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The Inhibitory Effect of Agrimonia pilosa Ledeb Extract on Allergic Reaction

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

ABSTRACT : Complementary and alternative medicines are considered as a promising research field to develop new thera-
pies for various allergic diseases. In this study, we investigated the anti-allergic effect of Agrimonia pilosa Ledeb (AP) by
using passive cutaneous anaphylaxis in mice and its mechanism of action in mast cells. The extract of AP reversibly inhibited
degranulation in RBL-2H3 cells and bone marrow-derived mast cells (BMMCs). AP also suppressed the passive cutaneous
anaphylaxis inducing by IgE and antigen (Ag) in a dose-dependent manner. In the study to find its mechanism of action, AP
inhibited the phosphorylation of Syk kinase, a pivotal protein which is regulated by Src-family kinase for activation of mast
cells. In addition, AP also suppressed activation of Akt and Erk1/2 that are critical for the production of cytokines in mast
cells. The results strongly suggest that AP exerts anti-allergic activity in vitro and in vivo through the inhibition of activation

of Syk in mast cells.
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al., 2010; Bischoff, 2007). ©]&{3F WF-& H|WM|E FH9
IgE X3P 8A (FeeRIPl AH o] e Igkell T
o] A wf Az AsAggze] EskE B fie
H o} FeeRl A€ IgE7F ASH= o subunit, A|EAEA
99 Z7M7)1E B subunit 223 AEANFTI} A REE T
el y subunite® FAE 1A UTH (Metzger, 2004). THH
gdoll o3k BkM| 9] FeeRl 8315 53 Al XA TS
29| &X3t= FeeRI9] B 2 y subunit®] ITAM (immu-
noreceptor tyrosine-based activation motif)2] Lyn 52 Fyn
59 Src-family kinaseol| €]t Q14kslE F3l AJ2HET). Syk
kinase= Lyn o[t} Fynell oA Q1387 friewo] 2A4s)
2 4 Jom, B3 FeeRIC| Q1AM ITAM of] Agtste] -
A WstE doAN o Al e FTTMIIY
(Mocsai et al., 2010). o|&|gt F&A ZPA TG Z 9
Pgsh= skl Alsddehil =l LAT (Saitoh er al., 2000),
SLP-76 (Pivniouk et al., 1999), Gab2 (Gu et al, 2001), 2

Fenkga e dEEr)

zZ deA Aot (Stone er

phospholipase (PL) Cy (Bach and Brashler, 1973) 52| A&
Ad=do A= Frdle] HFTH R v 2s
WM geEl27] whge] Qlo] H= SlXER | 7R
chld Bal G4, TNF-o, L4 5 G274 Alo| &)%),
22T D2 2 FREZC ¢4 59 HlE fFEI)
(Gilfillan and Rivera, 2009; Gilfillan and Tkaczyk, 2006).

g =7 AeE A R5ap7] flEA A ThFs ATt o) F
XAl Utk A2 gl LS ol 77 B SAjol] Foist
o] EAEY sl @2S feshe W2 (Noon, 1911;
Passalacqua ef al., 2009), H]THH|222] &3l =23t IgE 3
ANE F3HA7l= IgE FA F9% (Holgate and Polosa,
2008), IL-49] EAL JABH= L4 $~8A]2] T (Milgrom,
2004) 5ol ot AA FRLAsAl AAslaL e AFHE
WEFE sATle FB|ZERIAIAIY] Foj7h dntAo|n
A TR A7 HAS ¢hds] G |E ofHeRE
obg] O B2 A7F Qs ol2lgt o] E HE B AT
el olsir Al 19 LElEr] Wl T3 4TS s
v 0] &/gdstol] F23F tyrosine kinase SJA|A|S] TR
T A8A AT A7E o ARl oJeiA Al=EAL 9L
(Krauth et al., 2009; Kim, 2008; Rossi et al., 20006).

+Corresponding author: (Phone) +82-2-901-8455  (E-mail) kym123@duksung.ac.kr
Received 2010 August 11 / 1st Revised 2010 October 16 / 2nd Revised 2010 November 10 / Accepted 2010 November 19

398



g 5522

T, AR B T BT ool ofe] URlelMe AE
Hog HEFEES E}oh‘z Angel Aa % gl A8
%ku}. et =l e ATEANE of2E Sl ARlste] 24

2 fefel dE=r) 22 Ve 28 A7 59 7R AHA
= ﬁ%"ﬂ gk A+E &8s] sl Ut} (Lee er dl.,
2008; Kim et al., 2010; Xu et al., 2010).

QaAEe Seueel optelt 27k, S9 So £3 &
e ofgalie] E2A sz L oz 59 ole olge
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2 B2t 71E 15-60 cm H= AL Ao o]
H HEY B Ee 71 B Eo] FQlo] oy Yl
w, 6-79ol ErHeloll =] Zhe Fo] Hojx At FA
U2 A, &9, 3, 39, @9, 23848 59 &%
o] HIZkol|A K =3 glovt AR FHo] wXI gk
om T st a3, dutelgis 23 2 iNOS JAIE T
g AEFEIT APAH R FHE BiEY] Ut} (Jung e
al., 2010; Shin et al., 2010; Zhu et al., 2009). SEA|%F &
Auze] g 2r] aafol| gt = dA7EA gl

2 A7} T2 oy T/ HA AE FEFEY g 2T
35 A4S e, B =i AAUE (Agrimonia
pilosa Ledeb.) F=E°| in virro BITHH|EZS} IgE oJ&4 &
H27] sERddA 5 & gEEr] a3t i 2 &
|71 vTA o] &3} 27] AleHdEEZQ] Syk kinase
o] ZAse] AAIE B3l oFart vErES gl
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1. & M2

DNP-BSA (antigen, Ag), DNP-specific IgE, Arabic gum,
diphenylhydramine (DPH) % o¥t*~E-F+= Sigma Chemical
Co. (St. Louis, MO, USA)IA 43I} PP2 (4-Amino-5-

(4-chlorophenyl)-7-(t-butyl) pyrazolo[3,4-d]pyrimidine)+= Cal-
biochem (La Jolla, CA, USAPIA L3I Cltsld 5o

QakelE|A] k& ERKI1/2, Akt, INK 2 Sykell thdh A=
Cell Signaling Technology Inc. (Danvers, MA, USA)°l| A
A3kt LAT 2 phosphotyrosine (4G10)°l th3dt A=
Upstate Biotechnology (Lake Placid, NY, USA)A 3}k
Sk vITM o] vlS 93] Minimum essential medium
(MEM), RPMI (Roswell Park Memorial Institute) media,
FFEMIY o2 AEF A2k GIBCO/Life Technologies
Inc. (Rockville, MD, USA)IA FYsIReH, o1 9 &
Aok A= EEAoRS st ARE-sATh
Al = xxc——l HIZ=
AUE FE2E (013-076) S EFEE23 (Plant
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3. M5 =%l BIZHIEZ
23] U ot

AF Z42 B]THHIE (bone marrow-derived mast cells,
BMMC)= ©oJu] B3E W (Jensen et al., 2006) <]3]
4-57% 84 Balb/c BF AN vt 22 S AX F&
10ng/mé IL-35 $HF$F RPMIHIA] (RPMI

(BMMC) ¥ RBL-2H3 H|ZH|ZC

3}t BMMCE=
1640, 2mM L-glutamine, 0.1 mM non-essential amino acids,
antibiotics 2 10% fetal calf serum)ollA] wks}iom 3F3%
oF 98% o]e] A7} BMMCE #318 7S FACS #4&
B3l E1EATE BMMCs ¥ RBL-2H3 cellsS o2 =}
3719930 20 ng/mé DNP-specific IgEZ 4X]7F o] 7H21A]
Zl ¥ BMMCE Tyrode-BSA €& (20mM HEPES, pH
75, 135mM NaCl, 5mM KCI, 1.8mM CaCl2, 1mM
MgCI2, 5.6mM glucose, 0.05% BSA)Z AT 20 ng/m£
9l (DNP-BSA)C=E A=sle] AlvsE F5E9] 855 4
Az FZ2ES sk &2 izt HP“W]:& &gs v
wsle] E13lth. RBL-2H3 B]RHA| = glutamine, anti-
biotics, 15% FBSZ ¥3}3 MEM ®ix|ollA] wjkslglom &)
YA=E PIPES &5 (25mM PIPES, pH 7.2, 159mM
NaCl, 5mM KCI, 04mM MgCI2, 1mM CaCl2, 5.6mM
glucose, 0.1% BSA)IA BMMCS} 531 IgEE A8l
A7) FhASS AT

4. BIZHKIEZOIM Eof ZX

BMMC®} RBL-2H3 MY X E 24-well W] FEet2=
(2 x 10%cells/0.4 ml/well)oll #F3+3 20 ng/mé DNP-specific
IgES 233 uf]ellA 4,\]71 o A F BRI EE
PIPES (RBL-2H3 AM|3%) 5-& Tyrode (BMMCs) 5o =2
A2 & well B 02ml 9] 7 =S A7t e
2 AF3] 308 ol FAYE FE2E & gxrIde=
DMSO £91-& Y7 20ng/ml FUS H7F T 102 B9t A
FE AFonh @3gS BNk E I Sol] E3kEo]q]
T7F AlERFS 2 FH] 5= B-hexosaminidase®] €3-S 5783F
o] A B-hexosaminidase®] E-dol tist Aazs} wjx]= EH]
H 2 40 & HEE At

5. Immunoblotting &4

SIS ©]83t Immunoblotting £4-2 IgEE 7H&HE H|TH
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HEZ 6 well HiSE7]01A 20 ngmd FLo 7 78H7F 213}
L AE9IA 9-S FAAFE A3 AEE OF 4T

PBS $kzdo= 33] AlE & 025ml lysis 4 (20 mM

HEPES, pH 7.5, 150mM NaCl, 1% Noidet p-40, 10%
glycerol, 60mM cotyl B-glucoside, 10mM NaF, [ mM
Na;VO,;, 1mM PMSE, 2.5mM nitrophenylphosphate, 0.7

(g/ml pepstatin, a prease-inhibitro cocktail tablet)ol|A 30%
7+ AIEES IS T2 15,000 oA 158 B9 W AR
2] stk Yalie]  Asds ilE HES ARE AR
STt 2x Laemmli buffers 98 F 95TCol|lA 587F
T 1502 AJEE SDS-PAGEAlA #23 % nitro-
cellulose ol ©]&EA|7]AL 5% skim milks X3Sk TBS-T
5d (10mM Tris-HCL, pH 7.5, 150mM NaCl, 0.05%
Tween 20022 1A]7F Bt ATt o]F SAskaAt sk=
chl Aol thek 12 S 1: 1000802 84 5ke] F 4TCo)lA
s A28k 9S TBS-TZ A2 ¥ HRPol| <750
U= 22k FAE 1:200001 2 3|25t 1A]7F FRF A2ollA
2], AH & 2ASR= IAL chemiluminescent A]9FS
BlatollA Hshs Ad@AAl wet dsle diESs AE &
LAS3000(Fujifilm, Tokyo, Japan)< ©]-83}4] nitrocellulose
uke] Tl s gRlskTt.
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nlE]E ARgate] THEE & ool BarEl WhH (Kabu et dl,
2006)°l 2Ja 23S AA)EATE DNP-BSASC] IgE 0.5 /g
& 129 QEF Flof| IuFALSkL 24417 & iR o®
S 58 5% arabic gumol] FEE FAE
Fko mt AFE FAT vhe, 1A F 4% °ll
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s Fl FAKSIATE FLFAL A7 F 24} sl A Al
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Fig. 1. Effect of AP on antigen-induced degranulation in RBL-
2H3 mast cells and BMMCs. RBL-2H3 cells (A) and
BMMC (B) were incubated overnight in 24 well cluster
plates, with 20 ng/m¢ DNP-specific IgE, in a complete
growth medium. The medium was replaced with a
Tyrode (for BMMCs) or PIPES (for RBL-2H3 cells) buffer
that contained the indicated concentration of AP, before
stimulating with 20 ng/m{ DNP-BSA (Ag), to measure the
release of B-hexosaminidase. The values are expressed as
mean=SEM from the three independent experiments.
PP2 (10 uM) is a general Src-family kinase inhibitor as a
reference reagent. Statistical analysis was performed using
one-way ANOVA and the Dunnett’s test. Significant
differences are indicated follows: 'P < 0.05, "P < 0.01,
and P < 0.001.
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UE B|=ER, B-
hexosaminidase, tryptase 5= H|sle] oy 714
A1 GeEE7] wkge] Fogk ¢9lo] =} (Stone et al.,
2010). & AFolM= olHgt el o3 B3y S
A3t7] 98l RBL-2H3 A% 2 ZFfaie] vjoAx
(BMMC)olA & A=)l o8] AEptez Eu|gE p-
hexosaminidase®] A= FZE0 o3 oA 235 574
st T RAES B3l AE TEe AlE5A0]

f= = =1
= 0-100 pg/mlbs XA

=

=

o=

ato] At e FEES
ARl o3k BRkA 2o o] DS T ST o o
AsFAe™ 1Csy w2 27 MAEoA °F 50.1 pg/ml (RBL-
2H3 cells) @ 52.4 ug/ml (BMMCs)3th (Fig. 1A 2 1B).
HIWHA oA gty S| o] FE27] 45 e
ste B49] FHE gristEE QhuE FEE0] g9y ¢
A= A1E GH27] S in vivo SEEHOU AlgelA

= gEEr] e AT F AeS ARl

oo g0

[e]
A

2. BIUZ FEZ0| HITHIZ
A

574 S3EN} WA FEE AAE oo Jlue)
sl 7 Ewel Jlepe ST s ke FAE
ZrolA Be onlE stk sk o] 17l
A4ge Ao Fol HYS 9 APHA PSS
Fsgol Q171 wolcy. olo] ¥ A7ASE WAtE
F=o] Mg oI Y3ty oA el sty NES
AIBISITh 1R AR MTAEE 147 B AAE
FEE AP he F IFOE vl # A5 F5E
PIPES $h59102 AASL the 25 AAA e 4
A PRz ATste] g YO 1S v 27
Ao, 79 2004 BeAAE e o] AAE FEE

I oA Edhe 40T AF A 2 A o
48 g & 5 Ak ol APANE FAGE F2E
of wlEkA el That Shgeln) ke Tl A e nel 9]
t} (Fig. 2).
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(Gilfillan and Tkaczyk, 2006). 3+9] AsAL =& Syk
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Fig. 2. Effect and reversibility of AP on antigen-stimulated degranu-
lation in mast cells. RBL-2H3 cells were pre-incubated for
1 h with DMSO or 100 xg/mL AP. Then, the cells were
washed five times with PIPES buffer before the treatment
of DNP-BSA (Ag) to measure the release of f-hexo-
saminidase. The values are expressed as the mean = SEM
from three independent experiments. Statistical analysis
was performed using one-way ANOVA and the Dunnett’s
test. Significant differences are indicated follows: =P <
0.001.

kinase= 71 SAlolx= Aledd whidolm LATS Syk
kinase®] #7341 7|4 dARA 319 AsdGEHe] &
dstEl=d Sl FAA WA (adaptor protein)EA] S 3f
£ Zez & 4#A Ut} (Saitoh er al., 2000).

2 A= A dilueE F5E9 Syk kinase®] 14F
stof] tig A B3E AT 2 A9 Vs FEE
L BTN Ee] AlgAde] T3k Syk kinase2] ol Jgk
Elo|2A 7] Clikels e oEFHo T AT (Fig
3A). 72 A= 30 pg/ml FEoNA AAEA T 100 g/meol
Me Qs Ao AFEA edTh (Fig. 3A). 53] Syk
kinase®] 3179 $1X]9] ofu]:=Akl tyrosine> Lyn 5 Sre-
family kinase®] 329l 71282 2 ByEo)A] Urt (Chu
et al., 1998; Law et al., 1996; Mocsai et al., 2010). ©]2]
Sk AL HAYUE FEE0] Src-family kinase®] E-ge] A
E &3l Syk kinse®] QIAkslE AAlsk= Ag ofwjgitt the
O 2 Syk kinase®] ZFZ<1 71 whdolm H[vkA|Z &4
sloll F23F 98 dl= adaptor TAQ] LAT (linker for
activation of T cells)?] QUAFSIE Syk kinse®] 914ks} ojA| ¢}
v AR gAEE AAE AT (Fig 3A). ol2d 2
= AAE FEEY ¥R A S3= FeeRI 7841
oF gt 27] AsdgH MLl F8% 9L = Syk
kinase®] &9 A& Fall 2 A HE Uehtes 2o
Hojxith,

#2 Lyn/Syk kinase A1EHAER R o|9]o = M EE &
A3 71E T2 A5 AY 429 Fyn/Gab2/PI3K A &dE7
27} 2A3to] B3 HITh (Parravicini er al., 2003). WA
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Fig. 3. Effect of AP on activation of Syk kinase, Akt, and MAP
kinases. (A) The RBL-2H3 cells were incubated overnight
in 6 well plates with 25 ng/m{ DNP-specific IgE. The cells
were stimulated with 25 ng/ml antigen (Ag), with or
without AP, for 7 min. The whole cell lysates were subjected
to immunoblot analysis to detect phosphorylated or non-
Ehosphorylated forms of target proteins. Representative

lots are shown from three independent experiments.
PP2(10 uM) is a general Src-family kinase inhibitor.
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2 A4 A

3HH, Erkl/2, p38 2 INK MAP kinase= H]7HA| o4
A AFol 28 TNF-a 2 14 5] AlelE7191e] A4
Hlof| S8 QS sh= Zo2 AR ok 53], H2 B
o oJghH Erkl12= H|YHAIEZo|A TNF-o &40l 23 9&
< S} BT} (McPherson ef al., 2009). AAUEFZE
2 SHEAE p38 2 INKO] EAole JaFe] fixiem
Erk128 Eoldog oxlsh= 3= Wt} (Fig. 3B). o|23
Az B ZAUE FE5E9] Ekl2 843 oAl ¥
FoA TNF-a BHES JAE 7Fse] & AR A7l
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Fig. 4. Effect of AP on passive cutaneous anaphylaxis in mice. An
DNP-specific IgE (0.5 1g) was intradermally injected into
a mouse right ear. An injection of antigen, 250 /g antigen
(Adg, 1 pg/ml in a PBS containing 4% Evans blue), was
administered 24 hr later into the mouse tail vein. The AP
was administered 1 hr before the treatment of antigen
(Ag). The mouse was euthanized 1 hr after the challenge
of Ag, and the right ear was removed for the measure-
ment of the amount of dye extravasated. (A) Repre-
sentative images of ears are shown from three indepen-
dent experiements. (B) Values for the extravasated amount
of Evans blue are expressed as mean+SEM from the
three independent experiments. Statistical analysis was
performed using one-way ANOVA and the Dunnett’s
test. Significant differences are indicated follows: "P <
0.05, "P < 0.01, and ""P < 0.001 (n = 10 per group).
DPH (20 mg/kg), a typical anti-histamine drug, was used
as a reference.
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