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ABSTRACT Flos magnoliae (FM), the dry flower buds of Magnolia officinalis or its
related species, is a traditional herbal medicine commonly used in Asia for symptom-
atic relief of and treating allergic rhinitis, headache, and sinusitis. Although several
studies have reported the effects of FM on store-operated calcium entry (SOCE) via
the ORAIT channel, which is essential during intracellular calcium signaling cascade
generation for T cell activation and mast cell degranulation, the effects of its isolated
constituents on SOCE remain unidentified. Therefore, we investigated which of the
five major constituents of 30% ethanoic FM (vanillic acid, tiliroside, eudesmin, mag-
nolin, and fargesin) inhibit SOCE and their physiological effects on immune cells. The
conventional whole-cell patch clamp results showed that fargesin, magnolin, and
eudesmin significantly inhibited SOCE and thus human primary CD4" T lymphocyte
proliferation, as well as allergen-induced histamine release in mast cells. Among
them, fargesin demonstrated the most potent inhibitory effects not only on ORAI1
(ICso = 12.46 = 1.300 puM) but also on T-cell proliferation (by 87.74% + 1.835%) and
mast cell degranulation (by 20.11% = 5.366%) at 100 uM. Our findings suggest that
fargesin can be a promising candidate for the development of therapeutic drugs to
treat allergic diseases.

INTRODUCTION

Allergies, caused by immune responses to environmental
antigens are some of the most common chronic inflammatory
diseases worldwide. The responses lead to the release of Th-2 T
cells that produce interleukin (IL)-4, IL-5, and IL-13 and boost
IgE-mediated activation and degranulation of mast cells [1]. In
general, allergies result from exposure to several common al-
lergens such as pollen, animal dander, house dust mites, specific
food, insect venom, and several drugs. They are commonly
recognized as type I hypersensitivities that exhibit the most
clear-cut immunopathological correlation and are referred to as
IgE-mediated allergic reactions [2]. Allergic reactions generally
include two distinct phases, the early-phase reaction and the late-

phase response. The early-phase reaction is activated within a few
minutes of exposure to allergens; it generates mediators such as
histamine, prostaglandins, and leukotrienes from mast cells that
initiate a series of events, namely increased vascular permeability
with edema, itchiness, vasodilation, and several acute functional
changes in the related organs [3,4]. As a result, leukocytes that are
increasingly recruited and activated during hypersensitivity aug-
ment the late-phase response that develops more slowly than the
early-phase reaction and reflects the accumulation of Th2 T cells,
basophils, eosinophils, leukocytes, and mediators generated by
resident cells such as mast cells [3,5,6]. The maintenance of spe-
cific allergen exposure or repetitive exposure can trigger a state of
chronic allergic inflammation [3,5].

Intracellular calcium signaling is activated and modulated dur-
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ing the allergic response phases. Calcium is one of the essential
second messengers in several cell types, especially immune cells
such as B and T lymphocytes that regulate cytokine secretion,
cell differentiation, and the non-reactive state [7,8]. The intracel-
lular calcium concentration of immunocytes in the resting state
is ~100 nM. However, it is transiently increased when T or B cell
immunocyte surface receptors or antigen-antibody complexes
engage with Fc receptors in mast cells, leading to intracellular cal-
cium signaling through the Gq protein-coupled receptor [9-12].
Consequent to receptor activation, phospholipase v is stimulated
and cleaves phosphatidylinositol 4,5-bisphosphate into inositol
1,4,5-trisphosphate (IP,) and diacylglycerol (DAG). Whereas
DAG remains in the plasma membrane, IP; moves and binds to
IP; receptors on the endoplasmic reticulum (ER), followed by the
release of calcium from the ER stores into the cytoplasm, generat-
ing transient calcium signaling [9,13,14]. To foster the continua-
tion of cellular reactions, a different mechanism, termed store-
operated calcium entry (SOCE), is activated. SOCE is a calcium-
selective calcium release-activated calcium (CRAC) channel,
mediated by the interaction among stromal interaction molecule
1 (STIM1), ER calcium sensor, and the ORAII plasma membrane
calcium channel. The CRAC channel is responsible for the func-
tion and differentiation of some T lymphocyte subsets, contribut-
ing immunity to infection, inflammation, and the prevention of
autoimmune diseases [15].

ORAII is abundantly expressed and plays a vital role in acti-
vating immune cells, such as T and mast cells. Loss-of-function
changes in ORAII or its activator STIMI inhibit CRAC currents
and SOCE [10,16-18]. A previous report has illustrated the im-
portant role of ORAII in allergic skin disorders [19], and more
recently, DS-2741a, an anti-ORAI1 antibody, has been shown to
suppress T cell and mast cell functions [20]. In addition, although
allergic responses can now be effectively medicated, there are
still misgivings concerning the adverse side effects of antiallergic
drugs and the associated increased medical expenses. These fac-
tors indicate the importance of developing functional natural
products targeting ORAIL, to reduce or prevent allergies.

Flos magnoliae (FM), the dry flower buds of Magnolia of-
ficinalis or its related species, is a traditional herbal medicine
commonly used in Asia for symptomatic relief of and treating
allergic rhinitis, headache, and sinusitis [21-23]. FM extracts and
compounds have been reported to exhibit significant antiallergic
and anti-inflammatory effects by inhibiting mast cell degranula-
tion and pro-inflammatory cytokine secretion. The primary con-
stituents of a 30% ethanolic FM extract (FMy,;;) have been previ-
ously determined as vanillic acid, tiliroside, eudesmin, magnolin,
and fargesin [21]. In addition, several studies have reported the
FM immunosuppressive mechanism with respect to the ORAIL
channel intracellular calcium signal [6,22-25]. Nevertheless, its
constituent effects on SOCE regulation and physiological effects
in the immune cells involved in allergic diseases are still un-
known. Thus, this study aimed to assess the effects of five major
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FM constituents on SOCE. Among them, we identified three FM
compounds that significantly inhibit SOCE and its related physi-
ological effects, namely fargesin, eudesmin, and magnolin, which
could be promising therapeutic agents for allergic diseases.

METHODS
Cell culture

Human embryonic kidney 293 T (HEK293T), RBL-2H3 mast
cells, and Jurkat T cells were obtained from the American Type
Culture Collection (Manassas, VA, USA). HEK293T cells were
maintained at 37°C with 10% CO, in Dulbecco’s modified Eagle’s
medium (Welgene, Gyeongsan, Korea) supplemented with 10%
fetal bovine serum (FBS; Welgene) and 1% penicillin/streptomy-
cin (P/S; GE Healthcare, Chicago, IL, USA). RBL-2H3 cells were
cultured in minimum essential medium (Gibco, Grand Island,
NY, USA), whereas Jurkat T cells were grown in RPMI1640 me-
dium (Gibco; Thermo Fisher Scientific, Waltham, MA, USA)
supplemented with 10% FBS and 1% P/S; both cell lines were
maintained at 37°C in a 5% CO, incubator.

hSTIM1 and hORAI1 transfection

HEK?293T cells were transfected using TurboFect transfection
reagent (Thermo Scientific, Waltham, MA, USA) to record the
ORAII current, following the manufacturer’s instructions. The
human ORAII (hORAI1), human STIMI (hSTIM1), and en-
hanced green fluorescence protein-encoding construct (pEGFP-
N1) vectors were transiently co-transfected in a 4.5:4.5:1 ratio.
The electrophysiological experiments were performed 24 h after
co-transfection.

FMg,o, preparation

Twenty grams of the dried FM obtained from SAEROM Phar-
maceutical Co. Ltd. (Anseong, Korea) was thoroughly pulverized
and reflux-extracted with 30% ethanol. The resultant FM,,, was
concentrated using a rotary vacuum evaporator. The 16.8% yield
was freeze-dried and then stored at 25°C.

FM,,o, constituent analysis

A 1290 Series high-performance liquid chromatograph (Agilent
Technologies, Santa Clara, CA, USA) at The Korea Basic Sci-
ence Institute, Seoul, Republic of Korea, was used to analyze the
FMg,oy constituents as previously described [26]. After injecting
10 pl of 5 mg/ml FMy,qy, into a 3.0 x 100 mM, 2.7 uM Poroshell
120 SB-C18 column (Agilent Technologies), the constituents were
separated and identified at a 278 nM wavelength. The column
temperature was maintained at 20°C. In addition, the mobile
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phases, including 0.1% acetic acid (A) and acetonitrile (B) solu-
tions, were used with 10%-65% B (15 min), 65%-90% B (1 min),
and 90% B (2 min) and were equilibrated with 10% B.

B-Hexosaminidase activity assay

The B-hexosaminidase activity was determined by colorimet-
ric assay using p-nitrophenyl N-acetyl-D-glucosamine hydro-
lysis, as previously described [26,27]. RBL-2H3 mast cells were
seeded in 48-well plates (2.5 x 10° cells/ml) and incubated for 24
h before sensitization with 1.0 mg/ml anti-dinitrophenyl (DNP)-
IgE for 3 h followed by discarding the solution and washing the
cells four times with PBS. Subsequently, the stimulated cells were
exposed to 3, 10, 30, and 100 uM of fargesin or eudesmin before
dissolution in piperazine-N, NO-bis(2-ethanesulfonic acid) buf-
fer containing 119 mM NaCl, 5 mM KCl, 25 mM PIPES, 5.6 mM
glucose, 1 mM CaCl,, 0.4 mM MgCl,, and 0.1% bovine serum
albumin (pH 7.2, NaOH), and stimulation with 800 ng/ml DNP-
horse serum albumin for 1.5 h. The cells were subsequently
incubated for 1.5 h at 37°C in a medium mixture of 1 mM p-
nitrophenyl N-acetyl-D-glucosamine and citrate buffer (pH 4.5).
Sodium carbonate buffer (pH 10.0) was added to the mixture to
stop the reaction, and the absorbance at 405 nM was immediately
measured.

Electrophysiology

We performed the whole-cell patch clamp current record-
ings using an Axopatch 200B amplifier (Molecular Devices,
Sunnyvale, CA, USA) and a Digidata 1440A interface (Molecular
Devices) to measure the ORAIL current, as described in previous
studies [21,22,26-29]. In brief, the transfected cells were trans-
ferred to a perfusion bath chamber (Warner Instruments, Ham-
den, CT, USA) and incubated for 5-10 min. The recorded current
was sampled at 10 kHz, whereas the lowpass was filtered at 5
kHz. The patch pipettes were pulled using a P97 flaming brown
micropipette puller (Narishige, East Meadow, NY, USA) and
polished to 2-3 MOhm. After setting up the standard whole-cell
configuration, the voltage protocol was established by applying
voltage ramps from -130 mV to +70 mV for 100 sec at a holding
potential of -10 mV. The pulse was applied every 20 sec. The elec-
trophysiological data were analyzed using Clampfit 10.4 (Molecu-
lar Devices, San Jose, CA, USA), Origin 8.0 software (Microcal,
Northampton, MA, USA), and Prism 6.0 (GraphPad Software, La
Jolla, CA, USA).

The bath solution composition was 135 mM NaCl, 3.6 mM
KCl, 1 mM MgCl,, 10 mM CaCl,, 5 mM D-glucose, and 10 mM
HEPES (pH 7.4, NaOH). The internal solution contained 130 mM
Cs-glutamate, 20 mM BAPTA, 1 mM MgCl,, 3 mM MgATP,
0.002 mM sodium pyruvate, and 20 mM HEPES (pH 7.2, CsOH).
Further, 20 uM of IP,, which can deplete ER Ca”" stores, was
added to the pipette solution before experimentation to activate
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the ORAII current. When the I, reached a steady-state, we
serially added 100 uM of the FM constituents or the indicated
concentrations of fargesin to the bath solution. At the end of each
experiment, we also confirmed the basal current using BTP2, a
potent ORAII channel inhibitor.

Human primary CD4" T lymphocyte isolation

The experimental procedures using human blood were au-
thorized by the Institutional Review Board (IRB), Dongguk
University College of Medicine, Korea (IRB No. 2017-07-003).
The peripheral blood mononuclear cells were isolated using the
Ficoll-Paque Plus medium (GE Healthcare, Chicago, IL, USA),
followed by the isolation of human naive T lymphocytes using
a CD4" T cell isolation kit (Miltenyi Biotec, Bergisch Gladbach,
Germany), according to the manufacturer’s protocol and a previ-
ous study [27].

T cell proliferation assay

T cells were purified and washed twice with PBS before sus-
pension in PBS at a 10°~10° cells/ml followed by the addition of
carboxyfluorescein succinimidyl ester (CFSE; Thermo Fisher
Scientific) and maintained at room temperature for 10 min. Cold
media were added to stop the reaction, and the cells were placed
on ice for 5 min. The CFSE-labeled cells were seeded in 96-well
plates at 2 x 10° cells/well, and simultaneously stimulated with 5
wl/ml antihuman CD3 and 2 pl/ml antihuman CD28 (Thermo
Fisher Scientific). Subsequently, the CD4" T cell proliferation was
determined by fluorescence-activated cell sorting after incuba-
tion with complete RPMI-1640 media for 3 days, according to a
previous study [27].

Cytotoxicity assay

Cell viability was determined using a cell counting Kit-8 (CCK-
8; Dojindo Laboratories, Kumamoto, Japan). Specifically, Jurkat T
cells were plated in 96-well plates at 2 x 10" cells per well, treated
with 1, 3, 10, 30, and 100 uM fargesin, eudesmin, or magnolin
and incubated for 72 h. Subsequently, 10 ul of CCK-8 solution was
added to each well of the cultured cells and incubated for an ad-
ditional 3 h, followed by the absorbance measurement at 450 nm
using a microplate reader.

Statistical analyses

The experimental results are expressed as the means + stan-
dard error of the means (SEM). The statistical analyses were
performed using one-way ANOVA with Bonferroni and Holm-
Sidak post-hoc tests for multiple comparisons. The p < 0.05 was
considered statistically significant.
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RESULTS

Inhibition of Iy, by FM,q,, constituents in hORAI1
and hSTIM1 co-transfected HEK293T cells

Five constituent compounds (eudesmin, fargesin, magnolin,
tiliroside, and vanillic acid) were identified in the 30% ethanoic
EM in our previous study [21]. To determine whether these five
compounds show the inhibitory effects on the ORAII current
(Ioran)> we performed whole-cell patch clamp on the HEK293T
cells that co-expressed hORAI1 and hSTIMI. The addition of 20
mM 1,2-bis(o-aminophenoxy)ethane-N,N,N0, NO-tetraacetic
acid (BAPTA) and 20 uM IP; to the intracellular solution devel-
oped Iopay (Fig. 1A). After the Iog,, attained peak value, 100 uM
of each of the constituents was added separately. Interestingly,

whereas vanillic acid and tiliroside did not exhibit significant
effects, the three other compounds, fargesin, magnolin, and eu-
desmin, significantly inhibited I ,;, by 65.58% + 8.384%, 29.73%
+ 4.879%, and 24.69% + 3.986%, respectively (Fig. 1B). Since far-
gesin showed the most significant inhibitory effect on Iyy,,,, we
applied it to HEK, cells at various concentrations (Fig. 2A, B).
Fig. 2C shows that fargesin exhibited dose-dependent inhibition
with an IC;yvalue of 12.46 + 1.300 uM.

Inhibition of mast cell degranulation

The SOCE plays a crucial functional role in degranulation and
secretion in mast cells [15,30]. As recently published data has
shown that magnolin inhibits IgE-antigen (Ag)-induced mast
cell degranulation in a dose-dependent manner, we examined
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SEM. *p < 0.05 and ****p < 0.0001 com-
pared to control (loga)-
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the effects of fargesin and eudesmin on mast cells [31]. Treatment
with fargesin or eudesmin suppressed B-hexosaminidase release
compared to that with the positive control (assigned at 100%). As
shown in Fig. 3A, fargesin exhibited a concentration-dependent
inhibitory effect on B-hexosaminidase secretion at 30 and 100
uM (5.25% + 6.287% and 20.11% + 5.366%, respectively), whereas
eudesmin was associated with a value of 129.3% * 31.49% at 100
uM (Fig. 3B).

Suppression of primary T cell proliferation

Prior to testing cell proliferation, we determined the cytotoxic-
ity of the three compounds in a human T lymphocyte cell line,
Jurkat T, using the CCK-8 kit. Treatment with 1, 3, 10, 30, and 100
uM fargesin, eudesmin, or magnolin for 72 h did not show sig-
nificant cytotoxic effects in T cells (Fig. 4A-C). These data were
used as a guide for subsequent experiments in this study.

We further examined whether the three FMy,;; constituents
that showed significant I, inhibition could also inhibit CD4" T
cell-induced CD3/CD28 co-stimulation. Using flow cytometric
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analysis of CFSE-labeled T cells, we found that 100 uM fargesin,
magnolin or eudesmin significantly inhibited CD4" T cell pro-
liferation by 87.74% + 1.835%, 89.71% + 0.679%, and 91.11% +
0.667%, respectively (Fig. 4D, E). In summary, results suggested
that the three constituents inhibited Iy, T cell proliferation, and
mast cell degranulation, which are implicated in allergic responses.

DISCUSSION

FM has been successfully applied to treat and relieve several
conditions, such as allergic rhinitis, headache, sinusitis, and rheu-
matoid arthritis. Several FM pharmacological effects, including
antiallergic, anti-bacterial, anti-inflammatory, anti-rheumatic,
and anti-angiogenic activities, have been previously report-
ed [23,32-36]. Although many reports have indicated the effects of
whole FM extracts on intracellular calcium signaling via SOCE,
those of its isolated constituents are still under speculation [22].
Previously, we identified five major constituents of FMy, .y, farge-
sin, magnolin, eudesmin, vanillic acid, and tiliroside [21]. Hence,

Korean J Physiol Pharmacol 2021;25(3):251-258
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in this study, we examined the inhibitory effects of isolated con-
stituents on SOCE through the ORAII channel, which is essential
for activating T and mast cell degranulation. We hypothesize that
the multiple effects of the constituents concomitantly contribute
to the pharmacological treatment of allergic diseases by targeting
the ORAII channel.

The results indicate that among the FM constituents, fargesin
at 100 pM exhibited the most significant effect on the ORAIL
channel (65.58%), followed by magnolin (29.73%) and eudesmin
and (24.69%) (Fig. 1A, B). Fargesin is a known bioactive lignan
isolated from FM; its multiple effects, such as anti-inflammation,
anti-allergy, and other properties, have been reported in several
previous studies [23,37-40]. For example, fargesin demonstrated
an anti-inflammatory effect in THP-1 melanocytes by inhib-
iting the calcium-dependent PKC pathway and attenuating

Korean J Physiol Pharmacol 2021;25(3):251-258

chemical-induced intestinal disease [37,38]. Moreover, it relieved
atherosclerosis by increasing the efficiency of reverse cholesterol
transport and inflammation inhibition [41] and inhibited 5-LOX
activity, which partially contributes to allergic diseases [42]. Not-
withstanding, there are no reports of its antiallergic effect via the
ORAI1 channel. Thus, we used a range of fargesin concentrations
on the Igocp in HEKqp,, cells. Interestingly, the inhibition was
dose-dependent with an IC,, value of 12.46 + 1.300 uM (Fig. 2A, B).

It has been recently reported that magnolin, a natural ingre-
dient traditionally used to treat allergy, inflammation, nasal
congestion, and headache, suppresses the activation of IgE-Ag-
induced mast cell degranulation in vitro and in vivo via the Lyn-
Fyn-PLC signaling pathway [31] and reduces B-hexosaminidase
release from bone marrow-derived mast cells [43]. This might be
a result of Iy, inhibition by magnolin (Fig. 1B). Therefore, our
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next step was to investigate the inhibitory effects of fargesin and
eudesmin on the degranulation response in RBL-2H3 mast cells.
Pretreatment with fargesin inhibited B-hexosaminidase release in
a concentration-dependent manner (Fig. 3A). Hence, eudesmin
resulted in a significantly lower attenuating effect on degranula-
tion than fargesin (Fig. 3B). These results are consistent with pre-
vious studies reporting that the three bisepoxylignans, magnolin,
eudesmin, and fargesin, show antiallergic effects at 100 uM by
inhibiting degranulation and tumour necrosis factor (TNF)-q,
expression without influencing mast cell viability. Among them,
fargesin exerted the most potent antiallergic effect [43,44]. No-
ticeably, the varying levels of inhibitory effects on the ORAIL
channel revealed the differences in the degranulation-inhibition
effect between fargesin and eudesmin (Figs. 1B and 3A, B).

In addition to degranulation, we examined the effects of the
three constituents (fargesin, eudesmin, and magnolin) on T cell
activation. Highly significant inhibition of naive human CD4" T
lymphocyte growth by more than 87% was observed at 100 uM
for these three compounds, without significantly affecting cell
viability (Fig. 4A). It was previously mentioned that magnolin
plays a role in inhibiting cell proliferation and transforming both
human breast and lung cancer cells via the ERK1 and ERK2
signaling pathways [45,46]. Similarly, eudesmin inhibits TNF-q,
production in lipopolysaccharide-stimulated RAW 264.7 mouse
macrophage cells and concanavalin A-stimulated T cell prolif-
eration in mouse splenocytes [47]. In combination with these
reports, our results further highlight the inhibitory effects of the
three constituents on CD4" T cell activation.

In summary, the three FMj,o constituents (fargesin, eudesmin,
and magnolin) showed SOCE-inhibitory effects by inhibiting the
ORAII channel that plays a pivotal role in T cell activation and
mediator secretion [15,48]. As expected, these three compounds
exerted significant inhibitory effects on CD4" T cell proliferation
and mast cell degranulation. Among them, fargesin showed the
most potent effects on SOCE and also effectively inhibited T cells
and mast cells. These results indicate the scope for further studies
to elucidate a potential role for the three constituents, and espe-
cially fargesin, in treating allergic diseases.
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