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Salviae Radix Suppresses Mast Cell-mediated Allergic Response:
Inhibition of Src-family Kinase

Young Mi Kim”
College of Pharmacy, Duksung Women's University, Seoul 132-714, Korea

Abstract — In this study, the anti-allergic activity and mechanim of Salviae radix (SR) were investigated. The ethanol
extract of SR showed significant inhibitory effect on degranulation from antigen-stimulated mast cells and it also inhibited
the expression and secretion of TNF-o and IL-4 in antigen-stimulated RBL-2H3 cells. In the mast cell-mediated local animal
allergy model, it suppressed the passive cutaneous anaphylaxis in a dose-dependent manner. As its mechanism of action,
SR inhibited the activating phosphorylation of Syk, a downstream signaling molecule of Src-family kinase, for the activation
of mast cells. The results of the study indicate that the anti-allergic activity of SR is mediated by the inhibition of Src-family

kinase in mast cells.
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Minimum essential medium(MEM)¥} th& A Erjok A]oke
GIBCO/Life Technologies Inc.(Rockville, MD, USA)1A 4]
315121, DNP-BSA(antigen, Ag), DNP-specific IgE, &2
3)=, olglilol7d, diphenylhydramine(DPH) Sigma Chemical
Co.(St. Louis, MO, USA)°l|A] -8} t}. PP2+ Calbiochem
(La Jolla, CA, USA)IA -dai3iar libshe 52 Q14tsh A
9+ ERK1/2 ¥ Sykell thgt Sl Cell Signaling Technology
Inc.(Danvers, MA, USA)ol|A4 %1353t LAT 2! phosphoty-
rosine(4G10) thst &A= Upstate Biotechnology(Lake Placid,
NY, USAylIA F-38150ch. 1 9] BE Aok SAlels 774
sto] ARE-SISIT.

HESE

47792 34 ICR mic
T8kl AR
light-dark cycleS 415153t}
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i FEE(CA01-028) Al EFE P o2 74
slof ARESIITE. 100 g2 TS 50°ColA] ellghE 1000 miollA]
FEIom FFANL AuEWS o]
31o] 40°CollA 24417 B xS AxRFo 552 oF
135% 9o FEES B oA avE gl & A3

A Bk,
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MF STRa{(BMMC) ¥ RBL-2H3 H[TH[Zo| 22| & HYRF

BMMC= 553 &4 Balb/c 714 F&)aigick Y BMMC
+ 10 ng/ml IL-35 35-3F RPMI “} A/ (RPMI 1640, 2 mM L-
glutamine, 0.1 mM non-essential amino acids, antibiotics 2!
10% fetal calf serum)elx] BIUSIATE, o] Zdof| A wljek 3+ &
ok 98% o] ME7F BMMCZ 2R1E|ch Al A8 98]
20 ng/m/ DNP-specific IgE= 447} o]4F 7F4kA17] & BMMC
L Tyrode-BSA %] (20 mM HEPES, pH 7.5, 135 mM NaCl,
5mM KCl, 1.8mM CaCl,, 1mM MgCl, 56mM glucose,
0.05% BSA)Z WAF 20 ng/ml - (DNP-BSA)C & 231
HFEEC] 55 ERISISI) RBL-2H3 H|WHA¥EE glutamine,
antibiotics, 14% FBSE X3¢ MEM Hj#| 4] wjj<)sl3) o
FAA=2 PIPES ¥lx(25mM PIPES, pH 7.2, 159 mM
NaCl, 5mM KCl, 04mM MgCl, 1mM CaCl,, 56mM
glucose, 0.1% fatty acid-free fraction V from bovine serum)
ol BMMCS} FdskA Z4tr17]aL dxl=-8 A7k
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BMMC$} RBL-2H3 H]EHHZE 24-well HiFZTRAZ1(2X 10°
cells/0.4 mi/wellyl] F5312L 20 ng/m/ DNP-specific IgES ¥3F
Sk uiA ol A 4r]7E o) ZHRAIZATE 22 A1) AlEE PIPES
(RBL-2H3 A|¥) & Tyrode(BMMC) HIAZ A2 3 well T
0.2 m/°] 22 x| & H7kersith. &S H7kshr] 302 Aol
FEES 93 20 ngml FHE 7R 102 BRF AXEE A
ShSlTh Ebe B 23t oIQITE AlERTo R s
B-hexosaminidase®] #/d 0 & =7s}5itt.

Immunoblotting &4

HITE 2= 6 well HIoF7 1004 20 ng/ml A o= 7t A=
Skl da9lold W8-& AT A= AEE oF 4°C
PBS ¢FEolo 7 AlA% 0.25ml lysis 9°4(20 mM HEPES,
pH 7.5, 150 mM NaCl, 1% Noidet p-40, 10% glycerol, 60
mM cotyl B-glucoside, 10 mM NaE 1mM Na;VO,, 1mM
PMSE 2.5 mM nitrophenylphosphate, 0.7 ug/m/ pepstatin, a
prease-inhibitro cocktail tabletyx] 3083F AXE wsfst v}
15,000 goA) 15% 5k W Aale] aSivt. dAeEl s A5
WS- A|gF ARREIO] 2X Laemmli buffer'®s @& 5 95°Ce]l
Al 583 7aEtleh Tl e SDS-PAGESeIA Eeld §
nitrocellulose Bf ©]FA17]13L 5% skim milkE X35 TBS-T
AFNA0mM Tris-HCl, pH 7.5, 150mM NaCl, 0.05%
Tween 20)°.% 1A3F &2t A2fat3iet. o] % S48kt o=
Aol ofet 12 IS 1: 1000812 3)2431o] oF 4°ColA &)
4 Agjednt. vhe TBSTE A1 § HRP-AAEo])=
2k FAIE 1: 2000002 3]A416k0] 1ARE 51F 2ol g, Al
2] & BXee Wl ES chemoluminescent A9k 018 A&

3k,

Reverse transcription-polymerase chain reaction(RT-
PCR)

7H2d RBL-2H3 W 9HH (1} 10° cells/3 ml/well)E PIPES
Ao F AF T 20ngml FACE 158 F* A5 F A7)
£ PBSE A &3} t). Total RNAE Trizol A] 2k(Invitrogen,
Carlsbad, CA, USA)© % 5~Z% Superscript first-strand systhesis
system(Invitrogen)e- ©|-§- 1%AF AlZth. PCRE 94°CellA] 45
Z, 55°ColA] 45% 1813l 72°ColA] 6025 3081 WHEshe T}
23} =2 primerE A 281530} rat TNF-o, primer:= forward
5-CACCACGCTCTTCTGTCTACTGAAC-3' % reverse 5-
CCGGACTCCGTGATGTCTAAGTACT-3!, rat IL-4 primer<
forward 5-ACCTTGCTGTCACCCTGTTC-3' % reverse 5-
TTGTGAGCGGGACTCATTC-3, rat GAPDH primer+ forward
5-GTGGAGTTACTGGCGTCTTC-3' ¥ reverse 5-CCAAGG-
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CTGTGGGCAAGGTCA-3¢ 77} ARg-819ick.
Enzyme-linked immunosorbent assay(ELISA)
7% RBL-2H3 AI¥EE 20 ng/ml T F AR 59k A= &
A3 BF w2 FH]E TNF-o) IL-45 ELISA kit(Invitrogen,
Carlsbad, CA, USAYS o|g3lo] S4sI5itt.

Passive cutaneous anaphylaxis

FA50] IgE 05 uge PHy-9] Q85 o] I 244)
7 ) 22ES v nle)l AR 2oid ke, 3 A7k

T 4% A EFEAe] Hol9l= 250 ug e el s
5ol FARIGIEY, FATA WREF AR} stel 912 A7, 700
formamide §-9o]] €& & 70°C<>ﬂ/\1 Bk Tol 29 3 =
Z9 oAEF A0) okS 620 nmoll A B} nlwEle] 5
5_5 == O].gj\q.'lfi)

SHXE

Ae] A= FHa 3 REESE 4
= ¥AJ5}al one-way ANOVA 4! D
Fede AR

A3 A7= o] € meantSEM
unnet's tests & A%

A 23 o nE

HI2EMZOIM ER2tRiof chet &2t

H] 1_/‘1]5‘]} ghratalsls Aels 31248l 1 tryptase &
ekt dEll2Y] S ks “Hﬂ]ﬂ% ] @%Qoi 101
= st & A
ANAE in vitro FLEN=27] 5345 S5 ]H'H RBL-2H3 %ﬂ
A gl Rae] HITHIEBMMOPIM g2l A=l S8l
v gaisle] tigh elEaEe] AlasE S4sISivh @

FEE ATl g vvAEeA ] Rl F OJE
Ao oellon IC,, gk °F 15 ng/mi3it(Fig. 1A 9! 1B).
ojfgh A E= HE Ward vk A=FEEe] auel nis)
A a7} St

ChEEE0| TNFa ¥ 114 24| 2N 51t

H] E’}/ﬂ]f{oﬂ/ﬂ&— Interleukins 1, 2, 3, 4, 5, 6, 8, 10, 13, %!
TNF-o. & FR AP|E7RIY ARTIlE Fajghtd o)
% 53], TNF- asﬂr IL-4 52 Alo]E7}1S H|vbA| o)) )
/HHOML A7) GFo] o] Feah? wehs diEE
0] Frglel gJgh AfolETRIS] Ak Hhlef oA §3ﬂr7} i
=AE Flsalth TNFo 3 IL-4= @i5E=e] 2l &
oE# o Wio] JA|E o (Fig. 24), AEE] FH| = ’{-E
oJEA o7 AAHHFig. 2B 2 20). ol2]st Al Wil
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Fig. 1 - Effect of SR on antigen-induced degranulation in RBL-2H3
mast cells and BMMC. RBL-2H3 cells (A) and BMMC (B)
were incubated overnight in 24 well cluster plates, with
50 ng/m/ DNP-specific IgE, in a complete growth medium.
The medium was replaced with a Tyrode or PIPES buffer
that contained the indicated concentration of SR, before
stimulation with 20 ng/m/ antigen (Ag), to measure the
release of B-hexosaminidase. The values are expressed
as mean+SEM from the three or more independent
experiments. PP2 is a general Src-family kinase inhibitor.
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AEARE) BN T DTS o T 9
31T} vlwkA| = ko os| A}=o]w™ FeeRI &A1) B-

subunitel] AgE o] A Lyno] B X y-subunit®] ITAMS <14k
3} NA AlFEA]] EA5H= Syk kinaseZ 849} AeS =
& 7] AZAZAGAES 3t AED B Qe 27
Az gt Gal5EE 9] Syk kinase?] ¢lAkslo thdt &
Al G35 GRS 1 dd Tl FEES HRkRe] 2]
Az Ao 23 Syk kinase?] dHol 23k QAlEE i 9
Ao AAEIIT) 11 A= 10 ug/ml ExolA dAER e
™ 100 pg/mielAl= JAks7 ds] dEEA] ASkehFig. 3A).
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Fig. 2 - Effects of SR on secretion and expression of TNF-o and IL-
4 in RBL-2H3 cells. (A) SR was added to the IgE-primed
RBL-2H3 cells 30 min before the addition of 20 ng/mi
antigen (Ag), or cells were left unstimulated (NS). The
cells were stimulated for 15 min before assaying TNF-o or
1L-4 mRNA by RT-PCR. The results are representative gel
pictures from three independent experiments. (B and C)
The secretion of TNF-ow and IL-4 were measured by ELISA
4 hr after stimulating RBL-2H3 cells with 20 ng/m/ antigen.
The values are expressed as mean+SEM for the three
independent experiments. PP2 is a general Src-family
kinase inhibitor.
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Fig. 3 — Effect of SR on activation of Syk kinase. (A) The RBL-2H3
cells were incubated overnight in 6 well plates with 50 ng/
ml DNP-specific IgE. The cells were stimulated with 20 ng/
m/ antigen (Ag), with or without SR, for 7 min. Syk and
LAT were immunoprecipitated with the specific antibodies,
respectively, and the immunoprecipitated proteins were
subjected to immunoblot analysis to detect phosphorylated
or total proteins. (B) The BMMCs were incubated with
50 ng/ml DNP-specific IgE overnight. The cells were
stimulated with 20 ng/ml/ antigen, with or without SR, for
7 min. The proteins derived from cell lysates were
subjected to immunoblot analysis to detect the phos-
phorylated forms (Y317) of Syk. Representative blots are
shown. PP2 is a general Src-family kinase inhibitor.
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Fig. 4 - Effect of SR on passive cutaneous anaphylaxis in mice. An

DNP-specific IgE (0.5 pg) was intradermally injected into a
mouse right ear. An injection of antigen, 250 pug antigen
(Ag, 1 pg/ml in a PBS containing 4% Evans blue), was
administered 24 hr later into the mouse tail vein. The SR
was administered 1 hr before the treatment of antigen. The
mouse was euthanized 1 hr after the challenge of antigen,
and the right ear was removed for the measurement of the
amount of dye extravasated. The values are expressed as
mean+SEM from the three independent experiments.
DPH (50 mg/kg), a typical anti-histamine drug, was used as
a reference.
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