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Abstract

The purpose of this study was to investigate the anti-allergic effects of a powder mixture containing ark shells
(MP) on rat basophilic leukemia (RBL)-2H3 mast cells. When RBL-2H3 cells were sensitized with anti-dinitrophenyl
(anti-DNP) IgE and subsequently stimulated with DNP-human serum albumin (HSA), p-hexosaminidase was released
from the cells following degranulation of the activated mast cells. However, pretreatment with MP extract (MPCAS)
before stimulation with DNP-HSA attenuated the release of f-hexosaminidase in IgE-antigen complex-stimulated
RBL-2H3 cells. The levels of interleukin-4 (IL-4), IL-13, and TNF-a in the IgE-antigen complex-stimulated RBL-2H3
cells were measured using ELISA. Activated RBL-2H3 cells induced the expression of the abovementioned
inflammatory cytokines that are critical for the pathogenesis of allergic diseases. MPCAS inhibited 1L-4, IL-13,
and TNF-a secretion from activated RBL-2H3 cells. In addition, the present study investigated the effects of MPCAS
as an antigen on IgE-mediated activation of RBL-2H3 cells. When RBL-2H3 cells were sensitized with IgE and
subsequently stimulated with MPCAS, p-hexosaminidase, IL-4, IL-13, and TNF-u levels did not change compared
with those in the control. Thus, MPCAS does not act as an allergen in IgE-stimulated RBL-2H3 cells. These results
indicate that MPCAS can be developed as an allergy-reducing food material by suppressing degranulation and
inflammatory cytokine expression.
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FAE GAstol Aol WA 2ol HlshA wHgstel 1
A WL ISR 2L WithLeung 5, 2004). 24 27
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U= Aot AF L E7]& otE x| o R diigt ofyz), A
Al, FEZ7], oA, 23] B4 5 TR gEE
7] XS 8t 4= QJtkSicherer?} Sampson, 2018).

BRI E (mast cell)y = 11215Hg(high-affinity) immunoglobulin
(Ig) E $~8A1Q1 FeeRIE 7HA12L RAaL IgE+= FeeRI 5=&A ]|
Agtsto] Igk il L =7] W2 ZHAIZHE. FeeRI 484
of Ige} o] EFA7L Aot p-hexosaminidase2}
histamine 50| W&%11, o8] 7}X] Alo|E7][interleukin-4
(IL-4), IL-13, rat tumor necrosis factor(TNF-o) 5]3} <)
7iA|(inflammatory mediators)S- W&ol GY=7]| 23k @ryo]|
%93} 9IRS SH(Chung 5; 2020; Sicherer®} Sampson, 2018).

FEA AE 23 de 2] f ol S g EAQl
thilZo] E & X u]Q Al(tropomyosin: T-8-F4]of] Zghe ot
WA)olt}h. 2T FEET|E Ftks ARCE A
UL, 27050l e =48] IgE "7l §HE-o & F4o] b
i = Q= |2 (allergen) F P ERERQA]
(tropomyosin)°|H(Lopata 5, 2016), 017k 140} 20 A=
Zo)7]% SIK(Fujinoki 5; 2006). EZ33E0]QAl(tropomyosin)>
Foll PRt ISTHHAEA FE 7l GlofA|A] gkem, E
EEO|QAL 1 E HZEY JgE A3} g EI(IgE binding
epitopes)S H-7-3111 Qlo] EEREn|QAlo] A|Uo] o]
AN 27} HHlsHA wESS LE=7] ®ESo]l yepdth
(Lopata 5, 2016). o5 &&o] ohFdt A& THA7|9
S Bhgo] Uehd 4= it} ABF AE f FEAlOR,
Thget St o] E(flavonoids), 7]EA & HALNSS
s 27 39 484 32(Chung 5, 2011; Chung 5
2012; Chung 5, 2013; Chung 5, 2020), o]5 HAALHE
Z-gslo] AEspel AE & Qe FElE7] Adsh et g
F AlEaA o] 7Fse ALoE AETh

2 AtoMs gE 2R A-gohes et Tl &
3} ot W 2 Hfet HALRES E8sto] mute
YA =715 Adset AFaA] 7ige] sl dotEsgkt. A
ALA T SES o83t FEET|17 Ak 24
wuks g8l wul gk ST 5= AP Y
(IgE)Z} FA|(DNP-HSA) EQtA|of Qs fd dH=27] #
g} §¥7|(basophil) RBL-2H3 H|THA|EZO| A FAHG 27 &
3} 9 IgERF 22|32t RBL-2H3 AL HEojx| dF=d0=
Z-851=A5 B-hexosaminidase ! cytokines(IL-4, 1L-13,
TNF-0) #4502 dolH YTt

ERTET

2HY By Yz

9K onion), AlHapple), 2.°](cucumber), AY7(ginger) L
B 2Fd(broccoliyi= 20209 7¢¥ F5-FA] E P HIE

oflA Fujite 2 FHufsto] Juk= AES AASHL HE
g AEE AASH &2 A T2 = 7R A2
2715 AASHL 50CoA Ax d B4t 92 F55
Zof| ARESHI

o, AR o], A W BEFH] AXd £
2:2:1:0.5:1 H]&E 7dslo] 2089 S2HS5E Y42 T 60T
2} 60 rpmO & 9r3=0Z shaking incubator(JSS1-100C, ISR,
Seoul, Korea)ollA] 24A17F S=&ot] A1 oz =2 ojzgh
F2EZ 29Eog Siolt

A TERS @EmIERo 2RE ATUYL. AT
(Ottogi, Anyang), ¥ 5 g AE J8(Cheiljedang, Seoul) 2
A3{Hanju, Ulsan)2 333394 Wt tfd nfEo]|A] af
sto] ARESIT. At ShG Sk To] AR AER o4
2] Aget e b 28y e A, 2, %
A wah IS A3t 8710 A AEF 80 g ESl
oh J" oy = 500 mLo] 4 20 g} A 20 g2 =
7taet &4 F 130 mLE Hsilth 181 £%E 30 mLE
Yo T Wgmeld 24 WAL 247 F BEHOE
Az 50 mLZ dste] Waol] 1847F & 590tk 71 5 1%
2791012 HPLC 4 913) Hol 51 23} e 239
olg 7RIS 27 289 L B 70 mLo] 23 5 g,
g5 g2 go] &s] =91 & E9kE 30 mLE F715to]
FOH HIZ B 7101 287 WA & AL AR HadE
2] 710l HHEF. A% 50 mLE F7R T 190 9
o] Bt & AYo] ARSI, o] Q] Huto] ARGH X
AJAS 23} 2AYHo2tL SIGirh &2 £E ti4lo]
Yol Z2 o= A|xgE AN 7o 12e} 23 24
K Hof thrat AP ARSI

12X} 2-AAAT} 22} A QAL dF5to] Whatman filter
paper No. 2(Whatman International Ltd., Springfield Mill,
Kent, UK)E ARES}] oa}si3ial, A9¥a571(R-100, BiCHI,
Flawil, Switzerland)& AMgsto] & AAS & 527
7](Clean vac 8, Hanil, Incheon, Korea)Z 527X &
= EPHE o]t HPLC 2418 Ala= ARSI

24 Hop 24

)i
tlo

e BN

ZEolN0| BREH BaRL0|E B £

AR B 40 mgS F3F ¥ 100% MeOHe] &-5fisk
o] 40 mg/mLE RAZF 344,000 rpm) 223} A7 & 205
7k =291 ¥ 0.45 um PVDF HEHQl e = ox}sto] A
Lol oz ARL5IYIT) B o) ARRE HPLC system binary
pump(Waters 1525, Waters Inc., Milford, MA, USA)2} UV-
Visible detector(Waters 2489, Waters Inc.)7} A& A o7
EA45199ck HAH2 YMC-Pack Pro Cig column(25 cmx4.6
mm, 5 pm; Waters Inc.)& AR8st] E2|E Z1Psi3ltt. o]
5782 0.5% acetic acidE et 32+ 5742} acetonitrile
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S gradient XA0R T 8o v &L A BA31G
th ARE 20 pLE F5FAT, 9452 1.0 mL/mino 2 A
Al on, RE wIE 360 nmo] S o]835te] A&
Skoitt ols/d= AR&SE] Aol 045 um L (Millipore,
Milford, MA, USA)E 3] ojg}sla, AZ slof 7|5}
8319

[

ST ARE NS W2 Y A siRHIS IR B}
35 o

e EHE
YR AL P AST B, HEZe], I, A
B2, WIE, B2, Ak, 1, A, we, do), 25,

& ALF I8 ALFL 20209 7-10¥€ BFIA] Gt
g HIESA =it s Hfstelal, EAG (Gomaps,
Sydney, Australia)2 <2 AZR)] olEof|A oSt
WAool Byke Rt 2489 meks A2 AA 2EY
HZ ] A|ATE & 55CoA AXSAH. HRFE ©do
il B2, g, AlgA|, HIE, g 181 AR ARSSH
L, AL 170E ABSHT W Aol B71S AA}
9171, B2 2E)(15%60x5-20 mm), QA5x70x5 mm), H]E

T |

(50x70x5 mm), FH(50%x50x5 mm)S Fat sE7E haEt
(50x60x5 mm)T+ TTHKH50x50%5 mm)y= Zat 1087 A

T 55T A Axsk3inh ARH80x35%5 mm)= Rof 715
AP F Ao E AL ST A2, FRA A2,
we), gl 1elu IS0l o] 2718 AL B vl
F Eohe A=A HE & Al 12 3020 JE L GE
TH= 287 Foboh A AgE2 Aol E71E AA
T ol xS, AATL 64 190 AET 12
3027t Bk olBEG} BUbL QEo|H 150, 88
F3ict BAS Qe Az AS PR, B4 T 4]
Gt 5 T2 RUCE EFE § o, 55 & A4
2 AR,

ST ARE A9 B AEs 4 247](RT-08;
Rong Tsong Precision Technoloy Co., Taiwan)S ©]-&5}]
et &, ek B (1%), 9ot £9(5%), BESY 2
(2%), ¥ EEH(GB%), AlFA £L2%), HIE EZ(1%), T
<+ 2L(1%), AR EE(1%), 27 EL(5%), A= B
(3%), H2| FE(3%), dr] £L(3%), 51| 2L (8%), A
=7 EU(%), ALF EL(2%), OFZE FH(6%), ZHH
2(6%), A+ A & FE2E 80 £4(1%) 18T
EUAER(39%)Z 410 A9t okf SRE U (mixture powder
containing ark shell, MP)& 738} tHTable 1). TS 77k
Oh SohETe] A1E HietHli= Table 13} Zth.

ot J

NIZHH AZE Az 24|
Table 19] #igH]S 7} MP, MP4 118]1 MP5E 72}

Table 1. The percent of food ingredients in powder mixtures
containing ark shell

Food ingredients Powder mixtures containing ark shell (MP)

(o)

MP MP4 MP5

Ark shell 1 1 1
Sweet pumpkin 5 6 6
Broccoli 2 2 1
Onion 3 3 5
Spinach 2 2 1
Beat 1 1 1
Carrot 1 1 1
Apple 2 2 2
Aronia - 1 1.5
Sweet potato 5 6 6
Oats 3 3 3
Barley 3 3 3
Brown rice 3 3 3
Black rice 8 - 2.5
Glutinous rice - 6 4
Black soybean 7 6 6
Lentils 2 2 1
Almond 6 6 6
Pumpkin seed 6 6 6
Bay leaf 1 - -
Maltodextrin 39 40 40
Total (%) 100 100 100

F0] 20919) ZRHE WO F 600} 60 pmOT
0]2] shaking incubator(JSSI-100C, JSR, Seoul, Korea)of|A]
A7 2ESAT, 223 AL YR T 2L 7
5=7](R-100, BiiCHI, Flawil, Switzerland)& AR&-5}o]
> 8uiE AAS & FZAAZX7|(Clean vac 8, Hanil,
Incheon, Korea)2 SZAZRSGH BT-S -20C oA HasldAA
A2 Agol| AH8-5kTh MP, MP4 T18]11 MP5 S&EE2
SA1% BLL ZH MPCAS, MPCAS4 1831 MPCASS
gl

i

&

RBL-2H3 M|ZE Hj¥
RBL-2H3 A|X(rat basophilic leukemia mast cells)-S g

[¢]
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A|ZF2Po A Fafste] ARESHITE RBL-2H3 A|lE+=
Dulbecco’s Modified Eagle Medium(DMEM, Welgene)©l|
10% fetal bovine serum(FBS), 1% penicillin/streptomycine
A7RE AIZ HiFAS ARESHo] 37C &%t CO, B
(5% COy/95% air)ol A BiFSFATE. AZ7E vl HAI2
80% Y= A}H phosphate-buffered saline(PBS, pH 7.4)0.2
AlZe] 952 oW, trypsin-EDTA(x1)E A5t 7|
o HiRE & wiR= 2huitt st

AR e

RBL-2H3 A|ZZ 5x10° cells/well2 24-well plateo] £
Sta] 48A17F Hj9kst & FBS7} SES-EIR] kS serum-free
medium(SFM) 2.2 H{jZ]E w&sto] 247 9t vifshitt.
0]% 250 ng/mL dinitropheny-Immunoglobulin E(DNP-IgE)
7} 3ok WA= westo] 24417F F7t vl Al2E
Siraganian buffer 1(119 mM NaCl, 5 mM KCIl, 0.4 mM
MgCl,, 25 mM PIPES, pH 7.2)Z A& & Siraganian buffer
2(119 mM NaCl, 5 mM KCI, 1 mM CaCl,, 0.4 mM MgCl,,
25 mM PIPES, 5.6 mM glucose, 0.1% bovine serum albumin,
pH 7.2)2 1087t 571 vigFsisit.

YL 2r] e A AdEES RS SFMoR
AlE B g westo] 2417 HiFstATt o] % 10 pg/mL
9] dinitrophenyl-human serum albumin(DNP-HSA)E -7t
SFMO & AL HjFAS weksto] 24171 &2t HigRE & 10
2 B2olA FAAA ¥ SESIRE ATt dEl=
Z(allergen) 0.2 A-GSh=A] YolH 7| #|5fil= DNP-HSA
(T b4l A=s At

A 8 FHS S=75}0] B-hexosaminidase HH|2F ZHS
91 35 pL ARESRIL - AR A 5,000 rpmOAf 10
59t 94 Eesto] EEE ASHE 20T et &
cytokine 274 918 Az A8

B-Hexosaminidase HH|5F &% 9 cytokine S8 9l
AEHE AT T H2 A= 3-(4,5-dimethylthiazol-2-y1)-
2,5-diphenyltetrazolium bromide(MTT; Sigma-Aldrich Co.,
St Louis, MO, USA) A|2kZ #|2|slo] AL a5 ERlst
Rk

o
=

Nz dz8 =4

AZ BZEEL Chung 5{2020)9] HFH 3t S-AFSHA MTT
(Sigma-Aldrich Co.) € W& o|-&sto] S45I9lH: &,
7+ wello] MTT 89(5 mg/mL)& 4373 Bix19] 1089] 12
7¥eliSeal ©hA] 37T oA 4AITE o HiFste] MTTE 3HUAl
# 2734 formazano] BiX|o] w2} UWiA] QL s HiRE &
AAHA AASHA. Hot = HiAIE 5] AASH ] 9

Jp

ol 4204 30&7F 9IS & dimethyl sulfoxide(DMSO;
Sigma-Aldrich Co.)& o|-&5}o] &3)3t A|ZE 570 nmoj|A]
FI=E S 8% 54 Al 3AE= DMSO= ot
9, ALY BES ofefe} o] AN,

A AP S8

M WZ(%) = gaoe g 10
A = O

B-Hexosaminidase 2H|E &4

96-well plate®]] AN 35 uLe} substrate buffer(2 mM
4-p-nitrophenyl-N-acetyl-p-D-glucosaminide in 0.1 M sodium
citrate, pH 4.5) 35 pL2 2o} 37ColA 1A7F B2t BRSA|7]
3 stop solution(0.1 M Na,CO3/NaHCO;, pH 10.0) 200 pL
£ Alele] W8-S ST, 405 nm o] BHES 5
Atk
Cytokines &% &3

A 8iFN 9] rat TNF-a(Abcam, Cambridge, MA,
USA), rat IL-4(Thermo Fisher Scientific, Waltham, MA,
USA) Y rat IL-13(abcam) $FF2 Z+2+9] ELISA kitS AR
Sto] A ZIAE AR BRol weh microplate reader
(AMR-100, Allsheng Co., Ltd., Hangzhou, China)& ©]-&5]
o] 450 nmoA FBEE SASHA

[
I

SHAz]

H S A5 Bl (mean)+HFH A (standard deviation,
SD)E FA[SFIL, A%t 7F 2] Zjol= one-way ANOVA
2 7948 &9Ist & Duncan’s multiple range testS ©O|-&
Slof A% AT, pe0.05 S0l Fe] og A
S5ttt e B4 B4 Statistical Package for the Social
Science (SPSS) version 17.0 X% TZ(SPSS Inc., Chicago, IL,
USA)E olgstel RAfslsict

nar AN ABE =AYl EtEHL0|E EY
w7 kg SRR o] AR wut 2 -9l S 9
A EET 2EANE sl g Al 0],
A7 a8y BgFe]o] AR BehS 2:2:1:0.5:1 H[EZ

AU EABE ol§le] 2AYAS AL, olF =
Y] 7% YR BT AW Fig. 13 ek

SOIE-L2 fisetin

Flok

& 2K (trace), kaempferol-> 2.1 pg/g
extract, isoquercitrine 23.1 ng/g extract 12]1l spiracoside
3EES 31 pg/g extracto]RATHChung 5, 2020). ol &FE



Effect of mixture powder containing ark shell on allergic responses 841

00010+ | \
\

- |

] ‘ spirgeoside . -
ooms V isoquercitrin fisetin
oo | \ kaempferol
| J \J\ S
1. - \ ! .
" ~—/ - W \_W\;JU\HJL“ 7 — T T N
St P e
00002
o ' IZ‘CIOI ' ‘-N‘ﬂl ‘ ISCIEII ' ‘ét‘ﬂ. ‘ I\Ulﬂl‘ ' ‘u‘ml ‘ IHIIPJ‘ ! ‘IE‘WI ‘ IW‘WI ' ‘BOIEO‘ ‘ I.’B‘wl ' ‘DJ:CO‘ ‘ I:slwl ' ‘Z’SICO‘ ‘ I}Olwl ' ‘BZ‘IN‘ ‘ Illlw ‘50]
Fig. 1. HPLC-UV chromatograms of solution from ark shell vinegar pickle containing mixture.
Mixture is water extract of 2 g onion, 2 g apple, 1 g cucumber, 0.5 g ginger and 1 g broccoli.
£ olgslol 2BYARS LA, ok 2EYACR W ()
o 289e LSk 2o 2PYS AL BN »
- - - - - — =z O Ark shell vinegar pickle
12F 2E QAT 22 2HYNS Hof hiE SSfElolE T o S
£ E43%t A}, fisetin, kaempferol, isoquercitrin 1211 %g "
_ _ T2 be c b -
spiracoside & 1| T 7} AA| Ho|X|qt, $=F Akto] 7} 23 - W ke beoc o
=7 = . - =< 100
S S| (trace) AESFAH(Fig. 1). 2 2EYC] Hdfo E
3+Q-= fisetin, kaempferol isoquercitrin Z1#] 1! spiraeoside s
Sk Zek Ay A
A= EXH(trace) A AHET TIAIA). B R BC 100 250 500 1000 pg'ml
ol A)zof| of5] 12 =4o] BF yEQE Aow
ek e B ot A4S e ) As
2 Aof|Ae} o] A2E 7] Ao &kl A= 2
300 - OSolution from ark shell vinegar pickle

#o] Sayslolo} & Ao Azt

IgE X I?_ RBL-2H3 M|=0f| 3} gt SEHET| AISE

ato| B-hexosaminidase £H|0f| Djx|& Y&

é@%% Shast 2EYA o7 AxoF mp 2FJogR
Q o

g e 2FARRdIy & 12 2EY
o
=

Ak A2 Al allergen), & LY 27| FYCZ 2Eoto]
Y2715 FET 4= OB = RBL-2H3 A|Z2o]| IgE(FA))
2] & mal 249 W Ao 7HE AL wul A o]
[_’)hexosamlmdase HH|o]| u]X]= FFS dolEFtHFig. 2).

7H1:ﬂ'o]— _9_0 01—0 j]_‘_l_]‘ XPQOLQ_ 01-0 oz X]—_Q.o]-;(] (L)_g_—
Ok, FHE Al S Hgt iR B 2 AL Aol
M G0z 485 POL, 1000 ugiml. HelEol
= q1.J_:TLJ—]' H]| 1 5}o] B-hexosaminidase =H|Zo| F-2]% 0

S7F5kSAH(Fig. 2(A)).
o} 29909] Azl 22 2AYNS| B, o

Trak _;;4_7<Jo1o14_,)r _9_—@-% %% :@:ﬂ- _7}_ 401 El:,— tr;q

=9I B-hexosaminidase”} &

2] vz} vlislo] oo

Hﬂ

LN

E BN

a g DSeoluionfrom ark shell vinegar pickle containing mixture

b

=1

=)

e e
U-HI
Con

Fig. 2. Effects of ark shell vinegar pickle and it’s solution on -
hexosaminidase release in IgE-treated RBL-2H3 cells.

Con (control), without DNP-HSA and sample; PC (positive control),
IgE + DNP-HSA. The values are expressed as mean+SD (n=4); means
with different letters significantly differ from each other (p<0.05) as
determined by Duncan’s multiple range test.

100 250
Concentration (pug/mL)

1000 pg'mL

\1

}

—|—‘

3] 1,000 pg/mL TR 7k 24 At
Frak Aol T —.‘%—«Pﬁi B-hexosaminidase
7FoF{th(Fig. 2(B)). ol9} &2 ke Ao
4849 2] Qo] Tetomne 83

) _n_o} ZAQJhe Az Qo] P} & A7t
H A=gy 4ol ol &85 AAsEH

ol
o o ;&
@

X 40 Jlm

0

O

)

)

i
0 ofN

m o

nol'

off 1o 3 A id
i
i ol
;}% oy 0%
o
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92 Aoz Pt TS UokA] U2 iRt =
AN A AT FAER R fo4os
EA| B-hexosaminidases EH[SIAATE, EotE T 24
A} Hlwsto] F-04 Zpolzt Qlar, A% glo] Aps Aupgh
H71 & B B-hexosaminidase®] FH|gFo] AE of(Z
HjAAD, 227 FeE27] 8 2490 e g5 224}
2 g 4 9lS AoE FPdct

AlE dEE7]= SAE Qs dofjuk= EYE7] Bk
o7 wut 5o oJsf| dojd Sk Sk &, Ao = o
2 5ol FHoE QAR IgE FAI7E HITbA| o] ZtshH
ok HIRN T} S|ARR] 5= WES] 9% v ¢
oA 27| F4& LXK (Fujinoki 5, 2006). H]THA]
2= Y2719 3 8Rl0| Hi= AN ZEA], B|TkA|Zet
I B2 olf+= Fofl Hlsh Alzdo] War Al ol 7}
< @o| zka1 Ql7] ot} wEbA L E7] BTNz gl
2 597] ANE(basophils) RBL-2H3 A&7} @Wo] ARRE|1
ITHChen 5 2012; Passante?} Frankish, 2009). T3t o]&
H|ThA| 27} S8 9k o) EH|=l= S|AE 5=t Wot
S| 2B} 9HA| HH]E= B-hexosaminidase B2 5789
oz g AxE ¢ 4= UtH(Chung 5, 2011; Wendeler
3} Sandhoff, 2009).

1gE- 3 B oo 7AE RBL2HS Aol o
A, o], A%, BEEY] 2552 FATER] iRt
o] B 9JEA 07 B-hexosaminidase F-H|ZF0] A4S
11, E5] el A7) =25 A= 735HA B-hexosaminidase
FH)7} A=Y Chung 5, 2020). Fisetin, kaempferol,
isoquercitrin 12|17 spiracoside> FAH| 27| gifof digt B
117} Qoj(Chung 5, 2020; Hwang 5, 2018; Kim 5, 2015),
ol EEEE TR3 E8Eo] mute] dH=7] Azet|
FIFE HFH= AR A7k

uj2hA B o A= RBL-2H3 Al22of IgEE A 2|5t A
2 FEoA= e 28 o 2EY e Y EA
o7 ZRE5HA| ol Y E7|E A= A T 2
A 7o) 28 5 the A& gRlsto] v A

= =

IgE-antigen S&A2 = F RBL-2H3 M| =0 3Z3R
o| mat gre =5HEAN0] B-hexosaminidase release0]|

IgE-antigen B3MA4|2 3% RBL-2H3 A|3E9]|A] Table 1
ofl AAE vigHEE 7H S8 (mixture powder containing
ark shell, MP), &3HET(MP4) “12]11 E9HETH5(MP5)9]
& Z2ZEE2] MPCAS, MPCAS49} MPCASSS 22} A2
P& o B-hexosaminidase FH|50l H|A= FFS Yok

Seeretion

8
5
=
z
£

o

. SRR
SR A
S

oy -1

N & q'u":) R
RSl
S &S ‘:52" _‘_I,Qt-' _§“ @\i' ‘,‘3\:

S

=Rl R
& & \_.3‘* R

Concentration (ug/mL)

Fig. 3. Effects of the powder mixture extracts containing ark shell
on P-hexosaminidase release in IgE-antigen complex-stimulated
RBL-2H3 cells.

Con (control), without DNP-HSA and sample; PC (positive control),
IgE+DNP-HSA. MPCAS, MPCAS4 and MPCASS were water extracts
from MP, MP4 and MP5 in Table 1. The values are expressed as
mean=SD (n=4); means with different letters significantly differ from
each other (p<0.05) as determined by Duncan’s multiple range test.
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Fig. 4. Cytotoxicity of the powder mixture extracts containing ark
shell on IgE-antigen complex-stimulated RBL-2H3 cells (A) and
IgE-treated cells (B).

Con (control), without DNP-HSA and sample; PC (positive control),
IgE + DNP-HSA. MPCAS was water extract from MP in Table 1.
The values are expressed as meantSD (n=4); NS, not significantly
different from each other (p<0.05) as determined by Duncan’s multiple
range test.
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Fig. 5. Effects of the powder mixture extracts containing ark shell
on S- hexosaminidase release in IgE-treated RBL-2H3 cells.

Con (control), without DNP-HSA and sample; PC (positive control),
IgE + DNP-HSA. MPCAS was water extract from MP in Table 1.
The values are expressed as meantSD (n=4); means with different letters
significantly differ from each other (p<0.05) as determined by Duncan’s
multiple range test.
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Fig. 6. Effects of the powder mixture extracts containing ark shell on the IL-4 protein levels in IgE-antigen complex-stimulated RBL-2H3
cells (A) and IgE-treated RBL-2H3 cells (B).
Con (control), without DNP-HSA and sample; PC (positive control), IgE + DNP-HSA. MPCAS was water extract from MP in Table 1. The values

are expressed as mean+SD (n=4); means with different letters significantly differ from each other (p<0.05) as determined by Duncan’s multiple
range test.
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Fig. 7. Effects of the powder mixture extracts containing ark shell on the IL-13 protein levels in IgE-antigen complex-stimulated RBL-2H3
cells (A) and IgE-treated RBL-2H3 cells (B).
Con (control), without DNP-HSA and sample; PC (positive control), IgE + DNP-HSA. MPCAS was water extract from MP in Table 1. The values

are expressed as mean+SD (n=4); means with different letters significantly differ from each other (p<0.05) as determined by Duncan’s multiple
range test.
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Fig. 8. Effects of the powder mixture extracts containing ark shell on the TNF-¢ protein levels in IgE-antigen complex-stimulated RBL-2H3
cells (A) and IgE-treated RBL-2H3 cells (B).

Con (control), without DNP-HSA and sample; PC (positive control), IgE + DNP-HSA. MPCAS was water extract from MP in Table 1. The values

are expressed as mean+SD (n=4); means with different letters significantly differ from each other (p<0.05) as determined by Duncan’s multiple
range test.
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