturbance of antigen binding to IgE, aggregate formation and 
conformational change of receptor complexes may occur on the cell 
surface in the presence of flavonoid compounds. In this study, it was 
apparently demonstrated that the phosphorylation of Syk kinase 
induced by antigen stimulation was effectively inhibited by both SO-1 
and its aglycon. From these results, we may conclude that SO-1 and 
its aglycon suppress the degranulation in RBL-2H3 cells caused by the 
antigen stimulation through the inactivation of Syk kinase. However, 
further study is needed to clarify the exact action point of these 
flavonoids leading to the inactivation of Syk kinase. 

Some glucuronides such as quercetin 3-O-glucuronide and 
apigenin 7-O-glucuronide are reported to have low inhibitory effects 
on IgE-mediated degranulation as compared with their aglycon 
forms [2]. However, flavonol glucuronide SO-1 isolated from spinach 
showed the similar inhibitory activity as its aglycon. These results 
indicate that the conjugation of sugars at A and C rings of flavonoids 
considerably reduce their potential activities, while the conjugation of 
sugars at B ring of flavonoids like SO-1 showed no effect on the activity. 
Moreover, SO-2 and SO-3 were less active than SO-1 and its aglycon, 
indicating that the methylenedioxy linkage at A ring is essential for the 
enhancement of activity. A hydroxyl group at C5 position of A ring is 
also considered to be necessary for the activity, being in agreement with 
the findings for quercetin, kaempferol, baicalein and luteolin [14,17]. 
SO-1 specifically distributes in spinach, because this compound has not 
been isolated from other species of vegetables.

PCA reaction in mice is one of the most important in vivo models 
for the evaluation of antiallergic effects. Both SO-1 and its aglycon 
significantly reduced the PCA reaction at the oral dose indicated as 
well as the authentic drug, oxatomide. The aglycon exhibited the potent 
suppressive effect than SO-1, supporting that the aglycon is an active 
component of SO-1. It is observed that the aglycons of flavonoids 
are absorbed well through the small intestine membranes than their 
glycosides and the aglycons absorbed are metabolized in vivo to their 
conjugated forms, such as glucuronide, sulfates and mercapturates 
[23,24]. Consequently, the aglycon of SO-1 may be metabolized again 
to its glucuronide form after absorption, which still has a potent 
granulation-inhibitory activity around the target cells including mast 
cells and basophils. 

This is the first report describing the antiallergic effect of flavonoid 
glucuronide (SO-1) isolated from spinach, demonstrating the 
usefulness of this compound for the improvement of allergic symptoms 
in humans. Further study is needed to investigate the availability of 
spinach as a functional vegetable to prevent and/or improve type I 
allergy.  
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