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Anti—inflammatory effect of Sinhyowoldo—san Extract with regard to Pro—inflammatory
Mediators in PMA plus A23187—induced Human Mast Cells
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ABSTRACT

Objectives : Sinhyowoldo—san (SHWDS) is said to be a traditional medicine used for shigellosis, abdominal pain,
diarrhea, But mechanism of SHWDS mediated-modulation of immune function is not sufficiently understood. To
ascertain the molecular mechanisms of SHWDS 70% EtOH extract on pharmacological and biochemical actions in
inflammation, we researched the effect of pro—inflammatory mediators in phorbol—12—myristate—13—acetate (PMA)+
A23187-activated human mast cell line (HMC—1),

Methods : In the present research, cell viability was measured by MTS assay. pro—inflammatory cytokine production
was measured by performing enzyme—linked immunosorbent assay (ELISA), reverse transcription polymerase chain
reaction (RT—-PCR), and western blot analysis to analyze the activation of mitogen—activated protein kinases
(MAPKs), nuclear factor kappa—light—chain—enhancer of activated B cells (NF—B). The investigation focused on
whether SHWDS inhibited the expressions of interleukin—6 (IL—6), interleukin—8 (IL—8), MAPKs and NF—1B in
PMA+A23187—activated HMC—1 cells,

Results : SHWDS has no cytotoxicity at measured concentration (50, 100, and 250 ug/ml), SHWDS (250 ug/ml)
SHWDS
inhibited cyclooxygenase (COX)—2 expression. In activated HMC—1 cells, SHWDS suppressed phosphorylation of
extracellular signal-regulated kinase (ERK 1/2) and c—jun N—terminal Kinase (JNK 1/2). Then, SHWDS suppressed
activation of nuclear factor NF— B in nuclear, degradation of IkB « in cytoplasm,

inhibits pro—inflammatory cytokine expression in PMA+ A23187—activated HMC—1 cells, Moreover,

Conclusions : We propose that SHWDS has an anti—inflammatory therapeutic potential, which may result from
inhibition of ERK 1/2, JNK 1/2 phosphorylation and NF—B activation, thereby decreasing the expression of
pro—inflammatory genes,

Key words : Sinhyowoldo—san, Anti—inflammatory activity, Human mast cell, Mitogen—activated protein kinases
(MAPKs), Nuclear factor NF— B, Cytokines
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Gardeniae Semen®@ AR} (1), ¥FE (xi), ol (FFR),
AN GRE, 328 (B, A5 (@H) 52 550 ok &
Ao, &7 (HiE), =8 (Rim), 4% GR), FE &
B, 8 (itfm), & (B4, dF5 (Hm), FHHEH
GUREERIR), 8 (F), EE (Him) 52 X5l AM-H
Q. AAelel] gt ArzE, AR FAFET, F
©.9q3} So] BuEle] ¥, 1S Alpiniae Officinarum
RhizomaZ A%¥ (HE), 2F4RE (B89, F7IXF (7
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3t (ME %), SEYT BUEmR), TEAA (EHHE), 4
A &R, 39 o, 22 (iR, e (E) 59 A=
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T, TANE, TEF, HTAIEZ So] €A k. HITHA|
Ze IFA AFAEAA Eilste, 2 TR, o8 789
Aoyt 571, H=ABATE 9@ A7) Hd A
2227} Zo| theakst oA wtE "ok Y ujubi el A
PMA (phorbol 12—myristate 13—acetate)= PKCE A}=
3t1, AZA cytokines WAL Z7F A, Calcium
Ionophore A231872 Ca’'& wi&sle], N o] Ca™e
Z7WNA, HEZE2o1o] ATPase B4S Adfists zHg3ict
T gEA A PMA,  A23187E BTN Eo|A]
immunoglibulin (Ig) EQ] w2}Agte]| Tojsle] Fee RIQ &
A& Yo7 Tyrosined] F43% ABIE fE65te] B|ThA|
29| gA3tet & S o, o] oA PKC7F &4
Bz, AE Y Ca* F7h 27] 4% whgo] dojuiA Hr,
o]Z <I3}l, histamine, vasocative amines, specific proteolytic

enzymes, cytokines, chemokines, ararchidonic acid
metabolites 5 ThFEt AlEe] BujEg A4 FeHs,

T3, COX (cyclooxygenase)x= arachidonic acid25-E
prostaglanding ¥HAJst=d sk, COX-1,C0X-2 F
olgez EAgtt, COX-12 fHE9 A4 Z oA =&
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Az 9 Y

%8

1. A&

- Tel : +82—-63—-850—6802 - FAX : +82—-63—852—6802

1) 2y

£ AYe] AT ARYEAS Folu
shon, AL NAelT DAL tERoRE (At BH)
o Fska Zste] ARgSHT,

2) A2t

A|zEvfjekol A Q3 Iscove's Modified Dulbecco's Media
(IMDM) ®jA]+= Welgene (Daegu, Korea) A& ARSI
o, Fetal bovine serum (FBS):= Hyclone (New zealand)
AES T8 At

E AlSo]| AR&3F Phorbol 12—myristate 13—acetate (PMA),
Calcium Ionophore A23187, Penicillin—Streptomycin,
Bovine Serum Albumin (BSA)E Sigma (St. Louis, Mo,
USA)AA ettt ME 54 &304 Zadt CellTiter
96" AQueous One Solution Cell Proliferation Assay
(MTS)= Promega (Madison, Wisconsin, USA)oJA <)
31tk T8k Human 116, IL—8 ELISA Set= BD Biosciences
(San Diego, USA)o|A F5lo] ARESIATE Western blot
AlgoA TRt Protein Extraction Solution< iNtRON
Biotechnology (Gyeonggi—do, Korea)ol|A] +J51991, Ponceau
S solutionZ Sigma (St. Louis, Mo, USA), EzReprobe2
ATTO (Tokyo, Japan)ellAl +Y3t3itt,

Al ERK 1/2, JNK 1/2, p38, COX-2, f—actin, NF—
kB, IkBa, p—lkBa, anti—rabbit< Santa Cruz Biotechnology
(Santacruz, CA, US) oA FU3tIct. anti—-mouse IgG
2 life—Technonlogies ¢} anti—goat IgG2 kirkegaard
&Perry Laboratories Inc. oA FY3tEch PCRAIEH oA
AFeE Easy Blue total RNA Extraction kite iNtRON
Biotechnology (Gyeonggi—do, Korea), Reverse Transcription
kit = Giagen (Valencia, CA, USA), Sensi 2 X PCR premix
2 Lugen, Gel red, 6 X loading buffer= Dynebio
(Gyeonggi—do, Korea), Primer= Bioneer (Daejeon,
Korea)oll Al tdall A3ttt St Al F=ZoA4] Nuclear
and Cytoplasmic Extraction Reagents+= Thermo Scientifeic

(MA, USA)OlA 73 AH&-3HAT.

3) MI=HHE

AFo]| ARR3E Al HJYhA|EZE HMC-12 ATCC (Manassas,
USA)oA YstgeH, 34 (100 U/mL  Penicillin,
100 U/mL Streptomycin)?} 10% FBS7} &7} IMDM Hj
AelA 37 €, 5% CO, incubatorel &H-gA|A vjFstATt.
Ad wjFE o]Eef T HY ST

2, 4y

1) AN2o| =g

AFLEA 70% EtOH 2252 XAl 12g, 137} 12¢
I+ 70% EtOH 500mLZ 2A|7HR 230 "o &g o,
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Y 5% oS 52 AXST F, 1.8g0] ¥ojA 4TA
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d H=E 51t RT-PCRE 43 18] 79| primerE
AHg3HTh, Primer?] 742 thg3t Zth(Table 2).

Table 2. Sequences of oligonucleotide primers designed for RT—PCR

Table 1. The composition of Sinhyowoldo—san cDNA Primer sequences
Pharmacognostic name (Herb name) Weight (g) 16 Forward 5'~GATGGATGCTTCCAATCTGGAT—-3'
Gardeniae Semen (#&7-2) 12 Reverse 5'-AGTTCTCCATAGAGAACAACATA-3'
Alpiniae Officinarum Rhizoma (7EH) 12 _— Forward 5'~TGTGCTCTCCAAATTTTTTTTACTG—3
Reverse 5'~CTCTCTTTCCTCTTTAATGTCCAGC—3'
. Forward 5'~TTCAAATGAGATTGTGGGAAAATTGCT—3'
r '~ AGATCATCTCTCTCCTGAGTATCTT—3'
2) MTS assay Reverse 5'—AGATCATCTCTCTCCTGAG C 3
Forward 5'~CCATGTTCGTCATGGGTGTGAACCA—3'
AZE=AL M 0] 83| 3}ol3] - GAPDH
5782 S assayg ©1&3te] Feh. HMC-1<5 Reverse 5'~GCCAGTAGAGGCAGGGATGATGTTC—3'
96 well plateo] 5x10° cells/well 2 EF3 & 308 H
AFTYEARS 242 50, 100, 250, 500 pg/mL HE=EZ A
glatgth, 2447F Eot okt & MTS solution 20 uL 5) st MIZZR F=& 4 Western blot analysis

A H7KgE & 37 €, 5% CO, incubatoro|A 2417t vljoFs}
Attt Microplate readerE ©|-&5te 490 nmolA SHE=E
=it

3) ELISA assay

HMC-1E 48 well plateo] 5x10° cells/well 2 E3F3}
A, 308 H ARE Z Z 50, 100 250 pg/mL X—]E]?‘Tl'
3 1A7F § PMA (50nM), A23187 (1uM)E A st 8
AT, AEE Jll B F ik AEhe skt
4co) = B¢ Y 123 FA coating plateE T,
308 Ae AEE & F, 3 wash buffer2 AF 3,
Assay bufferE 200uL. EF3}% ), mﬂ 5 38 AlFskA
t} sample®} standardE 100uL 23 %, 2417+ AL AF
H2 £, 59 "'“7—“10}—1— working Detector (22} & +
SA-HRP) 100uL &3 &, A7t 42 A=z Fich, 79
A|Z & Substrate Solutiong 100uL EF3t3, GAlojA
AY 308 71t mpAge 2 Stop Solution (1M H,
PO,)& 50uL &F3t ¥, Microplate readerS ©]-&3}o]
450 nmollA FF=E A4

4) RNA 22| ¥ RT-PCR

HMC-1E& 6 well plateo] 3x10° cells/well 2 EF3}
A, 308 T AlgE Z Z 50, 100 250 ug/mL x%a]L e
1A1ZE 5| PMA (50nM), A23187 (1uM)E A=t 6417+
H, NEE #-sH¢h. PBSE AHstY Easy Blue 1mLE&
dn 83jA7l ¥, Chloroforma 400uL. ZH7lsixz
vortexing &, ¥4 7 (13,000 rpm, 108)3}Hch A
B 400U AJZ-L tubeo| 7)1, isopropanold T 4
o1Zith, tube 23] inverting 3k NiOﬂ 1087F =9t}
Y& (13,000 rpm, 5&)3HATE AS5AE HL, 70 %
EtOH 1mL2 ¥3 23] A&t & A=RA|#H DEPC7} A
H FFsol $3AZl &, Nano Drop 7142 A260/A280
nm®] H]-&o| 1,6~2.0 ‘ﬁrl 9] 7S ZH= RNA A28 A
Aol AHgsHT

cDNA 34L& Reverse Transcription kitE ARE-3FTEH
cDNA9| IL—6, IL-8, GAPDH, COX-—2 PrimerS 41 &
AR FE7NE olgste] SEZAFTE 2% Agarose Geldll Gel
redE 1:10,000 FAAA A7|9% 3 &, UV HSV|Z2 &

A} M2 FZL2 Nuclear and Cytoplasmic Extraction
ReagentsES ARESITE cell volume©| 20ul € o, CER
I& 200uL ¥ pellet 156% 52 F12 AA vortexing
sttt 7183 ALo] 108 =3, CER IS 11l 23 5
% 59 FIZ vortexing s}t d2of 187 & F, 5%
=9 32 vortexing 3+ T, ¥4EZ (13,000 rpm, 5&)
SHATHEA, A NExd 52 *Hi—cv’— tubedll &A
k. "olle pelleto] NERE 100uL 93, 15% B¢+ 3
12 vortexing 3FFTE Y29 sample-g 40 B7| F=g,
108wt 152 B9 vortexing It 408 T, YAEE
(13,000 rpm, 10&)3t5th FA AEAE )& ME2L
tubeol] &A Bkt

HMC-1Z 6 well plateo] 5x10° cells/well 2 EZF3}
T, 308 B ARZ 50, 100, 250 ug/mL AT 3. o
5 PMA (50nM), A23187 (1uM)Z A3k 1417+ 5, A
EE $459n PBSE AF & F. lysis bufferS 200
uL ¥a, 208 B lysis 3 &, €4 E& (13,000 rpm,
5E)eTth @A AFFS BSALE Bio—Rad protein Assay
KitgE ARE3}al, microplate readerg ©]83t9 595 nm
oA FHEE 2T AL,

S0 AL 12% mini gel SDS-PAGEZ HAl £g
3le], o]& PVDF (polyvinylidene difluoride) membrane®]|
15VolA 1A]7F 5<¢F Transferstith, 18] Ponceau S
solution® 2 A &t & Transfer’} & EA=A] Flslt

FAE& TBS-T (TBS + 0.05% Tween 20)&Ho= A|F
3t & membraned 5% skim milk”7} #H7}E TBS-T &9
of =204 147t F<t blocking shich 13 A ¥
12} FAE 5% skim milke]] 3]4ske] 4Col|A =R S
S5ttt TBS-T= 33 1584 A|&sytt, 23F A v
2 HRP (horse radish peroxidase)”} Z%E anti—mouse
IgG, anti—rabbit IgGE 1:2,0000.2 3]A|3}o] ArLojA 2
AIZE HEEAIZL H, TBS-TZ 33 1584 A|&sle] ECL
Substrate®] ¥ ¥ ImageQuant™ LAS 4000 mini& ©]
Loto] el rEsS BAskqt

BE AYe 33 oy viEow oRojgon APATH:
7} 38o] et YA + REWUA (SEME Toiel 1 foly
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SHWDSo| AlZz AJee| mXle & 457 8.
MTS assayE &l &stsict.
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Fig.1. Cell viability of HMC—1 cells.

Cell viability was measured by MTS assay. Cell viability of HMC—1
cells after incubation in presence of various concentrations (50,
100 and 250 wg/mL) of SHWDS for 24 hours. Date represent the
mean=®SD values of triplicate determinations from three separate
experiment, *~&0.05.

2, AGYEAL :E559| IL-69 IL-89 u]A&=

3

A5 cytokine £HIE FRIgl7| ¢8| ELISA AdS &
sto] elstgtt, A¥ A3l PMASL A23187& AHedt
HMC-1¢]4] IL-69} IL-8°] A4 =em, SHWDSe] A
AgH HMC-1 MZA IL-62 Ao k= o&zoz
AAEoH, IL-89 AL 250 ug/mLollA A3 Fx
SFHTHFig. 2).
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Fig.2. Effects of SHWDS on IL—6 production and IL—8 production
in PMA (50nM) +A23187 (1uM)—stimulated HMC—1 cells.
Production of IL—6 was measured by ELISA assay. HMC—1 cells
were treated with IMDM or various concentrations (50, 100 and
250 pg/mL) of SHWDS in the presence of PMA+A23187 for 8
hours. Date are mean*+SD values of triplicate determinations from
three separate experiment. */&0.05.

(A) IL—6 production (B) IL—8 production
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3. AaYxA F5F9| IL-69 IL-8 mRNA
ddof njz]= FF

IL-69 IL-8 mRNA 2dS glsly] 98] RT-PCRE
=3 Felsigct AY A3l PMASE A23187-S A8k HMC—-1
oA TL—69} TL.—82] mRNAZ} HAEon, SHWDSe] A
A2)E HMC—-1 A|3ZoA] IL-6£}F IL-8 Wdo] AA|=gom,
E£3], 250 ug/mLollA dA 3] ZAstATHFig. 3).

PALA (S0nM) + A23187 (1phl)

Normal - 20 100 250 SHWDS (pg/ml)

— |-G

— |].-8
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Fig.3. Effect of SHWDS on IL—6 mRNA and IL—8 mRNA in PMA
(50nM) +A23187 (1uM)—stimulated HMC—1 celis.

Expression of mRNA were analyzed by RT-RCR. HMC—1 cells were
treated with IMDM or various concentrations (50, 100 and 250
ug/mL) of SHWDS in the presence of PMA+A23187 for 6 hours.
The experiment was repeated three times, and similar results were
ascertained.

4, ANEYLEA 2ZE0] COX—-2 mRNA ¥

COX—2 mRNA &S &Ish7] 93] COX—2 mRNA<
AAE RT-PCRE S Flstylch. AFE ZAx, PMAS
A23187& A3t HMC-1 ANZoA COX-29 mRNA7} gt
HE9om, SHWDS A Ad HEA COX-2 IS &
T oEHo g AAsIHcHFig. 4).

PALA (S0nM) + A23187 (1pAl)

Normal - 20 100 250 SHWDS (pg/ml)

— GAPDH

Fig. 4. Effect of SHWDS on COX—2 mRNA in PMA (50nM)
+A23187 (1uM)—stimulated HMC—1 cells.

Expression of mRNA were analyzed by RT—-RCR. HMC—1 cells
were treated with IMDM or various concentrations (50, 100 and
250 ug/mL) of SHWDS in the presence of PMA+A23187 for 6
hours. The experiment was repeated three times, and similar
results were ascertained.

5. AFYEA 2&50] MAPKs ¢lAlslo] ujxj=

T

MEzUe] Asdg H2E glsty] ¥al MAPKs (ERK
1/2, JNK 1/2, p38)¢] QAl3E Western blot= F3f &<l
st Ad Aa, PMAY A23187< AZE HMC-1 A=
oA ERK 1/2, JNK 1/2, p38 <4t F7istgon,
SHWDSo| A 2" HMC-1 AlZoA ERK ¢4k}, JNK

EE JAIT S e & 4 AN Fig. 5).
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Fig. 5. Effect of SHWDS on the phosphorylation of MAPKs in PMA
(50nM) +A23187 (1 uM)—stimulated HMC—1 cells.

Phosphorylation of MAPKs were analyzed by western blot analysis.
HMC—1 cells were treated with IMDM or various concentrations
(50, 100 and 250 ug/mL) of SHWDS in the presence of PMA+A23187
for 1 hours,

The experiment was repeated three times, and similar results were
ascertained.

6. AadE=L FEE0] NF-B AZAGH =0
nXEs 9

SHWDS®] HARIA] |2 G gotR7] 98] NF-
B & U229 0|52 Western blotZ 3 F2lIstct.
Ad A3, SHWDSo| A Azld HMC-1 AZAA A2
W9 1IkB % phosphorylation® IkB %] degradation®]
AA stact. wEkd SHDWSo] 3 o] NF-BY AsHg
A2E AFTS el ckFig. 6).

PALA (S0nM) + AZIIET (1ph)

Normal - 0 100 SHWDS (pg/ml)
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(B)
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— ————— = [l-3Ctin

Fig. 6. Effect of SHWDS on activation of NF—ikB in PMA (50nM)
+A23187 (1 uM)—stimulated HMC—1 cells.

Activation of NF—KB were analyzed by western blot analysis, HMC—1
cells were treated with IMDM or various concentrations (50, 100
and 250 ug/mL) of SHWDS in the presence of PMA+A23187 for 1
hours (cytoplasm) or 2 hours (nuclear).

The experiment was repeated three times, and similar results were
ascertained.

(A) In cytoplasm (B) In nuclear
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Al &L =AMk HEH) O SE R E ) oA
AL oEE AY(EH)SE AR ugFer FAE]
Qov, EnhE(Em). shel(FR)e A=sidr”. dade
Ato] gt A2+, methicillin—resistant staphylococcus
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aureus o] et & iyt BaEo] glom' webd, &
ATtolAE PMASE A231872 EAstd  QIzF H|TA|E
(HMC-1 cells)o|Al ABYLEA 70% EtOH &5 o|&3tH
gHZ 71def ko] ATkt

PMA®} A23187=2 B/4J3He Rt vITA|E= in vitro ¥
mdox, @EHS mAIAS Asied Z LA Uk,
PMAS} A23187% AIZA W9l Ca™ B= Asol o8 2zt
Z Ca™ 54 2EAA] Zgste] Y| H|THAEZ A
o} Hhgol Hofdich AWM Toske NEZE e B
A A3 AEL cytokines o|gtal Bl Tligto] 95| oj
AL B3] IL-62 HghEA AR Ee], 2B2E
I A5E 2Esked Tdte okt 715E e AR
geiA o, IL-8& AR sHEFEARIRoln, A% ks
o 9old Z83 S sk chemokineso|tF!, B AF
o4, PMAS} A23187=2 &43td HMC-1o4 SHWDSS
AFtHE W, IL-69] AAo] & EHoz ARE o,
IL-82 250ug/mLolA @A A=A Il
E3SE [IL-69 IL-89] mRNA @HEA=E 2 Ayl SHWDSS
Aget9e o, IL-6, IL-82 ¥WdHo] H= &0z oA
=H9len, £3], 250ug/mLelA BAEA JAEHNSS Eel
stdch gHH, COX—2& |5 ¥ FF TN Fagt
gt 3o, COX—29 WL FAFWSo|A Fag AFEZ
A Qlh, B AForE, PMASL A231872 TAStH
HMC-1°]4 SHWDSE AH#3tgS o], COX—2 mRNA 2
ARzo] o] Hx oJEFoz JAEHJSS FUsih
I3 FGFHR2 F2 MAPKs (mitogen—activated protein
kinases) BAHEY] ZASZ gt NF-B 22 HAAREY
AH59] 7M=& AJZHEch MAPKsS] subfamilyolls &3
©2 ERK, JNK, p387} glom, ol59 AzAGmnAL 4
ZEH9] TS f=she HoA EFRksTARoA Fadt
g3g 0 Y AT PMAS A23187S A2d HMC-1
HlZA ERK, JNK, p38 AZE 7#H9sls, SHDWSS 3t
7A A3 HMC-19|AE ERK SlA3Ie} JNK Q4S9
ANHSE skt

E3, NF-iBe €354 cytokines o]} HHA|Z o5
293 A3 BAE, chemokines 59 $AXE LEA7]7)
ol 7] AFHS 2H Fagt MARIAe|t, NF-B
ZARIAE Fof|, IKB ax phosphorylation®] E|W ubiquitin—
proteasome H|Al| 93] Eaj=lo] kB F=7F 7HASHA =
o}, 1 A3} kB a9 phosphorylation®®@ NF-mxB7} &
Asrt Heof, il JdAES] T A FFE T
A Gtz 2ase] Qo A% An, SHWDSS PMAS}
A231872 A3tE HMC-19 A=Z& Y9 IkB 9
phosphorylation®} IkB «2] degradation®] <A| 3}HT)
wabd SHDWSe| & o] NF-xBY AsdAY HA2E Aot
shE FIstgct.

2 AFANE F3ei, AaE=A 70% EtOH 252
PMASE A23187=2 A3t QA7H|TAIZA ASALGHZ
Q1 MAPKso|A9] ERKQ} JNKQ phosphorylation® NF—
B AZE Aoz, IL-6, IL-8, COX-2 3ol Ak
< e Aoz BAE QL

oo wha}, AlFYEAto] BTAZE ujrfgt FZFuh3olA
fragt SREZOZ A 7HsAdo] 2 AARSHE Hiolt,
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oA IL-6%}F IL-8 A4 I mRNA Hdo] A=t
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oAl COX—2 mRNA H&& A5},
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