
Mast cells are widely distributed throughout vascularized
tissues and certain epithelia.1) Mast cells are responsible for a
variety of allergic disorders including allergic rhinitis, der-
matitis, asthma, and food allergies, as well as catastrophic
anaphylactic reactions to insect stings and some drugs. These
cells respond to IgE-directed antigens via the high-affinity
receptor for IgE, Fce RI, by releasing granules that contain
preformed inflammatory mediators and generating inflamma-
tory lipids and cytokines.2,3)

Species of the genus Dorstenia (Moraceae) are perennial,
herbaceous plants that are widely distributed in tropical
Africa, Asia, Middle-East, Central and South America.4,5)

Moraceae comprises a large family of sixty genera and
nearly 1400 species, including important groups such as Ar-
tocarpus, Morus, and Ficus. The species of Morus have been
shown to exhibit anti-HIV, anti-oxidative, anti-hypotensive,
and cytotoxic activities.6—8) Plants of this genus are known to
be rich in flavonoids,9,10) a group of chemicals shown to have
potent antiviral activities against herpes simplex virus, rhi-
novirus, human immunodeficiency virus, and various respira-
tory viruses.11—13) This herb has been long used as an an-
tiphlogistic, diuretic, and expectorant,14) and also applied for
control of inflammation, diabetes, and bronchial asthma.15,16)

The phenolic constituents and flavonoids of mulberry tree
inhibits cAMP phosphodiesterase activity and regulates
arachidonate metabolism in rat platelet homogenates.17) Al-
though studies have demonstrated that various effects of M.
alba on numerous disease, the anti-allergic activity of the
root bark of M. alba is poorly understood. Since calcium and
cAMP have been shown to play a pivotal role in the mast cell
activations, we have assessed the effect of the root bark of M.
alba on calcium uptake and change of intracellular cAMP in
mast cells. In this paper, we show that the root bark of M.
alba inhibits the compound 48/80-induced systemic anaphy-
lactic shock and anti-CGG IgE-induced rat peritoneal mast

cell activations and the increased vascular permeability while
cAMP level is increased. In addition, its effects are compared
with disodium cromoglycate (DSCG), a known cell stabilizer
which inhibits the release of pre-formed and newly synthe-
sized chemical mediators from a variety of cells involved in
allergic and inflammatory responses.18)

MATERIALS AND METHODS

Materials Compound 48/80, bovine serum albumin
(BSA), disodium cromoglycate (DSCG) and HEPES,
chicken gamma globulin (CGG) were purchased from Sigma
Chemical Co. (MO, U.S.A.). DSCG, an antianaphylactic
agent, was used as positive control in order to compare with
HEMA activity. Percoll solution was purchased from Phar-
macia (Uppsala, Sweden). Anti-CGG IgE antibodies were
supplied by Hern-Ku Lee works for department of immunol-
ogy, Chonbuk National University Medical School.

Experimental Animals Male ICR mice and Sprague-
Dawley rats aged 8—10 weeks were purchased from Dae
Han Experimental Animal Center (Daejeon, Korea). They
were housed 3—5 per cage in a laminar air-flow cabinet
maintained at 22�1 �C and relative humidity of 55�10%
throughout the study. Animal Research Committee of Chon-
buk National University approved the animal study in accor-
dance with the guidelines of the National Institutes of Health
(NIH publication #85—23, 1985).

Preparation of Hot-Water Extract from the Root Bark
of Morus alba (HEMA) The root bark of Morus alba used
in this study were purchased from Jangso Oriental Pharmacy
(Chonbuk, Korea). The air-dried root barks of M. alba
(100 g) were immersed in 400 ml of distilled water and
boiled under reflux for 2 h. This hot-water extraction was
conducted twice. The resulting extract was filtered through a
0.45 mm filter, and concentrated to approximately 100 ml
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under reducing pressure. The concentrated extract was finally
lyophilized, yielded 12.4 g dried powder and kept at 4 �C
until use. A voucher specimen (number 2003-MSC203) was
deposited at the Chonbuk University Medical School. The
dried extract was dissolved in saline or HEPES-Tyrode buffer
(136 mM NaCl, 5 mM KCl, 2 mM CaCl2, 11 mM NaHCO3,
0.6 mM NaH2PO4, 2.75 mM MgCl2, 5.4 mM HEPES,
1.0 mg/ml bovine serum albumin, 1.0 mg/ml glucose,
0.1 mg/ml heparin) before use.

Compound 48/80-Induced Systemic Anaphylaxis Sys-
temic anaphylaxis was induced by the mast cell degranulator,
compound 48/80.19,20) Briefly, HEMA (50, 100, 200 mg/kg
body weight) administered orally at 24, 12 and 1 h before the
injection of compound 48/80. Mice were given an intraperi-
toneal injection of compound 48/80 (8 mg/kg body weight).
Survival rate was monitored for 1 h after the induction of
anaphylactic shock.

Passive Cutaneous Anaphylaxis (PCA) An IgE-depen-
dent cutaneous reaction was generated by sensitizing the skin
with an intradermal injection of anti-chicken gamma globu-
lin (CGG) IgE followed 48 h later with an injection of CGG
into the rat’s penis vein. The CGG was diluted in saline. The
rats were injected intradermally with 500 ng of anti-CGG IgE
into each of 4 dorsal skin sites that had been shaved. The
sites were outlined with a water-insoluble red marker. Forty-
eight hours later each rat received an injection of 20 mg CGG
in saline containing 0.5% Evans blue via the penis vein.
HEMA (50, 100, 200 mg/kg) was administered orally at 24,
12 and 1 h before the challenge. Thirty minutes after the
challenge, the rats were sacrificed by ether asphyxiation and
the dorsal skin was removed for measurement of the pigment
area. The amount of dye was then determined colorimetri-
cally after extraction with 1 ml of formamide, based on the
method outlined by Fleming et al.21) The absorbent intensity
of the extraction was measured at 620 nm using a spec-
trophotometer (Spectra MAX PLUS, Molecular Devices,
CA, U.S.A.), and the amount of dye was calculated with the
Evans blue measuring line.

Preparation of Rat Peritoneal Mast Cells (RPMC) Sus-
pension and Microscopic Observation RPMC were iso-
lated as previously described.22) In brief, rats were anes-
thetized with ether and injected with 10 ml of calcium-free
HEPES-Tyrode buffer into the peritoneal cavity, and the ab-
domen was gently massaged for about 90 s. The peritoneal
cavity was opened, and the fluid was aspirated by a Pasteur
pipette, and RPMC were purified by using a Percoll density
gradient as described in detail elsewhere.23) RPMC prepara-
tions were at least 95% pure and at least 98% of these cells
were viable as assessed by trypan blue exclusion.24) Purified
mast cells (1�106 cells/ml) were resuspended in HEPES-
Tyrode buffer. Mast cells were observed under phase contrast
microscope and photographed as described by Cochrane and
Douglas.22)

Mast Cell Viability Assay To test the viability of 
cells, the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-
um bromide (MTT) colorimetric assay was performed as 
described previously.25) Briefly, RPMC (2�105 cells/well)
were incubated for 2 h after stimulation with or without of
HEMA (2.5—250 mg). After addition of MTT (100 mg in
100 m l saline solution), cells were incubated at 37 �C for 2 h.
The crystallized MTT was dissolved and the absorbance was

measured at 570 nm in a spectrophotometer.
Assay of Histamine Release Mast cell suspensions

(2�105 cells in 200 m l) in HEPES-Tyrode buffer were prein-
cubated with HEMA (2.5—250 mg) or DSCG for 10 min at
37 �C and then incubated with compound 48/80 (125 ng).
Mast cells were sensitized with anti-CGG IgE (250 ng) for
2 h and preincubated with HEMA at 37 �C for 10 min prior to
the challenge with CGG (500 ng). The reaction was stopped
by cooling the tubes in ice. The cells were separated from the
released histamine by centrifugation at 150�g for 10 min at
4 �C. Residual histamine in the cells was released by disrupt-
ing the cells with boiling. After centrifugation, histamine
content was measured by the radioenzymatic method de-
scribed by Harvima et al.26) The inhibition percentage hista-
mine release was calculated using the following formula: 
% inhibition�[(histamine release without HEMA�histamine
release with HEMA)/histamine release without HEMA]
�100.

Measurement of 45Ca Uptake The calcium uptake of
mast cells was measured according to the method describ-
ed by Chai et al.27) Purified mast cells were resuspended 
in HEPES–Tyrode buffer containing 45Ca (1.5 mCi/ml;
1 Ci�3.7�1010 becquerels; Du Pont), and incubated for
10 min at 4 �C. Mast cell suspensions were preincubated with
HEMA (2.5—250 mg) or DSCG for 10 min at 37 �C and then
incubated with compound 48/80 (125 ng). Mast cells were
sensitized with anti-CGG IgE (250 ng) for 1 h and preincu-
bated with HEMA or DSCG at 37 �C for 30 min prior to the
challenge with CGG (500 ng). The reaction was stopped by
the addition of 1 mM lanthanuim chloride and centrifuged
3 times at 4 �C for 10 min, then the cells in the pellet were
disrupted with 10% Triton X-100 by vigorous shaking. Ra-
dioactivity of the solution was measured in a scintillation b-
counter (Liquid scintillation Analyzer, A Canberra company,
Australia).

Measurement of cAMP Level The cyclic adenosine-
3�,5� monophosphate (cAMP) level was measured according
to the method described by Holmegaard.28) In brief, mast cell
suspensions were added to an equivalent volume (200 m l) of
prewarmed buffer containing the drug in an Eppendorf tube.
The reaction was allowed to proceed for discrete time inter-
vals, terminated by centrifugation, and then added 250 m l of
50 mM sodium acetate buffer (pH 6.2) under vigous vortex-
ing, followed by snap frozen in liquid nitrogen. The frozen
samples were thawed and vortexed, the debris was sedi-
mented by a centrifugation 400�g at 4 �C for 10 min. The
cAMP level in the supernatant was determined by radioim-
munoassay using a Rianen assay system (MA, U.S.A.).

Statistical Analysis The data were expressed as
mean�S.E.M. of four or five experiments under the same
condition. Student’s t-test and ANOVA with Dunnett’s test
were used to make a statistical comparison among the
groups. Results with p�0.05 were considered statistically
significant. Linear regression analysis was used to correlate
the linear relationship among the assay values. The correla-
tion coefficients among the assay values were determined
using SPSS version 12.0.1 (SPSS Inc., IL, U.S.A.).

RESULTS

To assess the in vivo anti-allergic activity of HEMA, we
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first used compound 48/80-induced systemic anaphylactic
animal model. After injection of compound 48/80, the mice
were monitored for 1 h to determine the mortality rate. Com-
pound 48/80 successfully induced anaphylactic death within
1 h after intraperitoneal treatment with a dose of 8 mg/kg in
ICR mice. As shown in Table 1, the compound 48/80-in-
duced anaphylactic reaction was dose-dependently inhibited
by HEMA. Anaphylactic death was inhibited by 53% in the
group treated 200 mg/kg HEMA.

Another way to test anaphylactic reactions is to induce
passive cutaneous anaphylaxis (PCA). Local extravasation
was induced by a local injection of anti-CGG IgE followed
by an intravenous antigenic challenge. Anti-CGG IgE was in-
jected into the right dorsal skin sites. As a control, the left
dorsal skin site of these rats was injected with saline alone.
After 24 h, all animals were injected intravenously with CGG
injected with Evans blue dye. PCA was best visualized by the
extravasation of the dye. As shown in Table 2, anti-CGG IgE
induced extravasation of Evans blue. Oral administration of
HEMA resulted in inhibition of PCA reactions in a dose-de-
pendent manner. HEMA 200 mg/kg dose showed a marked
inhibition on anti-CGG IgE-induced extravasation of Evans
blue.

MTT conversion assay was used to determine the viability
of RPMC exposed to HEMA. As shown in Fig. 1, the viable
cells were almost 100% after exposure to 250 mg HEMA for
2 h, and HEMA had no cytotoxicity on RPMC.

To investigate the inhibitory mechanism of HEMA on ana-
phylactic reactions, we determined inhibitory effects on com-
pound 48/80-induced or anti-CGG IgE-mediated mast cell
activation. Figure 2 showed the inhibitory effects of HEMA
on compound 48/80-induced mast cell degranulation. In-
verted microscopy technique showed that the normal RPMC
were generally spherical, or oval, had many fine granules sur-
rounding a prominent nucleus (Fig. 2A). After stimulation
with 125 ng compound 48/80 for 5 min, the cell became
swollen and exhibited many vacuoles and extruded granules
near the cell surface and in the surrounding medium, which
is interpreted as mast cell degranulation (Fig. 2B). When
RPMC were incubated with HEMA (250 mg), RPMC showed
similar findings as seen in Fig. 2A (Fig. 2C). After the stimu-
lation of HEMA-preincubated RPMC with compound 48/80
for 5 min, the cell showed swelling with an irregular bound-
ary, but not degranulation (Fig. 2D). HEMA significantly in-
hibited compound 48/80-induced mast cell degranulation.

Figure 3 shows inhibitory effects of HEMA (Fig. 3A) and
DSCG (Fig. 3B) on compound 48/80-induced or anti-CGG
IgE-mediated histamine release from RPMC. The histamine
release from the RPMC induced by compound 48/80 and
anti-CGG IgE amounted to 88.3�4.4 and 57.2�5.4%, re-
spectively. However the histamine release from the com-
pound 48/80-treated RPMC after pretreatment of 2.5, 25, or
250 mg of HEMA amounted to 49.6�3.4, 11.0�1.2 or
4.2�1.0%, respectively. And the histamine release from the
anti-CGG IgE-treated RPMC after pretreatment of 2.5, 25, or
250 mg of HEMA amounted to 47.1�2.9, 27.2�3.5 or
9.4�0.9%, respectively. HEMA dose-dependently inhibited
the compound 48/80-induced or anti-CGG IgE-mediated his-
tamine release at doses of 2.5 to 250 mg. These results indi-
cated that HEMA exhibits an ability to inhibit compound
48/80-induced anaphylactic reactions via blocking compound

48/80-induced mast cell degranulation and histamine release
from RPMC.

The close correlation among concentration of the hista-
mine-releasing stimulus, calcium ion influx, and the amount
of released histamine suggests a cause- and effect-relation-
ship between the influx of calcium and the release of hista-
mine. The release of histamine is decreased by an increment
in the intracellular cAMP. We also examined the effect of
HEMA on calcium uptake and cAMP production. HEMA
alone did not affect the calcium uptake into the RPMC, while
compound 48/80 induced the calcium uptake into the RPMC.
However, HEMA and DSCG inhibited compound 48/80-in-
duced or anti-CGG IgE-mediated calcium uptake into RPMC
in a concentration-dependent manner (Fig. 4). The correla-
tion coefficient (g) was 0.935, (p�0.01) indicating signifi-
cant correlation between the histamine release and calcium
uptake.
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Table 1. Inhibitory Effects of Hot-Water Extract from the Root Bark of
Morus alba (HEMA) on Compound 48/80-Induced Systemic Anaphylaxis

HEMA Compound 48/80 Survival rate
(mg/kg BW) (8 mg/kg BW) (%)

0 � 0
50 � 15.5�5

100 � 35.0�11
200 � 53.6�13
200 � 100�0

Groups of mice (n�20/group) were orally pretreated with 300 m l saline or HEMA
which was given at 24, 12 and 1 h before the injection of compound 48/80. The com-
pound 48/80 solution was intraperitoneally given to the group of mice. Survival rate
(%) within 1 h following the compound 48/80 injections is presented as the numbers of
survival mice �100/ total numbers of experimental mice.

Table 2. Inhibitory Effects of Hot-Water Extract from the Root Bark of
Morus alba (HEMA) on the Anti-CGG IgE-Mediated Passive Cutaneous
Anaphylaxis in Rats

HEMA Anti-CGG IgE Amount of dye Inhibition (%)
(mg/kg BW) (mg/g skin)

0 � 18.5�1.5 0
50 � 15.3�1.9 17.3

100 � 10.7�0.6* 42.2
200 � 7.9�0.4* 57.3

The rats were injected intradermally with 500 ng of anti-CGG IgE into each of 4 dor-
sal skin sites that had been shaved an experiment. The HEMA was administered orally
24, 12 and 1 h prior to the challenge with antigen. Amount of dye is presented as the
mean�S.E.M. of four independent experiments. * p�0.01; significantly different from
the saline value using a ANOVA with Dunnett’s test.

Fig. 1. Effect of Hot-Water Extract of the Root Bark of Morus alba
(HEMA) on Rat Peritoneal Mast Cells (RPMC) Viability

RPMC were treated with various concentrations of HEMA for 2 h. RPMC viability
was determined by MTT assay and its percentage was calculated as a ration of A570 of
control cells (treated with HEPES-Tyrode buffered solution). Each value is the
mean�S.E.M. of five independent experiments.
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Fig. 2. Light Microphotographs of Rat Peritoneal Mast Cells (RPMC) in HEPES-Tyrode Buffer (A), after Stimulation with 125 ng Compound 48/80 (B),
250 mg Hot-Water Extract of the Root Bark of Morus alba (HEMA) (C), and after Being Pretreated with 250 mg HEMA Prior to the Stimulation with 125 ng
Compound 48/80 (D)

Normal RPMC are generally characterized by round shape with fine granules and regular surface. Degranulated mast cells become swollen and have many vacuoles, an irregular
surface and extruded granules. However, compound 48/80 did not induce degranulation of RPMC pretreated with HEMA. HEMA significantly inhibited compound 48/80-induced
mast cell degranulation. Bar�10 mm (arrows: mast cells).

Fig. 3. Inhibitory Effects of Hot-Water Extract of the Root Bark of Morus
alba (HEMA; A) and Disodium Cromoglycate (DSCG; B) on Compound
48/80 or IgE-Mediated Histamine Release (HR) from Rat Peritoneal Mast
Cells (RPMC)

RPMC were preincubated with the drug at 37 �C for 10 min prior to the incubation
with compound 48/80 or to the challenge with antigen. Each value is the mean�S.E.M.
of four independent experiments. * p�0.01; significantly different from the saline
value.

Fig. 4. Inhibitory Effects of Hot-Water Extract of the Root Bark of Morus
alba (HEMA; A) and Disodium Cromoglycate (DSCG; B) on Compound
48/80 or IgE-Mediated Calcium Uptake in Rat Peritoneal Mast Cells
(RPMC)

RPMC were preincubated with the drug at 37 �C for 10 min prior to the incubation
with compound 48/80 or to the challenge with antigen. Each value is the mean�S.E.M.
of six independent experiments. * p�0.01; significantly different from the saline value.



HEMA itself increased the cAMP level in RPMC by 5-
fold as compared to those in control cells. RPMC treated
with compound 48/80 caused less than 2-fold decrease in the
cAMP level as compared to these treated with buffer only.
HEMA and DSCG inhibited the compound 48/80-induced
cAMP reduction of RPMC in a dose-dependent manner (Fig.
5). The inhibitory effects of HEMA on the compound 48/80-
induced histamine release, calcium uptake and cAMP reduc-
tion were less potent than those by DSCG, which may be that
HEMA is not purified substance. The correlation coefficient
(g) was �0.577, (p�0.01) indicating significant correlation
between the histamine release and cAMP production. Also,
the correlation coefficient (g) between calcium uptake and
cAMP production was �0.799, (p�0.01) indicating signifi-
cant correlation between the two groups. These results sug-
gest that HEMA contains a bioactive compound which in-
hibits the compound 48/80- or anti-CGG IgE-induced mast
cell activations and vascular permeability via blocking of cal-
cium uptake into RPMC, or increasing of cAMP level in
RPMC.

DISCUSSION AND CONCLUSIONS

We have demonstrated that HEMA pretreatment pro-
foundly inhibited compound 48/80-induced systemic allergic
reaction and anti-CGG IgE-induced local allergic reaction.
HEMA also inhibited the histamine release by compound
48/80 and anti-CGG IgE. These results indicate that mast
cell-mediated immediated-type allergic reactions are inhib-

ited by HEMA. Its inhibitory effects on mast cell activations
were favorably comparable to DSCG.

Mast cells are widely distributed, especially in connective
tissue and mucosal surfaces, and provide a useful and power-
ful tool for studying both stimulus-secretion coupling and al-
lergic disorders.29) Mast cells are responsible for a variety of
allergic disorders including allergic rhinitis, dermatitis,
asthma, and food allergies, as well as catastrophic anaphylac-
tic reactions to insect stings and some drugs.29) These dis-
eases are becoming more prevalent, and they increase the
burden of health-care costs in many countries including
Korea. Although there are many approaches to the treatment
of these illnesses, such as allergen-specific immunotherapy,
DNA vaccination, and antagonists to the receptors of
leukotriene and histamine, these therapies still have a many
problems and side effects.2,3) Various forms and models of in-
flammatory reactions have been observed. For example, there
are the inflammatory responses from the airways of asth-
matic patients, bone and joints inflammation, microbial in-
fection, anaphylaxis and allergic conditions, and so on. Thus,
the adoption of anti-allergic and anti-inflammatory experi-
mental models for the assessment of phytomedicines used in
the traditional healthcare system for the management of a va-
riety of diseases such as pain, asthma, arthritis, and rheuma-
tism, are considered desirable and justifiable.

Mulberry trees are widely cultivated in East Asia, and the
leaves are used to feed silkworms. The root bark of M. alba
has been traditionally used in Asian countries for medicinal
purposes due to its anti-inflammatory, hypoglycemic, and an-
tibacterial activities.30) The root bark of M. alba, Cortex
mori, has attracted much interest due to its hypotensive, anti-
viral and anti-inflammatory effects. Topical application of
Cortex mori extract has been a common ethnobotanical prac-
tice for the treatment of inflammation in Korea. It has long
been used as an antiphlogistic, diuretic, and expectorant.14)

Therefore, this herb has also been applied for the control of
inflammation, diabetes, and bronchial asthma.15,16) Recently,
a few papers have reported the hypotensive31,32) and anti-
viral33,34) effects of natural Diels-Alder type adducts or
flavonoids or HEMA. Specifically, HEMA inhibits cAMP
phosphodiesterase activity,35) and flavonoids and related
compounds from mulberry tree regulate the arachidonate
metabolism in rat platelet homogenates.17) HEMA is recently
shown to inhibit the spermine-induced histamine release of
rat mast cells by blocking calcium uptake,36) and Cortex mori
extract induces cancer cell apoptosis through inhibition of
microtubule assembly.37) In this study, we utilized well-estab-
lished in vitro and in vivo allergic animal models including in
vitro degranulation in RPMC by compound 48/80 or CGG
antigen and in vivo compound 48/80-induced systemic ana-
phylactic reaction.19,20)

Data presented in this paper show that HEMA pretreat-
ment greatly affected compound 48/80-induced mast cell de-
granulation and histamine release from the RPMC. A close
correlation among concentration of the histamine-releasing
stimulus, calcium ion influx, and the amount of released hist-
amine suggest a cause- and effect-relationship between the
influx of calcium and the release of histamine.23) The com-
pound 48/80 causes the release of histamine from mast cells
following calcium uptake, but the pretreatment with HEMA
inhibits the compound 48/80-induced calcium uptake into the
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Fig. 5. Inhibitory Effects of Hot-Water Extract of the Root Bark of Morus
alba (HEMA; A) and Disodium Cromoglycate (DSCG; B) on Compound
48/80-mediated Decrease of cAMP Level in RPMC

Various concentrations of HEMA were added into the rat peritoneal mast cell sus-
pension for 10 min, and cAMP levels were measured. Each value is the mean�S.E.M.
of six independent experiments. * p�0.01 and ** p�0.001; significantly different from
the saline, # p�0.01 and ## p�0.001; significantly different from the saline plus com-
pound 48/80.



mast cells. The inhibition of HEMA on histamine release in-
duced by compound 48/80 was more potent than that by anti-
CGG IgE, however, in the result of calcium uptake, opposite
direction was observed. We think that this phenomenon is be-
cause the mechanism of mast cell activation by compound
48/80 was different with that by IgE. Compound 48/80 is a
member of the family of polybasic mast cell secretagogues
that are known to activate trimeric G proteins directly, pri-
marily those of Gi and Go categories.38—40) However mast
cell activation with IgE and antigen results in mobilization of
intracellular calcium and activation of protein kinase C both
possibly via activation of phospholipase C.41) According to
earlier findings, agents that elevated cAMP levels inhibited
mediator release.19) The possible mechanism of the inhibitory
effect on the histamine release from mast cells appears to be
related to the increase of adenylate cyclase activity and a
subsequent increase in intracellular cAMP.42) The intracellu-
lar cAMP content of the mast cells, when incubated with
HEMA, increased more than 5-fold in comparison with that
of basal cells. The inhibitory effect of HEMA on mast cell
degranulation and histamine release from mast cells may be
related to the prevention of an increase of intracellular cal-
cium content owing to elevation of the intracellular cAMP
level by inhibition of the cAMP phosphodiesterase.35) DSCG,
an antianaphylactic agent, especially inhibited chemical-me-
diator release by increasing intracellular cAMP through the
inhibition of cAMP phosphodiesterase,43) and inhibited the
release of pre-formed and newly synthesized chemical medi-
ators from a variety of cells involved in allergic and inflam-
matory responses.18) Moreover, DSCG has long been used
for the prevention of allergy related human ailments but be-
cause of its poor gastrointestinal absorption and its beneficial
effects have been due to its topical application rather than
systemic absorption.44) On the basis of inhibition of systemic
anaphylaxis induced by the compound 48/80 in mice after
oral HEMA administration, HEMA may prove superior to
DSCG for the prevention of allergy related impediments.

The active components in the root bark of M. alba have
not been clarified phenolic constituents; however, flavonoids
and related compounds isolated from M. alba shown to pos-
sess anti-inflammatory effects.17,32,34) Moran A, a glycopro-
tein known for its hypoglycemic activity has also been iso-
lated.45,46) This and other studies47) suggest the possible ap-
plication of M. alba to treat many diseases. In conclusion,
our present results provide evidence that HEMA may possess
strong antihistamine and antiallergic activity. Studies on the
isolation and characterization of the active ingredients are in
progress.

Acknowledgments This study was supported by a grant
(02-PJ1-PG1-CH01-0006) from the Korea Health 21 Re-
search and Development Project, Ministry of Health and
Welfare, Republic of Korea.

REFERENCES

1) Wershil B. K., Galli S. J., Adv. Exp. Med. Biol., 347, 39—54 (1994).
2) Kay A. B., N. Engl. J. Med., 344, 30—37 (2001).
3) Kay A. B., N. Engl. J. Med., 344, 109—113 (2001).
4) Abegaz B. M., Ngadjui B. T., Dongo E., Tamboue H., Phytochemistry,

49, 1147—1150 (1997).
5) Dufall K. G., Ngadjui B. T., Simeon K. F., Abegaz B. M., Croft K. D.,

J. Enthnopharmacol., 87, 67—72 (2003).
6) Kim S. Y., Gao J. J., Lee W. C., Ryu K. S., Lee K. R., Kim Y. C., Arch.

Pharmacol. Res., 22, 81—85 (1999).
7) Doi K., Kojima T., Makino M., Kimura Y., Fujimoto T., Chem. Pharm.

Bull., 49, 151—153 (2001).
8) Shi Y. Q., Fukai T., Sakagami H., Chang W. J., Yang P. Q., Wang F. P.,

Nomura T., J. Nat. Prod., 64, 181—188 (2001).
9) Nomura T., Pure Appl. Chem., 71, 1115—1118 (1999).

10) Nomura T., Yakugaku Zasshi, 121, 535—556 (2001).
11) Bae E. A., Han M. J., Lee M., Kim D. H., Biol. Pharm. Bull., 23,

1122—1124 (2000).
12) Desider N., Conti C., Mastromarino P., Mastropaolo F., Chem.

Chemother., 11, 373—381 (2000).
13) Ma S. C., Du J., But P. P. H., Deng X. L., Zhang Y. W., Ooi V. E. C.,

Xu H. X., Lee S. H. S., Lee S. F., J. Enthnopharmacol., 79, 205—211
(2002).

14) Nomura T., Fortschr. Chem. Org. Naturst., 53, 87—201 (1988).
15) Nanba T., “Coloured Illustrations of Wakanyaku,” Hoikusha Publish-

ing Co., Tokyo, 1981.
16) Kimura K., “Medical Plant of Japan in Color,” Hoikusha Publishing

Co., Tokyo, 1981.
17) Kimura Y., Okuda H., Normura T., Fukai T., Arichi S., Chem. Pharm.

Bull., 34, 1223—1227 (1986).
18) Shin H. Y., Kim J. S., An N. H., Park R. K., Kim H. M., Life Sci., 74,

2877—2887 (2004).
19) Alfonso A., Cabado A. G., Vieytes M. R., Botana L. M., Cell. Signal.,

12, 343—350 (2000).
20) Hong S. H., Jeong H. J., Kim H. M., J. Ethnopharmacol., 88, 229—

234 (2003).
21) Fleming T. J., Donnadieu E., Song C. H., Laethem F. V., Galli S. J.,

Kinet J. P., J. Exp. Med., 186, 1307—1314 (1997).
22) Cochrane D. E., Douglas W. W., Proc. Natl. Acad. Sci. U.S.A., 71,

408—412 (1974).
23) Hachisuka H., Nomura H., Sakamoto F., Mori O., Okubo K., Sasai Y.,

Arch. Dermatol. Res., 280, 158—162 (1988).
24) Mascotti K., McCullough J., Burger S. R., Transfusion, 40, 693—696

(2000).
25) Kwon K. B., Yang J. Y., Ryu D. G., Rho H. W., Kim J. S., Park J. W.,

Kim H. R., Park B. H., J. Biol. Chem., 14, 47518—47523 (2001).
26) Harvima R. J., Harvima I. T., Fraki J. E., Clin. Chim. Acta, 171, 247—

256 (1988).
27) Chai O. H., Kim E. K., Lee Y. H., Kim J. G., Baik B. J., Lee M. S.,

Han E. H., Kim H. T., Song C. H., Peptides, 22, 1421—1426 (2001).
28) Holmegaard S. N., Acta Endocrinol. Suppl. (Copenh), 249, 1—47

(1982). 
29) Hollander C., Nystrom M., Janciauskiene S., Westin U., Cancer Cell

Int., 3, 14—22 (2003).
30) Bown D., “Encyclopedia of Herbs and Their Uses,” Dorling Kinders-

ley, London, 1995, pp. 313—314 .
31) Fukai T., Hano Y., Hirakura K., Nomura T., Uzawa J., Fukushima K.,

Chem. Pharm. Bull., 33, 3195—3204 (1985).
32) Nomura T., Fukai T., Hano Y., Yoshizawa S., Suganuma M., Fujiki H.,

Prog. Clin. Biol. Res., 280, 267—281 (1988).
33) Ishitsuka H., Ohsawa C., Ohiwa T., Umeda I., Suhara Y., Antimicrob.

Agents Chemother., 22, 611—616 (1982).
34) Du J., He Z., Jiang R., Ye W., Xu H., But P. P., Phytochemistry, 62,

1235—1238 (2003).
35) Nikaido T., Ohmoto T., Nomura T., Fukai T., Sankawa U., Chem.

Pharm. Bull., 32, 4929—4934 (1984).
36) Chai O. H., Bae H. W., Lee M. S., Lee J. I., Song C. H., J. Allergy

Clin. Immunol., 19, 666—676 (1999).
37) Nam S. Y., Yi H. K., Lee J. C., Kim J. C., Song C. H., Park J. W., Lee

D. Y., Kim J. S., Hwang P.  H., Arch. Pharm. Res., 25, 191—196
(2002).

38) Mousli M., Bronner C., Bockaert J., Rouot B., Landry Y., Immunol.
Lett., 25, 355—358 (1990).

39) Mousli M. C., Bronner C., Landry Y., Bockaert J., Rouot B., FEBS
Lett., 259, 260—262 (1990).

40) Chahdi A., Mousli M., Landry Y., Eur. J. Pharmacol., 341, 329—335
(1998).

41) Gordon J. R., Burd P. R., Galli S. J., Immunol. Today, 11, 458—464
(1990).

42) Sarkar A., Sreenivasan Y., Manna S. K., FEBS Lett., 549, 87—93
(2003).

October 2005 1857



43) Essayan D. M., J. Allergy Clin. Immunol., 108, 671—680 (2001).
44) Shapiro G. G., Konig P., Pharmacotherapy, 5, 156—170 (1985).
45) Hikino H., Mizuno T., Oshima Y., Konno C., Planta Med., 2, 159—

160 (1985).

46) Kim E. S., Park S. J., Lee E. J., Kim B. K., Huh H., Lee B. J., Arch.
Pharm. Res., 22, 9—12 (1999).

47) Shin N. H., Ryu S. Y., Choi E. J., Kang S. H., Chang I. M., Min K. R.,
Kim Y., Biochem. Biophys. Res. Commun., 243, 801—803 (1998).

1858 Vol. 28, No. 10


