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Abstract

We investigated the anti-allergic effects of onion, apple, cucumber, ginger, and broccoli mixtures and their bioactive
compounds on immunoglobulin E (IgE)-antigen complex-mediated allergic responses in rat basophilic leukemia
(RBL)-2H3 cells. Cell viability, formation of reactive oxygen species (ROS), S-hexosaminidase release, and cytokine
production were determined using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay, 2,7-
dichlorofluorescein diacetate assay, S-hexosaminidase assay, and enzyme-linked immunosorbent assay, respectively.
Ethanol extracts of onion, apple, cucumber, ginger, and broccoli inhibited the release of 3-hexosaminidase in IgE-antigen
complex-stimulated RBL-2H3 cells. Plant mixtures (1, 2, and 3) containing different ratios of onion, apple, cucumber,
ginger, and broccoli were prepared. The extracts of these mixtures also inhibited the release of IgE-antigen
complex-stimulated 3-hexosaminidase. High-performance liquid chromatography identified that the main bioactive
compounds constituting these extracts were fisetin (Fis), kaempferol (Kae), isoquercitrin and spiraeoside. Fis and
Kae dose-dependently inhibited the increase in ROS and 3-hexosaminidase levels in IgE-antigen complex-stimulated
RBL-2H3 cells. Additionally, Fis and Kae significantly attenuated the production of IgE-mediated pro-inflammatory
cytokines, such as interleukin (IL)-4, IL-13, and tumor necrosis factor-alpha. Therefore, mixtures containing Fis
and Kae may be used to develop anti-allergic functional foods.
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2 27](allergy)st AA| WollA] o]&&o] ¥oj7]5& 7} cytokine 7+ 7% 9] E-I =2 Interleukin(IL)-4, 5, 6 18|11 13
A1 el YL A AL S P BRI A TR Th2 ke 319 AU B o] 4300
ol Soigke o et A EAIE FAdste] el vt immunoglobulin E(IgE)7} /\g*c‘]%l:]—(Chung 5, 2011). IgE=
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H]|TEA| L (mast cells) F= S H7|7H(basophil) FEHO| =
Fc epsilon receptor 1(FceRI) $=&-A0f w2} Aglo}o(cross-
linked) U2 H=A(FH)ol v = Ed 5 4
E703} FeeRI -8A0f| &0 U= 11%13Hg(high-affinity)
IgE7} Agtsle] ERAE FAoto] BITAIZ = SH7]+
£ A7) o]F NZE2 Al Wf A7 histamine, f-
hexosaminidase 5-2] 5 SFHEA 0] g3ty d4fo] Aof
drt. olzigt gty E4E0] YRle g Esto] A 2T
TS 2 dSARIth(Kang 5 2020; Leung 5,
2004).

A% LE27|(food allergy)y= B4, 85, 2% 5 &
A A HAS 1 LE=7] vHES Hol= Ao=R B3t

BRG] T 9e-S el
ohE¥] WG, W, FE), £37] B4, ohbmEAA

o} A]QlH| ojE0] Hof LY E7] ¥go] UEd
Atk olFet =7 92 A FE7F vhets A
AE2 Tok= Aol 7MY de] EEA Qe alol A,
71 9Jof FEEY] ¥vhE ARSI & s ot U
E°] d+E1 JtH(Chung 5, 2012; Chung 5, 2013; Kang
5, 2020).

dE27] 4 i 2 37T dllo] = HIRAIE
2 297|F 23t E Th2 cytokine #HIE H8F A4
o EEAJOR, thfet E2tH o] E(flavonoids), 7]EAk
(chitosan) 5 HAALAE0] AANA LHE7] S48 L3}
At R IE0] UtH(Chung 5, 2011; Chung 5,
2012; Chung &, 2013).

2 A9 HE FH2 U 1 I =] AHet 39E
7121 7F5A1EE Aol Aol wEbA U Er] Bt
£ 7K HALAEE 239 9 A, gatss) oA axt
£ 7H1 3, Al Q0] A7 18] HEEEE AEsto]
2 F579] SHEES AXSIL, HFH o= HAuRHE
71 TE FEEZ ol8sto] =717 ARk 714
FZ Jdstarat gk oje} T2 2 B8-S /5| fls)
2 AqtolAe 7oA EtEst JA aE 7 &

o, A Qo) A7 W HEZe e AR BUREE 35

=
Qopugle. £ AT Folo] e A% EYEEE] &
d27] A7iek A% el B8 4 e T 2A A=
2 Pgshas deh

ERTET

s U FE2EE X

9FHonion), AFH(apple), 20°](cucumber), AJ7}(ginger)
7183 BE2E(broceoliy= 20204 5Y BELAA] H T
@ PFEAA Uit R Ffsto] Jubs BEZ AlAst
OE Aae AEE AASH g2 A 52+ &0 7120]
AL & 57|15 AASHL, 50CoA Ax 4 2afet B
25 Az AESIT olE B 0|85t Table 13}
Zo] fuf, A, Q0] A%, HEEe SEES AlXsIel
o g, AR, Q0] BEEE, A £ AlEs S99 20
9l S5 T 10819] 33(95%; Woori Ethanol Supplies
Co., Busan, Korea)2 2t} ©5ko] mixture 13} mixture
32 20819] S/ mixture 2= 10819 =4S 2 5 6
0T} 60 rpmO 2 YF0]Z] shaking incubator(JSSI-100C,
JSR, Seoul, Korea)oll#] 24A17F Z&3l9ich &3 AL
Whatman filter paper No.2(Whatman International Ltd.,
Springfield Mill, Kent, UK)E A8} oji}stct. o 75t
FZ2EL2 7Fs=7](R-100, BiiCHI, Flawil, Switzerland)S
AMgste] 22 BHiE AAT & 52872 7](Clean vac 8,
Hanil, Incheon, Korea)Z S27XSE 222 20T Hs}
A Ao ARSI a2 FEE0 ARE £ A=
of tigt s2x% £ WE-EE eIt

=20 gfE E2EL0E & 24

A% EUZ 40 mgS F3 T 100% MeOHO] 85
31] 40 mg/mLE ZAISF (4,000 rpm) 223 Hgr|2
2087 20| 3 0.45 um PVDF #E#9] ZE|(Whatman,
Maidstone, UK)& of¥}sto] AJQ-§H 02 ARESIGIT) 24
of ARg¥H HPLC system binary pump(Waters 1525,
Waters Inc., Milford, MA, USA)2} UV-Visible detector
(Waters 2489, Waters Inc.)7} FJ2He Ao g BASIQc) &
HL YMC-Pack Pro Cj3 column(25 cmx4.6 mm, 5 pm)
(Waters Inc)& AH§3to] 2l Asstelnh. 37 2Rz}

o

Table 1. The ratio of mixtures containing onion, apple, cucumber,
ginger, and broccoli

Mixtures Mixing ratio (w/w)

Mixture 1 Sn{on 2 a:p};le: :O?C;m?ber : ginger : broccoli
Mixture 2 Snllon :1a[::>p§e :: cluc:ur{lber : ginger : broccoli
Mixture 3 Onion : apple : cucumber : ginger : broccoli

=2:2:1:05:1




Inhibitory effect of plant mixtures on allergic responses 975

acetonitrileS O] EAIO R 83:17 H|ER A&l 1082 &
70:30 HI&E 1587t 71-87] |25t TR 20:80 HI &R S&
T 71&7] &Y= &2 & T 2T acetonitrile 100%= 587t
FABIALE AlEE 20 pLE FU5F, 44542 1.0 mL/min
o7 dalylon, LE 03 360 nme] TS 0|85
AEIAT) o5& AREsE] Aol 0.45 um ZE (Millipore,
Milford, MA, USA)S E8) oj}sl1, AZ slof =7]s}o]
A&

M= Hi ¥

RBL-2H3 A|E= Korea Cell Line Bank(Seoul, Korea)o]|
A FUste] 10% fetal bovine serum(FBS; WelGene Co.,
Daegu, Korea) & 1% penicillinZ} streptomycin(PEST;
WelGene Co.) SME 3kG3t Eagle’s minimum essential
medium(MEM; WelGene Co.) W{¥HO 2 5% CO/} o5
= wigrloA 37C 2ACE HijUsigich

Mz 328 23
2

S BEslo] 24X17F HiRteiTE. 2413k T1okES 94
& ARE FBS7F A7HHA] 92 MEM2 & A5g sk
& vk 3 Aol ASIeT. 24417 vk T A ARG
Jeong 5(2019)9] WT} SABHA 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide(MTT, Sigma-Aldrich
Co., St. Louis, MO, USA) 3+ HHS o]&5to] =435t
o} 2. 2} wello] MTT §9(5 mg/mLy 43419] 1082)
18 7FlaL, ThA] 37T oA 4413 H Hiefste] MTTE &
XA B formazano] o] e} U] Qs vlA]
& 24 AASGLE Folgls WA 23] A%
7] Y3l ALofA 30&7F WX & dimethyl sulfoxide
(DMSO, Sigma-Aldrich Co.)& ©]83lo] &3jA7] ABZE
570 nmoJlA FFE=E S S S Al TAEE
DMSO= 3L, AlZ29| FEE-2 ot 2ol ALt

- AlE Ao 8%
AR AERCD ~ ol
A = O

x 100

NZ Lj ROS &4

ME | A AbAZ(reactive oxygen species, ROS)2] oF
2 &X5l= Uo7 ROS 4222 2,7-dichlorofluorescindi-
acetate(DCF-DA; Molecular Probes, OR, USA) probeE- o|-&
lo] 24515t Chung 5., 2013; Han 5, 2011). RBL-2H3
M EE 96-well plateso]] 2x10° cell/mL2] A|Z48 EZF5l0]
24012 WIFStSITE, 2417 FBS7F RHGHIA] OFS 19 PEST

7} 3-S= MEM HiA 2 7]oFAEE S-Sk & anti-dinitro-
phenol(DNP) monoclonal IgE(0.5 pg/mL; Sigma-Aldrich Co.)
S TS MEM(1% PEST)O]| 24A17} HiQFSI 3Tt Siraganian
buffer 1(pH 7.2, 119 mM NaCl, 5 mM KCI, 0.4 mM MgCL,
25 mM PIPES)Z A|EE 2W¥ Af|25}94 1, Siraganian buffer
2(pH 7.2, 119 mM NaCl, 5 mM KCl, 0.4 mM MgCl,, 25
mM PIPES, 5.6 mM CaCl,, 0.1% BSA) Y& & 1087t
HjQF71of| Utk Siraganian buffer 25 A AT & Al=7t &
9% MEM(1% PEST)Z 92 3 247k HJokslic). Sira-
ganian buffer 102 33] A2 & A7} 59 2 pug/mL DNP-
conjugated human serum albumin(DNP-HSA; Sigma-Aldrich
Co.)E A3t 50 uM DCF-DAE 93t PBSE Al
of A3t & CO, HiF7|oA 452 & HjY?r & PBS=
5 ¥ A=tk PBSE Y2 § 55 5% 37Co] A3t & DCF
9] ¥4 fluorometic microplate reader(BioTek, Winooski,
VT, USA)Z 1}4} 495 nm(excitation)2} 525 nm(emission)]|
X 25519tk

L

B-Hexosaminidase &4 &4
B-Hexosaminidase & AT+ Chung 5(2013)9] HS
AE HAs =451y =, 24-well plateso] RBL-2H3
A|Z(5%10° cell/mL)E 484|7F viFISATE. FBS7} R ||
%2 1% PEST7Z} 32l MEM B2 2417t 7]oH3ElE
A8+ 3 1gE(0.5 pg/mL; Sigma-Aldrich Co.)S -85t MEM
(1% PEST)°f| 24A|7F vjoF5}iL}. Siraganian buffer 12 Al
325 2¥ A1, Siraganian buffer 2-& Y- & 1057} viF
710l WA & AASHA. 1 vZ A&7t -7 MEM(1%
PEST)Z& 2A|7t uljokolgitt. Siraganian buffer 122 33] A
£ 3 2A)7F 59t 10 ug/mL DNP-HSA(Sigma-Aldrich Co.)
= A5k Z plateZ 1057F ice bathol|A] S0 24 HkS
S SZANFHI, 96-well plateo] A5 30 L2} substrate
buffer[2 mM 4-p-nitrophenyl-N-acetyl-p-D-glucosaminide in
0.1 M sodium citrate buffer(pH 4.5)] 30 pLE o] 42 &
37CoNA 1A B9 HESAIRE WS FAIE f18) 0.1 M
Na,COs/ NaHCO;(pH 10.0) 89 200 pulLE T©gt &
microplate reader (AMR-100, Allsheng Co., Ltd., Hangzhou,
China)E ©]-&5to] 405 nmolA F=E SASHAI.

Cytokine MMz =3

A|3EZHjFol = [L-4 Z18]31 Tumor necrosis factor(TNF)-
a(Abcam, Cambridge, UK), IL-13(RayBiotech, Norcross,
GA, USA)= ELISA kitZ o]-&sto] A|RAF A|3of whet
microplate reader(AMR-100, Allsheng Co., Ltd., Hangzhou,
China)2 =459t
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SHA2|

E Y 5L BH(mean)+HEZH A (standard deviation,
SD)E FA[SIY AL At 2] Z}o|= one-way ANOVA
2 F9AS ERISH T Duncan's multiple range testg 0]-&
Sto] ARE FASIACH p<0.05 $ollA 7949 ofRE
HE3I}. BE 54 42 SPSS(Statistical Package for the
Social Science) version 17.0 Z& T12(SPSS Inc., Chicago, IL,
USA)Z o|-&sto] #4513tk

5
=4
&

oo}, At 20, 4, BE2E2| ¥ 0|F =9 F5

Choi 5, 2000).
duh, AR, Qo] A 9 HeFge 3 FEE0 74
2Z50] 5289 Table 29} Zt}. uf, Alal 9 B 2229}
Hlaste] Qolet AY7Fe] g0l WPk, A2 A5 FEE
2 FY FEE BT 780 15% oSt SRteEE
(mixtures)Q] 82 HF 30%E0F 52 $88 VERIT
Lee 5(2011)2 34570 AR & F5&5 782

Table 2. Extract yield from onion, apple, cucumber, ginger,
broccoli and their mixtures” (1, 2, and 3)

Treatment Sample Yield (%)

Water Onion 40.2
Apple 414

Cucumber 242

Ginger 124

Broccoli 40.1

EtOH Onion 47.8
Apple 38.6

Cucumber 26.4

Ginger 134

Broccoli 35.2

Water Mixture 1 36.9
EtOH Mixture 2 31.1
Water Mixture 3 36.5

DThe explanation of mixtures are provided in Table 1.

4.6-34.6% ATk SIR=T], 2 Aol ARLH ok, A,
90|, A7} Hl HeEe] g4 222 S 124414%019)

AN == = = == 1 0 O AF]
1, g5 FEEN Y FEEY &2 HISSRH:

e,

oml, A, 20|, 4, H2Ed| U 0|5 SEHE0| MESY

9K (onion), AF{apple), 2.°](cucumber), A7 (ginger), E.
EFT(broceoli) B4 F2E 9 Y F2ES 250 pg/mlet
500 ug/mLE RBL-2H3 A|3Eof| 24417+ A2fet A3} F
EE2 BE APFolA] Rt} Hlwste] AlE H/do] ¢l
A3(data not shown), 78 F== HJA| B A4 Hf
Z7} vlasto] §o4 zto)7h QIIThFig. 1A).

Table 1074 AAIZH BIEGE ARSE gut, Ak, Q0], %
9 B 257 S3ME 1(mixture 1) 5 FEE(Mix 1), mixture
20] 2 2Z2EMix 2) 127 mixture 39] G 22E
(Mix 3)S ZF2F 100, 250 11 500 pg/ml A0S of
500 pg/mL Mix 2 AS AlQfshal tiza} Hlwsto] A
I PEE0] F94 Ao)7t At 500 pg/mL Mix 2 A
O] Al BEEZ T6%E 24% AIZZ7} AFESIIo B g A
E=Ao] Qlrke 2 & & AichFie 1B), e A
+ Aok I A, 0], A 9 BREY 24 &
E9] 47| HEE 0-500 pg/mL 1211 o]59] TFEE(Mix
1, Mix 2 123l Mix 3)9] F2&E2 0-250 pgmL7HA| 2 7
stoic

£ Q7o) EHEES AL ZHS Lo 2 A llergen)

2 got ARs FYURE oo /U RAEER 9
3 gely] B 9IRS Solunt del2r] 44T 15T

=
< 7Ndsk= Aol Tste] g AlFe] MR gt
of| grotof gt waba] guf, AR, o], 7 E BEEe
£ o]&sto] 5579 HigHlE e, 35+ Table 13+
2t o F 5579 izl gk, Al Q0] A E B
L:1:1:1: (712 818 ¥lE-S 7F vigh| =

, Ol €& FEEY THA BIHZEL v|AA]) T
OFZF Qlony, &3t £0to] LAX HeHA Fevt Fek
. &30} 29kS £017] 9o A7 HEZ 194 052
AastRaL, dRE F7HAF17] ol Ae] e 194
22 25199t} 7 u}&o] Table 10] AJAJSH mixture 10]ck
Mixture 12 €9k}t £3F e ZolE3l G9E J38l= A gt
B-hexosaminidase W& A &3/} FHold F4E &0]1,
B} ORE ARRE S7HF QB E(Fig. 2) Y 27] 2t
= 74 9itKdata not shown). WEkA] HHE 0 WA ot
#27] g3l 735 vighelE 2] flsf 73gt sto] 1] ko
HA] B-hexosaminidase & JA| BI7} Hojd Gl H]
€S mixture 12t} F7FA)A mixture 3-& 751 tHTable
1). 4] vl I7MAZ] A I3 S7keklal, <kt
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@A)
140
=
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£120 | a a a  a a
S a
< 100 | a a
—
S
§ 80
£ 60
g 40
-
= 20 |
S
0
S S N N S N N\ S S N S
F P& PSS S S
S & & @ F F & & & &
S T I S N M M ey
o o 2 2
Concentration (pg/mL)
®B)
120 p
a a a . a
a T a i
100 | I 1 L I H L T 2 !
T 1

0
(=]
T

Cell viability (% of control)
5 o
(=} (=}

[
(=]
T

0
Con Mix 1 Mix 1 Mix 1 Mix 2 Mix 2 Mix 2 Mix 3 Mix 3 Mix 3
(100) (250) (500) (100) (250) (500) (100) (250) (500)
Concentration (pg/mL)
140

Cell viability (% of control)
PN [ ] 5 ;
(=} (=} (=} (=] (=]

8]
(=}

(=}

Con Fis Fis Fis Fis Kae Kae Kae Kae
(125)  (25) (50) (100) (12.5) (25) (50) (100)

Concentration (pg/mL)

Fig. 1. Cytotoxicity of fisetin (Fis), kaempferol (Kae), extracts
from onion, apple, cucumber, ginger, broccoli and their mixtures
on RBL-2H3 cells.

The values are expressed as mean+SD (n=8); means with different letters
significantly differ from each other (p<0.05) as determined by Duncan’s
multiple range test. The explanation of mixtures are provided in Table
1. Mix 2 is ethanol extract of mixture 2. Mix 1 and Mix 3 were water
extracts of mixture 1 and mixture 3.

LT LARA] ot /i wiety] & 94 715 7t
=2 UigE ARl Al 2], A, BeE
SRS LT 11 R SRR,
SFHEIe Az H 2ol tigt ofFe 52 AEsto] Al¢]

SIQIc}. g, Al o], A7) 9 B2EE|E o83t thefst
Higha o] 2 FEEES Jidsielo, A2 9
WA E7Fssto] o] 7t 45t 7182 vl &l &
1h, Ak, Qo] A U HaEEo] 1 1:1:1: =
7 FE2ES B Ao AR8stnh

ymf, AfZf, 20|, 4%, BH2Ea2| U o|F E§E0| 8-
hexosaminidase &0 0||= Y3k

IgE-3He B3A0f olafl 72k RBL-2H3 Al|2of|A] <},
A, Qo] A7, HEgE 24 FEE 250 ng/mLe} 500
png/mL7} B-hexosaminidase Bf&0] P X= JE Fig. 2A%}
Zth IgE 7H2F & DNP-HSA A2l &AM B-hexosa-
minidase W& S7HIFL, o5 $7k= 4 87, AL

A

Secretion of f-hexosaminidase
(% of control)

Concentration (ng/mL)

C

be

Secretion of B-hexosaminidase
(% of control)

Con PC Mix1 Mix1 Mix2 Mix2 Mix3 Mix3
(100)  (250)  (100)  (250)  (100)  (250)

Concentration (pg/mL)

Fig. 2. Effects of onion, ginger, apple, cucumber, broccoli (A) and
their mixtures (B) on p-hexosaminidase release in IgE-antigen
complex-stimulated RBL-2H3 cells.

IgE-sensitized RBL-2H3 cells were pretreated with sample for 2 h prior
to exposure to DNP-HSA (10 pg/mL) for 2 h. Con (control), without
IgE + DNP-HSA and sample; PC (positive control), IgE + DNP-HSA.
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. The explanation of mixtures are provided in Table
1. Mix 2 is ethanol extract of mixture 2. Mix 1 and Mix 3 were water
extracts of mixture 1 and mixture 3.
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Q0] 9 HEF 4 55 Ao s AAsHA Hast
e}, obfel 47} FE20) Al3} 9 90| FEERT U &
A 07 B-hexosaminidase HES A5t o, Al
Q0], 3%}, BEF2E Table 1914 A vl &Y SFE=
(mixtures)& A|Z5lo] ol EFEERE FEFES(Mix 1,
Mix 2 2|3 Mix 3)2 219lch RBL-2H3 AJE W] IgE-3+
ESHH dA40=2 Z71= B-hexosaminidase &S Mix 1,
Mix 2 Z18]3 Mix 3 Z}Z7}2] A2jof| ofsf AAJstA A =|3L
11, 53] 250 pg/mL Mix 2 A2l= /g thE2w4(100%)°] H
15t B-hexosaminidase W& 44.3%= 55.7% A4S
tHFig. 2B).

FYA=7] B doti7] fsto] IgE= ZHAE H]THA|
32of| 2 Asto] SAJakd HvhA| oA f2iE S|AEt
9l &= S5k Wo] Qlou, HITHA|E (mast cells) Ei=
397] AlE(basophils)of|A] SIAE £H]| = o 2o
02 A2 W gol gEo] L s|AERI 3 EHlEe
B-hexosaminidase &S 4302 gl AxE & &
ItH(Chung 5, 2011; Wendeler®} Sandhoff, 2009).

RBL-2H3 AJ30o] £:of A E2]H eupatilini} jaceoside T
g1 AT A 79 FEAloPd Aol oJsf IgE-F &

@A)

©

Isoquercitrin

(=quercetin 3-O-glucoside)

Ao 9J3] G- =% B-hexosaminidase BlE0| A= Actar
sF=Y], olF A7-E(Chung 5, 2011; Lee 5, 2007y &
A7 AEs RARE ATS ehisic

M2 g3ty HEE & 4 Q= histamin?} B-hexosa-
minidase & A3 S9E 71 AR =2 27
12 U ¢ S AAER AIES /ST o deE=T]
S AT % Y AT o] B8 2 UL Aol A
OF A, AT ISAE L 5 Tl Holol] B8 4 9
2 ol

2 AFollA AR EE50] B-hexosaminidase WS
AAFe =N FAH=7] B} Qrh= A= & = AU
0= ol 23E0 3id F8 45 E40t] Hdth

o}, A, 20|, 4, HEE2] SEEe F2 23 24

Table 194 AARE &2 37 S9HE I(mixture 1),
B3ME 2 8|3 SIHE 39 2EEE(Mix 1, Mix 2 181
Mix 3)°] 335 fisetin, kaempferol, isoquercitrin 1211
spiracoside(Fig. 3)& HPLCZ 245t 27} Fig. 4, Fig. 5 11
231 Table 33} Zt}h Mix 2= mixture 298] F4 ==&50]3,
Mix 13} Mix 3-& mixture 13} 39] G4 =594 Mix 27}

B)

OoH O

Kaempferol

D)

Spiraeoside

(=quercetin 4'-O-glucoside)

Fig. 3. Structures of fisetin, kaempferol, isoquercitrin, and spiraeoside.



Inhibitory effect of plant mixtures on allergic responses

@A)

979

®

MMMMM

|00 400 4200 4400 46D0 D0 W00 200 SO0

T T T T T T T T T T T
am 600 D0 200 400 1800

©

T T T
W00 w0 400 B\ WO 40 200 440

200

D)

MMMMM

800 400 4200 4400 46D0  w@D0 W00 200 SO0

200

100

MMMMM

T T T T T T T
300 W00 3800 400 4200 4400 4600 @00 @O0 200 SO0

Fig. 4. HPLC-UV chromatograms on standards of fisetin (A), kaempferol (B), isoquercitrin (C), and spiraeoside (D).

o2 S3ME FEESHTY fisetin, kaempferol, isoquercitrin
9 spiraeoside SFFo| Mix 1HC} 3.5-1874Hl, Mix 3E.C} 4-66
v} 5 &2 o] AEHIH Mix 27} g FEEREY
IgE+DNP-HSA 23] ©J5) 248 © RBL2H3 AL 1]
Yuet 2718 AEoR oslgLe, ol 2o A
= Mix 20 o S35 fisetin, kaempferol, isoquercitrin 1
23l spiracosideo] 23t FFY 4= = Aol FHE &
AU

RBL-2H3 A|3Eof isoquercitrin A2+ B-hexosaminidase
HH|2}F Th2 cytokines A4 A A7}t AU3L(Hwang 5,
2018), spiracoside YA] RBL-2H3 A|ZojA €1HSE

AFHH= B 117} Qloj(Kim 5, 2015), & ALoas E3E
9] F8 7|5 AE 457 Zof|A isoquercitrin®} spiracoside
£ A3t fisetin?} kaemferol #E|7} IgE-3¥(DNP-HSA)
of oJaf E/3skE RBL-2H3 A ol 4] ROS A4, 2t
3} 9 cytokines Aol HA= FIFE LotHEUH
Fisetin2t kaemferolo] M| Z54 %
0|zl &

L2715 FUok= AAEE o83 deEl27] XS} A
F M= f18l 7 AEEEEE(Mix 1, Mix 2, Mix 3)9]
T8 A £ 5 sl fisetind} kaemferol ] A| 2=

MZL{ ROS 4Moj|
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Fig. 5. HPLC-UV chromatograms of Mix 1 (A), Mix 2 (B), and Mix 3 (C).
Mix 2 is ethanol extract of mixture 2. Mix 1 and Mix 3 were water extracts of mixture 1 and mixture 3. The explanation of plant mixtures are
provided in Table 1.

Table 3. The contents of fisetin, kaempferol, isoquercitrin, and spiraeoside in the extract from plant mixtures

Contents (ug/g extract)

Samples”
Fisetin Kaempferol Isoquercitrin Spiraeoside
Mix 1 Trace Trace 8.0£0.0 35.0+£1.0
Mix 2 66.1+2.1 19.0+1.0 1,494.0+77.0 124.0+£3.0
Mix 3 Trace 2.1£0.0 23.1+0.0 31+1.0

DThe explanation of plant mixtures are provided in Table 1. Mix 2 is ethanol extract of mixture 2. Mix 1 and Mix 3 were water extracts of mixture
1 and mixture 3. Data are represented as meantSD (n=3) in pg/g of extracts of samples.

& Yol Ail= Fig. 1C2} Zt}. Fisetin T+= kaemferol 12.5, a1, AL AdofA= 24X]7F A7) ofd 2417 AAE]
25, 50 Z13]37 100 pg/mLE ZHZ}F RBL-2H30]| 2447t *{ 25t 9t 5199tk Fisetin = kaemferolE 2A17F A28 3% Al
23}, 100 pg/mL fisetin Tt ofli= A|Z=/d0] LERHA] E=/go] glthks 22 SRlsil e B g (A nlAA) ALE=
oottt 100 pg/mL fisetin A 2]F2] AEZPEEL 85%= F  AFoME HesE 100 pg/mL7H] ARSI

gk =4o] AUCH, 100 pg/mL kaemferol:>- AlE=/do] ¢l RBL-2H3 A3 Wjof|A] IgE(JAN)+DNP-HSA(RY) &
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Aot 2 TRt A=l WEsto] ROS7F Y 4= Utk
(Chung 5, 2011; Han 5, 2011). Anthocyanins, fisetin “12]
1 kaemferol> A2 Y| ROS A4 28 9 715} 3hAksizkg
o] Q= Zog UHA Ut Chung 5, 2011; Chung 5,
2013; Chung S, 2015). 12} IgE+DNP-HSA 23-4o] <]
Sff &/J3} & RBL-2H3 A|3 Wjof| 4] kaemferol A 2] &Jgk
ROS 4 A & &7 ZRgo] gt At AFsith

£ A o|A= fisetind} kaemferol A= IgE 72 & &
A Eo] 9ol E493}F | RBL-2H3 A|lE Yol F7Hd
ROSE F+ &4 BF k& & 0= HAAZ=H|(Fig. 6)
o|9} T2 A} avk= 27| A% Rl Relgt JF
g2 £ F U2 A= diE:

Fisetinat kaemferol0| B-hexosaminidase #&0]| O]

RBL-2H3 A|3Zo] IgE 7} 5 FU(DNP-HSA) #]2jof| 2]
Sfl S718 B-hexosaminidase H&0| 7iHdE AESHTES] F
8 AE=A E29] fisetind} kaemferol A 2]o] 9J8] AL
Ach(Fig. 7). FAHZT2] B-hexosaminidase B HAE7}T
100%% ) 100 ug/mLY] fisetini} kaemferolS AT
9.3%2} 12.2%SICHFig. 7).

Kaempferol> BE=Fe], A}, A% 5 &FH A &
H1-0]=(Gong &, 2012)0]1, fisetin> Al}, S}, Q0] 5
o] 3hfE ETHE 0| =(Shao 5, 2008)°| B2 <fuf, Al
Q0o], A7 4 BRI} ofE EdE FEECIA ol &
E4o] 8 S4& A 840] TV A=A 7]
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Fig. 6. Effects of fisetin and kaemferol on intracellular ROS
production in IgE-antigen complex-stimulated RBL-2H3 cells.

IgE-sensitized RBL-2H3 cells were pretreated with fisetin (Fis) or
kaemferol (Kae) for 2 h prior to exposure to DNP-HSA (10 pg/mL)
for 2 h. The ROS-mediated DCF oxidation was measured for intracellular
ROS level detection. Con (control), without IgE + 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.
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Fig. 7. Effects of fisetin and kaemferol on p-hexosaminidase release
in IgE-antigen complex-stimulated RBL-2H3 cells.

IgE-sensitized RBL-2H3 cells were pretreated with fisetin (Fis) or
kaemferol (Kae) for 2 h prior to exposure to DNP-HSA (10 pg/mL)
for 2 h. Con (control), without IgE + DNP-HSA and sample; PC (positive
control), IgE + DNP-HSA. 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.

EAE 22|02 IgE+DNP-HSA E9A0f| oJsf] Z/dotd =
7oA o BH|E= g@HRsE AAIsHI A (Chung
5, 2012), fisetin BT U $A7]A AlZol|A] T
27] 33} k= Aol d#A UtKChung 5, 2013;
Grosman, 1988). Kaempferol> & 27| M4 55 o]
A A5 ZE ISl IgE RS A= AE 58
o= de|27]0 23t HARE AT & IS Aoleh=s
AE 7} UA|THChung -5, 2015), 2 A} FARRE A3
IdojA JAY=7] s At 2] Hiet B
A5

2 a7 23, pgd s3] gaE FEEe] Az
SIS dAloto] LY 27| a7} S FHolgk=s A&

& & Ao AE SRbEe L]
=

At

IgE-3H ERtA o] o5l €493k RBL-2H3 A|Zoj|4] F
71l B-hexosaminidase & A G371 71 ol Mix
22 RBL-2H3 AJZ9| 250 pg/mL HHLS 0 fisetino]
0.0165 pg/mL, kaempferol 0.0048 pg/ml, isoquercitrin
0.3735 pg/mL S5 ACF fisetin?} kaempferolE Z+2:
RBL-2H3E A3t 7P ¥ 5%(12.5 pgmL)Er; W2
ST A9 250 pg/mL Mix 2 A2]7} 12.5 pg/mL Fistr KaeS
Z¥7} A3t RBL-2H3 ANEolAEt} o FIH0= f-
hesoxaminidase 8|S 2AAXX] A2 FLH 27| B3} H
ot fisetin, kaempferol, isoquercitrin 12|12l spiracoside2]
FeRao] ot At ol 4 9o &80 ohE e
g 240 ¥ AoE Az
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Fisetin2t kaemferolO| IL-4, IL-13 & TNF-o 4M0j
0|zl &

IgE-FA(DNP-HSA)O] oJsf &g} RBL-2H3 AL ]
fisetin®} kaemferol *]2]7} IL-4, IL-13 & TNF-o @&of o]
A e Fig. st 2k

IgEC] 9Jsf| 7F&HE RBL-2H3 A2Zo] DNA-HSAE |23
2 ) 14, 113 % TNF Tl §ieo] AAjabA 2715
AL, fisetind} kaemferol A2 Qs @AoFA skt
Fisetin Aglof] 9J3t IL-49} TNF-a ©d 3=F 747}
kaemferol Ao oJgt ZhARTt o FatH o] rhFig. 8).

QFEAJO, TRt STt ol 7|EA ST 5 F
AASE 2 U Ya|27] AEudolt SR A}
O|EZIRl S A=A de|27] B ek UTHA
2 % 912 Zoleht HuEo] 9LT(Chung 5. 2011; Chung
%5, 2012; Chung 5, 2013; Chung 5, 2015), £&0]4] E|=
eupatlian®} jaceosidin A2}7} Eitg 4 YH=27] T Alo]
E7RI(IL4 12|11 TNF-0)9] S AATOEH JUT
27] G} Jrkn B usieitiLee 5, 2007).

2 At A9, o A, Q0] A% 181 BEEYE
et SRtEEt ol e e 8 g =4
Q] fisetin®} kaemferol-> B-hexosaminidase B}& L AlC|E7}
Q1 A/gS FASHA AR AdE SIkES dEE
A 7121 A RS S8 AlE 7ido] LE=7] Azet &
s G5 Aol A 2= 918 A0 o5 4 ek

2 o

Rat basophilic leukemia RBL-2H3 A|2Zoj|A] IgE-&+ &
LAl o5 A= FE27] vESol| gt AR, 20],
A, BEET SHES ¥ oled e g BEE
o] YA =7] s Aotk Al FEE, ROS 4,
B-hexosaminidase B&, cytokines A344-2 22 MTT 24,
DCF-DAY, B-hexosaminidase® 12]1! ELISAHO & B4
SIoict. g, Ak, Q0] A%, BEFeo Y FEEES
1gE-3Y BEA0) J8] AZE RBL2H3 AJmolA p-
hexosaminidase?] W& A5ttt g}, Alal, Qo] &Y
7 BEele) vgg 9ot TUES(, 2 19T HE &
WSt oS ERBY FHBE A Y B 4
=of ol5 S7Fd B-hexosaminidase®] W&2 AASFAT.
HPLCE o]&9] F2=5°] T/t 8 A9 &4 sRis
S0] fisetin, kaempferol, isoquercitrin “12]1! spiracoside©]
2= 22 SISk} Fisetind} kaempferol- IgE-3d &£
S0 o8l A== RBL-2H3 A|ZofA] ROS2} B- hexosa-
minidase 4 7 = SEH O R AASIGTh Hstod,
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Fig. 8. Effects of fisetin and kaemferol on the IL~4, IL-5 and TNF-
o protein levels in IgE-antigen complex-stimulated RBL-2H3 cells.
IgE-sensitized RBL-2H3 cells were pretreated with fisetin (Fis) or
kaemferol (Kae) for 2 h prior to exposure to DNP-HSA (10 pg/mL)
for 2 h. Con (control), without IgE + DNP-HSA and sample; PC (positive
control), IgE + DNP-HSA. 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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