
Abstract
!

The effect of hot water extracts of Lycium chinense
fruits (LCF) on the β-hexosaminidase (β-hexo) re-
lease by IgE sensitized BSA stimulated rat baso-
philic leukemia (RBL-2H3) cells was investigated.
The ethylacetate (EtOAc) layer of the extract has
shown an inhibitory effect on β-hexo release from
RBL-2H3 cells at the antigen antibody binding
stage. The water (H2O) fraction (EFW) of the
chloroform (CHCl3) extract from the EtOAc layer
also inhibited β-hexo release at the same stage in
a dose-dependent manner. With column chroma-
tography preparation, proton and carbon nuclear
magnetic resonance (1H and 13C NMR) spectra,
electron ionization mass spectrometer (EI‑MS)
spectra, and high-performance liquid chromatog-
raphy (HPLC) analysis, the active component was
determined to be 5-(hydroxymethyl)furfural (5-
HMF). Thus, the 5-HMF showed an inhibitory ef-

fect on β-hexo release at the antigen-antibody
binding stage and the antibody-receptor binding
stage. Furthermore, 5-HMF suppressed [Ca2+]i in-
flux in the IgE-sensitized BSA-stimulated RBL-
2H3 cells. Our results show that 5-HMF may be
useful for the treatment or prevention of type I
allergic diseases.
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β-hexo: β-hexosaminidase
5-HMF: 5-(hydroxymethyl)furfural
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KU812: human basophilic cells
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MTT: 3-(4,5-dimethylthiazolyl)-2,5-di-

phenyltetrazolium bromide
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ROS: reactive oxygen species
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Introduction
!

Wolfberry, commercially gouqi berry, is the com-
mon name for the fruit of two very closely related
species of boxthorn in the family Solanaceae: Lyci-
um barbarum L. (L. barbarum) and Lycium chi-
nense (LC). The fruit is native to southeastern Eu-
rope and Asia [1] and widely used in traditional
Chinese herbal medicine. There have been several
investigations of the different organs of the plant
and the components of wolfberries, but studies
have been performed mostly with L. barbarum
and fewer investigations on LC. On the other
hand, studies on other organs, in particular the
roots and leaves, have focused on LC. As reviewed
by Olivier, the composition of the fruits of LC is
similar to that of L. barbarum, and many biologi-
cal activities are reported [2,3]. The bioactive
components of the L. barbarum fruits have been
mainly attributed to its polysaccharide–protein
ymethyl)… Planta Med 2011; 77: 434–440
complex (LBP), generally consisting of 6 monosac-
charides and 18 amino acids. The β-glycan struc-
tural aspect of a polysaccharide is thought to cor-
relate with its biological function, and LBP en-
hances immune function, decreases the side ef-
fects of chemotherapy and radiotherapy, induces
apoptosis, reduces blood glucose levels, protects
liver damage and exhibits antiaging, antitumor,
cytoprotective, and neuromodulative effects [2,
4]. Considerable data on the biological activity of
LCF have been reported [2,4–6], but their anti-
allergic effects have not been studied or defined.
Mast cells and basophiles play essential roles in
the pathogenesis of allergic reactions such as
atopic dermatitis, allergic rhinitis, and asthma.
RBL-2H3 cells are mucosal mast cells that express
the immunoglobulin Fc epsilon receptor I (FcεRI).
Stimulation of IgE-sensitized RBL-2H3 cells with a
specific antigen triggers a cascade of events lead-
ing to degranulation, mediator release, activation



Fig. 1 Isolation procedure of 5-HMF from LCF.
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of mitogen activated protein kinase (MAPK), increase in reactive
oxygen species (ROS) production, calcium influx, and cytokine
production [7–9]. This cascade suggests that mast cells are ideal
targets for controlling various allergic diseases [7], thus the β-
hexo activity in the medium is used as a marker of mast cell de-
granulation [10].
Hydroxymethyl furfural, HMF or 5-HMF, is an aldehyde and a fu-
ran compound formed during the thermal decomposition of sug-
ars and carbohydrates. 5-HMF has been identified in awide varie-
ty of heat-processed foods includingmilk, fruit juices, spirits, hon-
ey, breakfast cereals, etc. 5-HMF is one of themajor intermediates
of the Maillard reaction or caramelization and is formed during
theheatingor preservation of foods [11,12]. 5-HMF is also consid-
ered as an indicator of the browning reaction and quality parame-
ters of foods, especially for flavor deterioration of alcoholic drinks
such as wine, whisky, rum, and sake as well as fruit juice and car-
amel [12,13]. Therefore, studies on the toxicity andmetabolism of
5-HMF in animals and cellswere emphatically done, and there are
a number of results concerning its small cytotoxic activity at low
concentrations and apoptotic effect at high concentrations [12,
14]. However, the biological activity of 5-HMF has not received
much attention until Abdulmalik et al. [15] reported that 5-HMF
has an inhibitory effect on sickling red blood cells (RBC) in vitro.
Recently, antioxidant [6] and 3T3-L1 differentiation activities of
5-HMF have been reported [16], but there is no experimental evi-
denceavailable regarding5-HMF-mediated inhibitionof chemical
mediator release by immediate-type allergic model cells.
In this study, we focused on the effect of LCF extract on type I al-
lergy, investigated its in vitro antiallergic activity by using RBL-
2H3 cells and identified its active compound. This is the first re-
port that LCF extract has antiallergic activity and that its active
component is 5-HMF.
Y

Materials and Methods
!

Plant materials and chemicals
LCF were purchased from Shinwa Bussan Co., Ltd. and identified
by a botany expert. Their voucher specimens (UT-LC060825)
were deposited in the Graduate School of Life and Environmental
Sciences, University of Tsukuba, Ibaraki, Japan. Dinitrophenylated
bovine serum albumin (DNP‑BSA) was purchased from Cosmo
Biotechnology Co. Anti-DNP‑IgE, Ketotifen fumarate (> 99%), L-
glutamine, and 5-HMF (≥ 99%, W501808) were purchased from
Sigma. Fetal bovine serum (FBS) was purchased from Hyclone
Co., Ltd. Eagleʼs minimum essential medium (MEM) was pur-
chased from Nissui Pharmaceutical Co. Ltd.

Extraction from LCF
Dried LCF (30 g) were submitted to extraction with Mili Q
(300mL) at 105°C for 15min. The hot H2O extract of LCF was con-
centrated with an evaporator, lyophilized and dissolved in H2O,
then partitioned with EtOAc (200mL × 3) to obtain an EtOAc-
soluble fraction (EF, 4.4 g). The H2O-soluble fraction was then
partitioned with butanol (BuOH; 200mL × 3) to give fractions of
H2O (WF, 9.21 g) and BuOH (BF, 1.0 g). The EF was partitioned
with CHCl3 (200mL × 3) and H2O (200mL × 3) to give fractions of
CHCl3 (EFCH, 17.5mg), H2O (EFW, 2.41 g), and an insoluble (EFI,
403.7mg) layer. After removal of the solvent, the entire fraction
was dissolved in PBS (−) just before being added to a releasing
mixture of RBL-2H3 cells (l" Fig. 1).

Identification of the active component in LCF
The active fraction EFW of LCF was subjected to Sephadex LH-20
(φ 2.2 × 120 cm, MeOH:H2O = 1:1) to yield nine fractions (Fr. 1–
9). All the fractions were also applied to a β-hexo release assay
amada P et al. Isolation of 5-(hydroxymethyl)… Planta Med 2011; 77: 434–440



Fig. 2 Structure of 5-
HMF from LCF.
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with the IgE-mediated RBL-2H3 cells. The chemical structure of
the main active compound was identified as 5-HMF on the basis
of UV 280 nm, 1H NMR, 13C NMR, EI MS, retention times of HPLC
by comparison of spectral and elemental analyses of standard 5-
HMF, and previous reported data (The Aldrich Library of 13C and
1H FT‑NMR spectra Volume І, 297–300) (l" Fig. 2).

Cells and cell culture
RBL-2H3 cells were purchased from JCRB Cell Bank, Japan, and
maintained in MEM supplemented with 10% FBS and 2mM L-
glutamine. KU812 cells were purchased from Riken Cell Bank,
maintained in a RPMI 1640 medium supplemented with 10%
FBS and incubated at 37°C in a 5% CO2 incubator.

MTT assay
Cell viability was assessed by MTT assay, which is a measure of
the mitochondrial respiration of the cells [17]. RBL-2H3 and
KU812 cells were harvested at approximately 60–80% confluence
and seeded on to 96-well plates at 5.0 × 104 cells/well in 100 µL of
medium. After an overnight incubation, all mediumwas removed
followed by addition of 100 µL of 5-HMF (final 0, 0.3, 0.5, 1.0, 5.0,
10.0 µg/mL with medium) and ketotifen fumarate (Keto, final
214 µM and 300 µM with medium). The cells were then incu-
bated for 24 h before 10 µL of 5mg/mL of MTT was added. After
24 h of incubation, 100 µL of 10% sodium dodecyl sulfate (SDS)
was added, followed by another 24 h of incubation to completely
dissolve the formazan produced by the cells. The absorbance was
then determined at 570 nmwith amicroplate reader (Power Scan
HT; Dainippon Pharmaceutical Co., Ltd). Blanks were prepared at
the same time to correct for the absorbance caused by sample
color and by the inherent ability of a sample to reduce MTT in
the absence of cells. The optical density of the formazan produced
by the untreated control cells represented 100% viability.

β-Hexosaminidase release assay at antigen-antibody
binding stages
The β-hexo release inhibition assay using RBL-2H3 cells was per-
formed as previously described [18]. RBL-2H3 cells were seeded
onto 96-well plates at 5.0 × 104 cells/well in 100 µL of medium.
Cells were incubated for 24 h at 37°C and sensitized with 0.3 µg/
mL anti-DNP‑IgE, then washed twice with PBS (−) to eliminate
free IgE. After incubating at 37°C for 10min in 60 µL per well of
releasing mixture containing 5 µL of EF, BF, and WF layer (1/
10000–1/10, dilution, respectively), Fr. 5 (final 0.01, 0.1, and
0.3 µg/mL), and a 5-HMF (final 0, 0.01, 0.1, 0.3 µg/mL with PBS
[−]), the cells were exposed to 0.3 µg/mL DNP‑BSA in PBS (−), fol-
lowed by incubation at 37°C for 1 h. Three mM Keto and PBS (−)
were used as positive and negative controls, respectively. The β-
hexo released into the supernatant was measured as in the pre-
vious study [18].
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β-Hexosaminidase release assay at the antibody-receptor
binding stage
To determine the effect of 5-HMF at the antibody-receptor bind-
ing stage, the test sample was added to the cells before the IgE
sensitization. RBL-2H3 cells were seeded on to 96-well plates at
0.5 × 105 cells/well in 50 µL of the medium, and 5 µL/well of a test
sample (final 0.01, 0.1, and 0.3 µg/mL of 5-HMF) was then added
before incubating at 37°C for 1 h. Then 50 µL of the mediumwith
0.6 µg/mL anti-DNP‑IgE was added to each well, before being in-
cubated at 37°C for 24 h. The cells were washed twice with PBS
(−) to eliminate free IgE. After incubating the cells at 37°C for
10min in 60 µL/well of the releasing mixture, the cells were ex-
posed to 0.3 µg/mL DNP‑BSA in PBS (−) before being incubated at
37°C for 1 h. The β-hexo released to the supernatant was mea-
sured as in the previous section.

Determination of intracellular [Ca2+]i level
[Ca2+]i measurement was performed by the method of Aase and
Arna [19] with some modifications. RBL-2H3 cells (5.0 × 104 cells
per well in 100 µL of medium) were precultured at 37°C for 24 h
in 96-well plates with medium and 0.3 µg/mL anti-DNP IgE. The
cells were washed twice with 200 µL of PBS (−) to eliminate free
IgE and then incubated with 100 µL per well of loading buffer
containing Fluo3-AM (Calcium Kit-Fluo3; Dojindo Co., Ltd.) at
37°C for 1 h. The cells were then washed twice with 200 µL of
PBS (−) to eliminate free Fluo3-AM, followed by incubation with
60 µL per well of recording buffer and 5-HMF (final 0.01, 0.1, and
0.3 µg/mL) at 37°C for 1 h in a 5% CO2 incubator. For positive and
negative controls, 3mM Keto and PBS (−) were used, respectively.
The fluorescence intensity (FI) was determined 100 s after adding
0.3 µg/mL of DNP‑BSA antigen. FI was measured at an excitation
wavelength of 490 nm and emission wavelength of 530 nm using
a microplate reader (Infinite™ 200 Series; Tecan Group, Ltd.).

Statistical analysis
Results are expressed as mean ± standard deviation. Statistical
comparisons were carried out using Studentʼs t-test for paired
values.
Results
!

Effects of the LCF extract on IgE-mediated β-hexo release from
RBL-2H3 cells at the antigen-antibody binding stage were exam-
ined; results are shown in l" Fig. 3. The EF and BF at a treatment
range of 1/10000–1/10 dilutions significantly inhibited the IgE-
mediated β-hexo release from RBL-2H3 cells compared with con-
trols in a dose-dependent manner (except 1/500 BF). The EF ex-
hibited a more potent inhibition on β-hexo release than WF and
BF. Inhibitory activity of EF at 1/500 dilution was 51.3 ± 0.9%
(p < 0.001) and WF at 1/500 dilution was 85.8 ± 0.2% (p < 0.01) of
the LCF extract. Furthermore, using CHCl3 to partition the active
EF into CHCl3 layer (EFCH), H2O layer (EFW), and insoluble layer
(EFI), also determined their activity at the same condition. The
EFCH and EFW showed inhibitory effects on β-hexo release at
the same stage, and the effect was significant compared with
control. The inhibitory effect of the EFW was higher than that of
the EFCH (data not shown).
The EFW was fractionated into nine fractions (Fr. 1–9) by Sepha-
dex LH-20 gel column chromatography. All the fractions were ap-
plied to the β-hexo release assay with the IgE-mediated RBL-2H3
cells. The fifth fraction of EFW (Fr. 5) had the most potent inhibi-



Fig. 3 Inhibitory effect of water extract and the
fraction from LCF on the β-hexo release from RBL-
2H3 cells at the antigen-antibody binding stage. The
cells (5.0 × 104 cells/well) were preincubated with
each extract at 37°C for 10min prior to their incu-
bation with DNP‑BSA. Results represent one trial
(n = 6). Three additional trials show similar results.
*Significantly different from the negative control
(PBS [−]) (*: p < 0.05, **: p < 0.01, Studentʼs t-test).
EF: EtOAc layer of LCF extract; BF: BuOH layer of LCF
extract; WF: H2O layer of LCF extract.

Fig. 4 Inhibitory effect of Fraction 5 of EtOAc extract from LCF on the β-
hexo release from RBL-2H3 cells at the antigen-antibody binding stage. The
cells (5.0 × 104 cells/well) were preincubated with each fraction at 37°C for
10min prior to their incubation with DNP‑BSA. Results represent one trial
(n = 6). Three additional trials show similar results. *Significantly different
from the negative control (PBS [−]) (**: p < 0.01, ***: p < 0.001, Studentʼs
t-test). Fr. 5: Fraction No. 5 of EFW.

Fig. 5 HPLC chromatograms of Fraction 5 (A) and the 5-HMF (B). Column:
ODS-120A,φ7.8 × 300mm, TOSOH; mobile phase, 50% methanol; flow
rate, 1.0mL/min; detected with UV at 283 nm.
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tion of β-hexo release (l" Fig. 4; data for other fractions are not
shown). Fr. 5 was identified as 5-HMF on the basis of UV, 1H
NMR, 13C NMR, EIMS, and HPLC. The 1H NMR spectrum showed
characteristic signals for an aldehyde proton at δH 9.60 (s), two
aromatic methine protons at δH 7.40 (d, J = 3.6 Hz) and 6.70 (d,
J = 3.6 Hz), and an oxymethylene at δH 4.64 (m). In the 13C NMR
data, signals due to δC 110.6, 159.6, 122.4, and 153.0 showed a
furan ring. HREIMS analysis of Fr. 5 revealed the molecular for-
mula to be C6H6O3 (m/z 126.0326 [M+], Δ+1.0mmu). HPLC reten-
tion time of Fr. 5 and 5-HMF was common at 11.3min (l" Fig. 5).
The results show that 5-HMF in the range of 0.3–5.0 µg/mL (2.4–
39.7 µM) did not cause any cytotoxicity after treating the RBL-
2H3 and KU812 cells for 24 h. But the viability of KU812 cells
treated with 10.0 µg/mL (79.4 µM) of 5-HMF was 93.2% ± 3.3%, a
significant effect compared with control (p < 0.05 vs. the negative
control). It should be noted that Keto, a clinically available anti-
allergic drug, which is known as a mast cell stabilizer, H1-recep-
tor antagonist, and eosinophil inhibitor [17], also had no signifi-
Y

cant cytotoxic effect at a concentration of 214 µM (l" Fig. 6), but
300 µM of Keto was severely cytotoxic (data not shown).
To confirm the inhibition of β-hexo release by 5-HMF on IgE-
mediated RBL-2H3 cells at the antigen-antibody binding stage,
we used commercially available 5-HMF for the assay. The 5-HMF
in a dose-dependent fashion inhibited β-hexo release from RBL-
2H3 cells, a significant effect at 0.01–0.1 µg/mL and 0.3 µg/mL
(p < 0.05 and p < 0.01 vs. the negative control). 0.3 µg/mL of 5-
HMFwas inhibited 41.6 ± 2.3%, and the inhibitory effect was low-
er than that of 3mM keto (final 214 µM, IC50 = 200–300 µM) in
this stage (l" Fig. 7).
From these results, the active compound of Fr. 5 is probably 5-
HMF. One gram of LCF extract was found to contain 3.8mg of 5-
HMF.
Inhibition of β-hexo release by 5-HMF on IgE-mediated RBL-2H3
cells at the antibody-receptor binding stage was examined. 5-
HMF at 0.01–0.3 µg/mL inhibited β-hexo release at this stage, and
the effect was significant at 0.1 µg/mL and 0.3 µg/mL (p < 0.05 and
p < 0.01 vs. the negative control). 0.3 µg/mL of 5-HMF inhibited
amada P et al. Isolation of 5-(hydroxymethyl)… Planta Med 2011; 77: 434–440



Fig. 6 Cytotoxicity effect of 5-HMF on RBL-2H3 cells and KU812 cells by
MTT assay. The percent cell viability was calculated relative to the untreated
control. The cells (5.0 × 104 cells/well) were incubated with 5-HMF at 37°C
for 24 h in 5% CO2. *Significantly different from the negative control
(PBS [−]) (*: p < 0.05, Studentʼs t-test).

Fig. 7 Inhibitory effect of 5-HMF on the β-hexo release from RBL-2H3 cells
at the antigen-antibody binding stage. The cells (5.0 × 104 cells/well) were
preincubated with 5-HMF at 37°C for 10min prior to their incubation with
DNP‑BSA. Results represent one trial (n = 6). Three additional trials show
similar results. *Significantly different from the negative control (PBS [−])
(*: p < 0.05, **: p < 0.01, Studentʼs t-test).

Fig. 8 Inhibitory effect of 5-HMF on the β-hexo release from RBL-2H3 cells
at the antibody-receptor binding stage. The cells (0.5 × 105 cell/well) were
preincubated with 5-HMF at 37°C for 1 h prior to their IgE sensitization, and
then preincubated with 5-HMF at 37°C for 24 h prior to their DNP‑BSA
stimulation. Results represent one trial (n = 6). Three additional trials show
similar results. *Significantly different from the negative control (PBS [−])
(*: p < 0.05, **: p < 0.01, Studentʼs t-test).

Fig. 9 Effect of 5-HMF on intracellular [Ca+2]i levels 100 sec after stimula-
tion with the DNP‑BSA antigen. The cells (5.0 × 104 cells/well) were prein-
cubated with 5-HMF at 37°C for 1 h prior to their incubation with DNP‑BSA.
Two additional trials show similar results.
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33.6% ± 1.2% of the β-hexo release, and the inhibition was higher
than that of 3mM keto at this stage (l" Fig. 8). This result suggests
that the inhibitory effect of 5-HMF on chemical mediator release
is different than that of the Keto.
To determine the effect of 5-HMF on calcium influx, intracellular
[Ca2+]i levels were assayed. The increased levels of [Ca2+]i in IgE-
mediated RBL-2H3 cells caused by 5-HMF are shown in l" Fig. 9.
As expected, stimulation of cells with DNP‑BSA induced calcium
influx, keto decreased calcium influx, and the addition of 5-HMF
Yamada P et al. Isolation of 5-(hydroxymethyl)… Planta Med 2011; 77: 434–440
to IgE-sensitized RBL-2H3 cells resulted in a reduction of calcium
influx (l" Fig. 9).
Discussion
!

In this study, 5-HMF did not show cytotoxicity at the concentra-
tion of 0.3–5.0 µg/mL but significantly decreased cell viability at
the 10.0 µg/mL treatment on KU812 cells (l" Fig. 6). This agrees
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with Li et al. [6] who have shown that 5-HMF displayed no cyto-
toxic effects on RAW 264.7, HL-60, and MRC-5 cells at 1–10 µM,
while the highest concentration (100 µM) decreased cell viability.
The induction of cell damage by 5-HMF at a high concentration
may be due to its production of H2O2 [20,21] and affected by its
apoptotic activity [12].
Many studies indicate that different cells have different sensitiv-
ity towards the cytotoxicity of the 5-HMF [22,23]. Orally admin-
istered 5-HMF is less toxic to rats than human [14] and, after oral
application to rats, rapidly absorbed from the gastrointestinal
tract [12]. The susceptibility of cells to 5-HMF may correlate with
expression levels of receptors [24], metabolism [23,25], chemical
structure [26,27], and enzyme activity of the compound [28]. The
different sensitivity between KU812 and RBL-2H3 cells may be
explained through their different metabolisms. Our result pro-
vides scientific evidence that 5-HMF can be used safely in subse-
quent investigations in cultured cell systems.
Cross-linking of FcεRI induced by complex formation of IgE with
an antigenic protein is an essential event in the IgE-mediated al-
lergic reaction, so inhibition of the binding between IgE and FcεRI
has been a target for the development of antiallergic drugs. Inter-
fering with the binding of IgE to FcεRI is considered a straightfor-
ward strategy for preventing the IgE mediated allergic reaction
[29]. To confirm the blocking effect of 5-HMF on antigen binding
to IgE cross-linking FcεRI and IgE binding to FcεRI receptors, the
two-stage binding was investigated. Our results indicated that 5-
HMF inhibited β-hexo release at both stages. These suggest that
5-HMF might be useful for treating and preventing allergic dis-
eases by blocking the cross-linking of IgE and IgE binding to the
FcεRI receptor. On the other hand, recent studies indicated that
the furanic compound readily pass through serum albumin and
RBC membrane [26]. The membrane penetration ability of 5-
HMF may be related to its inhibition effect on β-hexo release.
An increase in cytosolic calcium [Ca2+]i level is considered to be
an essential and ubiquitous mechanism in the process of mast
cell degranulation [30]. Our results indicate that the intracellular
[Ca2+]i level was lower in the 5-HMF-treated cells (l" Fig. 9). From
these observations, we consider that the decrease in intracellular
[Ca2+]i is involved in the inhibitory effect of 5-HMF on β-hexo re-
lease (l" Figs. 7, 8). Nitric oxide (NO) and H2O2 are two major ROS
known to regulate calcium signaling and degranulation of mast
cells. And nicotinamide adenin dinucleotide phosphate (NADPH)
oxidase is mainly responsible for ROS production in the IgE-
mediated RBL-2H3 cells [5,31]. The sustained elevation of cyto-
solic calcium through store-operated calcium entry was totally
abolishedwhen ROS productionwas blocked. Furthermore, there
was a significant correlation between inhibition of histamine re-
lease and DPPH or superoxide anion radical scavenging activities
[32]. On the other hand, 5-HMF has free radical scavenging prop-
erties on DPPH, hydroxyl, alkyl, and superoxide anion radical and
also had free radical scavenging properties on intracellular ROS in
RAW 264.7 cells [6], some enzymatic activity in U-937 cells [28],
and an inhibitory effect on NO release from LO2 cells [21]. The
structure of 5-HMF contains interesting functional reactive
groups such as double bonds, an aldehyde oxygen atom, and an-
other oxygen existing in the furan ring, which can attract elec-
trons easily [14], and substitution type at the 5-position of the
central furan ring is important to biological activities [26]. One
of the possibilities is that the inhibition effect of 5-HMF on intra-
cellular calcium release may be affected by its free radical scav-
enging activities and decrease enzymatic activities. Other factors
may also be responsible for its inhibition effect.
Y

Recent research showed that 5-HMF is the main active compo-
nent in other traditional medicines, such as Rehmanniae, Cornus,
and others [6]. 5-HMF can be obtained by acid-catalyzed dehy-
dration of hexoses [33] and prepared from the fructose portion
of the sugar molecule [34] and conversion of 1-amino-1-deoxy-
fructose by heating milk with added oxalic acid [35], also easily
created in conventional heating processes of foods [36].
In conclusion, LCF extract was found to have antiallergic proper-
ties in type I allergy model basophilic cells. We also found that 5-
HMF is the main antiallergy agent of LCF extract, and it signifi-
cantly inhibits IgE-mediated chemical mediator release from ba-
sophilic cells at different stages. These results suggest that 5-HMF
may be a good candidate for therapeutic treatment of type I aller-
gic diseases. The detailed mechanism behind the antiallergic af-
fect of 5-HMF is the subject of a future study. We expect that this
research will play a significant role in the effective use of 5- HMF
in the future.

References
1 Harrison LF. Landscape plants for eastern North America, 2nd edition.
New York: John Wiley & Sons, Inc.; 1997

2 Pottérat O. Goji (Lycium barbarum and L. chinense): phytochemistry,
pharmacology and safety in the perspective of traditional uses and re-
cent popularity. Planta Med 2010; 76: 7–19

3 Li QY. Healthy functions and medicinal prescriptions of Lycium barbar-
um (Gou Ji Zi). Beijing: Jindun Press; 2001: 1–16

4 Hsu HY, Yang JJ, Ho YH, Lin CC. Difference in the effects of radioprotec-
tion between aerial and root parts of Lycium chinense. J Ethnopharma-
col 1999; 64: 101–108

5 Xiao PG, Xing ST, Wang LW. Immunological aspects of Chinese medici-
nal plants as antiageing drugs. J Ethnopharmacol 1993; 38: 167–175

6 Li YX, Li Y, Qian ZJ, Kim MM, Kim SK. In vitro antioxidant activity of 5-
HMF isolated from marine red alga Laurencia undulata in free-radical-
mediated oxidative systems. J Microbiol Biotechnol 2009; 19: 1319–
1327

7 Kim KJ, Kim YM, Kim HY, Ro JY, Jeoung D. Inhibitory mechanism of anti-
allergic peptides in RBL2H3 cells. Eur J Pharmacol 2008; 581: 191–203

8 Beaven MA, Metzger H. Signal transduction by Fc receptors: the FcεRI
case. Immunol Today 1993; 14: 222–226

9 Schroeder JT, Kagey-Sobotka A, Lichtenstein LM. The role of the basophil
in allergy inflammation. Allergy 1995; 50: 463–472

10 Matsuda H, Morikawa T, Ueda K, Managi H, YoshikawaM. Structural re-
quirement of flavonoids for inhibition of antigen-induced degranula-
tion, TNF-α and IL‑4 production from RBL‑2H3 cells. Bioorg Med Chem
2002; 10: 3123–3128

11 Jeuring HJ, Kuppers FJEM. High performance liquid chromatography of
furfural and hydroxymethylfurfural in sprits and honey. J Assoc Off
Anal Chem 1980; 63: 1215–1218

12 Janzowski CV, Glaab E, Samimi JS, Eisenbrand G. 5-Hydroxymethylfur-
fural: assessment of mutagenicity, DNA-damaging potential and reac-
tivity towards cellular glutathione. Food Chem Toxicol 2000; 38: 801–
809

13 Pichler N, Michael M. Determination of 5-Hydroxymethyl-2-furaldehyd
(HMF) in sweet wine and balsamic vinegar. News and References Ar-
chives 2004: 11–22

14 Ulbricht RJ, Northup SJ, Thomas JA. A review of 5-hydroxymethylfurfu-
ral (HMF) in parenteral solutions. Fundam Appl Toxicol 1984; 4: 843–
853

15 Abdulmalik O, Safo MK, Chen QK, Yang JS, Brugnara C, Ohene-Frempong
K, Abraham DJ, Asakura T. 5-Hydroxymethyl-2-furfural modifies intra-
cellular sickle haemoglobin and inhibits sickling of red blood cells. Brit
J Haematol 2005; 128: 552–561

16 Matsuda E, Yoshizawa Y, Yokosawa Y, Watanabe N, Kawaii S, Murofushi
N. Effects of Eucommia ulmoides Oliver leaf extract on 3T3-L1 differen-
tiation into adipocytes. J Nat Med 2006; 60: 126–129

17 Mossman T. Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J Immunol Meth-
ods 1983; 65: 55–63

18 Yamada P, Zarrouk M, Kawasaki K, Isoda H. Inhibitory effect of various
Tunisian olive oils on chemical mediator release and cytokine produc-
tion by basophilic cells. J Ethnopharmacol 2008; 116: 279–287
amada P et al. Isolation of 5-(hydroxymethyl)… Planta Med 2011; 77: 434–440



440 Original Papers
19 Aase F, Arna S. Dantrolene prevents glutamate cytotoxicity and Ca+2 re-
lease from intracellular stores in cultured cerebral cornical neurons.
J Neurochem 1991; 56: 1075–1078

20 Sugisawa A, Umegaki K. Physiological concentration of (−)-epigalloca-
techin-3-O-gallate (EGCg) prevent chromosomal damage induced by
reactive oxygen species inWIL2-NS cells. J Nutr 2002; 132: 1836–1839

21 Ding X, Wang MY, Yao YX, Li GY, Cai BC. Protective effect of 5-hydroxy-
methylfurfural derived from processed Fructus Corni on human hepa-
tocyte LO2 injured by hydrogen peroxide and its mechanism. J Ethno-
pharmacol 2010; 128: 373–376

22 Surh YJ, Tannenbaum SR. Activation of the maillard reaction product 5-
(hydroxymethyl) furfural to strong mutagens via allylic sulfonation
and chlorination. Chem Res Toxicol 1994; 7: 313–318

23 Durling LJK, Busk L, Hellman BE. Evaluation of the DNA damaging effect
of the heat-induced food toxicant 5-hydroxymethylfurfural (HMF) in
various cell lines with different activities of sulfotransferases. Food
Chem Toxicol 2009; 47: 880–884

24 Ohmi K, Kiyokawa N, Takeda T, Fujimoto J. Human microvascular endo-
thelial cells are strongly sensitive to Shiga toxins. Biochem Biophys Res
Commun 1998; 251: 137–141

25 Severin I, Dumonta C, Jondeau-Cabatona A, Graillota V, Chagnon MC.
Genotoxic activities of the food contaminant 5-hydroxymethylfurfural
using different in vitro bioassays. Toxicol Lett 2010; 192: 189–194

26 Safo MK, Abdulmalik O, Danso-Danquah R, Burnett JC, Nokuri S, Joshi GS,
Musayev FN, Asakura T, Abraham DJ. Structural basis for the potent
antisickling effect of a novel class of five-membered heterocyclic alde-
hydic compounds. J Med Chem 2004; 47: 4665–4676

27 Saracoglu I, Inoue M, Calis I, Ogihara Y. Studies on constituents with cy-
totoxic and cytostatic activity of two Turkish medicinal plants Phlomis
armeniaca and Scutellaria salviifolia. Biol Pharm Bull 1995; 18: 1396–
1400
Yamada P et al. Isolation of 5-(hydroxymethyl)… Planta Med 2011; 77: 434–440
28 Shinohara K, Kong ZL, Miwa M, Tsushida T, Kurogi M, Kitamura Y, Mura-
kami H. Effects of mutagens on the viability and some enzymes of a se-
rum free cultured human histiocytic lymphoma cell line, U‑937. Agric
Biol Chem 1990; 54: 373–380

29 Novak N, Kraft S, Bieber T. IgE receptors. Curr Opin Immunol 2001; 13:
721–726

30 Oka T, Sato K, Hori M, Ozaki H, Karaki H. FcεRI cross-linking-induced
actin assembly mediates calcium signalling in RBL‑2H3 mast cells. Br
J Pharmacol 2002; 136: 837–846

31 Kim Y, Lee YS, Hahn JH, Choe J, Kwon HJ, Ro JY, Jeoung D. Hyaluronic acid
targets CD44 and inhibits FcεRI signaling involving PKCδ, Rac1, ROS,
and MAPK to exert anti-allergic effect. Mol Immunol 2008; 45: 2537–
2547

32 Suzuki M, Nakamura T, Iyoki S, Fujiwara A, Watanabe Y, Mohri K, Isobe
K, Ono K, Yano S. Elucidation of anti-allergic activities of curcumin-re-
lated compounds with a special reference to their anti-oxidative activ-
ities. Biol Pharm Bull 2005; 28: 1438–1443

33 Considine DM. Chemical and process technology encyclopedia, 2nd
edition. New York: McGraw-Hill Book Co. Press; 1974: 539

34 Budavari S. The Merck index, 11th edition. Rahway: Merck & Co., Inc.
Press; 1989: 767

35 Ukeda H, Goto Y, Sawamura M, Kusunose H, Kamikado H, Kamei T. Re-
duction of tetrazolium salt XTTwith UHT-treated milk: its relationship
with the extent of heat-treatment and storage conditions. Food Sci
Technol lnt 1995; 1: 52–57

36 Orak HH. Evaluation of antioxidant activity, colour and some nutrition-
al characteristics of pomegranate (Punica granatum L.) juice and its
sour concentrate processed by conventional evaporation. Int J Food
Sci Nutr 2009; 60: 1–11


