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Silibinin Attenuates Mast Cell-Mediated Anaphylaxis-Like Reactions
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Silibinin is known to have hepatoprotective, anti-carcinogenic and anti-inflammatory effects. However, roles
of silibinin in the immediate-type allergic reactions (anaphylaxis) have not fully been investigated. In the present
study, we have demonstrated that silibinin attenuated mast cell-mediated anaphylaxis-like reactions involved in
allergic diseases. Oral administration of silibinin inhibited compound 48/80-induced passive cutaneous anaphy-
laxis-like reaction in mice. Silibinin also attenuated anti-dinitrophenyl (DNP) immunoglobulin (Ig) E-mediated
passive systemic and cutaneous anaphylaxis. Silibinin had no cytotoxicity on rat peritoneal mast cells (RPMC).
Silibinin dose-dependently reduced histamine release from RPMC activated by compound 48/80 or anti-DNP
IgE. Moreover, silibinin inhibited the secretion of pro-inflammatory cytokines, such as tumor necrosis factor-o
and interleukin-6 in RPMC. Pretreatment of silibinin suppressed the antigen-stimulated calcium uptake and ac-
tivation of nuclear factor-kappa B (NF-xB) in RPMC. Furthermore, silibinin increased the intracellular cAMP
level. Increased cAMP, decreased calcium uptake and suppressed NF-xB activity might be involved in the in-
hibitory effect of silibinin on the secretory response. Our findings provide possibility that silibinin may serve as
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an effective therapeutic agent for allergic diseases.
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Several studies have demonstrated the potential of
flavonoids for the prevention and/or intervention of various
allergic diseases. One such naturally occurring flavonoid is
silibinin (Fig. 1), which is the major biologically active con-
stituent in silymarin that is a defined mixture of polyphenolic
flavonoids isolated from the milk thistle (Silybum marianum)
extract. Silibinin has high human acceptance being used clin-
ically and consumed as dietary supplement around the world
for its strong anti-hepatotoxic efficacy.” A wide range of
studies have shown that silibinin exhibits cancer-preventive
and anti-carcinogenic effects.>” Moreover, silibinin pos-
sesses a variety of additional biological effects, such as anti-
oxidative® and anti-inflammatory effects.®

Immediate-type hypersensitivity (anaphylaxis) is an acute
and life-threatening allergic reaction that occurs massively
and systemically. Mast cells play a key role in allergic dis-
eases through the release of a number of mediators and cy-
tokines.” The secretory response of mast cells can be in-
duced by aggregation of their cell surface-specific receptors
(FceRI) for immunoglobulin (Ig) E by the corresponding
antigen.? Activated mast cells can produce histamine, as well
as a wide variety of other inflammatory mediators such as
leukotrienes, prostaglandins, proteases and several pro-in-
flammatory and chemotactic cytokines such as tumor necro-
sis factor (TNF)-a and interleukins (IL)-6, IL-4, IL-13, IL-
8.” Among these substances, histamine remains the best-
characterized and most potent vasoactive mediator impli-
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Fig. 1. Chemical Structure of Silibinin

Silibinin is a bioactive flavanone and a major component of milk thistle extract iso-
lated from Silybum marianum.
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cated in the acute phase of immediate hypersensitivity.'”
Mast cell degranulation can also be elicited by non-immuno-
logic stimulators such as neuropeptides, basic compounds,
complement components and certain drugs.'” Compound
48/80, a mixed polymer of phenethylamine cross-linked by
formaldehyde, is the potent secretagogue for mast cells.'? It
vigorously activates cellular exocytosis, inducing a rapid re-
lease of inflammatory mediators including such as histamine.
Thus, compound 48/80 has been used as a direct and conven-
ient reagent to study the mechanism of allergy and anaphy-
laxis.'” Additionally, murine mast cell is a good experimen-
tal model for the study of the mechanism of stimulus-secre-
tion coupling.

In the earlier work, Lecomte and Damas reported mast cell
protection against dextran induced by silybin (silibinin).'?
Moreover, it was shown that silybin inhibited anaphylactic
shock in rats sensitized by ovalbumin and concluded that
silybin seemed to be a stabilizer of mast cell membrane, thus
preventing histamine release.'” Furthermore, Miadonna et
al. demonstrated that silybin, one of the pure active agents in
silymarin, might have anti-allergic activity via inhibition of
histamine release from human basophils.'® Recently, sily-
marin has been suggested to have a protective effect in the
early-phase of allergic asthma.!” Nevertheless, to our knowl-
edge, a detail relationship between silibinin and mast cell-
mediated anaphylaxis-like reactions has not yet been fully
understood.

The objective of the present study is to investigate whether
silibinin can inhibit mast cell-mediated anaphylaxis-like re-
actions. Our results will give an insight into the prevention or
treatment of mast cell-dependent allergic diseases.

MATERIALS AND METHODS

Materials Silibinin, compound 48/80, azelastine, anti-
dinitrophenyl (DNP) IgE, DNP-human serum albumin
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(HSA), anti-actin antibody and N-(2-hydroxyethyl)piperazine-
N'-2-ethanesulfonic acid (HEPES) were purchased from
Sigma Chemical Co. (St. Louis, MO, U.S.A.). Percoll solu-
tion was purchased from Pharmacia (Uppsala, Sweden). Sili-
binin was dissolved in dimethyl sulfoxide (DMSO) and
freshly diluted in phosphate-buffered saline (PBS) for all in
vitro experiments. The anti-DNP IgE, DNP-HSA and com-
pound 48/80 were also diluted in PBS.

Experimental Animals Male ICR mice and Sprague-
Dawley rats were purchased from Damool Science (Daejeon,
Korea). Animals were housed 3—5 per cages in laminar air-
flow cabinet maintained at 22+ 1 °C and relative humidity of
55%£10% throughout the study. All experiments were per-
formed in compliance with the guidelines approved by Insti-
tutional Animal Care and Use Committee of Yanbian Univer-
sity School of Medical Sciences.

Anti-DNP IgE-Mediated Passive Systemic Anaphylaxis
(PSA) in Mice Mice (n=10/group) were intravenously in-
jected with 3 ug anti-DNP IgE. Twenty-four hours later, mice
were challenged with intravenously administration of 500 ug
of antigen (DNP-HSA) or PBS. After 1.5min, mice were
sacrificed by cervical dislocation and blood was immediately
collected by cardiac puncture. Serum was isolated from
blood samples and tested for serum histamine concentration
by the radioenzymatic method.'® Silibinin [10, 50, 100 mg/
kg body weight (BW)] was suspended in PBS and adminis-
tered orally at 24, 12 and 1 h before the antigen challenge.

Compound 48/80-Induced or Anti-DNP IgE-Mediated
Passive Cutaneous Anaphylaxis (PCA)-Like Reaction
After the intradermal injection of 0.5 ug/20 ul compound
48/80 in the dorsal skin of each mouse, 2% Evans blue solu-
tion was intravenously injected into the lateral tail vein of
each mouse. The next steps were conducted following the
procedures outlined in the next paragraph. Anti-DNP IgE-
mediated PCA was examined as reported previously.'” Mice
were sensitized in the right dorsal skin by the intradermal in-
jection of 200 ng anti-DNP IgE in 20 ul PBS and were given
a sham PBS injection in the left dorsal skin. Twenty-four
hours later, the mice received into the lateral tail vein an in-
jection of 200 ul of PBS containing 100 g DNP-HSA with
2% Evans blue. Silibinin was administered orally at 24, 12
and 1 h before the injection of compound 48/80 or antigen
challenge. As a control, an anti-histamine and mast cell-
stabilizing agent, azelastine, was orally given at 24, 12 and
L h prior to the injection of compound 48/80 or challenge
with antigen.

Thirty minutes after the 2% Evans blue injection or chal-
lenge, the mice were killed by terminal anaesthesia, tissue
sections around the intradermal injection site excised and
weighed, followed by extraction of extravasated Evans blue
dye by incubation of biopsies in 1 ml formamide at 55 °C for
24 h and measurement of absorbance at 620 nm using a spec-
trophotometer (Spectra MAX PLUS, Molecular Devices, CA,
U.S.A.). Tissue Evans blue concentrations were quantified by
interpolation on a standard curve of dye concentrations in the
range of 0.01 to 30 ug/ml.

Preparation of Mast Cell Suspension Rat peritoneal
mast cells (RPMC) were isolated as described previously.?”
In brief, rats were anesthetized with ether and injected with
10ml of calcium-free HEPES-Tyrode buffer into the peri-
toneal cavity, and the abdomen was gently massaged for
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about 90s. The peritoneal cavity was opened, and the fluid
was aspirated using a Pasteur pipette, and RPMC were puri-
fied by using a Percoll density gradient as described in detail
elsewhere.”) RPMC preparations were at least 95% pure as
assessed by toluidine blue staining and at least 98% of these
cells were viable as judged by trypan blue exclusion. Purified
mast cells (1X10° cells/ml) were resuspended in HEPES-
Tyrode buffer.

Mast Cell Viability Assay To test the viability of cells,
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) colorimetric assay was performed as described
previously.”” Briefly, RPMC (2X10° cells/well) were incu-
bated with various concentrations (25, 50, 100 um) of silib-
inin at 37 °C for 2 h. After addition of MTT (100 ug in 100
ul PBS), cells were incubated at 37 °C for 1h. The crystal-
lized MTT was dissolved, and the absorbance was measured
at 570 nm with a spectrophotometer.

Assay of Histamine Release Mast cell suspensions
(2X10° cells in 200 ul) were preincubated with silibinin (25,
50, 100 um) or the vehicle only (0.3% DMSO, used as a con-
trol) at 37 °C for 15 min and then incubated with compound
48/80 (0.25 pg/ml) for 20 min. In addition, RPMC were sen-
sitized with 10 yg/ml anti-DNP IgE for 18h and preincu-
bated with silibinin or the vehicle at 37 °C for 15 min prior to
the challenge with DNP-HSA (100ng/ml). Furthermore,
PBS- or IgE-pretreated RPMC were incubated with silibinin
(100 um) for indicated time at 37 °C prior to the stimulation
with compound 48/80 or DNP-HSA, respectively. Following
centrifugation at 150Xg for 10 min, the amount of histamine
in the supernatant was determined by the radioenzymatic
method.'® The inhibition percentage of histamine release
was calculated using the following formula:

inhibition (%)= {1 —(T—B)/(C—N)} X100

Control (C): anti-DNP IgE or compound 48/80 (+), silib-
inin (—); Normal (N): anti-DNP IgE or compound 48/80
(—), silibinin (—); Test (7): anti-DNP IgE or compound 48/
80 (+), silibinin (+); Blank (B): anti-DNP IgE or compound
48/80 (—), silibinin (+).

Assay of TNF-¢ and IL-6 Secretion RPMC were sensi-
tized with 10 ug/ml anti-DNP IgE for 18 h and then stimu-
lated with 100 ng/ml DNP-HSA for 30 min with or without
silibinin. TNF-¢¢ and IL-6 concentrations in the supernatant
were determined by using commercial enzyme-linked im-
munosorbent assay (ELISA) kits, according to the manufac-
turer’s instructions (Invitrogen-Biosource Cytokine & Signal-
ing, Camarillo, CA, U.S.A.). The inhibition rate of the pro-
duction of TNF-« and IL-6 by silibinin was calculated using
the following equation:

inhibition (%)= {1 —(T—B)/(C—N)} X100

Control (C): anti-DNP IgE (+), silibinin (—); Normal ():
anti-DNP IgE (—), silibinin (—); Test (7): anti-DNP IgE (+),
silibinin (+); Blank (B): anti-DNP IgE (—), silibinin (—).

Measurement of “°Ca Uptake The calcium uptake of
mast cells was measured according to the method described
by Choi et al*® Purified mast cells were resuspended in
HEPES-Tyrode buffer containing **Ca (1.5mCi/ml; 1Ci=
3.7X10'°Bq; Perkin-Elmer Life Sciences, MA, U.S.A.) and
incubated at 4 °C for 10 min. Mast cell suspensions were sen-
sitized with 10 yg/ml anti-DNP IgE for 18h and preincu-
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bated with silibinin at 37 °C for 15 min prior to the challenge
with DNP-HSA (100 ng/ml). The reaction was stopped by
the addition of 1 mm lanthanum chloride. The samples were
centrifuged 3 times at 150Xg for 10 min at 4 °C, and then the
mast cells were lysed with 10% Triton X-100 and vigorous
shaking. Radioactivity of the solution was measured in a
scintillation B-counter (Liquid Scintillation Analyzer, A
Canberra Company, Australia). The inhibition percentage of
“>Ca uptake by silibinin was calculated using the following
formula:

inhibition (%)= {1 —(T—B)/(C—N)} X 100

Control (C): anti-DNP IgE (+), silibinin (—); Normal (N):
anti-DNP IgE (—), silibinin (—); Test (7): anti-DNP IgE (+),
silibinin (+); Blank (B): anti-DNP IgE (—), silibinin (+).

Cytosolic and Nuclear Protein Extractions for Analysis
of Nuclear Factor-Kappa B (NF-kB) RPMC were sensi-
tized with 10 ug/ml anti-DNP IgE for 18 h and preincubated
with silibinin or the vehicle at 37 °C for 15 min prior to the
challenge with DNP-HSA (100 ng/ml). The cells were har-
vested and washed twice with ice-cold PBS. The washed cell
pellets were resuspended in 2 volumes of buffer A (50 mm
Tris—HCI, pH 7.5, 1mm ecthylenediaminetetraacetic acid
(EDTA), 10% glycerol, 0.5mm DTT, 5mm MgCl,, 1mwm
phenyl methylsulfonyl fluoride (PMSF) and protease in-
hibitor cocktails). This suspension was centrifuged at 1000 X
g for 15min at 4 °C. The supernatant fraction was incubated
on ice for 10min and centrifuged at 100000Xg for 1h at
4°C to obtain cytosolic protein extracts. The pellets were
washed twice in buffer A and resuspended in buffer B (1.3 m
sucrose, 1.0mM MgCl, and 10mM potassium phosphate
buffer, pH 6.8) and pelleted at 1000Xg for 15 min. The pel-
lets were suspended in buffer B with a final sucrose concen-
tration of 2.2 M and centrifuged at 100000 Xg for 1h. The re-
sulting nuclear pellets were washed once with a solution con-
taining 0.25 M sucrose, 0.5 mm MgCl, and 20mm Tris—HCI,
pH 7.2, and centrifuged at 1000Xg for 10 min. The pellets
were solubilized with a solution containing 50 mm Tris—HCI
(pH 7.2), 0.3 M sucrose, 150mm NaCl, 2mm EDTA, 20%
glycerol, 2% Triton X-100, 2mm PMSF and protease in-
hibitor cocktails. The mixture was kept on ice for 1h with
gentle stirring and centrifuged at 12000Xg for 30 min. The
resulting supernatant was used as soluble nuclear proteins.

For Western blotting analysis, samples (30 ug of protein
per lane) were loaded on a 10% SDS-PAGE gel. After elec-
trophoresis at 120V for 90 min, separated proteins were trans-
ferred to polyvinylidene difluoride membranes (Amersham
Pharmacia Biotech, Piscataway, NJ, U.S.A.) by the wet trans-
fer method (250 mA, 90 min). Nonspecific sites were blocked
with 5% nonfat dry milk in TBST buffer (25 mwm Tris, pH
7.5, 150 mm NaCl, 0.1% Tween 20) for 1h, and the blots
were incubated with antibody against NF-xB p65 (Upstate
Biotech, Lake Placid, NY, U.S.A.) overnight at 4 °C. Anti-
rabbit horseradish peroxidase conjugated IgG was used to
detect binding of antibodies. The binding of the specific anti-
bodies was visualized by exposing to photographic film after
treating with enhanced chemiluminescence system reagents
(Amersham Pharmacia Biotech).

Measurement of cAMP Level The cyclic adenosine-
3'5" monophosphate (cAMP) level was measured by the
method described by Holmegaard.? In brief, mast cell sus-
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pensions were added to an equivalent volume (200 ul) of pre-
warmed buffer containing silibinin (100 ywm) in an Eppendorf
tube. The reaction was allowed to proceed for discrete time
intervals, terminated by centrifugation, and then each sample
was added to 250 ul of 50 mm sodium acetate buffer (pH 6.2)
under vigorous vortexing, followed by snap frozen in liquid
nitrogen. The frozen samples were thawed and vortexed, and
then the debris were sedimented by a centrifugation 1200Xg
at 4°C for 10 min. The cAMP level in the supernatant was
determined by radioimmunoassay using a Rianen assay sys-
tem (Perkin-Elmer Life Sciences, MA, U.S.A.).

Statistical Analysis The results obtained were expressed
as mean*S.E.M. for the number of experiments. Statistical
evaluation of the results was performed using one-way
ANOVA, followed by Duncan’s multiple range tests. Results
with p<<0.05 were considered statistically significant.

RESULTS

Effect of Silibinin on Anti-DNP IgE-Mediated PSA
IgE-mediated PSA is dependent upon passive transfer of
anti-DNP IgE followed by intravenous administration of the
antigen. Oral infusion of silibinin dose-dependently inhibited
anti-DNP IgE-mediated PSA in mice (Table 1).

Effect of Silibinin on Compound 48/80-Induced or
Anti-DNP IgE-Mediated PCA-Like Reaction It has been
previously demonstrated that the intradermal injection of
compound 48/80 into the dorsal skin of mice provokes the in-
crease of mast cell-dependent vascular permeability docu-
mented by Evans blue extravasation.” As shown in Table 2,
oral administration of silibinin dose-dependently reduced
vascular permeability changes induced by compound 48/80.
Local extravasation was also induced by a local injection of
anti-DNP IgE followed by an intravenous antigenic chal-
lenge. Pretreatment of silibinin caused a dose-dependent de-
crease in anti-DNP IgE-mediated PCA (Table 3). Likewise,
azelastine exhibited significant inhibition of PCA-like reac-
tions triggered by compound 48/80 or antigen at the dose of
10 mg/kg body weight (BW).

Effect of Silibinin on Mast Cell Viability MTT conver-

Table 1. Inhibitory Effect of Silibinin on Anti-DNP IgE-Mediated Passive
Systemic Anaphylaxis in Mice

Treatment . Histamin.e e
(mg/kg BW) Anti-DNP IgE  concentration  Inhibition® (%)
(ug/m)
None (PBS) - 0.12%0.01 —
Silibinin 10 - 0.13+0.02 —
50 - 0.12+0.01 —
100 - 0.11x0.01 —
Azelastine 10 - 0.12%0.01 —
None (PBS) + 1.30%x0.14 —
Silibinin 10 + 1.02+0.19 24.58
50 + 0.83+0.07* 39.83
100 + 0.67+0.03* 52.54
Azelastine 10 + 0.45+0.04* 72.03

Silibinin was administered orally at 24, 12 and 1 h prior to the challenge with antigen
(DNP-HSA). Each serum histamine concentration represents the mean*S.E.M. of five
independent experiments. a) Inhibition (%)={1—(7—B)/(C—N)}X100. Control (C):
anti-DNP IgE (+), silibinin (—); Normal (N): anti-DNP IgE (—), silibinin (—); Test
(7): anti-DNP IgE (+), silibinin (+); Blank (B): anti-DNP IgE (—), silibinin (+).
#p<<0.05, significantly different from the control value. Azelastine (10 mg/kg) was
used as a typical anti-allergic control drug.
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Table 2. Inhibitory Effect of Silibinin on Compound 48/80-Induced Pas-
sive Cutaneous Anaphylaxis-Like Reaction in Mice

Treatment Compound 48/80 Q\I;ELSH;;S; Inhibition®
mg/kg BW 0.5 ug/site %
(mg/kg BW) (0.5 pgysite) (ug/e) (o)
None (PBS) - 43.19+ 2.27 —
Silibinin 10 - 4122+ 243 —
50 - 45.06x 3.10 —
100 - 4296+ 2.85 —
Azelastine 10 41.38* 1.74 —
None (PBS) + 313.51%20.28 —
Silibinin 10 + 247.8319.64 23.68
50 + 189.37£12.81* 46.62
100 + 124.92+ 7.59* 69.67
Azelastine 10 + 106.75+ 9.38* 75.82

Silibinin was administered orally at 24, 12 and 1 h before the injection of compound
48/80. Twenty microliters of compound 48/80 (0.5 ug/site) were intradermally injected
to the backs of mice. Each amount of Evans blue represents the mean*+S.E.M. of five
independent experiments. @) Inhibition (%)= {1—(7—B)/(C—N)}X100. Control (C):
compound 48/80 (+), silibinin (—); Normal (N): compound 48/80 (—), silibinin (—);
Test (7): compound 48/80 (+), silibinin (+); Blank (B): compound 48/80 (—), silibinin
(+). *p<<0.05, significantly different from the control value. Azelastine (10 mg/kg) was
used as a typical anti-allergic control drug.

Table 3. Inhibitory Effect of Silibinin on Anti-DNP IgE-Mediated Passive
Cutaneous Anaphylaxis in Mice
Amount of S g
(r;rlriitm}g&) Anti-DNP IgE Evans blue Inhl(l?;z;on )
e (ug/g)
None (PBS) - 55.72+ 431 —
Silibinin 10 - 56.38+ 5.26 —
50 - 53.26% 3.67 —
100 - 52.59+ 3.42 —
Azelastine 10 - 54.13= 6.80 —
None (PBS) + 270.26+16.22 —
Silibinin 10 + 176.1813.89* 44.16
50 + 147.45+11.57* 56.10
100 + 134.7010.14* 61.73
Azelastine 10 + 96.53*= 7.90* 80.24

Silibinin was administered orally at 24, 12 and 1 h prior to the challenge with antigen
(DNP-HSA). Each amount of Evans blue represents the mean*S.E.M. of five inde-
pendent experiments. ) Inhibition (%)= {1—(7—B)/(C—N)}X100. Control (C): anti-
DNP IgE (+), silibinin (—); Normal (N): anti-DNP IgE (—), silibinin (—); Test (7):
anti-DNP IgE (+), silibinin (+); Blank (B): anti-DNP IgE (—), silibinin (+). * p<<0.05,
significantly different from the control value. Azelastine (10 mg/kg) was used as a typi-
cal anti-allergic control drug.

sion assay was used to determine the viability of RPMC ex-
posed to silibinin. The viable cells were almost 100% after
exposure to 100 um silibinin for 2 h (data not shown). Thus,
silibinin had no cytotoxicity on RPMC.

Effect of Silibinin on Histamine Release from RPMC
The effect of silibinin on compound 48/80-induced histamine
release from RPMC was shown (Fig. 2A). The histamine re-
lease from compound 48/80-treated RPMC was reduced in a
dose-dependent manner of silibinin (82 and 91% inhibition
at 50 and 100 um, respectively). Moreover, the inhibitory ef-
fect of silibinin on IgE-mediated histamine release from
RPMC was documented in Fig. 2B. Silibinin dose-depend-
ently inhibited IgE-mediated histamine release from RPMC
(79 and 95% inhibition at 50 and 100 um, respectively). Aze-
lastine also showed a significant inhibitory potency on com-
pound 48/80 or IgE-induced histamine release at the dose of
100 um (94 and 98% inhibition, respectively). These results
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Fig. 2. Inhibitory Effect of Silibinin on Compound 48/80- or Anti-DNP
IgE-Induced Histamine Release from Rat Peritoneal Mast Cells (RPMC)

RPMC were preincubated with silibinin at 37 °C for 15 min prior to the incubation
with compound 48/80 (A) or DNP-HSA (B). Each data value represents the
mean*S.E.M. of five independent experiments. * p<<0.05, significantly different from
the control value.
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Fig. 3. Time-Course Effect of Silibinin on Histamine Release from Rat
Peritoneal Mast Cells (RPMC)

RPMC were preincubated with silibinin (100 um) for indicated time at 37 °C prior to
the incubation with compound 48/80 (O) or DNP-HSA (@®). Each data value represents
the mean®S.E.M. of five independent experiments.

indicate that silibinin inhibits the compound 48/80- or IgE-
induced anaphylaxis-like reaction by blocking histamine re-
lease from RPMC.

Time-Course Effect of Silibinin on Histamine Release
from RPMC As shown in Fig. 3, time-course study re-
vealed that the inhibition of compound 48/80- and IgE-in-
duced histamine release was observed at 1 min after RPMC
were preincubated with silibinin (68 and 35% inhibition, re-
spectively). The peak inhibition of histamine release oc-
curred at 2 and 15 min for compound 48/80- and IgE-treated
groups, respectively, following preincubation with silibinin.
In addition, silibinin showed no loss of inhibitory effect on
histamine release when RPMC were preincubated with the
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Fig. 4. Inhibitory Effect of Silibinin on Anti-DNP IgE-Induced Cytokine

Production (A, TNF-¢; B, IL-6) in Rat Peritoneal Mast Cells (RPMC)

RPMC were sensitized with anti-DNP IgE and preincubated at 37 °C for 15min in
the absence or presence of silibinin before the challenge with DNP-HSA. The level of
cytokine in the supernatant was measured by using ELISA. Each data value represents
the mean®=S.E.M. of five independent experiments. * p<<0.05, significantly different
from the control value.

drug for 15 min.

Effect of Silibinin on Anti-DNP IgE-Mediated TNF-«
and IL-6 Secretion Activation of mast cells also stimu-
lates cytokine release. Thus, we next determined whether
silibinin could modify the release of cytokines. RPMC stim-
ulated with anti-DNP IgE released significantly more TNF-o
and IL-6 (89.15%4.54 and 33.89*1.71 pg/ml, respectively)
when compared to normal group (RPMC treated with equal
amount of PBS only; 17.62*0.45 and 15.10%0.61 pg/ml, re-
spectively). Preincubation of RPMC with silibinin signifi-
cantly prevented anti-DNP IgE-mediated TNF-« release (Fig.
4A) at 50 and 100 um (51 and 86% inhibition, respectively).
Additionally, silibinin (50, 100 um) significantly reduced IL-
6 secretion in a dose-dependent manner by 68% and 79%, re-
spectively (Fig. 4B).

Effect of Silibinin on Calcium Uptake into RPMC
Calcium plays an important role in the stimulus-secretion
coupling of mast cells. Especially calcium uptake into mast
cells has been recognized as one of the chief elements lead-
ing to a secretory response.”® Therefore, we measured the
calcium uptake. Treatment with silibinin alone showed no
change in calcium uptake. However, calcium uptake was sub-
stantially increased by the stimulation of RPMC with anti-
DNP IgE (data not shown). The antigen-elicited calcium up-
take was inhibited in a concentration-dependent manner of
silibinin (Fig. 5). At the concentration of 100 um of silibinin,
the antigen-mediated calcium uptake was near-completely
blocked. Azelastine (reference drug) also significantly inhib-
ited antigen-induced calcium uptake at 25, 50 and 100 um.
These findings suggest that silibinin may inhibit mediator re-
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Fig. 5. Inhibitory Effect of Silibinin on Anti-DNP IgE-Mediated Calcium
Uptake in Rat Peritoneal Mast Cells (RPMC)

RPMC were sensitized with anti-DNP IgE and preincubated at 37 °C for 15 min in
the absence or presence of silibinin before the challenge with DNP-HSA. Each data
value represents the mean=S.E.M. of five independent experiments. * p<<0.05, signifi-
cantly different from the control value.
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Fig. 6. Effect of Silibinin on NF-xB Expression in Nuclear and Cytosolic
Protein Extracts from Anti-DNP IgE-Stimulated Rat Peritoneal Mast Cells
(RPMC)

NF-xB p65 expression in nuclear (Nuc) and cytosolic (Cyt) protein extracts from
RPMC was shown. A representative result was presented among at least five separate
experiments with similar results.

lease through blocking calcium uptake into RPMC.

Effect of Silibinin on NF-xB Activity Western blot
analysis revealed that levels of NF-xB p65 protein in nuclear
protein extracts from anti-DNP IgE-stimulated RPMC were
increased compared with the levels in the normal group (Fig.
6). The increased NF-xB p65 levels upon antigenic stimula-
tion were decreased by the pretreatment of silibinin. In con-
trast, levels of NF-xB p65 protein in cytosolic protein ex-
tracts from anti-DNP IgE-stimulated RPMC were decreased
compared with the levels in the normal group (Fig. 6). The
decreased NF-xB p65 levels in cytosol preparations were in-
creased by the pretreatment of silibinin. These data indicate
that silibinin inhibits NF-xB activity by preventing transloca-
tion of this transcription factor into the nucleus.

Effect of Silibinin on cAMP Level of RPMC Prelimi-
nary reports have shown that the cAMP pathway participated
in the modulation of mast cell activation. Increased cAMP is
known to precede the prevention of mediator release from
mast cells activated by compound 48/80 or IgE.?” To investi-
gate the mechanism of silibinin on the reduction of mediator
release from RPMC stimulated by compound 48/80 or IgE,
we assessed the intracellular cAMP level. The level of cAMP
was not changed in unstimulated RPMC. When RPMC were
incubated with silibinin at 100 um, the cAMP level increased
at |—5 min and decreased to basal level from 6 min (Fig. 7).
These results propose that silibinin may inhibit mediator re-
lease by increasing the cAMP level in RPMC.
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Fig. 7. Effect of Silibinin on the cAMP Levels in Rat Peritoneal Mast
Cells (RPMC)

RPMC were incubated with silibinin (100 um) for indicated time at 37 °C. Each data
value represents the mean=S.E.M. of five independent experiments. * p<<0.05, signifi-
cantly different from the samples treated with PBS alone.

DISCUSSION

The in vivo models of anaphylaxis-like reaction were de-
signed to assess the contribution of silibinin in mast cell-de-
pendent anaphylactoid reactions. Silibinin-administered mice
are protected from compound 48/80-induced PCA-like reac-
tion in a dose-dependent manner. To further investigate the
mechanism by which silibinin inhibits the anaphylaxis-like
reaction, an in vitro study has been performed. The in-
hibitory effect of silibinin on compound 48/80-induced hista-
mine release from RPMC is concentration-dependent. The
release of histamine and other inflammatory mediators from
mast cells is known to play an important role in acute inflam-
matory processes such as anaphylaxis.'” Therefore, these ob-
servations suggest that silibinin attenuates mast cell-medi-
ated anaphylactoid reactions by blocking histamine release
from RPMC. Tasaka et al. reported that compound 48/80
increases the permeability of the lipid bilayer membrane of
mast cells by causing the perturbation of the membrane.?®
This indicates that the membrane permeability increase may
be an essential trigger for the release of mediators from mast
cells. Accordingly, it is reasonable to presume that silibinin
inhibits histamine release by attenuating the permeability of
the RPMC membrane via preventing the compound 48/80-
induced perturbation of the membrane. However, there is no
evidence to support this assumption in the present study.
Future work should address the mechanism by which silib-
inin reduces compound 48/80-induced histamine release.

PSA and PCA represent models of acute allergic reactions
in which mast cells appear to be essential.*® In these models,
IgE of defined allergen specificity is injected into the caudal
vein or skin, and 24 h thereafter, the specific antigen is ad-
ministered intravenously. The ensuing FceRI aggregation of
mast cells results in the secretion of multiple preformed me-
diators. These products in turn produce the systemic effects
such as cardiopulmonary changes and death as well as the
local effects including increased cutaneous blood flow, en-
hanced vascular permeability leading to tissue swelling and
itching due to the stimulation of cutaneous sensory nerves by
histamine.'” Our results have shown that physiological re-
sponses associated with PSA and PCA are less severe in sili-
binin-treated mice. In addition, silibinin can inhibit the re-
lease of preformed mediators (histamine) from RPMC trig-
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gered by IgE. Thus, we suggest that silibinin inhibits IgE-
mediated anaphylaxis by down-regulating mast cell activa-
tion.

Previously, several researchers examined the effect of a va-
riety of flavonoids on mast cell degranulation.***" Although
different types of cells were used in the various experimental
conditions, it was shown that luteolin, baicalein, quercetin,
kaempferol or myricetin significantly inhibits IgE-mediated
histamine release and cytokine production from mast cells at
100 um. Likewise, our result has revealed that silibinin ex-
hibits significant inhibitory potency on histamine release and
cytokine secretion at the same concentration. However, to
compare the efficacy of silibinin with others, it is considered
that experiments should be carried out using the same types
of cells and stimuli.

Our study has demonstrated that silibinin inhibits the im-
munologic release of TNF-o and IL-6 from RPMC. Pro-in-
flammatory cytokines, particularly TNF-o and IL-6, are
known to play a central biological role in triggering and sus-
taining allergic inflammation in mast cells. TNF-¢ is a key
mediator in many cytokine-dependent inflammatory events.
It induces chemotaxis of neutrophils and T cells, enhances
the cytotoxicity of macrophages and stimulates the expres-
sion of adhesion molecules from endothelial cells.*” TNF-a
is also responsible for eosinophil survival through partial in-
hibition of apoptosis, thereby contributes to chronic inflam-
mation.>® IL-6 is one of the most important mediators of
fever and acute phase response, and is secreted mainly by T
cells, macrophages and mast cells.*¥ Moreover, its local ac-
cumulation is associated with a PCA reaction.” These re-
ports indicate that reduction of these cytokines is one of the
key indicators of attenuated allergic symptom. Thus, silibinin
might affect the acute allergic reaction as well as chronic in-
flammation through the regulation of cytokines generation in
mast cells.

To gain insight into the mechanism of mast cell inhibition
by silibinin, we investigated its effect on calcium signaling,
NF-xB activation and cAMP level in mast cells. Increased
intracellular calcium concentration is critical for mast cell
degranulation.’®*” Intracellular calcium response after im-
munological stimulation is supposed to occur in (at least) two
steps: first one is calcium release from the intracellular store,
and second one is calcium influx from the external environ-
ment, and the latter one is considered to be essential step for
FceRlI-induced degranulation.®® Thus, we measured calcium
uptake using radiotracer assay. As expected from inhibition
of degranulation and cytokine production by silibinin, silib-
inin markedly inhibits antigen-evoked calcium influx into
RPMC. From this, it is inferred that silibinin inhibits media-
tor release through suppressing calcium uptake into mast
cells.

Previous reports have demonstrated that NF-xB plays a
critical role in immune and inflammatory responses, includ-
ing asthma and anaphylaxis.*” Activation of NF-kB has also
been observed after FceRI-mediated allergic response in
mast cells.*” Determination of NF-kB protein level in nu-
clear extracts has revealed that this protein level is substan-
tially increased in IgE-mediated mast cell activation, suggest-
ing that NF-«B is activated. The pretreatment of silibinin re-
sults in the reduction of nuclear NF-xB level as well as pro-
duction of cytokines. Because it is known that cytokine pro-
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duction is regulated through NF-xB expression,*" our find-
ings strongly suggest that silibinin reduces cytokine produc-
tion in allergic inflammation by inhibiting activity of NF-xB.
Here, silibinin may prevent NF-xB activation by either in-
hibiting inhibitory kappa B (IxkB) degradation, stimulating
IxB expression, or both. Actually, many other groups re-
ported that silibinin exerts anti-NF-xB actions by above-
mentioned mechanisms in various types of cells.***) Al-
though our study does not discriminate these possibilities,
the net result of each event is the sequestration of NF-xB in
the cytoplasm and inhibition of the subsequent NF-xB-de-
pendent mRNA transcription including cytokine production.

Early work has provided circumstantial evidence linking
cAMP to inhibition of the allergic response. An increase of
intracellular cAMP is believed to cause the inhibition of me-
diator release from mast cells in response to stimulation of
IgE receptors or compound 48/80.***) This increase of
cAMP is known to be due to the activation of adenylate cy-
clase or inhibition of cAMP phosphodiesterase, and to pro-
duce its effect by reducing the amount of free cytoplasmic
calcium available for activation of various enzymes.***” In-
terestingly, treatment of silibinin increases cAMP level be-
yond the basal level. Although the mechanism of silibinin-in-
duced cAMP production has not been elucidated, silibinin
may activate the adenylate cyclase directly or indirectly, oth-
erwise inhibit cAMP phosphodiesterase, which is supported
by Koch et al’s report that silibinin inhibits cAMP phospho-
diesterase.*® On the other hand, Minguet et al. have docu-
mented that adenosine, by elevating cAMP levels and activat-
ing protein kinase A, is capable of suppressing the NF-xB
pathway in mast cells.*” This finding indicates that silibinin-
induced cAMP increase modulates cytokine production by
repressing FceRI-mediated activation of the NF-xB pathway.
Taken together, we propose that the anti-allergic effect of sili-
binin is associated with an elevation of cAMP in mast cells.

However, we cannot formally rule out the possibility that
cAMP is unlikely to be important as an initiator of the secre-
tory response in mast cells. In a few studies utilizing RPMC,
it was reported that increase and decrease in cAMP were not
always associated with inhibition and mediation of secretion,
respectively. Moreover, extension of these studies to human
cells revealed that cAMP was not related to the initiation of
the secretory process.*” Furthermore, our time-course study
indicates that there is a partial discrepancy between the mag-
nitude and duration of cAMP levels increased by silibinin
and the extent of its inhibition of histamine release in mast
cells (Figs. 3, 7). Therefore, the possibility that the increase
of cAMP by silibinin may not inhibit mediator release cannot
be excluded. Alternatively, it can be assumed that the modu-
latory effect of cAMP on mediator release depends more on
the crosstalk of the activated signal transducting pathway
than on the final level of cAMP.*® Further studies are needed
to clarify the precise link between the transduction signals in
cellular regulation.

In conclusion, our results indicate that silibinin can inhibit
mast cell-dependent anaphylaxis-like reactions in in vivo and
in vitro murine models. Silibinin inhibition of pro-inflamma-
tory mediator release from mast cells appears to be involved
in suppression of calcium uptake and NF-kB activity, as well
as augmentation of intracellular cAMP level. Silibinin may
therefore be suitable for the treatment of allergic and inflam-
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matory diseases. Further studies are needed to elucidate the
possibility that silibinin may also be effective in the human
mast cells and in the treatment of human allergic disorders.
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