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Inhibitory effect of Fagopyrum esculentum on degranulation and
production of cytokine in RBL-2H3 cells
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Abstract

Objectives : Fagopyrum esculentum(FE) has been used for removal of inflammation of internal organs and
treatment of sore and ulcer by heat toxin in Korean herbal medicines. In this study, To investigated the
protective effect of FE on allergic response, we determined whether FE inhibits allergic response.

Methods : The effect of FE was analyzed by ELISA, RT-PCR and Western blot in RBL-2H3 cells, We investigated
cell viability, £-hexosaminidase, as a marker of degranulation, cytokne, and intracellular ROS and MAPK and NF-
B signaling,

Results : We found that FE suppressed f-hexosaminidase release, the production of IL-4 and TNF-« and
intracellular ROS level in RBL-2H3 by the anti-DNP IgE plus DNP-HSA stimulation. FE also significantly inhibited
cytokine mRNA expressions, such as IL-18, IL-2, IL-3, IL4, IL-5, IL-6, IL-13, TNF-a and GM-CSF in RBL-2H3. In
addition, PF suppressed the phospholyation of ERK1/2, JNK1/2, p38 and [#Ba and NF-«B signal transduction
pathway.,

Conclusions : Our results indicate that FE protects against allergic response and exerts an anti-inflammatory effect
through the inhibition of degranulation and production of cytokines and ROS via the suppression MAPK and NF-
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B of signal transduction,
Abbrevations

FE, Fagopyrum esculentum; RBL-2H3, rat basophilic leukemia cell line; ROS, reactive oxygen

species; MAPK, Mitogen-activated protein kinase; NF «# B, nuclear factor #B; TNFa | Tumor necrosis factor alpha;

GM-CSF, Granulocyte macrophage colony-stimulating factor; ERK, extracellular-signal-regulated kinase; JNK, c-Jun
NH2-terminal kinase; p38, p38 MAP kinase; [#Ba, inhibitory-kappa B alpha

Key words : Fagopyrum esculentum; f-hexosaminidase; cytokine; ROS; MAPK; NF-«B; RBL-2H3
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2. Mz & Wy

1) Aot

2 A¥q 8"
immunoglobulin E(IgE), DNP-HSA, DCFH-DA+
Sigma(USA)Z ], Dulbecco's modification Eagle
medium(DMEM), fetal bovine serum(FBS), penicillin,
streptomycin 2 trypsin-EDTA solutione Gibco
BRLZYE], tetrazolium bromide salt(MTT) %
dimethylsulfoxide(DMSO)= Amresco2FE], Interleukin

anti-dinitrophenyl(DNP)



(IL)-4¢} tumor necrosis factor alpha(TNF-a) kiti=
BD Biosciences Pharmingen,oi—‘?‘lﬂ, RT-PCR
kit(one-step RT-PCR PreMix kit)& iNtRON
Biotechnology, Inc,Z%F, anti-phospho-ERK
(p-ERK), anti-ERK, anti-phospho-JNK(p-JNK),
anti-JNK,
anti-NF # B, anti-phospho-I«Ba (p-I«Ba), anti-I

anti-phospho-p38(p-p38),  anti-p38,
kBa % anti-f-actin primary antibody= Cell
Signaling Technology(Beuerly, MA, USA)2 2 5H,
Horseradish Peroxidase(HRP)-conjugated secondary
antibodyt Kirkegaard & Perry Laboratories,
Inc,(KPL, Gaithersburg, MD, USA)E ¥ T3}
of Agsklct.

2) NBQ £&

% Ago] AM-H W (Fagopyrum esculentum:
FUF BT, g=elld F-dste] ARg-atsict.
FE 100g2 S74= /kifkslo] 119 75% Ethanol&
mato] incubator(iN(RON BIOTECHNOLOGY CO.,,
Ltd,, Korea)ollA] 60C, 90rpm 71 s}oll] 24A17F
%‘l_ = 5‘*“]-0311]- 5‘5] _9_011_9_ OJA]HE]E_ Eﬁ}o:]
AZOLS B3, 0.2m AR el rotary
evaporator2. 200ml7} H|=5 R & W 2
Zato] 4.2g9] ftire AUk, -20C o HAs}oIch
7 A9AR ARAGR WA S5k 02
syringe filtering - A3 el AR8-a}odt,

3) MIZtHef

RBL-2H3L A ZFL28(Korea Cell Line
Bank, KCLB)oj|A woFatol wijoksloict, AlZe|
%S 93514 10% heat-inactivated FBS(Gibco BRL,
USA)#} 1% penicillin 2 streptomycin(Gibco BRL,
USA)S ¥3}3F DMEM(Gibco BRL, USA) B9kl o]
A skt AEE 37C, 5% CO, Zstol|A
FtAL, AMEO S W HAe WS sist

A

733} 9 191+ 99| RBL-2H3 HIRAIE G337} cyrokine A3+ A Eh
71 $J8te] 0.05% trypsin-EDTA  solution(Gibco
BRL, USAYS AzJste] AZE {44171 ok Al
Hj 3t ict.

4) MTT assay

RBL-2H3 A|E2] AE 5 T4 Hlil-E é?%
dolH 7] fefo] MITHE AHE3ESITE. RBL-2H

cellsg 10% FBSE X3t DMEM rﬂEM] $ 48
well plate(Corning, USA)el| 5x10°cells/nl ¢] A E5
7} §2& E55ho] 37T 5% CO, incubatorol|X] 24
ARRE ket itk FES =90, 10, 20, 30, 40 2
50mg/m)Z A g F 1A7E 59 A AT vl g
S AA & F Sng/me] MITE Z welld] P 2
Mol & T 4A7F 37C incubatoroA] HjoSE &
tetrazolium bromide saltZ A|As}3l DMSOE 1504
A 255ko] wello] AAE formazano] & =& &
M FH3] E50] BF 59 & microplate reader
(Molecular Devices, USAYE AME-81o] 570moll4] &
A2 24l Pkt BE WAL T

5) B —hexosaminidase release assay

dA] 27HEe] AEQ Dol dig dAla
£ AFR7) ¢ste] B-hexosaminidased] #H|E =
Askoict”. RBL-2H3 cells2 10% FBSS ¥3eh
DMEMe]| HEHA]Z1 3 48 well plate(Corning, USA)
o 5x10°cells/mi ] M7} HeE BFaoit, 1
3 anti-DNP IgE(30ng/m)Z 723}l 37°C 5% CO;
incubatorol|A] 24A17F Biokstith, 2 welld] MEE
< Siraganian buffer(119mM NaCl, 5mM KCl,
0.4mM MgCI2, 25mM PIPES, 40mM NaOH, pH
7.2% 28 AlA3 o2 7 well F 5.6mM glucose,
ImM CaCl29} 0,1% BSA7} X3  Siraganian
bufferE A7}l FEE 2R, 20 L 40ng/n)E
1A|7F &2t 37°C 5% CO; incubatorol|#] Wj%F 3 &
DNP-HSA(10ug/n) 2 #2fate] 1A17E 54k vEE-A]7]
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A ice bathoX] 10 FeF WAE F whe-5 F2A]
A}, 245 204E 96 well plateol] £7]3L substrate
buffer(4-p-Nitrophenyl-N-acetyl-b-D-glucosami
nide 1 mM, sodium citrate 0,05 M, pH 4.5) 804
£ ¥ 37ColA 305 Bl thy Z wellD
stop solution 20045 F7kste] WS FANZICE
Microplate reader (Molecular Devices Co, Ltd.,

USAYE A3t 405melld F3=s S35kt
FE A2js} t27e F3% o v Ao o3
inhibition(%)& AF&5}9iTt,

Inhibition(%) =[1-(T-N)/(C-N)]x 100

C: Cell (+), DNP-HSA (+), test sample (-)
T: Cell (+), DNP-HSA (+), test sample (+)
N: Cell (+), DNP-HSA (-), test sample (-)

6) IL—4 and TNF-a secretion assay

RBL-2H3 cellsE 10% FBSE %313t DMEMe| &
gA]71 & 24 well plate(Corning, USA)o| 5%10°
cells/m ] ANEF7} HEE EFch 1 %
anti-DNP IgE(0ng/n))Z 72k38lal 37C 5% CO,
incubatorol|A] 24A17F Boksl Tt 2 welld] MES
< Siraganian buffer(119mM NaCl, 5mM KCl,
0.4mM MgClI2, 25mM PIPES, 40mM NaOH, pH
7.202 23 A3 o2 7 well B 5.6mM glucose,
ImM CaCl29} 0.1% BSA7} X34  Siraganian
bufferZ A7}ttt 1 T FEO, 20 2 40mg/nl)S
Aelste] 127 F¢k 37C 5% CO, incubatorojlA
H|oFet & DNP-HSA(10ug/ml)E 2|3t & 4/\]7} =
ot ¥kS-A]7)2L ice batho|A 10% FoF W3l & o
e TANFH. A5 EeElsdo SOOOrmeHH
102 &2t faliefste] 2eld A45ds 70T B
#st ot 1494 TNF-a  ELISA  kit(BD
Biosciences Pharmingen, USA)E ARgslo] ZA3}
%l Microplate reader(Molecular Devices Co,
Lid,, USA)E ARE3le] 450mol §45g8 =45

o] 24 IL-49} TNF-a 9] & AXkstgct.

7) MZL{ ROS &%

A U] ROSY] 2H]= Nakano S'7¢] ¥ o] o]
24319t DCFH-DA(2', 7'-dichlorofluorescin-
diacetate)= H|SAAEAZ Lolsl| AEUZE EojZ
T 9gom, AEY estraseol] oJ3f ¥F3A SALA
¢l DCFHZ #2|9 F Axule] 4kho| o3 At
3lEd 34 DCFE A8 EI 0]Z fluorometerZ
2745k ol

anti-DNP-IgE(30ng/n/)& 7}2E RBL-2H3 cells
(5x10°cells/n)&  37CAA 3085 104M
DCFH-DAZ H|%¥E9)t}, 1 5 PBSE HjA|of o}
91 DCFH-DAE A|7]8F 3 FE(0, 20 2 40mg/nl)Z
Azlsto] 30:EE<t Hﬁ%‘fsh DNP-HSA (10ug/l)°]
1059 A=skglch. 8 HelA ¥h3-& A2
& 490nm(excitation) 7} 530nm(emlssmn oA fluorometer
(SPECTRAMAX M2, Molecular Devices Co. Ltd,
USAYE ARE3te] ROSO| 9Js) 4Fshe DCFY 45
2Astsict

8) RNA extraction and RT-PCR

RBL-2H3 cellsE 10% FBSE X33t DMEM| &
gAI71 & 6 well plate(Corning, USA)ol| 1x10
cells/m @] NEF7} HEE 25319k 1 % and
DNP-IgEG0ng/m)Z 7333}l 37C 5% CO,
incubatoroj|A] 24/\]7} ob wjoFslict. =& DMEM
A2 w33 T FES FEH0, 20 D 40ng/n))E
MZel| Azlete] lf\m%‘ﬂ HjoFgt 5 PBSE 23] A
A% TR DNP-HSA(10 1g/ni)S 4X7HESt A2)s}
o WelkgS SEAL, AR A F 1w
9] TRizol& ¥l 227 ¥X|3F & chloroforms 2

o
1L 1037} vortexing3tal 5,000epmol|A] 1027 94
<

6

weldt &, 4SS Foto] TF9 isopropanols &
gato] EE0] Fr}. 13,000epmolA] 2587 944



Rjste] &S A A3IAL pellet DEPC (diethyl
pyrocarbonate)-DW 2049l =] 20T R#s}S
ot Aol AMgsiglth. RT-PCR
RT-PCR PreMix kit(iNtRON Biotechnology, Inc.,
Korea) g AHatA] 45CollA] 3042, 94CollA 5 27F
HRSAJZl & 94°C oA 30%7t denaturationA]7] AL,
55-60°C 9|4 3037} annealingA]7] ThS-, 72°C oA 1
B extensionA|7|E cycled 323] HHESE H| njx]
9 extensionS 72CoA 587 PCR machine
(GeneAmp, PCR system 9700, USA)olA 3311
t}. Z PCR productst 2% agarose gel®]| loadingd}
o] 100V Z270lA 307t 71952 F3to] w46t
Gt A7l primers] @G dest Pt
(Table 1),

one-step

Table 1. Primers for RT-PCR Analysis

Target

5' to 3' direction size
gene
18 F  AAGCTCTCCACCTCAATGGACA 453
- D,
R GTCTGCTCATTCACGAAAAGGGAG
L2 F  CGTGAAGCACTGACGCTTGTC m
R GAGTCATTGTTGAGATGATGC
1.3 F ATGCTGCTCCCGCICCTGATG 473
R TCCACGCACATAGGGCGAAAG
L4 F ACCTTGCIGTCACCCICITC 351
R TTGTGAGCGTGGACTCAAAC
LS F  CICTGTTGACGAGCAATGAG 239
D
R CICTTGCAGGTAATCCAGGA
16 F AATGATGGATGCATCCAAAC 414
R TATATATTCTGACCACAGTG
F  CICTCGCTTGCCTTGGTGGTC
1L-13 276
R TCCGAGGCCITTTGGTITACAG
F  CAAGGAGGAGAAGTTCCCAA
TNF-« 501
R CGGACTCGCTGATGTCTAAG
F  GCATGTAGATGCCATCAAAGAAGC
GM-CSF 342
R CATTTCTGGACCGGCTTCCAGC
F CCACAGTCCATGCCATCAC
GAPDH 568
R TCCACCACCCTGTTGCIGTA

F, forward, R; reverse

738t 91 191 are] RBL-2H3 HRIE @33} cytokine A4t oAl &3}

9) Protein extraction and Western blot

RBL-2H3 cells& 10% FBSE X3t DMEMe] d
EA]71 3 100mn cell culture dishes(Corning, USA)
o 5x10°cells/nl ¢ A|EF7F HES BFE 1
% anti DNP-IgEG30ng/nl)2 7+ 37C 5% CO,
incubatord|A] 24A17FE0t Hljoksl it A28 DMEM
A2 w83t F FEE $=H(0, 20 9 40mg/n)Z
A2 Aelate] 1ARFEE W%kt $ PBSE 23] A
g ok DNP-HSA(10ug/nl)}E& 1A7HEt A 2fsto]
AR freotoirt. ¥ F cells cold PBSE
23] AlA3 12, 0CollA low salt bufferE #7}s}
of HeH7| pipettingslal 15252t ice$ol] HHA|gk
3 10% Igepal CA-6302 #7}ste] 7351 vortexing
SH9lth, 7 F 4C, 3000rpmel] 10859 A
ko] A e-tubecl] 35AE &7 F HHAl 4T, 13,000
rpmolA] 30:E-5<H PAEEsto] cytosol HFS w2
5}9Jtt}, protein contenti= Bradford§ .2 A%5}9]
o, 30~50ug9] TMAL 10% SDS-PAGE & g
3}, Hypond-PVDF membrane(Amersham Pharmacia
Biotech) 0.2 transferd}tt}. Transfer® membrane
2 Tris-buffered saline Tween-20(TBST)(20mM
Tris, pH 7.6, 136mM NaCl, 0,1% Tween 20)°] 4
% 5% skim milke] 1A]7Hg2et A-&olA blocking
8 & anti-p-ERK9} anti-ERK, anti-p-JNK9} anti-
JNK, anti-p-p38, anti-p38, anti-NF # B, anti-p-1#

Ba, anti-I*Ba 9} f-actin primary antibody(l :
1000 dilution)2 4CoJA overnight ¥H3-sh 3
TBSTZ 33] A|#3}1l, HRP-conjugated secondary
antibody(1 : 1000 dilution)2 1A]7HEQF A-Lo)A
ukSAJZCE, TBSTE 33 A3 3 ECL system
(Amersham) & ol-430] A7,

10) A2

S SPSS 17.0K for Windows £/ 218
A7 NS AHgete] FFALEFAAE YeRHAL f

(2]
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=)

oFEL P(0.05% 3hoirk, 2+ A3 7ke] FAIEHA
BX2 one way-ANOVAS} Dunett test 73S 4

Aatgiet,

RBL-2H3 A|l£9] A& 9 F4of vxje d3=
GolE A3 FEE A3A %2 AEE 0.8910,05
o FB=2 Jeh9la, FES F51H(10, 20, 30, 40
2 S0mg/m)E AEG AMEA 72 0.9310,04,
0.9110,09, 0.9410.06, 0.9710,05, 2 1.04:0,06<]
FBEE Yeho] BE FxolX AEAE oS
H]|A] QR SO0mg/mle] FEONA frofet MEFA]
o] #AEIThFig. 1A), FL-FA AFDAA A B
-hexosaminidase #H]¢] "]X|< FE¢ &7= Auji
A7} FE 20mg/nl F=oIA 47.39110.50%2] A=
72 JERNQAL, FE 40ny/ml E=oA 46,3616,06%
46,3616,06%9] AAEZAE Jeh)] ZE FElA F

1.26+ *
1.004
0.754
0,504

0.254

Cell viability (570nm)

0.004
FE(mg/ml) 0 10 20 30 40 50

A IS hehSicEig, 18)

2) IL—42 TNF—a cytokine AAtf| O|x|= st

RBL-2H3 cellso|A] £H]H IL-49] 92 o}F- A
25 SHA 92 AEelA 1.27£0,14pg/mi o)1 07,
oz A=3 AEA 10,0510,82pg/ni & oFF
& XS A &2 Aol Hls] fr2J3Hp(0.05) F
7+ Yehgigic}, vk FES F=¥(20 and 40mg/ml)
2 Aeg AEAN A7 8.2010.42pg/niF 6,04+
0.22pg/mi 2 P02 A=3 MEef| He f3t
(p(0.05) 7+2E B}, w3 RBL-2H3 cellsol|A] #
H[E TNF-« o] 42 ol A& o}A 2 AX
ol 15.50+0,68pg/mi o] oM, FUo 2 =3t A
Fol|A 34.84%1.11pg/nl & oFFH AP E 1A %o
AEo| 13 £2J3Hp0.05) S7Hs YERHSITE Hd
FEE $5H(20 and 40mg/nl)Z 2|3t AEoA] 2t
7} 31.2510.92pg/ni T 27.43%1.25pg/ml 2 FHOZ
A= AlE Mg frogHp(0.05) TAas Hit
(Fig. 2).

=1
t=1
3

@
t=1
1

Inhibition in
B-hexosaminidase(%)
3

[
(=1
1

o

FE (mg/ml) - 20 40

Fig. 1. Effects of FE on the cell viability (A) and § ~Hexosaminidase release (B) of RBL-2H3 cells
(A) The cells(5x 10"cells/ml) were treated with the indicated concentrations(0, 10, 20, 30, 40, and 50mg/ml) of FE for
1 hr. Cell viability was evaluated using a colorimetric assay based on MTT assay. Results represent as the
mean®SD. * p(0.05 vs untreated group. The absorbance was measured at 570an using ELISA reader.
(B) The cells(5x 10°cells/nl) were sensitized with IgE(30ng/ml) overnight and treated with FE(20 and 40mg/nl) for 1
hr prior to their DNP-HSA stimulation, The absorbance was measured with a microplate reader at 405 nm.,
Results represent as the mean£SD. *p<0.05 vs stimulated group.
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o] RBL-2H3 WITHE g7 cytokine YA+ AA| &3}

12.5+ 40+
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‘?& v 204
Y soq %
254 18
ool 1 0
FE (mg/iml) - - 20 40 FE (mg/ml)
Anti DNP-IgE

. 20 40

Anti DNP-IgE

Fig. 2. Effects of FE on the production of IL-4 and TNF-a cytokine in RBL-2H3 cells
The cells(5x 10°cells/ml) were sensitized with anti-DNP IgE(30ng/nl) for 24 h and stimulated by DNP-HSA(10ug/nl).
FE(20 and 40mg/ml) was pretreated for 1 h prior to DNP-HSA stimulation for 4 h, TL-4 and TNF-« concentration was
measured from cell supernatant using ELISA method. The absorbance was measured at 450nm using ELISA reader.
Results represent as the mean®SD. # p{ 0.05 vs vehicle group, *p<0.05 vs stimulated group.
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Fig. 3. Effects of FE on the expression of IL-18, IL-2, IL=3, IL-4, IL.-5, IL-6, IL-13, TNF-¢ and GM-CSF
mRNA in the anti-DNP IgE-sensitized RBL—-2H3

Detection of cytokines secretion was examined by RT-PCR analysis, GAPDH was used as internal control genes,
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3) Cytokine |Hxt 3ol O|xl= F&

RBL-2H3 cellso|A] 954 cytokined] F&of tf
A 2L 23, ofRe Ak o4 e Az 2|
3 FYos AF% AEToM IL-18, IL-2, IL-3,
IL-4, IL-5, IL-6, TL-13, TNF- 3 GM-CSF mRNA
o] wrglgko] FASHA F7ksk3Iom, FEQ0 and 40ng
[nl)E AzJgt A EAA mRNAS| Walo] FEoEA
0% Zadhe A0 UepsithFig. 3).

4) Fce Rl 2dst0] 2lsf F=E ROS ‘At

et et

RBL-2H3 cellsoX9] &A= 23] fr=€
ROSS] & 60 & ZAK A, 3o g A=
3t & FES AAEetA] &2 MEA ROS $7H2
AZbel wl#|ste] S7keh=t| wlal, FEQ0 and 40mg/
nl)& Aejg AEA ROS S7FEL FEd| v}
of Afdoeg e F=E A3 Zashs Ao

= UehsitHFig. 4).

4004 -0+ DCFH-DA+Vehicle

38504 ﬁ_,_.--“ -& DCFH-DA+FE 20mg/ml

3004 L ~B- DCFH-DA+FE 40mgiml
0

2004 4

Increase in
DCF oxidation (%)
"

2

10 20 30 4 50 6
Time (min)

Fig. 4. Effects of FE on Fce Ri-riggered  ROS

production in RBL-2H3 cells

IgE-sensitized RBL-2H3 cells were pre-incubated with
20 and 40mg/m! of FE and 104#M of DCFH-DA for 30
min, washed twice with PBS, and resuspended in
Siraganian ~ buffer, DCFH-DA-loaded cells  were
stimulated with Ag for 10 min, and ROS-mediated DCF
oxidation was measured with excitation at 490 nm and
emission at 530 nm with a fluorometer, The data are
expressed as the percent increase in DCF oxidation
above the unstimulated controls, * p(0.05 vs anti
DNP-IgE+DNP-HSA

5) MZLH ERK1/2, JNK1/2 & p382| o
olzl= g

RBL-2H3 cellsol|4]¢] ERK1/2, JNK1/29} p382]
o disf 2ARE A, o AElE shA| ok
Aol g ez A=¢ MEAX p-ERKI/2,
p-JNK1/29} p382] walo] $7}51%1 0™, FEQ0 and
40ng/ml)2 A3t AEAA p-ERK1/2, p-JNK1/29}
p389] Walo] AAlsk= A0 E Hol FEZ} ERKI/2,
JNK1/2¢} p389] QX3S dAlshe A2 eyt
(Fig. 5).
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Fig. 5. Effects of FE on the ERK1/2, JNK1/2 and p38 activation in Fce Ri-mediated signal transduction of

RBL-2H3
The cells was pretreated with FE(20 and 40mg/ml) for 1 hr prior to Ag exposure for 15 min, The phosphorylation
of ERK1/2, JNK1/2 and p38 and ERK1/2, ]NK1/2, p38 and f-actin were assayed by western blot analysis as
described in Materials and Methods,
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Fig. 6. Effects of FE on the NFx B(A) and It Ba (B) activation in Fce Ri-mediated signal transduction of RBL—2H3
The cells was pretreated with FE(20 and 40mg/ml) for 1 hr prior to Ag exposure for 24 hr(A) and 15 min(B). The
expression of nuclear NF«B and f-actin and phosphorylation of [#Ba were assayed by western blot analysis as
described in Materials and Methods,
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