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Anti-Allergic Effects of Nodakenin in IgE/Ag-Induced Type | Hypersensitivity
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Mast cells are major effector cells associated with allergic responses. They are activated through the
release of histamine, arachidonic acid, and proinflammatory cytokines. We investigated the effect of
nodakenin, derived from the roots of Angelica gigas Naka, on mast cell degranulation and on an aller-
gic response in an animal model. We also investigated the effect of nodakenin on expression of multi-
ple cytokines. Nodakenin suppressed the release of [3-hexosaminidase, a marker of degranulation, as
well as the expression of interleukin IL-4 and TNF-a mRNA. Nodakenin inhibited the passive cuta-
neous anaphylaxis (PCA) reaction in ICR mice in a dose-dependent manner. These results suggest that
nodakenin can inhibit mast cell degranulation through the inhibition of IL-4 and TNF-a mRNA ex-
pression, and that nodakenin may potentially serve as an anti-allergic agent.
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oA &ejA] wh
B FE FA ¢uA e ARE 44T + Ao
[3,4,10].
Nodakenine %9 7l(Angdlica gigas Naka) 2 H-E FZ3
el o}

2924 0%, A5 S fEd] AFaG0E oAl A
oA AF Wz ABAEEA AHgH o] it ol 46
o thg FAZY 24} 713l WA B8AA L]

B A Ae U3 v-So o) mAEs gdeA ue
oA nodakenin®] &9} B 7|ZS BEAsmA ok

M L
M=
Nodakening& A-2thdta Fotrjst YR uszie A
3 W9kth(Fig. 1). Mouse monoclonal anti-DNP IgE antibody
9} dinitriphenol-conjugated human serum albumin (DNP-
HSA), Evans blue, 18]3 A2 #]-& 913t v} F 2] Dulbecco’s
Modified Eagle’s Medium (DMEM) Sigma-Aldrich (St.
Louis, Mo, USA)ol A #9434 th. P-Nitrophenyl-N-acetyl-$3
-D-glucosaminide= MP Biomedicals, LLC (Solon, OH, USA)
2 78 7Ykl s,

M= 2f

RBL-2H34|£& American Type Culture Collection
(ATCC, Rockville, MD, USA)2 5§} -3} %21, 10% FBS
9} 100 unit/ml¥] penicillin-streptomycin®] 7} Eagle’s
minimal essential medium (WelGENE, Inc., Daegu, Korea)
Hj Aol A 2-3 vttt Hf Fe & el FROoH, W g &g
37CE FAS= 5% COr WF7IoNA st st
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Fig. 1. Chemical structure of nodakenin.
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471 ICR mice (aged 7 weeks)= Orient Bio (Gangneung,
Korea) 2 ¥ sl &&= 20-22°Ce} £ %= 40-50% 9] 37
A AR BE FEES 78 H AEY BS AT
stg o, AM e Institutional Animal Care and Use
Committee (IACUC) (Wonju, Korea)7} & <] 5E4HS
S8,

FSLFoRige 8

Anti-DNP-specific IgE (0.5 ng)= 27+<] ICR mice®] 7]
S FALZ FYsEH 0™, 244)7F 3o, nodakenins 259 A]
50 mg/kg®] FEE ATFF sk, 1A7F Fo 3% Evans
bluest €38 DNP-HSA (200 ng)S WA} shich. ¢l
A 2417 Fo ICR miceS FEHAF Al713L 7o) -3
Hh3-o] o]k Evans blue @40k & Seto g #sidith
E3E 500 pl formamidedl] s|E AE A/ 3, 63°CoAl A a}F
B HHEAIA 620 nme] FFEE GA k] FE& SA3H

B-hexosaminidase HE2F 4

2313 dAte] ¥4 EA9l B-hexosaminidased] ¥ &%
SATOZH GYA g A AEE AME FFAA Lot
St} RBL-2H3 A2+ 24-well platesoll ZH well® 200,000 Al
7} HEE FF &, 12470 v St Th Anti-DNP-spe-
cific IgEE 200 ng/ml FE=Z 7t welloll ZH2FAIA 12213 wjj o
a1t} IgEsl 72l M+ PIPES buffer (25 mM PIPES,
pH 7.2, 110 mM NaCl, 4 mM KCl, 0.4 mM MgCl, 40 mM
HCl, 5.6 mM glucose, 1 mM CaCly, and 0.1% BSA)Z + H
Al A 8L, 37°Cell M 302 &<t PIPES buffero] ¢ noda-
kening FEHE A2 atgich AEE 37°CAA 1583 DNP-
HSA (25 ng/ml)9} §H-&AZH o7 bgstE 9lal 587 4+
9o F9t}. B-hexosaminidase W& &S Z43}7) A,
G- whgo] dolk A E7} £k well®) PIPES buf-
fer A543} B-hexosaminidase®] 7] <1 0.1 M citrate buffer
(pH 4.5)9 =<1 P-nitrophenyl-N-acetyl-B-D-glucosaminide
£ 96-well platedl| A &3F3te] 37°Col| A 1A 7E F<t HEGATH
31, 0.1 M carbonate buffer (pH 1055 25t ¥H--S &
AlZl ¥, microplate readerg ©]8-3}¢ 405 nm¢| FHFoZ

ke do

Mz 428 54

M E AYEE&-2 Ez-Cytox Enhanced Cell Viability Kit (Daeil
Labservice, Seoul, Korea)& ©]-&-3}o =43}t RBL-2H3
A2 96-well plated] 53t 12A17F F¢f 200 ng/ml
anti-DNP-specific IgEE 7H2HAZ o 12A]3F $-¢f], nodakenin
3 25 ng/ml DNP-HSA & 23213t 52k 4 2]} 5ith. Ez-Cytox
Kit reagent= A XE7} 1= ulj oFd o] Fofs}ar 37°Cel| A} 14]
ZF 59t WS AIA T ©]F microplate readerE ©]-8-314 450

nm o2 FHET SYsHG

RNA FE3 3L Setga o B8 EF(RT-PCR)

RBL-2H3 A1 ¥+ 6-well platecl] #5g ¥, 200 ng/ml anti-
DNP-specific IgEE 7241 A &7 F<t v FatAct. PIPES
buffer2 F ¥ Al & &, nodakenin® &= HWE A3,
147t &<t DNP-HSA (25 ng/ml)E A8ttt 8- Fof,
MEE PBSE AM#H3}al, TRI reagent (Sigma-Aldrich, St.
Louis, MO, USA)E ©] 83} total RNAE FZ3 %t} Total
RNAx= spectrophotometerg ©]&3t H#gate] 1 ug9
RNAE ©]&43}%1, <DNA #4 % PCRE Accupower
RT/PCR premix kit (Bioneer, Daejeon, Korea)E ©]-&3}4
RT-PCRE 3tk PCRED LS 149 4§, 94°C 1%,
50°C 45%, 72°C 4522 35 cycled 331924, TNF-a9
7%, 94°C 14, 49°C 45%, 72°C 452 2 35 cycleS 533153
o} PCR 2HE2 2% agarose gel2 7195 S ¢ £, ethidium
bromide #7}ste] M=E 7}A18} 81t AMHE-E primere
Th3} 2tk rat IL4 sense 5'- accttgetgteacectgtte-3'; rat IL-4
antisense 5'-ttgtgagcgthhactcattc-3'; rat TNF-a sense 5'-caag-
gaggagaagttcccaa-3'; TNF-a antisense 5'-cggactcegtgatgtctaag-
3'; B-actin sense 5'-atgccatcctgegtetggacctgge-3'; and B-actin
antisense 5'-agcatttgcggtecacgatggagge-3'.

SHzE|

EE AY Ade Hi+EFHA(meanstSEM)E U ERY
Atk EAAE)= Dunnett’s testZ ARG A4 1z
H 1 3te] <0.05 o] 3] 79 o H < A7} dvkar A48t
At

=t
=

!
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A3 4t} Anti-DNP-specific IgEE ICR mice] F el 3
FAF 831, nodakening 259} 50 mg/mlZ 475 3%

©]% Evans blue$} DNP-HSAS AW FAL81Y, 7<) d-¢-
ﬂ] 18- -45]- Evans blue 941 ¢ko] okg Soto g2 3lols)
At 282 v 27O 2 A AFE-§ 50 mg/kg®] diphe-
nylhydramine (DPH)S’Jr H] 215 91t} Nodakenin® 25 mg/ml
9} 50 mg/mlol A IgE/Agell &3l w7l 452 FHenkg

S =x gEdoz AR TS 9l & 4 %%W(Fig. 2A). T
5&, A 3}3HA Q1 A& 913}, formamide©] 3“‘—’1' AE A
shol, G Cl A 3 9k WA A QAote] b2 247 2
3}, nodakenin® Evans blued] 4& F= 2EZHOZ JA

OSL‘ XL ob

S A8, 50 mg/kge] nodakening HTFY U
W, FEIFARGEE] Aer}t 7 dAEE s gl
& A TH(Fig. 2B). whe}A], nodakean] in vivo ’gol A 3-4-
) HFSo| 93 AR WSS FFHHoT IAT & ok
T A ¢ F AT
Ag
0 0 (mglkg)
=
Nodakenin DPH

Evans Blue (0.D. 620)

25 50 50

Nodakenin DPH
(mg/kg) (mgkg)

Fig. 2. Effect of nodakenin on IgE/Ag-induced passive cuta-
neous anaphylaxis (PCA). Seven-week-old ICR mice
were intravenously injected with 200 pg antigen contain-
ing 3% Evans blue 24 hr after intradermal injection of
DNP-IgE (0.5 pg) into the ear. Nodakenin was orally ad-
ministered 1 h before the antigen. (A) Representative
pictures of the ears are shown. (B) The dye was extracted
overnight in 500 ul of formamide at 63°C, and the light
absorbance was measured at 620 nm. Data are expressed
as meantSD (n=4). Hp<0.01.
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IgE/AQOll 2la OH7H=l RBL-2H3 M=o & IElsi Ao
CHSH nodakenin2| &z}

HIRH 2 S A] whgol o3 & Ao AR=EA 3
ZEMlo|U Ao BT, e Y2 FAAES WEY B
hexosaminidase?] &2 &ej ] HF&Q ATE AT +
Ae L BAZA o] & n viveXl 4] nodakenin®]
3 dgjx] agE g9l = H]-%‘_i nodakenin® -
hexosaminidase < A = g3t B-hexosamini-
dase?] WZ&2-S nodakenindl] 98 FE JEHOZ JA g
© A& AT F AN, 53] 100 pMe] FEA = 50%
1749 B-hexosaminidase &% A 3L, 183 200 M
X = 70% o] A a#E YeERHATHFg. 3). °I&
1] 98] nodakenin®] BIgF A ¥x 9] & AP LS 57
o Z JAFgo N AR a5 Yeite AMS &
ARt
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Nodakenin0il 28t RBL-2H3 MZ2o| S A&t

AA oY & A o] E3E Ho|= nodakenin® =
4 EA 75 Hdety] 913te] RBL-2H3 A ZE tido =
Ez-Cytox kitS o] &3 A ZAEE 24 43S A&yt

{

na =2
Nodakenin®] %7}8 RBL-2H3 Al Zo] X AEZEAS =43
A5 Fig. 49 YERY Atk Nodakening #H7bebA] ¥8ts
A, AE AEES 100%E E W nodakenine H7}3F A7}
T ME %5% o)Fe] BEES BT webA, & Al A
23 nodakenin RBL-2H3 A ¥ =42 YA 22
& g Uk B AHE F3H9, nodakenine M ZEA4S 7
A %3, IgE/Ag B ¢YA ¥ afFHOZ A3

p-hexosaminidase release

10 25 50
Nodakenin (pM)

100 200

Fig. 3. Effect of nodakenin on IgE/Ag-stimulated mast cell
degranulation. The cells were incubated overnight in
24-well plates with 200 ng/ml of DNP-specific IgE. The
medium was replaced with PIPES buffer containing the
indicated concentrations of nodakenin, and the cells
were then challenged with 25 ng/ml DNP-HSA. After
15 min, B-hexosaminidase release was determined from
the absorbance measured at 405 nm. Data are expressed
as meantSD (n=5). z<0.05, ~p<0.01.
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Fig. 4. Cytotoxic effects of nodakenin on mast cell. To assess
cytotoxicity, RBL-2H3 cells were incubated overnight in
medium containing 200 ng/ml of DNP-specific IgE, and
then treated with nodakenin at various concentrations
for 24 hr. Cell viability was determined with the
Ez-Cytox kit from the absorbance at 450 nm.

Nodakenin0il 2|8t RBL-2H3 AM|ZQ| AfO[EFIQ S A

M ot

L4+ WY B A2 IgE Al 93 PIAH naive T
A|3E9] Th2 /‘ﬂ 4 AgS et 93 ). TNF-a
= AA A0l AAZA Hlwk A Z [gEgte] WS

‘6‘

FEgtH6,12]. B AFolA FL-aA vkg-o 93 %Véi}%
RBL-2H3 A3 9] IL49} TNF-a & &) 9loJA nodakenin
o] g3jol| tiste] Lobr 9tk Fig. 594 & 4 91%0], noda-
kening 3-9-34 ¥h%o] o8 IL-47 TNF-a mRNAY] ma
= TE YEHOE A5t s AT 7 Uk o2

B, nodakenin®] IL-4 39 Zdx}o] ¥&S o ﬂz‘fjl_o_i;yq
IgE9] A S A8k, TNF-a8] TS o

-G W o & HAHALE A 3“41 Azt %E}-

o
B AF1E E3) nodakenin®| BT A E 9] -84 6wk

Nodakenin (uV) 0 0 10 25 50 100 200

IL-4

Fig. 5. Effect of nodakenin on the expression of TNF-a and IL-4
in IgE/Ag-stimulated mast cells. The IgE/Ag-sensitized
RBL-2H3 cells were treated with various doses of noda-
kenin and then challenged with 25 ng/ml DNP-HSA for
1 hr. Total RNA was isolated and analyzed by RT-PCR.

o ofsf wirjEe & HHEYE aRA o= O—Vﬂgi‘ﬂr"i A
& AT 2y, AAA Y AFEE o
#4 nodakenin®] gt ¥4} £+
&8, o A37F Jgd ool ok A#HALSZ, no-
dakenino] ¥# 7] §H&-& JAAY AT F e &A=
}91 12, nodakening ©]&3}e], o 7]'11 gz A
A4 v 4, ¢YAG ol BN HR Y, g A
A4 A2, 54 ¢YAE 2 I ¢YA 7)F
°

2AZAY g F5HE BAY & A

(e

olN
of

[e)

=
v

~

ne a2
=

7

Byog? N xS

l‘&

I\.)
>
s
i)
24
T
fol
=
(e}
(e}
[o7s)
S
—_
Qa1
N
S
—_
—_
~ Ol
1o
XN
rio,
=2
o
:OII:‘A‘

References

1. Bansal, G., Z. Xie, S. Rao, K. Nocka, and K. Druey. 2008.
Suppression of immunoglobulin E-mediated allergic re-
sponses by regulator of G protein signaling 13. Nat
Immunal. 9, 73-80.

2. China Pharmacopoeia Committee. 1999. Pharmacopoeia of
the People’s Republic of China (The first division of 2000
edition). pp. 167, China Chemical Industry Press, Beijing.

3. Frossi, B., J. Rivera, E. Hirsch, and C. Pucillo. 2007. Selective
activation of Fyn/PI3K and p38 MAPK regulates IL-4 pro-
duction in BMMC under nontoxic stress condition. /.
Immunal. 178, 2549-2555.

4. Granberg, M., C. Fowler, and S. Jacobsson. 2001. Effects of
the cannabimimetic fatty acid derivatives 2-arach-
idonoylglycerol, anandamide, palmitoylethanolamide and
methanandamide upon IgE-dependent antigen-induced be-
ta-hexosaminidase, serotonin and TNF alpha release from
rat RBL-2H3 basophilic leukaemic cells. Naunyn.
Schmiedebergs Arch Pharmacol. 364, 66-73.

5. Gregory, G. D. and M. Brown. 2006. Mast cells in allergy
and autoimmunity: implications for adaptive immunity.
Methods Mol. Biol. 315, 35-50.

6. Han, E. H,, J. H. Park, J. Y. Kim, Y. C. Chung, and H. G.
Jeong. 2009. Inhibitory mechanism of saponins derived from
roots of Platycodon grandiflorum on anaphylactic reaction
and IgE-mediated allergic response in mast cells. Food Chem
Toxicol. 47, 1069-1075.

7. Itoh, T., K. Ohguchi, M. linuma, Y. Nozawa, and Y. Akao.
2008. Inhibitory effects of polymethoxy flavones isolated
from Citrus reticulate on degranulation in rat basophilic leu-
kemia RBL-2H3: enhanced inhibition by their combination.
Bioorg Med Chem 16, 7592-7598.

8. Itoh, T., M. Oyama, N. Takimoto, C. Kato, Y. Nozawa, Y.
Akao, and M. linuma. 2009. Inhibitory effects of sesqui-



10.

11.

terpene lactones isolated from Eupatorium chinense L. on

Journal of Life Science 2011, Vol. 21. No. 12 1725

kinase. Exp. Biol Med 233, 1271-1279.

29 el ZAHA FRED] B F 92

AR,

IgE-mediated degranulation in rat basophilic leukemia 12. Lorentz, A., L Klopp, T. Gebhardt, M. Manns, and S.
RBL-2H3 cells and passive cutaneous anaphylaxis reaction Bischoff. 2003. Role of activator protein 1, nuclear fac-
in mice. Bioarg Med Chem 17, 3189-3197. tor-kappaB, and nuclear factor of activated T cells in IgE
. Lee, ]. H, J. W. Kim, N. Y. Ko, S. H. Mun, E. Her, B. K. receptor-mediated cytokine expression in mature human
Kim, J. W. Han, H. Y. Lee, M. A. Beaven, Y. M. Kim, and mast cells. /. Allergy Clin. Immunol. 111, 1062-1068.
W. S. Choi. 2008. Cucumin, a constituent of curry, sup- 13. Sakai, S., T. Sugawara, K. Matsubara, and T. Hirata. 2009.
presses IgE-mediated allergic response and mast cell activa- Inhibitory effect of carotenoids on the degranulation of mast
tion at the level of Syk. (Jin. Immunol 121, 1225-1231. cells via suppression of antigen-induced aggregatioin of
Lee, . H, J. W. Kim, N. Y. Ko, S. H. Mun, D. K. Kim, J. high affinity IgE receptors. /. Bid. Chem 284, 28172-28179.
D. Kim, H. S. Won, H. S. Shin, H. S. Kim, E. Her, Y. M. 14. Tiwari, N., C. Wang, C. Brochetta, G. Ke, F. Vita, Z. Qj,
Kim, and W. S. Choi. 2008. Mast cell-mediated allergic re- J. Rivera, M. Soranzo, G. Zabucchi, W. Hong, and U. Blank.
sponse is suppressed by Sophorae flos: inhibition of 2008. VAMP-8 segregates mast cell-preformed mediator
SRC-family kinase. Exp Biol Med 233, 1271-1279. exocytosis from cytokine trafficking pathways. Blood 111,
Lee, J. H, J. W. Kim, N. Y. Ko, S. H. Mun, D. K. Kim, J. 3665-3674.
D. Kim, H. S. Won, H. S. Shin, H. S. Kim, Y. M. Kim, and 15. Wedemeyer, ], M. Tsai, and S. Galli. 2000. Roles of mast
W. S. Choi. 2008. Mast cell-mediated allergic response is cells and basophils in innate and acquired immunity. Curr:
suppressed by Sophorae flos: inhibition of SRC-family Opin. Immunal. 12, 624-631.
=5 LOPHe & 25X g0
2SR - SpE - 2
CEEETIEEPEL LR EEEPEL TS
A A AAHCE LA A F48] SUketal Sl FACIt 7€ 2dAY F ol W A8
of GO dste] F A Ao AFAA HA 75 22l HF A7 LA AF A5 7Y
TOFE AR AL n. HITA £ = S| AE oy ofeb)E 4F, 223 A AT AR T WESHe &
A Wgo) s Agot ERATOIT. St AR Re2RE £33 =oplde LA B oA
adte] thajA A7tk =oAdS ol &ste] Mt 2] & FYPAY A AHE ZHF A3, WA
Eo) A wrh o] 93Rel BAY Bhexosaminidased] $EFS FE AZHoZ A AL BAHAT,
oled Gy Al ol BYF AIEAY F IL-4F TNF-af8 & #aAHozA gt AFES
RT-PCRE F3f &letlth. £ oA FEaFaunte-s fEdte] =oAdS 475 A& o LAA4
RS S4E ERHoE AqAste As BEEGT AR oR, o3 dAEE EuAde] & <A o



