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ABSTRACT

Objectives : This study aimed to evaluate inhibitory effects of GHJ on allergic inflammatory response in human
mast cells (HMC-1).

Methods : To investigate the inhibitory effect of GHJ (62.5, 125, 250, 500, 1000 pg/mL), HMC-1 cells were stimulated
with phorbol 12-myristate 13-acetate plus calcium ionophore A23187 (PMACI). Enzyme-linked immunosorbent
assays (ELISAs), RT-PCR and Western blot analysis were investigated using GHJ extract.

Results : GHJ inhibited levels of TNF-o. and IL-6 of 1000 pg/mL concentration in ELISA and mRNA expression. GHJ
had inhibitory effects in level of MAPKSs, p-lkB-a and p-NF-kB also. GHJ attenuated Compound 48/80-stimulated
histamine release. In addition, GHJ inhibited PCA reaction in vivo.

Conclusion : This study indicated that GHJ extract can inhibit allergic responses in HMC-1 cell.

Key words : Sophora flavescens, Schizonepeta tenuifolia Briquet, Lithospermum erythrorhizom Sieb, GHJ, Allergy,
HMC-1, MAPKs, NF-kB
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I. A2 1, 28 helper T AM|XEo|A] EH]5E WAxHE Alo|E
7RIzt E4E 2 HEd [gE Lk 95 H3Y
GHJ9] F/dekAl9l %25 (Sophora flavescens)% A7 oz olaiua rH?,

T Hohs A 2EAEORHN FoARoRE webA 2 Aol A= BT A ] GHIO] &
ntERe] 23FE o] Qlal dat, FntolEs ¢ ¥R g 27] a¥E kA HMC—1 Al2Eol| Al PMACI
ol o] gHTHY ik BEIo) &8l Figre 2 93t Alo]EFIl 423 mitogen—activated protein
o] olaty} 9l xS Ao e Schizonepeta kinase (MAPK)9] % 2laxdgd 22 extracellular
tenuifolia Briqueto]al #wiEse iy, BE 59 = signal regulated kinase (ERK), c—Jun N-—terminal
Aol AEH o7 MHE A AlRE o] FpPd, 52" = kinase (JNK), p38¢] &3} nuclear factor kappa

A z)7ke] thdAl # A X](Lithospermum erythrorhizon B (NF-kB)2] & ddo]Aie] 3_4% w3k
Sieb. et Zucc)o] S 7lg7]E=dH AEH o2 fig 3FA GHI7} PCAell wx+= 943 Compound 48/80
SEHe] Hojutn duixd glom &gt I+ 2y of oz 2FH HA 4] J*iu(Rat peritoneal mast

7F Aok Bax oy, cel)9] &g 9 3~ely] W& oA anE TY3}
AHEIAG AT 2, ol T FEAF o] w Atk

2A /vt = FAlolw 1 Yo EE AAE

o] M3} So] Wl up. L] A5 A 0. As 2 H3y

7F ZadEd wy 48 JdAS w AA2E o

sh7] fllA doute wkgol Xk gk o] whg-& 1. A

AAe] S sl ot 224 A w54 1) Ak

£ 5o WSS dot? IgEE viZlE dojuh= Compound 48/80, anti—DNP IgE, DNP human serum

27 54 S Al 13 g7 wkgolg 3t albumin (HSA), PMA, A23187%} Evans blue: Sigma—

=), o= e A=l o8] AAE IgE7F v HA Aldrich (St. Louis, MO, USA)Z %¥ F-3}3it}.

xol xHd EAEE F8AQ1 FeeRlel ZA3jtato] Recombinant TNF—a, IL—6%} IL—8, biotinylated IL—6

HRHA 2] g3 S FEsta HRMZ2 R Y 3 9} TL—8, L&l anti—human TNF—a, IL—6$} IL—8%

H 32, 2 xEaEdd, FIREDAY AlolE BD Biosciences (San Diego, CA, USA)ZFE 4381

71159 gtst B4 55 Eujgoza yehis bk t}.  3—(4,5—Dimethylthiazole—2—yl)—2,5—diphenyltetrazol

Solth Y, 3—(bromide (MTT)* Promega (Madison, WI), Iscove’s

H] Modified Dulbecco’s Media—(IMDM), 18]l fetal
= bovine serum (FBS)& Gibco BRL (Grand Island,
bl NY, USA)Z5FF T8kt

t} E3] WvkA¥EREE 4 E]L interleukin (IL) 6, NE—-PER Nuclear¥} Cytoplasmic Extraction Reagent™
IL—8, tumor necrosis factor alpha (TNF—a)9} % Pierc(Rockford,IL,USA)°I 74313t} Phosphorylation—
2 Al EIRRIES 27 HkgolA Fad dTds ERK (P—ERK), ERK, P-P38, P38, P—c—Jun—NH2~terminal
S Compound 48/802 €3-S E3 5] ~elY kinase (JNK), JNK, phosphorylation—NF—kB (p—NF—kB)

‘_,

S HEAZ]EY, EhjE S 2EE AF5A Alol®E and p—1kB—a FAEL Cell Signaling (Cell Signaling
741S Hu|A7)E 2SSl dyar] g5 Technology, Danvers, MA)o|A], B—actin¥ Santa
QojA wTkAlze] g HI) 3 3| el f2l9) Cruz (Santa Cruz Biotechnology, Santa Cruz, CA)ell
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£dF o) 590 w4k, AN, A% EFEGHDS ARAEel A0 BPF w3}
of GHJ on Allergic Inflammatory Response in Human Mast Cells (HMC—1)

A, peroxidase IgGE Jackson ImmunoResearch (Jackson
ImmunoResearch, West Grove, PA, USA)olAd 43}
%t} PCR primerst Genotech (Daejeon, Korea)

oA ekl

2) A F=
GHIel Eol7hs defAle SusiaeA 93t
o okAle] T A3t FoFosl Eixdtud e
RRchL Ak @, Az AR
WEE= Zk7E A0S0, A056, A0480]™ Z3t) k)t
st Sjy-stu el BRo® ®BF3tu ok A7t
111 ¥&e] FAE 240gs 3LS] T

3 AY o=

A= deptol e "o A 3 6578 +7
SD—rat (tteputol e ¥)E ARESRQITh vk =3
APAEE AT glo] FE3] FHEA o, 2% 23
+ 3C, % 40-60%, =" 12417 /¢S FA 3t
HA dFd Tk AP e e Al F AF
off AR&shalth.

4) HE

QIZM A ES (human mast cell, HMC—1)+& IMDM
media (Gibco)oll 10% fetal bovine serum¥} 100U/mL
penicillin, 100ug/mL streptomycineS F7}ste]
daldon wikeEe 30C, 5% CO2E FAIBIth
HMC—-14¥+= 25nm PMA$} 1uM A23187% A}=3}
o &4} 33t

2. Wy

1) Alx AEsE FAES 9k MTS assay
HMC-1 A3 (1x10° cells/well)o] T}l w19

GHJ (62.5, 125, 250, 500, 1000\g/mL)E &}F

oF WhE AIZ1 & ME AEE2 MTS assay ©|-83f

ELISZ F3% 490nolA FAHSA ) ol A

BhA] ke 2T AlEAAE 100% FEER AL

off

9

ol
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2) HWhA| A T Alol BTl A w4
AEE GHI ellA 1413 g AAstae ¢ H
PMACIZ A}53}e], 7TAIZF F<t wigsigivt. 7+ Al
o] AT eE 2A1RF Et AF2elA 96 well ELISA plates
(Nunc, Roskilde, Denmark)ol] wWHS-AJF )}, 28]al
mouse anti—human TNF—q, IL—69} IL—8 monoclonal
antibodiesE 1001S ¥o] 96 well ELISA plates©l
1A WEg AL, AlE e & avidin—peroxidase X
St¥ biotinylated anti—human TNF—a, IL—6%} IL-8
< #A7rete] 37°C oA 1AZE F9F Al wfgET] el A
HSAIATE WS- 5 Well& thA] AlZjEla TMB substrate
(Sigma—Aldrich) & 233l EA@%-2 405nmell A
ELISAE o]&3le] 43I0t} a4 492 recombinant
human TNF—a, IL-69} IL—-8%& ©]&-3}5ith
g
3

4

HMC—1 AE(2x10° cells/welD)ol GHJ (62.5, 125,
250, 500, 1000g/mL)E 1AIZF A3 ¥ PMACI
2 717} 30% (MAPKs), 2A1%F (NF—kB) &<t vH&-A]
Ao AE 3 ice—cold PBS® 23] A3}
t}. MAPKS expression?] 45, M&HE Axe £3)
3 5 13,000rpm, 4C, 2083+ A Esich
NF—-kB®} IkB—a expressions= #|¥E NE-PER
Nuclear®} Cytoplasmic Extraction Reagents (Pierce,
Rockford, IL, USA)Z Z}Z} Manufacturer's instruction®ll
wep gagt & Y4l st dhiEs Ik o
w7 %= BCA Protein Assay Kit9] Manufacturer's
instructionol] wel A SATh BMAS 10% sodium
dodecyl sulfate (SDS)-—polyacrylamide gel@ #7]

Fe T

3) T4 e] MAPKSF NF-kB western blotting

T

kel
T

% nirtrocellulose membrane (Whatman,

Maidstone, Kent, UK)ol 1A|ZF transferd}ith.
Membrane 5% skimmed milkE #7138t TBSTlA
1A17F <t blocking 3+ th. PBSTZ membranes
AA3ek 3 anti-MAPK antibodies (P—ERK, ERK,
P—-JNK, JNK, P—P38, P38)9} NF—-kB antibodies
= 11100002 3|AEATE AbES 4TCellA 24431
oF Wh2-A)7]aL PBSTE A|&35 . MAPKs+ 23
Q1 Anti—mouse IgG (1:10,000)&, NF—kB&

horseradish peroxidase—conjugated secondary Ab

o o 1]
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= Zl7} Ake

S 71z} Ag2oA 1AZF FoF WS AIH I, enhanced

chemiluminescence (ECL) A]2F (Amersham Pharmacia,
NJ, USA)& o]-&3ste] whilds & 7 wdAF o),

) WRAZOIA @FA Aol ERIS) mRNA W
A% B4
HMC—1 A3

S GHJYl AAz7 & ¥ PMACIZ 6

Table 1. Primer sets for RT—PCR

;] UI—/HE] cDNAR = Zsl—
RS HAsAT. AFEE primer=
Ato]E7}e19] IL—6, IL—8, TNF—a, IL—1bS
GAPDHS Ab&-3le] s
o] AVIMEL T

U’G‘}“]

3lo)&l 71

‘—1\__M—L~

¥3} 9lt). primer
¥ 2t} (Table 1).

Name Forward primer Reverse primer

IL-6 5" GAT GGC TGA AAA AGA TGG ATG C 3' 5" GTT TTG GGT CAG GGG TGG TT 3'

IL-8 5" CGA TGT CAG TGC ATA AAG ACA 3' 5" TGA ATT CTC AGC CCT CTT CAA AAA 3'
TNF—-a | 5" CCT ACC AGA CCA AGG TCA AC & 5" AGG GGG TAA TAA AGG GAT TG 3

IL-1b 5" CCG GAT CCA TGG CAC CTG TAC GAT CA 3' | 5" GGG GTA CCT TAG GGA GAC ACA AAT TG 3'
GAPDH | 5' CGT CTA GAA AAA CCT GCC AA 3 5" TGA AGT CAA AGG AGA CCA CC 3

RT—PCR<2 C1000 Touch Thermal Cycler (BIO—RAD
CA, USA)E Al&3lo] J3AERAA 1.2% agaroses
o] gel& ®E F 7] dEeich W95 ﬁﬁﬂf&
agarose gel> NaBI (Neoscience, Suwon, Korea) gel
doc systemollA images VL ¥, Image J& AM&

ale] bande] WAL T,

74 10mM HEPES, 136mM
Nacl, 5mM KCI, 2mM  CaCl2, 2.75mM MgCl2,
5.6mM glucose, 11mM NaHCO3, 0.6mM NaH2PO4
1283l 1% bovine serum albumin (BSA), pH 7.4
7} s 20mL HEPES Tyrode's buffer® HH-=
3wgE mRARA] & ATk

cells (PECs)E A& FZ3ta H|TAH2EE Percoll
(Sigma—Aldrich) density gradient centrifugation
(800g 10 min 4C)ell o8] A FZ=Act. vk

A Eg Rasge

o]% peritoneal exudate

toluidine blue @Ao=Z

™ Trypan blue GOz AMXEo 97% o] A=
k3t AlEZE HEPES—Tyrode bufferel
23 o2 2000E 25101 GHJ (final concentration:
62.5, 125, 250, 500, 1000w/mL)e} SHA 37 CollA
105t wjFselct, 312<ElYl 4] compound 48/80
(5ig/mL) 25L5 F7bskar 37°ColA 2087t wj s}
R, WSS tubeE WAAA WSS HAAAFG.
AEES 4TCoA 158 5<F 3,000rpme 2 JAl H4
Al AT} %_oﬂ ) ]/\E}fﬂ sla‘;.‘; o]/\ETrU] kit<
o]g3le] 450nm% ST}

= O

=i )|

170

6) PCA ®hg &4

44 thF (Control -, n=8)3 AF+ (GHILE,
n=8)< anti—DNP IgEel <]t PCARFSS f23}7]
Astel 71 AFe] WIWRE anti-DNP IgE 0.5
(50IL) & Y3t 3+ (Normal %, n=8) PBS
S FYsslth 9 48413 $ol DNP—human serum
albumin (DNP—HSP) 100 (100L)S E88l= 4%
Evans blue (1:4) & 2454 Yz FYsIATh
DNP-HSA 9 13 Hell GHIE 3|4t A
2ol (High: 274mg/kg, Low: 27.4mg/kg) 3+l
e dxae 2 4o DWE 475 skl
o} ks BHS 93] 4% Evans blue 98 F
datar 30%¢] A#e FH anti-DNP IgEE FAMe
5% S 29lE Arhele] FALE Fele] Aol wek
4 whde] it ek A2 $sgth Formmide §
HOZ Evans blue &H& 72A17HEt FE3191 o™
%3t Evans blue densityE spectrophtometer (backman
DU530, U.S.A)E 620nmolA =

l..
r

4

_l

instruments Inc,

A3t & Aol 9kS Evans blue?] calibration curve®
Ak A,
7) BAAE
SAS Hd + 524 (mean £ SEM)E 9]
v

&3l E718k3la BAEAS Graph Pad PRISM Software
(Graphpad Software Inc, CA, USA) X =138 A8}
Stt. One—way ANOVAE o]8-3}31 2™ Dunnett's Multiple
Comparison TestZ o]-&3dle] BAI\TE Foae

P value < 0.05%1 A% frojido] ot #esisint
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m. Ax}

1. GHIS AE54d 2 dF5A4 A|EFRIY v & 9%

GHJ?] Aﬂz—% % 0‘0} 7] 918t HMC—1 cellell 24
AIZF E2F thekek %o GHJ (62.5, 125, 250, 500,
1000, 2000Lg/mL @ gch 1 A3 GHIE= Al
X5A4S YeRA &9t} (Fig 1A). HMC-1 cell
PMA®} A23187% A3k 3 7A1ZF wjk=|ich HMC—1
cellolA] TNF—a, IL—69} IL—-8 EH|Z 728 A3} 14]
2r AAYE GHJ (62.5, 125, 250, 500, 10001g/mL)
of o8 TNF—a, IL-62] #H|7} AAES e8]

120
100-{
= g
Fy
% 60
>
§ 40
20+
Normal 625 125 250 500 1000 2000
GHJ (ugimL)
2500~
#
2000+
€ 1500
=1
a
% 1000
500
1] T
PMACI = + + + + ¢ +

GHJ (ug/mL) 625 125 250 500 1000

Fig. 1. (A) Cell viability of GHJ in HMC—1 cells.

t}. TNF—a9 8] PMASH A23187% Azd
2 Al v d@ASA Fhekeltt (Fig
1B). GHJ Hol++& TNF—-a2 #H]Z 10001g/mL
FEOA Folat A FFAAIF T (Fig 1B). IL-69] &
"= PMASF A23187=2 AHE|d dlx=at2 A 4ol Y]
 #ASA F718kik GHI o179 IL-6 24
© 1000/mLellA #o4d e ZA3dE HeERAAT
(Fig 1C). IL—89] ¥H]:E= PMAS A23187% Ad
xS el HlE) dAsHA F7kskiv. GHI
Tl IL-80lA BAA frolds Holx skt
(Fig 1D).

B

400+

#
300
ke
200
100
0 T T

PMACI - + +

TNF-x (pg/ml)

GHJ (ug/mL) 62 5 125 250 500 1000
800~
600+
E #
& *
S 400
b ﬂ
=
200+
ol - T - T v
PMACI = +
GHJ (pg/mL) 825 125 250 500 1000

The optical density of the culture plates at 490 nm

was measured with a Spectrophotometer. The effect of GHJ on the production (B) TNF—a, (C)
IL—8, and (D) IL—6 cytokine levels in PMACI—stimulated HMC—1 cells. The value represents the

mean * S.E.M of three independent experiments.

##P<0.01, significantly different from the

Normal group; #P<0.05 and ##P<0.01 compared with the PMACI only group.

2. MAPKl|A GHJY oA &3}

PMAS} A231879 2l&f 2417+ 30 FoF x=-e
HMC—1 Al¥& &8 v Western blot & E3dfo] &
A89itt. GHJE= HMC-1 AIX7F PMAS A23187=
b= W] 1ARE Aol A A#] 818lek ERK (T—ERK),
JNK (T—JNK), p38 (T—p38)& F7} tlx102 A}
|HT PMASF A23187% A9 xS Aol
H]s) ERK (P—ERK)@do] Z718l3ith. GHIZ A A
# & ERK (P-ERK) 2d& JA|sh= ¢S Yet
yoleom E3 1000/mLiaAE o4 = Az

ettt (Fig 2B). PMASF A23187% &9

ZarS Aol HlE) INK (P—INK) @& o] &4 &}
Z7beld . GHIZ HA % 2 INK (T-JNK)%
A= AgS HERIIen 53] 1000u/mLol
= oA 9= A= Jeddt (Fig 2C). PMA
o} A231872 Hg® xS Aol vl p3s
(P-p38)&do] o)Al F7kakalth. GHIZ A
H o2 p38 (T-p38) L&S 1000 w/mLollA &9
3 AA lAEAT} (Fig 2D).
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P-ERK — e = =
oy v "l m
T-ERK £
— o4 "
T A e e e e—— —— 2
F ¥ % ¥ =+ 503
T-JNK — — ———— — — e ~— 50.2
>
o1
P-P38 - e R W —[ a |
. ooll
T-P38 \ . — A, — — — PMACI - . = = = =) e
PMACI - o+ =+ FI . GHJ(ugimL) - - 625 125 250 500 1000
GHJ (ugml) - - 825 125 250 500 1000
4 0.8
2 L]
€3 2 s
S = .
5 g
é_ 2 - g o
5 =
ﬂ S
Z] 1 '3. 0.2
o a
[ B 0.0 !
PMACI - + + + + + + PMACI - + + + + + +
GHIugiml) - - 625 125 250 500 1000 GHJ(ugmly - - 625 125 250 500 1000

Fig. 2. The effects of GHJ on PMACI—induced the MAPKs expressions in HMC—1 cells. (A) Panel is a
typical band image; (B—D) panel is a relative level of MAPK expression band by Image J.
The value represents the mean £ S.E.M of three independent experiments. ##P<0.01, significantly
different from the Normal group; #*P<0.05 and #*#P<(.01 compared with the PMACI only group.

3. NF—xB A Ao A GHIS &3 7] 2A1ZE el A Ael SGivk. GHIZ AX|
PMAS$} A23187¢l ¢J3)] 1A% &<t A= HMC-1 & P-IkB—a& 250, 500, 1000 1g/mL -§5=olA,

AEE 2319 ThSWestern blot & Eate] 2A3) P-NF—«Bi 500, 1000 w/mLE=olA 2317

%tk GHJ= HMC—1 M%7} PMAS} A23187% A4 A% S JAlsE Ao= e (Fig 3).

p-IkB-a - e W - -
Actin - S G G —— —
p-NF-kB — —— —
Lamin B | w— GED D = NS G =
PMACI - + + + + + +
GHJ (ug/mi) - = 625 125 250 500 1000
o 0.8 L2 05q
i g
‘c_ £ 0.4
T 0.6 " -
s 2 .
a o 034
£ 044 T .
E * * E\s 0.2+ *
3 0.2 *x 2 g4
: mi
& godl y . ; ; ; 4 0.0l . Y y . .
PMACI - + + + + + + PMACI - + + + + + +
GHJ(ugiml) - - 625 125 250 500 1000 GHJ (ug/mL) - - 625 125 250 500 1000

Fig. 3. The effect of GHJ on the degradation of p—IkB—a in the cytosol and p—NF—«B activation in
the nuclei of PMACI—induced HMC—1 cells. The relative expression levels of p—IkB—a and
p—NF—«kB were measured using an Image J (B—C). The value represents the mean = S.EM of
three independent experiments. #Z#P<(0.01, significantly different from the Normal group; #*p<0.05
and ##p<(0.01 significantly different from the PMACI only group.
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9] 591 ik, @A, Az EFE(GHIQ AZHTA EoA o] FAT F7}
GHIJ on Allergic Inflammatory Response in Human Mast Cells (HMC—1)

4. GHJ7} 4
3
HMC—1 A¥E GHIZ 1A17F B9F AA7 3 PMA
9} A23187%E 6AIFS A=EEE o o] T cellol A
RNAE #2]3la cDNAE §H4J3% & KAPA PCA kit
AR FREAAANSS W& SH3ith IL-6
o] Bul= PMAS A23187% HE|d Ul2TS AAT
of vl dAsA F7Fsksith. GHI Foiwte] IL-6
THIE 500, 1000/mL X4 F994 de A

75 JERIIT (Fig 4B). TNF-a®] ¥4l PMASH
A

%/ A)EFI mRNA 23] mx&

L=
s

Kol
=

=

=

L

L

Z7vsr9ck GHI T°4
AEgs JERGle &
A 72310t} (Fig 4C). IL—89] HH|:=

PMAQ]— A23187

2 Agd dzae gdatel nls) dAsA kst

Atk GH] Fo9 IL-89]
t} (Fig 4D). IL—139] #H]+=
¥ dxzTe ATl
GHJ fFolare] IL-1B9] wH]& 1000w/mL <
o)A A a8k (Fig 4E).

TH= sk

we)

&%

PMA®} A231872 A
Wal AAs 2t

S5l A

IL-6 08 "
TNF-a 0.8 T
I |
g
IL-8 é 0.4+ h N
?
-
IL-1beta o
GAPDH ﬁ
00l Jooduloo]
PMACI - + + + + + + PMACH + e
GHJ (UgJ'l'ﬂ” . 625 125 250 500 1000 GHJ (pgimLy - 625 1256 250 500 1000
056~ 104 0.6+
" | » T
< - I 08
O o4 : s £ | 5 0.4
& 1 T os{ m g T
g b 3
! D 0.4+ E T
Zo T 2 02+
ﬁ N ] H
il e soll, Al
PRACI + + + + + + PMACI + + + + + + PMACI +
GHJ (uaimL) - 625 125 250 500 1000 GHI (ugimL) - 625 125 250 500 1000 GHJ (ugimL) - 625 125 250 500 1000

Fig. 4. The effect of GIJ on the production of (B) IL—6, (C) TNF—a, and (D) IL—8 and (E) IL—18B cytokine

levels in PMACI—stimulated HMC—1 cells.
##P<0.01, signi

independent experiments.
#xP<(0.01 compared with the PMACI only g

5. GHI®| 3|28 g &

E7F WThME FBfNo] compound 48/808S
A st & v EEEYH fEE S|2EN ¢S 5

Aotttz gt vlsl frofe S7HE 2
ot} whdo) A7) FEe] GHIE AA7 3 & compound

ificantly different from the Normal group;
roup.

The value represents the mean £ S.E.M of three
#P<(0.05 and

3~

48/80&d& AHEgt & vIvkNE=2HYH fH
Bbel kS =A3 A3 125, 250, 500, 1000w/mL
[e]

01)
HERH A (Fig 5).
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.é 50+ /

Fig. 5. Effect of GHJ on compound 48/80—induced
histamine release from rat peritoneal mast
cells (RPMCs). The value represents the
mean * S.EM. from three independent
experiments. #Z#P<0.0l compared with the
normal group. #*P<(0.0l compared with the
PMACI alone group.
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Fig. 6. The inhibitory effect of GHJ on 48 h passive cutaneous anaphylaxis. (A) Photograph image

of internal surfaces of the rat skins,

surfaces of the rat,

compared with the control group.
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