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Anatomy of an Asthma Attack

prirnary branchi y - larym:: Cvoice box)

trachea Cwindpipe)

teft lung
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blood veszels
infiltrated by inflamrnation
irnrnune cells and swelling
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wontracted lurnen BHOESE
smooth muscle diarneter rmucus
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=sraooth 4
ruscle

blaod wvessels <7
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rugcous lining =7

normal aireaw obstructed airwaw

Figure 1—1. Anatomy of an asthma attack(Encyclopedia

Britannica, Inc, 2001).



Environmental
factors

Genetic factors

» Race = Allergens

= Pollution

= Sex

= Cytokine

Age = Infections

response = Microbe

profiles = Stress

Altered Innate and
Adapted Imnmune Responses

Persistent wheezing and asthma

Figure 1-2. Host factors and Environmental
exposures (Expert Panel Report 3: Guidelines for the
Diagnosis and Management of Asthma, Full Report 2007,

National Asthma Education and Prevention Program).
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Table 1—1. Cytokines that may have a role in the pathogenesis of asthma(modified with Mackay

et al, 2000).

Cytokine Primary Sources Primary Targets Effects or Function
GSF Monocytes, fibroblasts, Neutrophil precursors - Maturation and differentiation of target cells
epithelial cells
. Eosinophils, - Proliferation, differentiation, activation, and prolonged survival of
Activated macrophages . . . .
GM-CSF 4T cell neutrophils, target cells; enhanced cytokine production; degranulation of
an cells
macrophages eosinophils
Macrophages - Differentiation of macrophages; activation of macrophages, leading
CD4+ Thl cells, . . .
to the expression of nitric oxide synthase, IL—1, TNF
lymphocytes, natural e . .
IFN— 7y . CD4+ T cells - Shift in cytokine profile from ThZ2 tyoe to Thl type
killer cells, some CD8+ ..
T cell CD8+ T cells - Increased cytotoxicity of CD8+ T cells
cells
Natural killer cells - Activation of natural killer cells
CD4+ Th2 cells - Production of cytokines
L-1 Monocytes, CD8+ T cells - Cellular cytotoxicity; production of cytokines
macrophages B cells - Differentiation of B cells; proliferation of B cells production of
immunoglobulin
T cells - Differentiation and expression of cytokines; maturation of CD8+
IL-2 CD4+ T cells
T cells
B cells - Growth and activation of B cells; production of IL—6, TNF; class
IL—-4 CD4+ Th2 cells switching to IgE
Thl cells - Inhibition of differentiation of Thl cells and production of IFN—y

N
- 10 - A ==



Th2 cells
CD8+ T cells

- Differentiation of Th2 cells
- Differentiation of CD8+ T cells; production of IL—5

L5 CD4+ T cells, CD8+ T Eosinophils - Proliferation, chemoattraction, adhesion, activation, enhanced
cells survival, and degranulation of eosinophils
CD4+ T cells (especially
IL-9 Th2) B cells - Enhancement of response to IL—4
CD4+ ThO cells, Thl Monocytes - Differentiation to macrophage
IL-10 cells, Th2 cells, CD8+ T Macrophages - Inhibition of TNF production, inhibition of IL—4and IFN—7y by
cells ThZ2 cells
Natural killer cells - Activation of natural killer cells
ThO cells - Production and proliferation IL—2
IL-12 Monocytes, macrophages )
Thl cells - Production of IFN— 7y and TNF—«
Th2 cells - Inhibition of production of IL—4, 5, and 10
B cells - Similar to those of IL—4
IL—-13 CD4+ Th2 cells . .
Monocytes - Inhibition of production of IL—1 and TNF
. Activated B cells - Expansion of B-cells and suppression of immunoglobulin
IL-14 Activated T cells )
secretion
. Mutipotential - Differentiation of monocytes
Monocytes, fibroblasts, o
M-CSF . ) hematopoietic
epithelial cells
precursors
Platelet—
. Alpha granules of . . . o .
derived Fibroblasts and - Proliferation of target cells; chemoattractant for fibriblasts; active
platelets monocytes, . R . R .
growth smooth muscle cells in wound healing, atherogenesis, and airway remodeling
macrophages
factor
Stem—cell Bone marrow stroma, Mast cell - Chemoattractant; stimulation of growth; induction of histamine
ast cells
factor fibroblast release




Factors exerting
influences at Ecsinphil Ty2cell

different steps /

of this process

= Genetic

= Environmental
* Lifestyle

= Social

Smooth-muscle cell Pro-inflammatory &QQE Ell‘:':d vasisl
T mediat
amoo;:"h ce s = Vasodilation i "__"4 i 1 .
ronchoconstriction <g>> - Biiis s | Smooth-muscle hypertrophy |
permeability . |l-13 g
* Oedema * Histamine " ;80‘30
q as
hMIJCus Bloﬁessel * Prostaglandins cell [ S”bEPithElialﬁbm5i5|
—_ ype)rtsecret;(nn e — e e e e T e e T
( ] o L) (=)

@) el e e &) e e o) e @) e o] &) OIOIOIQ)(@)(O)C

Airway Epithelial cell’
@ Epthetateal] C 2@ ’
shedding @ Allergen

Figure 1—3. Immunological pathways that result in the inflammatory changes that occur in the airways

of individuals with asthma.
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AE2F0 tUEA w53t AR o] St 79 g FF
= Wol A=t FHE ddetA dok AE W] FceRIZF E=A8H9]
A= B BAEO|A A IgESE Adstel Aol st A ek

cytokiness WH|SHA def|=7] Bl dFHgS doth
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Table 1—2. Advantages and disadvantages of individual animal model of asthma(Shin ez a/ 2009

and David et al, 2000)).

Animal Advantages Disadvantages
- IgE is the primary analphylactic antibody - Do not exhibit spontaneous alrway
- Numerous immunological reagents hyperresponsiveness
M - Numerous inbred strains - Limited airway musculature
ouse . . )
- Easy Breeding - Lung anatomical differences
- Shot gestational period - Do not respond to histamine
- Small and relatively inexpensive - Absence of a chronic model
) ) ) ) - Requires injection of the allergen for
- IgE is the primary anaphylactic antibody o
. . sentitization
- Produce long—lasting airway response ] . L
Rat . . . - Requires adjuvants for sentitization
- Show innediate and late phase airway . L )
- Species—specific immunological reagents are
responses
not abundant
- Lung is the primary target of anaphylacxis ) ) ) )
. ] ] ) - IgG1 is the major anaphylactic antibody
Guinea - Response to cholinergic agonists ] ]
) ] ) - Shortage of inbred strains
pig - Show immediate and late phase airway . o
- Few species—specific reagents
responses

_14_



- Pulmonary inflammation composed of

eosinophils and neutrophils

- The histopatholoy of the lung is similar to ) ] )
- Little is known about the immune system
humans .
Cat . . - Markers to measure IgE or cytokines are not
(accunulation  of mucus and  persistent ] )
_ ) redily available
hyperresponsiveness to methacholine)
- High IgE levels - Expensive
Dog - Increased levels of mucus and numbers of - Alum is required as an adjuvant for
eosinophils in the lung immunization
- Show immediate and late phase airway - Neonatal immunization required for Ilate
. responses phase airway response
Rabbit . . )
- Lung i1s the primary target of anaphylaxis
- IgE is the primary anaphylactic antibody
- Horses naturally develo respiratory disorders
- Hard to handle
Large when exposed to barn dust i
L - Expensive
animals - Monkeys develop natural sensitivity to
Ascaris
1 )
s - L1



X ko]l TASHAIRE mhe-ATF A A S 5AS 2 Ui o
F71% fda AAAelrgr 7 wol ARgH 3 vk (Shin ef al
2009). Gueders ol 9t 71 @ol Akgsta Sl vk F
¢l C57BL/6%} Balb/c F°lA Balb/c s=olA 7|23 WAd, & =
21 ] wlgkME oF S7F 2 Th2 ## cytokines (IL—4, IL-5,
[L-13) A7} C57BL/6 Bt Aoz =4 yehd J& &<l
g 4 A9t (Gueders et al, 2009). Blacquiere & <
Balb/c w2 FollM = 4Bl EF IgEe] % 9 7]=ahvld,
712 W 34 ¢ ST Fol FRCARY A SRS B
3ttt (Blacquiere et al, 2010). Di Valentin 5 Balb/c 7}~
£ olgste] HA FE7|Fte] wWE wolentr| WAAFEE S
A=, short term (28¢) 7IZtelA 71=xldd, # =4 U 9=
Az JAe 9D A FA7F gzl vlste] §o7l SUHE B
AtH(Di Valentin et al, 2009). 56 2 904 &<t A2 Fxst
T sEAAME =T H] Apol7) 28U Ky WolA| A ZpolE B
o|A ¢r= A7 EAEIH. Ao E AW RdS s A9

717ko] F7hE A F=ol 3Eetes ATl wek dixdde] At

=
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1.4. 12—dehydrogingerdione

A7} (Zingiber officinale Roscoe)S 72 BEl&£715 AxS
ZA <FYrg>e] ot A FS EBoldle 249

2o
A3ARA VS FEhL = =90 A5 WHe AAs=

ot} AslEEFol] AFREHY HFAE AFEH 7%= F vk (Table 1-3).
A7el  FAHEOSFE=  2-gingerol, 6—gingerol, 6—shogaol,
8—gingerol % 10—gingerol 5°] %3 o] AEE9 anticancer,
anti—inflammatory effect, antimicrobiral, anti—diabetic effects
S°] dAFEHolgdt}. Koh &< Zingiber officinaleZ%8 #23%t
14709] st=< ol&sto] thalA2e] 253 LPS A=0 2 7H
B A= 9548 NO JAlse ATl & 147k &4 5
1-dehydro—[10] —gingerdione®} [10] —gingerdione d&-olA T2 A&
o) B B fFAEHEA LPS Aol 9% NO A4 #24
o7 AgAst= Zlo] &dHUT o]# g #§o] gingerdioned
ZR2BE §ryHE J)5oldt F=5o] gingerdioned TFERA O R

AR HEA LIS B4 T gAML %ol Al

A 9% pathogens A|XUzE Fols5o] x3lsle] A7
< ot o] ¥AeA hydrogen peroxide (Hz0z), superoxide

anion (Os—) Y nitric oxide (NO) &} 72 E2Zo] FAFHo AZ

47 'F“g ui 1—]|



o1 A=l osl A==

2HE QF A=m=de] dg RnaFgs & 5
[e)
@

side chain)= 7HA™ AA, ZAbse] digt 7157 A8 sid
(functional group substitution pattern)< X3%sl=  Zo|t}
(Tjendraputra et al. 2001). & Ao AFE3SE 12-DHGDY
TEE Figure 1-4¢F 2tk & =49 steyzxeA & 5 9%l
12-DHGD=> Tjendraputra &°] 3% COX-2 A3fstr] <13l

ot wFSS AL, AR7Y dERAES Y B Y

57 Ag HPEHS FAst k. oY V|E AFAHRE EUYE
12-DHGD- COX-29] Adso] 7IhE o= w3t ¢ 9 gt
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Table 1—3. The botanical classification of Zingiber officinale

Roscoe (Butt M.S. and Sultan M.T. 2011).

Kingdom: Plantae
) Tracheobionta—Vascular plants
Subkingdom
o Spermatophyta—Seed plants
Super—division
Monocotyledons
Class o
Zingiberidae
Subclass o ) )
i Zingiberaceae (Ginger Family)
Family o
Zingiber
Genus o
) Officinale
Species

Major pungent ingredients

Gingerols, Shogaols, Paradols,

Gingerdiones,

Dehydrogingerdiones

- 19 - b A:! 2 Eﬂ vl



HO

Figure 1—4. The structure of 12—dehydrogingerdione.
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2%, LPSE A}=3 Raw 264.7
M Zo A A7 AEQ]
12—dehydrogingerdione 8 ¥<9=

a2y
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2.1. 4 &

9% W Adel FAAY Aot &3E 2ol dhstod

AgHoz AWES B3 Yst thekst dEow s Iyt
(Li and Wang 2011, Su et al, 2011). " A o072 A3y =

ARHA A AT AduAdE, FHEHSE, o, d=stoly Ul
giEgoew e 4 Qltk(Jara et al, 2006, Karin et al,
2006). A5 AW HAAA dAME= WA REEEk
interleukin (IL)—14, IL—6, tumor necrosis factor (TNF)—a
o} & %7954 cytokines® AA Y nitric  oxide (NO),
inducible nitric oxide synthase (NOS), cyclooxygenasee
(COX)—2 ¥ prostaglandin E (PGE) 8} 22 95 =3 wji7iAE
A &Aoo g WuetAl "k (Tao er al, 2008, o] 2., 2010). LPS
+ gram 4 HE|gete] ou FARCRN A I UE
Zeojw] A ¥ CD14/TLR4/MDel Z§ato] 2 Alxe] 24
g5 FEFTh 719 oekst FEelA w2 A AEQ] Raw
264.7 AxEe] LPS A5& Fo2ZM LPS Aol <3 A E oA

= 954 cytokines®] A W AT X ujsiA ] WHstE FAS)H
of ANEFZE T+ dd=4o d3ays AHHa ¢tk (Yoon et

al, 2009, Yang et al, 2010, Kim et al, 2009).

Nitric oxide (NO) = A|2ZUleA el Feje} 1 F5xof wat 71 2
go] gdetA ), A EoA L-arginino] NADPHe 98] L—citrullin
O 7 AbstxE & FH oA nitric oxide synthase (NOS) el ¢Jsto] 3
et NOse 7A4EY frdoex A 748 NOSe

- A &)



calcium¥} calmodulin A%l o a4 Tl wet 24y

nuronal NOS(nNOS) A4 A7 Ao EAsttt. 4% NOS+ w2
FEO® NOE A48t 874d° guanylate cyclases #7435}
o] second messenger cyclic GMPE AJAtstr}, o]t 2482 A
ollx ddx4d, 4 &3, =42 A 2 Al AR of2] 7}
A Y tiAbA Rl WstE 2dske s @ (Wilson, K. T et
al, 1996). f+%=3 nitric oxide synthase(NOS) & W AE, Alo]E

7k, oS Axse] wRlske A= ol ko] A AT}

o

ZZ A 71tk(o] 9], 2010, Wink and Mitchell, 1998).

Cyclooxygenase (COX) = A9 = Q.3h ulf 7] A1 1

c

prostaglandins (PGs) & A& Z4d3t= I gholrf. COX-29
e 279548 AelE7R] 2 S g1y 22 A EeR
ERES A% o5t fFE%ojxlth Arachidonic acide AlEet
el Aozl thrbE st A Akelth. Arachidonic acid PGs,
prostacyclin, thromboxanes° % A&y o]z}, COX—13%
COX-2 Aa PGse FAol disto] wEAdAcz FH3goh

ZS
= SAshe diREe xHdM AR EdEd wbe
=
[€)

, AR ETRI S B Sofl osto] &/d 3}



7} 2tk (Park et al, 2006, Hussain et al, 2003). %3+ COX—2
o] Aol AHACE NOe| gste] A QlFo] BiEi gl
o} INOS7F A3 A 02 COX—29 Adsete] INOSS &8s S7HA
7IHA NO9| S F7Hves Hik A JUH(Kim er
al, 2005). wEtd AF wESelA AAEE 9k #e thofst

cytokines®] Z¥ 3} NO, PGE, o NS At =zx dAE &

o
do
ot
ﬂ
i
o
f
it
i)
Hu
>
e
oto
N
N
ofr
o
o
Jo
ro
ol
ol
N
1o
ol
ol
2
=
e,
w
l

(IL-18, IL-6, TNF—-a), 9555 FR 8= obFst mi7iA (NO,
PGE, ) % %4dex (INOS, COX—2)9] W&o n|x+= S A
H R 32k ki,
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2.2.1. A%k

Dulbecco's modified eagle's medium(DMEM)< LONZA (Lonza
Walkersville, Inc., USA) X 413831 aL, fetal bovine serum(FBS)
Sigma Chemical Co. (St. Louis, MO, USA), penicillin streptomycin
(P/S)2 GibcoBRL (Eggenstein, Germany)°lA 43 tE E. coli
lipopolysaccharide (LPS) ¢} 3—[4,5—dimethyl—thiazol—2—yl] —2,5—
diphenyltetrazolium  bromide; thyazilyl blueMTT)+= Sigma
Chemical Co. (St. Louis, MO, USA), Griess reagent system
2 Promega (Madison, WI, USA), IL-18, IL-6, TNF—«,
PGE, ELISA kit= 25 R&D system, Inc. (Minneapolis, MN,
USA)ellA 48ttt RNA F%& 9lste] RNeasy mini kit
(Qiagen, Hilden, Germany)& AF23slsla, THELNS J|E=
Promega (Madison, WI, USA)olA F¢jsto] ARttt A8 &
dQl 12-DHGD2 v, obAlE W FASPHEF O ZHE 45
oAX AoRA stedF Y (Korean Research Institute of
Chemical Technology, Daejeon, Korea) & Z5E NMRel| 2&]3}o]
TE g 5 xdwrol ARgERion, A3 A dimethyl

sulfoxide (DMSO) ol 34 3s}o] A3} Th.

o
32

o
)

2.2.2. AXF 9 A EujF

~ o5 .__:l:__E _'-.;i_ -l_ll



Raw 264.7 A3 (Korean Cell Line Bank, Seoul, Korea,
KCLB No: 40071)+ vl$-2~(mouse) WAA¥XZA 10% FBS9
1% penicillin/streptomycin(P/S)E 7}t DMEM wjA] & A}&-38}

o] 37C, 5% COs incubatorol A ®jokstlom, 3o 3t HA A

12—DHGD®] o3t AE 54

o

=4 st7] 9] &to]
3—[4,5—dimethyl—thiazol—2—yl] —2,5—diphenyl tetrazolium
bromide MTT) assay WS AFESHSITH o] WHE tAbd o=
st Ao wEZgol f Aak dgAel A5k gra

Fol'

A7} tetrazolium saltsE 3ll8o] formazano|eb= YA EHE A
dst= dEE ol &8t o]  formazane| &g A Am

opgles ME ol AAZQ AABATE At AE v gtk
2 5x10%well =% 96 well plated] z}z+ B3
Stal, 24417k Fof WA & AAskL DMSOel =< 12-DHGD=
50, 100, 150, 200 ng/me] sEHE Alsto] wjtkslint. 244
b wAE AASL MTT Aok (5 mg/me) & well B 100 w0 A
ge & g Adste] 37 C incubatorol Al 4A17F F<b woFalsd
o MTT A& AIASHL DMSOE #7tbste] AxXE &3iA1X &
MTT 3o 28] A ¥ formazans ELISA microplate reader
(Bio—Rad, Hercules, CA, USA)E °]g&3sto] 570 nmelA F3%=

z)
a

=

)
(@))
e
ﬂ
=
e
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AEAEEE &3t 2o Ao oste] Axkegieh

% Cell viability =
(absorbance of treated cells/absorbance of untreated cells) x

100

2.2.4. NO (nitric oxide) &%

g5ty A M) Sall AdE NO= A nitrates} nitrite
2 EBa5 o] x| nitrate NADH X+ NADPH 2]&Z <l nitrate
reductase®] £]sto] nitrite® AgETE F NO BAZFES 545t
7] S18to] nitrite9} 3}EIREGSle] HEpAe] oS FAlSh=
griess reagent® A}39ith Raw 264.7 AXE 2x10°/well =
=2 24 well plateell Z7F TFskal, 24 AR ol wiA & A1A
3t1. 12—-DHGD= &% (50 , 100, 150, 200 ng/m) 1 A3+ =
ek A APtk 1 pe/mt sEC LPSE FH7bste] 2442 et
Hjeret H, M wieF Fed 50 wE FH3kel 96 well plateel
loading®tSith. Sulfanilamide 50 wt& FH7kste] W& Apst &
108 FoF wWrEAIFHTE. 1 ¥ N-1-napthylethylenediamine
dihydrochloride (NED) solution 50 %5 37}sta UlS xpekst &
10 ¥ Hob wkeAlA AAEE HpA ol x9S ELISA microplate

reader (Bio—Rad, Hercules, CA, USA)E ©|&3}o] 540 nmeolA

- o7 - M 2 i

| &]

1V



2.2.5. PGE, Y9 cytokine BA% =3

M

Raw 264.7 AXE 5x10%well =2 6 well plated] z+z}
Fotal, 24 AlZE Fofl WA E AASIA 12-DHGDS %= (50 ,
100, 150, 200 ng/m¢) 1 Azt Ft A Agepiet. 1 pg/ml &%
o] LPSE H7bsto] 24412 &< wiekst H, Ax v Fesds
FHste] =80 Teoll RASIATE AL Adsdol EAsk= AlZgA]
=4%> ELISA ¥+ o]&3dto] A&ttt 96 well plate°l
IL-14, IL-6, TNF-a¢ % PGE. o 1z ZFAE FYH3}]
overnight 3t3th. Z® ¥ platex= 0.05 % tween 20°] *xgH
PBSE ©]&3te] washing 33tk BSAZ} X315 PBSE o] &3}e]
I8 12 FAE blocking 33l th. Washing 3t $ Fx|st 7} &
A9l standard ¥ AEZ HjF AT NS 96 well plateo] Yol 14}
FA g} RESAIZ T 2A12E EQF Aol A HhE A 3 23 AE
HEo]F 9}t Washing 3F & L
Akt AEE 2057 2ol BTN, 2N HoSO4E ©]8-8)

o WgE WHIL 540 nmel A FHES SHA

streptavidin—HRPE H7}slu WS

o

2.2.6. RNA A% 4 cDNA &4

Total RNA+ Qiagen® RNeasy mini kitE AFEslo] F+Z3FA

_ o8 - .__:l:__E _'-.;i_ -l_ll



t}. Raw 264.7 MX& 12-DHGD 27t %% (50, 100, 150, 200
ng/mO) = A & F, 1pg/mee] LPSE H7kete] 2441 F3b o
ot A pellet S ZFE FH|SFATE Pellets S —mercaptanol©]
H7b8 RLT buffer 600 wE 9ol &alAA ddite § 4
S ZZo 70 % ethanol®} &% t}t. Spin column® & %71 ¥
A4 295 columns WEAUZE &2 RYF HZal RWI
buffers ©]€3t] columns washingdt$ith. RPE bufferg ©]&
3Fo] RNAo| F&Eojql= salts9 o] EZ S washingdtil <5
g RNARS FZE3klth. 3¢ RNAE % 459 (NanoDrop
2000c¢; Thermo Scientific, Wilmington, DE, USA)S ©]&3}
ekttt =3 RNA+ Improm II Reverse Transcription

&3kl cDNAR @&tk RNA 5 e
nuclease—free water®] €3al¥ 1 g oligo—dTe} &8st 70 C

oM 5 E3F WESAIZAT. GAAAF vEeS fl5ko] WAL RNA,

System= A}

oligo—dT solution, MgCls, dNTP, reverse transcriptase %
nuclease free water® &&3}o] 42 CTolAq 1 A1t F<F HEEA|FH

ok A cDNA A 4 FEH S o] &ste] FFstalot.
2.2.7 Real—time PCR 53}

AR By e BAe7] 9stel Power SYBR® Green
PCR Master Mix (Applied Biosystems, Foster city, CA, USA)

= o] &3} real-time PCRS F33stdtt wkSS 935l ¢cDNA

5 el 2X SYBR 10 w0, 10 pmole primer 2+ 0.5 %}

- 29 - e
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nuclase—free water 4 wE st F 20 wol YF oS

StepOne™ Software V2.1 (Applied Biosystems, Foster -city,

CA, USA) = ol &8t Fashltt. SHx23L 95 T2 107 ¢t

15% % 60 C, 1%9 cycling

stage W 95 CTZ 15% % 60 CT=Z 1%9 melt curve stage?
=

I3tk & cycleo] €

At
)
o
©
o1
@)

¢k WHSAlA primer? melting curve 48 5353}
Atk EE PCR A= && A4 B —actinel thsto] oA

slo] AArE ATl Real—time PCRel AFE-¥ primer® 97144
2 Table 2—13 #t},

oft
S
e

2.2.8. 3A A

e Ad Aybe 3 3 o) AAlske] o]Fo] How, dddst

1
v 72t &5 et mean £ SDE YER|SIOH, FAAEE
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Table 2—1. Sequences of the primers used for RT—PCR.

Target ) .
Oligonucleotide sequence
Gene

iNOS Forward 5'-GGATCTTCCCAGGCAACCA-3'
Reverse 5'-CAATCCACAACTCGCTCCAA-3'

COX-2 Forward 5'-GCCGGGTAAGCATTGTTCCT-3'

Reverse 5'-CCTATCTCTATGACAAAAATCCTAAAGCT-3'

B—actin Forward 5'—-AATCGTGCGTGACATCAAAG-3'

Reverse 5'-GCCATCTCCTGCTCGAAGTC-3'

T [

- 381 - 'L'ql
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2.3. A%

2.3.1. 12—-DHGD®] Raw 264.7 A3E s =4

54 IFPE 5 AE FEES ol&sto] AE FFEAA 2T
S A YA E EFR o R AE fatel] dES FA 9=
FEE Agstolol 3ty 12-DHGDo] Al AE&o] JFS F=
2 gelet7] 98kl Raw 264.7 AESF 12—DHGDS 24A17F &<k
st & MTT BHS ol &3t Ax AEES S8 F4
g ofl tidk 12-DHGD? 7} 5% 50, 100, 150, 200 ng/méf tf
3 AE AEES 1107 %, 105.2 %, 97.1 % 9 97.3 %= =73

H ek 12-DHGDS AE =AS vehAl egkem, 503 100
ng/m2 FxolA= 12-DHGDS AHeElshA] &2 txzsHt A
BEEo] 7T (Figure 2—1). o|2X 2 A3l ARg-5ofxl
12-DHGD RE &% & Raw 264.7 AZo tfste] HA4o]
= Ao® yetgkon, ole wil 5 AP o] FE WA o]
Fol gtk

- %2 Al =T
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Cell viability (% of control)

Figure 2—1. Cell viability of murine macrophage Raw 264.7
cells.

Cell wviability of Raw 264.7 cells after incubation in the
presence of various concentrations (50, 100, 150 and 200
ng/m¢) of 12—DHGD for 24 h. Cell viability was measured by
MTT assay.

.
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2.3.2. LPSEZ =3 NO AAel AejA 12-DHGDY

GAAMEE LPS B TNF-adh @& A34¢ oske] NOZ
AAET GEHE) PYHE BES NOE FB FRYe St
NgewA zAEY, AR 9 RF S opl@thel 9,

2010, Wink and Mitchell, 1998). LPS

control ¥olA= NO7ZF A2l A=A ¢Fo} Nitrite ¥4 ]
0.1£0.2 ¢M %ol 4=} stAwt, LPS®E #=3% Raw 264.7
AEA= NOQ Aol F7ksto] 48.56£0.5 Mol Z4 3
t} LPSE <lste] 2438t ¥ Raw 264.7 AXZYE A=
NO+ 12-DHGD ¥%% 50, 100, 150 and 200 gMe] tisho]
72}7} 474105 pM, 46.9%£0.6 M, 46.1+0.3 M H
459%0.2 Mol ZHAHJIG(Figure 2-2). EE FTEY
12—-DHGDeo] LPSell 9J&l A=%2 Raw 264.7 AE7F Ev]sk=
NO¢ AAE AA AASHA = &*A|, 100 ng/ml, 150 ng/mé3}
200 ng/ml 59 12-DHGD-> LPS A= 2Jate] A E oz =
NOol tisto] FAA o2 FAFUA oAM= Aow e

- 34 - .__:rx | _'-.;i_ -l_ll



55

50
= *
3— i &k
-5 ) § §
=
7]
=
k=]
=]
a
o 40
=
10
0 =
LPS = + + + + +
12-DHGD (ng/ml) - - 50 100 150 200

Figure 2-2. Effect of 12—-DHGD on NO production by
LPS—stimulated Raw 264.7 cells.

Raw 264.7 cells were treated with only DMEM or 50-200
ng/m¢ 12—DHGD in the presence of LPS (1 pug/ml) for 24 h.
Nitrite levels in the culture medium were measured with
Griess reagent. * p < 0.05 for cells treated with LPS versus
LPS+12—-DHGD. =** p < 0.01 for cells treated with LPS
versus LPS+12—DHGD.
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2.3.3. LPSEZ %3 %J|935A AlolEIel (IL-18,
IL—6, TNF—a) Al 3ojA 12-DHGDE A &3}

A7y AR 12-DHGDe] LPS A=o®%E 43y Raw
264.7 AXZHEH #HlEHAAE= A5A  cytokine)d IL-13,
IL—6, TNF— a2 9Alat=A &alst7] §)8te], 12-DHGDS ¥ %
(50, 100, 150, 200 ng/m) & 123+ ¢ A A2d F LPSS
A7kste] 24A1F F7F Wi e e A EAA= IL-15, IL-6,
TNF- e 9 %% ELISA %S o] g3t 435kt

Raw 264.7 AM¥EWS wjeFst F32] control ¥4+ IL-18
7 ALl A ket IL-14 AxF TFEFA dib] 359+2.2
pg/ml #kel A=tk ANt LPSZ A 3tEo] 7 Raw 264.7
AEeAE IL-187F 3= #nlE o] 830.3£8.4 pg/mte] 7= %l
t} LPSE <lste] 2438t ¥ Raw 264.7 AXZYE A=
IL-18% 12-DHGD %% 50, 100, 150, 200 ng/m¢ell tha}o]
7}7} 864.7+3.9 pg/ml, 916.3+29.2 pg/ml, 890.9+£16.4 pg/ml
4 836.6£37.6 pg/meo]l =7 =t (Figure 2—-3). 12-DHGD =
v AgELelA LPS A=l &sto] 3=k YA E IL-15KT ¢
& 729 IL-18 AAE YeEbo, o] i FAAA F4
S A= 4%

Raw 264.7 AXRES wFst F4 2 control el IL-67}
A AEA ol IL-6 AT E4 vl 40.2+1.0 pg/me
ghol St kAT LPSE &/d38ts )% Raw 264.7 Ao
Mz IL-67F & #HlEo] 1011.7£9.7 pg/meo]l =8 At



LPS® <ldlo] &43l ¥ Raw 264.7 AEZHE BAHZ IL-6
= 12-DHGD %% 50, 100, 150, 200 ng/meoll thsto] z}z}
908.3*£8.3 pg/ml, 886.1%7.2 pg/ml, 899.5+17.9pg/m %
833.2£10.3 pg/me]l F4¥ At (Figure 2—4). 12-DHGD &
AelskelA LPS Aol ¢ste] Raw 264.7 AZ=2FE A E
IL-65 SAASE FIYUA, $& dE4om a7+
gkl e,

Raw 264.7 AXETHS wjorst F32] controliol A& TNF—«
7F AL AAAEA ol TNF—ao AFT iF34 div] 64.1+2.7
pg/ml #ol SA =AUk AT LPSE @43t ojx Raw 264.7
MAEAN = TNF— a7} 3= B0]5o] 1704.8+19.4 pg/mie] =74
Hlth LPSE 13ste] 438t ® Raw 264.7 AXZHE A=
7zl TNF-a+ 12-DHGD %% 50, 100, 150, 200 ng/meell tf
oy 2+ 1647.9£16.8  pg/ml, 1669.1%6.2  pg/m,
1643.5+£26.5 pg/m{ % 1629.8+35.4 pg/mie] =4 & At} (Figure
2-5). 12-DHGD EE Hzl'g%olA LPS A=l 9t gk A
A TNF- e A div] okt ghastes AE3S JeblAwl SA

Ao fol4o] et ekt

=

[

N
o
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Figure 2-3. Effects of 12—DHGD on IL—1p8 production by
LPS—stimulated Raw 264.7 cells.

Raw 264.7 cells were treated with only DMEM or 50-200
ng/m¢ 12—DHGD in the presence of LPS (1 pug/ml) for 24 h.
Production of IL—1/4 was measured in the culture medium

by ELISA assay.
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Figure 2—4. Effects of 12—DHGD on IL—-6 production by
LPS—stimulated Raw 264.7 cells.

Raw 264.7 cells were treated with only DMEM or 50-200
ng/m{ 12—DHGD in the presence of LPS (1 pg/ml) for 24 h.
Production of IL—6 was measured in the culture medium by
ELISA assay. * p < 0.05 for cells treated with LPS versus
LPS+12—-DHGD.
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Figure 2-5. Effects of 12—DHGD on TNF—-a production by
LPS—stimulated Raw 264.7 cells.

Raw 264.7 cells were treated with only DMEM or 50-200
ng/m¢ 12—DHGD in the presence of LPS (1 pug/ml) for 24 h.
Production of TNF—«¢ was measured in the culture medium

by ELISA assay.
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2.3.4. LPSE %3 PGE, A4 oA 12-DHGD
ol 9A &3

& 1

FH  @A3E Raw 264.7 AXZFE FHHAA = AFA
cytokine?l PGE, & 9Ast=A &2l3sl7] $I8te], 12-DHGDS &
=94 (50, 100, 150, 200 ng/m) & 1417+ Feb A A3 & LPS
S HUbste] 24A1%F 71 wgsto gz A EIA = PGE, o &
ELISA ®H& o] &3to S4aqlth

Raw 264.7 AXERHS wjekst F3 2] control 7olX4+ PGE, 7}
Aol AAFEA ool PGE, AxE EFA div] 724.8+24.7 pg/
m¢ Ftol S E ATt At LPSE &4 3l o] Raw 264.7 A%
M= PGE, 7} o Eu)Eo] 2374.8+191.9 pg/mo] A=A
LPS® <lato] @43} 9 Raw 264.7 AXZYE A A PGE
, = 12-DHGD %% 50, 100, 150, 200 ng/meol thste] z}z}
2158.5+171.5 pg/ml, 2017.3+134.4 pg/ml, 1904.8215.7 pg/
m 2 1634.81134.4 pg/me]  FSAEAT (Figure 2-6).
12-DHGD E+& AHg&XeolA LPS A=l 9Jto] Raw 264.7 Al
EZHE A PGE, & #aA7IE AFe] FHelFglon, 53
200 ng/me FEoAM = FAZCE FYAAIA TFAAT]= Fo=
URERSE

o
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Figure 2—6. Effect of 12—DHGD on PGE, production by
LPS—stimulated Raw264.7 cells.

Raw 264.7 cells were treated with only DMEM or 50-200
ng/m{ 12—DHGD in the presence of LPS (1 pg/ml) for 24 h.
PGE, levels in the culture medium were measured by ELISA
assay. *p< 0.05 for «cells treated with LPS versus
LPS+12—-DHGD.
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2.3.5. LPSE &E3 COX-2 % iNOS §Ax w3
9)JolA 12—DHGDO A &3

pol

COX—-2% PGE, el #ojsk= dAo]al, INOS& LPS,
I[FN—7 9 IL-18 %ol ga 38 i Azelx o=kl NO
=2 AAst=d 7)odstes Aow oA gltk(e] 9], 2010,
Hussain et al, 2003). COX—-2¢} iINOS® A A+ PGE, H
NO AAE atdete] A5 AAS Walshes o3 Q47 & F
ATk 2 A Ai= mRNA FFolA COX-2¢F INOS2 =733l
th. Raw 264.7 A3 12—-DHGD (50, 100, 150, 200 ng/ml) <
IAIZE AAYsa 1 pg/me] LPSE 24412 B¢ Askich
COX2¢ iINOSS mRNA a2 LPSE X33t

Raw 264.7 AXwrs #jefst FA2 control oA e
COX—2 mRNA #&f2 ks 18 7522 LPSE &43H
Raw 264.7 AEeld od® COX—-2 mRNA &S g
9.1F0.9% F7F= itk LPSE <lste] @43 € Raw 264.7 Al
ZHE ZF7tHolxd COX—2 mRNA W3 %e 12-DHGD wEd
50, 100, 150, 200 ng/mée] tistel 2+zt 6.4£0.6, 6.0£0.6,
5.0£0.4 ¥ 51042 =4¥Jt}Figure 2—-7, A). 12-DHGD
BE AHPsmolA LPS A=of st Raw 264,7 AXZ5FE A
AE COX—2 mRNA @de] diste] srmoEdoln, FAXHOR
= 207 Uy

Raw 264.7 AZRES w]fst FA-2 control oA EHE
INOS mRNA #dfe] e 18 7|92 LPSE @43tz

Jdo
1o
oL
)
rir
4
N

o
i
12
N
Oft

Ir

7§ = _I;
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Raw 264.7 A3xEe)A @d®E iNOS mRNA
66.4+t12.5%2 ZF7t=dch. LPSE <lste] €493}
AZZFE F7FEo)% INOS mRNA 2
50, 100, 150, 200 ng/méol thate] zhzt
56.3£6.9 W 35.3%+3.3°% =AU (Figure
12-DHGD E+& AgsxelA LPS A=
y23E A44d®E INOS mRNA &S 74
o, 53] 200 ng/me FEANM= &

© Zo] 2Rl A,
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Figure 2—7. Effect of 12—DHGD on COX-2 and iNOS mRNA
expression in LPS—stimulated Raw 264.7 cells.

Raw 264.7 cells were treated with only DMEM or 50-200
ng/m¢ 12—DHGD in the presence of LPS (1 pug/ml) for 24 h.
Cell lysates were prepared and analyzed for mRNA
expression of (A) COX—-2 and (B) iINOS by real—time
PCR(RT-PCR). The values were normalized in each
individual sample by the level of B —actin expression. * p <
0.05 for cells treated with LPS versus LPS+12—DHGD. #* p
< 0.01 for cells treated with LPS versus LPS+12—-DHGD.
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2.4, 1 #

oq ’61—03 aw\]@} o) 6L018_J+0ﬂ EH 51
et al, 1998, Lazer et al, 1998).
2 Ao AFg¥E 12-DHGDS AR 5 kol oju]l A)

l‘_&
-
)
o
o\
it
k=
i
£
=
e8]
7
&
.

T FEE 2 geks Aol duist dES, dakst 9 gk #8-o
3t A7 A3 E ATt (Lee ef al, 2007, Brown et al, 2009

Ippoushi et al, 2003). Kato o< A7} dFFE==2 o] &3+
aldose reductase inhibitor®] &4 7AW, WU} sEolA F
oAF o ZH FAA o galactitol FHE AAToEHN AAFEES
Y HEAE o]§8 F v VteAe Eisitt(Kato er al,
2006). =3t ©], Brown &< A4 4% F [6]1-, [8]-
[10] —gingerol, [6]—shogaol && ©|&3e] FWIAE 2 o
o AEZFE ol&st] dAE FA 9 AN AdAE EIH
gdas 7T Baskr]E skt (Brown et al, 2008).

T AN = AR T shuel 12-DHGDY] #ds5adts
H7tst7l fete], LPSE  A=3k Raw 264.7 oA ATl A
12-DHGD A7} 453d& Fshs tgFed Atol=7kel Y
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A=A nA= FFE Brbstaar skl

Nitric oxide(NO)+ nitric oxide synthase (NOS)o| <2]s}o
L—arginin® =58 A Ho] vkt A=of 93 o2 T72 A=
ol A X MEZS AFTHAES Foko] A A el
83t A8S sk B4R dHA Ak (Wang et al, 2007). 7
FH A= NO= 353, ARAGAA, a4, 99xd &

o{t
of\

oz

1o

A BH37)5S T3t (Weisz et al, 1996). AR, At
WA Soll 9ato] #FustA Y NOE SFAXS 73, &3
=%

Ay B PENe S HUHT(Wink and

)

Mitchell, 1998, Hseu et al, 2005). Inducible nitric oxide
synthase iINOS)+= LPS¢ #2 U544y IFN—-7y, IL-13,
TNF— a8} 22 954 AtolE7RRIS A=l osto] Az, &
HEGLAE, NIAE, TAE, ASAHE SolA v NOE A
Aoz Ade#A dvk(Sarkar er al, 2008). ¥ AFoA=
AZEHS YA e v59 12-DHGDE A#®3e Raw
264.7 AEo NO A4 2 iNOSO LAAEES mwstdet. 1
Ay, LPSE AHggt ol LPS vA g iz vlwste] NO
Aol FoFow Frrekglew, 12-DHGD (150 ng/mé, 200
ng/ml) e oA FAHCRE FIHUA NO AL A5
th(Figure II—-2). NO A4 A9 INOS whulz 23 o] A&
gol3t7] 913}e] real-time PCRS o] &3t AXZuo] EA35t=
INOS mRNA @S Elskitt. Raw 264.7 Ao LPSWH&
Aget A INOS mRNA #HEeko] dA3]  F7iEd o
12-DHGD AH¥ s=7} F7kstel whel iNOS mRNA e o] 1t
2= A3 Jebgth(Figure 2-7, B). 12—-DHGDel 23 NO

H~l
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AAAA ZF= INOS ©d dkao] Aalg oz A Yelys 713

o] AlE el EAEHM bacteriacl £]s}od
EHlE B ARG HNkES A AIZIT LPSel gsto] o
A EF2] M Eure)] a8+ toll—like receptor (TLR) —4 A=

FA ¥HW MyD88(myeloid differentiation primary—response
protein 88)% A3 A|FA  HAFQJIA}(transcription  factor) Q]
nuclear factor— ¢ B(NF—¢B)E @43 A7]A #ct. &/d3std
NF—«Bell &3t  cytokines  (TNF, IL—-14, IL—-6),
chemokines (CCL2, CXCKS8), endothelial adhesion molecules
(E—selectin) ¥ costimulatory molecules (CD80, CD86) 59

gofst A% wjylEZAEe] EH|¥Eti(Abbas and Lichtman,

TNF-@a, IL-69 Al th3t 12-DHGDY a3E 2 r it}
LPS¥Hs A ds o, 954 Abo]E7IQ1IS] X]= LPS w4 g o
Zud Bluste] folFow FrhE Y. 12-DHGD A2+ IL-6
A9 BE F% (50, 100, 150, 200 ng/m) oA 2 & <l A 3|
ANE B, T3 TR EHOT AAhadst T AOE e
T} kAR, 12-DHGDS A&7} LPSel 98 A2do] S7ke IL-1
B8 TNF—caol tste] JA = a3s #2dd 5+ v (Figure
2-3, 2=5 ). 12-=DHGD®°] LPSel|l 93 TLR4 71¥& T3 9=
e oAAE Fate] IL-62 BYAAE A=A Flstr] HE)

A= NF— ¢ B 22 AARIAe] tfst Ado] Frpx oz sk

1o
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o% Aztdd.

Prostaglandin E2(PGE, )+ cyclooxygenase (COX)—22] 4]
stoll oeto] AAJo] Frhslw FE BIREAE (mast cel) & th2] Al
3 (macrophage celD el ol #8]¥= Fox d4#A Qlvh. o=
3] ~Etl (histamine), NO$} #2 <
of %, &%, dHFHEe TVHA dF 23
COX-2+¢ 749 Aeelrs TdHA AT TNF-a o} 22 ¢
A S, AAARJAN, Aol BRI S Zp=rof] o)sto] =
L eo] JERkE FololM A= WiZsh= PGE. & A4l &
o] gttt (Kim er al, 2006, Kim et al, 2004). ¥ A4 Raw
264.7 Ao LPSel o] A== PGE, o Aol gt
12-DHGD®] A aztel] thste] &1l LPS A= PGE.
o] fFolZl F7HE YEW e, 12-DHGD? A= % o&4
o2 PGE. ¢ 4= dAsla 53] 200 ng/me] sEA &
Aoz 9o A ittt (Figure 2-6). 12-DHGD? PGE
» A4 A7 COX-2 714 Aoz st ZAAE Flst] 9
&to] real—time PCR& F3to] AlZUel EA43k= COX-2 mRNA
e ks 5435t 12-DHGDY A #+= COX—22 mRNA &

Aan7le AFe] SAFlal, ol PGE, o B4Ass o
A= Aot & 4 vk 28 2= PGE, o A Al el
oA COX-2 71dE& &3 #8222 Mgd HAFYS AT = 3
ATk 2R 29 flavonoid A1 capillarisin®} ZZFZFE g
St fucozanthin®] LPS®E A=3%F Raw 264.7 AlXZe|x PGE»e A
d= 27 30%SF 68% A7} B Qlal(Han et al, 2013,
Heo et al, 2010), 771& €4 FE&° A2+ LPSE A=3t

o

xS

>

T [
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Raw 264.7 A|3Eo]A COX—-29 iNOSS] mRNA 23S Z+7F 40%
2 20%2 AA7F RuE 3 QoH(Oh er al, 2012). T3+ Hinson

g wA e Ak

flob e Ads Ediz YR T shel 12-DHGDO)
LPS= #43 Azl giiAx dSE2eIA NO, IL-6, PGE. °]
47 BLINOS, COX—2 mRNA 23 SAE St 9T 249
7hedE AASEATE T1ey 271954 Abel=ARLe] dE el 9lof
A IL-189 TNF—a o Aol tisted o4l oAl asis »

o4 ghob F7bAQl 714 AT Bew How YrhHh

¢

s SER S



3%. PMACIZ #A=3% HMC-1
M2 A ZH|E= Ao E7H
et g 42

12—dehydrogingerdione® &3}

_52_



3.1. A &

=8 WYk o R Qs WAt HuiNkgojgtal 3 ¢ itk &
Aoz Agsh= e sk vRAQd JFHox Tz o
g Ak W gkgo] o] Fojx A ForA A Hstow Y
ot ol dk A Agks FHd F e Qo EE AT F
A7 oA TR = B st wF 9 AFAZe] FUHE W
£ house dust mite?] =ZF57F A Ak 34 9 FAAA

GO 7 Q% AR e =EWE SASE AR QIS vEel
T S7F Aoz e] Wste] mE FAkstEA A7 A
To® dHA JAYF(NIH, Guide for the diagnosis and
management of asthma, 2007).

defx Agow de 4 ofEy JFH, M2, LA
dxt 2L A mwAEsE Fo delow wuHI Yt
(Bergmann et al, 1997, Campbell et al, 1998, Holgate et al,
2005). "Ml Z= Al el S F5skal 7k Jlow
H els dedAo] =& ¢elx] mizfd ol 23E o]l Bk
AZE daoly = A2 AR Aol Eol #3xstH, 53] 1
Boul FukzAoef wol EAghty, 3k A wwel FceRIghs
SA7E A olqle] 2ol Fo] Aol FojeA =¥ B Al
zolq AR IgE7F BIRFA|IES] FceRIol AgtetAl wHHA H|wE
MEZE A3 HHFo £A43}Y  leukotriens, prostaglandin

D2, histamine®] §243] WEHHAA 7] de]A ¥-&o] oA
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S F53h, IL-6, IL—-8, TNF—a % GM-CSF$ & Alo]E7}
Q1S H=S E=7MAY(Brown et al, 2008, Norrby. 1997,
Nagai. 2008, Geha et al, 2003). 54 &dol st A=
IgE7} HIWHAIE Eo] &Rt FeeRIO AdstHA Al

i

=

o] £a}38l+= Fyni Lyn ¥ 2 tyrosine—protein kinase&9% %
dst7F dojuiAl HH o]i= MAP kinase® A54<Q &43tE &
EotAl ©vh ol BIREAIES] & oA Al BRI A AF WS
sk YA WS FEste TS AlolEARRIS] #HlE =
AsHAl ®oh. E3 tyrosine—protein  kinase?] &4 3=
phosphatidylinositol—specific phospholipase C(PI-PLC7y)E &4 3}s}
o] AEuto] ZAd= PIP,ZHE P33 diacylglycerol (DAG) 9
WEs FXe. WEE IPs2 endoplasmic reticulum (ER) 2 5-F
ANEA Y Ca®t F2& Z7H47)3, Ca® 9} DAGE PKCE 843}

S 24 myosin light chain ©®AS QAtslsle] BIWHAIXE U
of EAste= s|Avl e Ao FIE sty WESES
&l MAP kinase$t Ca?'e ¥ 3 phosphatidyl As(PLA.) S 34
3}&}o]  arachidonic acidZH%E A ZAwj7lE2 <l prostaglandin
D2(PGD2), leukotrien C4(LTCy) 55 4 W HHSE=E 3}
(Abbas and Richman, 2012). &H]¥ Afo]E7RRQl 5 IL-6% T2
Th2 AEL A== Fsto] IgE e FHstH deA A=
Eate Ao® BuE 9o (Toru ef al, 1998), IL-82 %
3 F3Hds 2o Qo] HAFHE S5, T A¥E, B Alxg &

1

_ISL{ Jdo

flo
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IL-1, IL-5, IL-6 ¥ GM-CSF& #ZZ thekst 54 AtolE7}
e #HlE FFAIZIth(Vocanson et al, 2009, <F 2004).
GM—-CSF+ Z4H9] apoptosisE A AAA AES A&t z4b
T2HE MEHAo] YER}= eosinophilic peroxidase (EPO) 9]
AAS FEstt(Levi—schaffer er al, 1998, Hoenstein et al,
200D). HIRMAIZE= AlEute] EAek= FeeRIol IgE7F 28 o
AEYF-e] Ca®7h T7katAl Hzul, AZFEAA BIAE Uy
9 Ca®'g FTUHIZIZL e 24
compound 48/80, morphine sulfate w°] <A Slth(o] 9,
2002).
ol FolM= AR T skl 12-DHGDE] &&#]4d At
= ] 28t
PMACIZ 2434171 HwtA 22 2E Ao x = 1L-6, 1L-8,
TNF—a 3l GM-CSFe} &2 uefsh ARoJE7RQl dde] vA|=

FFE R IA Yk

A Z#+ calcium ionophore,

m{n
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3.2. 49 Am o U

3.2.1. Al¢F

Iscove's Modified Dulbecco's medium(IMDM), fetal bovine
serum (FBS), phorbol 12—-myrystate 13—acetate (PMA),
calcium ionophor (CI) A23187 % fetal bovin serum(FBS)+
Sigma Chemical Co. (St. Louis, MO, USA)°|A 43k a1,
penicillin streptomycin (P/S) < GibcoBRL (Eggenstein,
Germany) ol sttt Alx AEEE SAsH] flekd]
pre—mix water—soluble tetrazolium salt(WST) A]°ek2 Takara
(Shiga, Japan)ollX T-§18to] ARGttt IL—6, IL—-8, TNF-«
4 GM-CSF ELISA kit E5 R&D system, Inc.
(Minneapolis, MN, USA) ol &ttt Al9=2<l 12-DHGD
2 =3t (Korean Research Institute of Cehmical
Technology, Daejeon, Korea) &2 5-¥ x| ulo} Alg-3}¢]om 2

& A] dimethyl sulfoxide (DMSO) el 3|4 sto] AF&3}SIT)

3.2.2. AEXF g A EujF

Human mast cell line(HMC—1)< A3 thgw 3sto]yjojsto =z
el BEokulol AFR3SFQITE HMC—1 A¥E 10 % FBSS 1 %
/SE H7}3t IMDM HiA] & AFE3te] 37 C, 5 % CO2 incubator

e

T [
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WRle ARESRITE o] W flolA ARGE MTT ¥ de=

SdskARE, DMSOE olgsto AxE FaAZ ZEarh {1

MAEd W exE =4 £ e WHolRE HEaqlth
HMC—-1 AZZ 5x10"well ¥5%% 96 well platee] z+zt ®F3&f
3L, 24A1F Fo] wixE AAst DMSOe] =<1 12-DHGD+
0.1, 1, 10 pug/me] 5= Xa)sto] njekalgitt. 24A)7F & w) =

E A AL WST AlekS well & 100 w A ¥ 3 dlg zpdts)
o 37 T incubatorelA 2AIZF F<F wjSSITE WA E =

ELISA microplate reader (Bio—Rad, Hercules, CA, USA)E 9]

43lo] 450 nmolN FFEE SH A

£E g e T gstel Aus e

A28

FN

% Cell viability =
(absorbance of treated cells/absorbance of untreated cells) x

100
3.2.4. Cytokine BAH =4
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HMC-1 MEZE 1x10%well 5% 6 well plateo] zZ+7zt 3
sbal, 24 ARF S wixE A8k 12-DHGD= 553 (50
100, 150, 200 ng/ml) 2 AlZF E¢t AAgedet. PMA (50 g
M)# CI (1 M= F7bsto] 8AIZF &b wjekst 5, Alx sk
AT 2xEto] —80 Toll Husldth. AE ASH
AxgdEAFS ELISA He o83t AZssith. 96 well
platee] IL—6, IL—8, TNF—a¢ 2 GM—-CSF9 12 &A=& 383}
o] overnight 3}ttt FEH plate= 0.05 % tween 20°] X3r%
PBSE o] &3}e] washing 3F%tk. 1 % bovine serum
alumin(BSA)7} x3%® PBSE o|g3ste] FHEE 14 FAE
blocking 3}31t}. Washing 3+ & 8|3t 7} E2 9] standard ¥
AE ElE A5 S 96 well plateo] 2ol 124 @A 9} WA Z T

0,
2
i
2
ol
o
rlr

2A17F b Aol Hbg A1 = 2z FAE BA T
Washing 3t & streptavidin—HRPZS A7}st1 22 xekst Al
2 2087 Ao A7) 3, 2N HoSO.E o] 835t Wk i

3.2.5. 3AIAE

BE AE dys 3 3] ol AAskY ol FolR o, AEdv=

7t dr&o] Wl mean = SDE YERY oW, EAAE

students' /—testo]l =3t p—valueZ} 0.05 v|7Hd F$ H-2A

8-t



3.3. 2 ¥

3.3.1. 12—-DHGD®] HMC-1 Az 3t =A

) -

12-DHGD®] HMC-1 Ao g Az54LE F7kstr] $l8)
o oheFdt F%2 (0.1, 1, 10 wg/m) 12-DHGD= A zl3sle] 24
AIZE FQE Wl & WSTE ol &3to] Al AEES SHUT
Ao st 12-DHGDS Zt % 0.1, 1, 10 wg/meoll w3t Al
¥ OAEES 1022 %, 1031 % % 101.8 %= ZSAHAT
(Figure 3—1). o|24 & Alge] AgHo]x 12-DHGD E& &

T #kS HMC-1 Aol wiste] 54o] fle ZAo2 Yebston,

ool mhet FF AL o] = WelA o] Fol AT
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Figure 3—1. Cell viability of human mast cell line (HMC-1
cells).

Cell wviability of HMC—-1 cells after incubation in the
presence of various concentrations (0.1, 1, 10 pug/ml) of
12—-DHGD for 24 h. Cell viability was measured by WST

assay.
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3.3.2. PMACIZ #%3% IL-6, IL-8 TNF-o %
GM—CSF A4 3loiA 12-DHGDY oA a3

A7 AHE<l 12-DHGDo] PMACIZHH &43l¥ HMC—-1 A
ER2RE BEujEojAE= A5A cytokine?! IL-6, IL-8, TNF-¢o¢ %
GM—-CSF& <Alst=A €lstr] ¢lste], 12-DHGD= &=
(0.1, 1, 10 pg/m) 2 2A1F F<2F A At & PMACI #H7Fsted
8AIZE F7F mjktem A A H o #= IL-6, IL-8, TNF-ao %
GM—CSF9| <& ELISA WS o] &ste] S43k3ith

HMC—-1 A|EZrkg wjekst F32] control wolA+= IL-67F 7]
o] AEA ol IL-6 AZF w4 bl 0.1 pg/ml #hol =
AE AT sHARE PMACIE @A 3tE o]zl HMC—-1 AeA=
IL-67F @ EH|¥o] 100.4+2.6 pg/mo] =4 ¥ tt(Figure
3-2). PMACIZ <lste] &4J3t ¥ HMC—-1 MxzEHE g o]
2 IL-6% 12-DHGD %% 0.1, 1, 10 gg/mol thato] zhzt
106.2+2.1 pg/ml, 84.3+1.8 pg/ml, 7.4+£0.1 pg/mle] A=
th 1, 10 pg/m F%2 12-DHGD> PMACIS Aol o& A4
¥ IL-65 BAIFCE FoAM, 5 JEHoZ A= A
o] Fel¥ gt 53] Hi %< 10 pg/ml 59 12-DHGD
PMACI A=l 2& A= IL-65 90 % ©]’d A} L
EF5t

HMC—1 MXERFS wjorst F3]8] control 7oA+ IL-87F A
AE A kol IL-8 AZF xF=34 diu] 0gt Bok @A S50
0cx xEsltt PMACIZ @Atz HMC—1 AMEoA+=

rlr
o

A
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IL—-87} 3}k Eujxlo] 1298.4+83.8 pg/mo] =4 % 3th. PMACI
2 Qlale] FA3 @ HMC-1 AEEHE A [L-8=
12-DHGD %% 0.1, 1, 10 pg/meel| tiske] 2+2 1166.3+103.9
pg/ml, 1091.6%85.4 pg/ml, 287.9%12.7 pg/me]l ZAHHA}
(Figure 3-3). 1, 10 pg/ml 552 12-DHGDS PMACI®] ==
of o3 A4 IL-8% TAXSE FAAU, v5 JEH o=
A 7= Blo] FelE it

HMC—1 A EukS wjekst 42 control wollAE TNF— a7}
AAE A gkl TNF—o ANZ3 mZFA div] 0g Bt @A =3
Ho] 007 %A PMACIZ &4 35 o]x HMC—1 Aol A
t TNF—e7} 3% 295 401.1£11.3 pg/mo]l == 3t
PMACIZ <l&dte] &A3st ® HMC-1 AEXzFE AFEHAR
TNF—-e¢+ 12-DHGD ¥%¥ 0.1, 1, 10 pg/meoll thste] z+zt
336.9%£17.3 pg/ml, 347.1+17.8 pg/ml, 322.3+t26.5pg/ml°] =
A0 (Figure 3—4). &3 12-DHGD =& XA PMACI
o] A=) gl AP TNF-eE SAZHCZ FANUA FAaA
71 Zo® UEtstor, ol PMACIO o3te] 44 ¥ TNF-«
v 13.5 % ~ 19.7 %7HA AASHE A o= ERR

HMC—-1 A¥E"ES vjkst 28] control oA+ GM—-CSF7}
A AAEA kol GM-CSF Azxg =34 din] 16.010.2
pg/ml Ftol A=t PMACIZ 4135 o]zl HMC—1 Ao A]
+ GM-CSF7} & #u]¥o] 807.2%+8.6 pg/mo]l =745 At
PMACIZ <l&gte] 43 ® HMC-1 AEZHEH YA
GM—-CSF+ 12-DHGD s%% 0.1, 1, 10 pg/meol thalo] Zzt
801.9%8.6 pg/ml, 766.0=21.8 pg/ml, 186.5=3.1 pg/me] =74
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) o} (Figure 3-5). 10 pg/m %2 12-DHGD-> PMACIS =}
e 28 Ad¥ GM-CSFg FAA2Z {FANUA TaAE=
o7 Uehgon o= PMACIe] 93&te] AAE GM—CSF tiH]
76.9 %7A QA= Ao Z LERE T

kA AT
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Figure 3—2. Effects of 12-DHGD on IL-6 production
induced by PMACI in HMC—1 cells.

HMC—-1 cells were treated with only IMDM or various
concentration (0.1, 1, 10 pg/m¢) of 12—DHGD in the presence
of PMACI for 8 hours. Production of IL—6 was measured in
the culture medium by ELISA assay. **p < 0.01 for cells
treated with PMACI versus PMACI+12-DHGD.
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Figure 3—3. Effects of 12—-DHGD on IL—8 production
induced by PMACI in HMC—1 cells.

HMC—-1 cells were treated with only IMDM or various
concentration (0.1, 1, 10 pg/ml) of 12—DHGD in the presence
of PMACI for 8 hours. Production of IL—8 was measured in
the culture medium by ELISA assay. *p < 0.05 for cells
treated with PMACI versus PMACI+12—-DHGD.
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Figure 3—4. Effects of 12—DHGD on TNF-—a production
induced by PMACI in HMC-1 cells.

HMC—-1 cells were treated with only IMDM or various
concentration (0.1, 1, 10 pxg/m¢) of 12—DHGD in the presence
of PMACI for 8 hours. Production of TNF—«a was measured
in the culture medium by ELISA assay. #**p < 0.01 for cells
treated with PMACI versus PMACI+12—-DHGD.
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Figure 3—5. Effects of 12—DHGD on GM-CSF production
induced by PMACI in HMC—1 cells.

HMC—-1 cells were treated with only IMDM or various

concentration (0.1, 1, 10 pg/m¢) of 12—DHGD in the presence

of PMACI for 8 hours. Production of GM—CSF was measured

in the culture medium by ELISA assay. #**p < 0.01 for cells

treated with PMACI versus PMACI+12—DHGD.
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obET] IR, J1wA WA, G2/ nd D Fohes @
9 5 v Qel=r] ABelM WWAEE WS FoE 40L

35t} (Baruah et al, 1998). BIWHAIE F o] £A]8F+= FceRI
(high—affinity receptor for IgE)el] WoZ2ZEW E7} Ags o]
AEe A7 Y=, Axde EAlska Y Hgo] M gt

o= FulEojxn HPuo F|AEF (histamine), TZAElET
9 (prostaglandin) ¢ wWiZ/lEZo] Aut H-F & 5 2 A

oﬂt‘ﬂ]

=

7F 9
(Costello et al, 1996). X3t At | HwAZA APH =
IL-6, IL-8, TNF—«a, GM—CSF %
o AL F7MATIEA

(Theoharidies

el WL FrHA7E

,%
j=p
\\)
>
e
ﬂllﬂl

ddl=r] Asks st S
and Kalogeromitros, 2006, Galli, 1993).

IL—6+= BIRbAIZAA BAE dFrd =49
k¥ airway smooth muscle cell®] H|tj], ©]

oS SV B stk (Mckay et

vy

Mackay &<

H,

H]

i
H
_o|Lt

[e)
T

i

Z] o
=

0.

=
o

1>

el
=

Jo
bt
)

al., 2000).

TNF-et UMz A3Eas 2dA7n &4r9=
o] &AM (eosinophils) ¥ H3XF (lymphocyte) &
A71e ThE G5 AFelEFRQLY] EH] oA ST 9Ee @
th. 53] IL-69] #ulE F7HA71H |75 o]&
st Ay s AE¢ES HAu(Mckay er al, 2000, Sada et al,

2001).

ol AHEOIE
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)
o
o

GM—CSF+i= Th2 Mo gaiA AiteEw sAFo] F3
A
[e]

E9w, TAEO AEVHS AFAIZIH 2 FF I AT A
o] &£AFS ozt w3 GM—CSFE 3357)9 X143 28 7)
oJsh W Ao YEhYE B7EeEAd ZElE e deloew

£-3t} (Ferreira and Carlos, 1998, Xing et al, 1996).

IL-8 %73 7" (neutrophils) &+ SA4k7-9] stehAdlAte|n 7| &=
H=ze #4 % F4=
[L-89 =&z A
A ghgol QoA FQst s sk Zor AZEHX
(Erger and Casale, 1998).

ole} o], &eA wWhgel glejx IL-6, TNF-ae, GM—CSF

Us Aotk # AFelA= A3 ES 12-DHGDS  ©] &3t
PMACIZ €43} A1Z1 HMC—1 H|¥HA| ZZH-E o]2]gt Afo] E7iel
o] Aol wA= G Frkstaat AEE FAslth

PMACIE A3 Fors PMACI vlA2l thZx73 6w sho]
HIWEA S el 5 Aol BTl A= fojdo® F7E QAT
12-DHGD Al IL-69F IL-82 4% 1 wg/m, 10 pg/mbo -&
oA BAIACR §94 e ArEHRE Hlow o]F= PMACI
T tH] 80 % o1de oAES WEha AT TNF-e 9] 739
12-DHGD R & Az (0.1, 1, 10 pg/m) oA A F28 A
3l 285 et GM-CSFe 7% 12-DHGDE] 10 pg/mle]
A sEelMRt AR Fo4d AE A ZHE BHYor o
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2 APl EFRIE #EH|ste] B AlXEHE WY S 2EHUQ IgEQ
S 3t (Mackay et al, 2001, Barnes, 2008, Devereux,
2006). Tk g2 7= U AIAHAEZZHE stem cell factorE
FH|&to] BIWRAEZE 2FEsle] 3] AER (histamine), SR E <
(leukotrienes) %! 2 AelZ %4 (prostaglandin Dg) &} 22 t}e
3 9T WEdS EHlste] VR HE8T 5 2 dARH AR
AE stk (Devereux, 2006). HIRFAZ A FH] %= TNF-
a8t Th2 AEeA EHE= IL-59 2 ARJEARIS 7442 &
<=7 (neutrophils) & A (eosinophils) & 7| EWZ Y93t #
ZAA 7129 4T ANTE AT ToT 9T dh

A A F4d3t 9 ARE Ss AREHAA = fAERE

O

o\

Tl A 5AE JREsty] fste] thekdt A4 =
H 31 AtH(Szelenyi, 2000). 1 F uR9-2A7F A2 AL 2 U
b R 7| 5 3 AAFo|mw 7h wo] ARE-E 3 QlthH(Shin
et al. 2009). 53], @Al ovalbumin(OVA)S ¢3! Balb/c

=
=
upg2so] BRI Fate] 447 F OVA mistE WHEE

- &)
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s
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g%
=
A
k=l
b9
Au)
D
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a
®

=

wn
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o
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S
©

Blacquiere et al, 2010, Di Valentin et al, 2009)
7Y (Zingiber officinale Roscoe)~ 2743} (Zingiberaceae) ©l

Soln )E AR Botel A% FEE EE ARE0] B9, 39

o%
ofl
kr
oy
1o

ase /A v HuEa o (Butt and
Sultan, 2011). ¥ Ax} dA] M F dAF4E =
shuQl 12-DHGDY 95 W <d&#jx] Aslo] Qlojx &&3 4 gl

= 7 e skl dAFelA = 12-DHGDe] 2ol wlx|

W 0 24948 58 JEAT R HARuAE & Aue

71ol8kE w2 Felataat sl
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4.2. }éﬁll ZH-:EJ- al Hol-lﬁ

4.2.1. X<k

AEEH] 12-DHGD>  st=r3}std+9 (Korean Research
Institute of Cehmical Technology, Daejeon, Korea) &.ZFE XA

o} Abgatglom A% Al corn oile] -kl AbgarsiTt

AAsE== sty sfste] 54 #Hdwel edHA & 75
g ¢A Balb/c vFAE eEdE vlo] 2 (Orient Bio Inc.,
Gyeonggi—Do, Korea) ZF¥H {3t AREsISIth v~ 23
£ 3C, AdUFE 50 £ 10%%2 FAFIL 1243F F7] i, 5 Afo]
= AL 23 AR Aw AF AR BEe e AT
5, A7 3P =3k
= Ao ARgEsit BE AYe 29k (Korea Food and
Drug  Administration  Good  Laboratory  Practice for
Non—Clinical Studies, notification No. 2005—79) H] 4 dA| 3
27t ol w2} T8t o, SAAE S EE IS 3
(Association for Assessment and Accreditation of Laboratory
Animal Care International) 22| 774 el| wel FF 33t

TEES Table 4-13} o] 41502 Wit
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Table 4—1. Experimental groups of asthma animal model.

. Nose-only
Intraperitoneal . . X X
Group L inhalation 12-dehydrogingerdione
Iinjection
exposure
Normal control PBS Clean Air Corn oil
OVA OVA +alum OVA mist Corn oil
OVA + . . .
OVA +alum OVA mist 12-DHGD 500 mg in corn oil
500 mg/b.w.
OVA + . . .
OVA + alum OVA mist 12-DHGD 1000 mg in corn oil
1000 mg/b.w.

offt
(G
iy
Flo
—n
E
X,
oy
_
s
N
o,
o
rO
[@N
[oV]
<
—
o1
e
-z
a
2
b
rlr
s

0 mg/mle] solutione ©]&-3te] mist
generatorgs ©|§3dto] FAFEGleH 7} FEES 30 ¥ w<F oF
40 ~ 50 pug =EHUY. wEF

A FES B8 vUPZE o] &eto]  teflon filteroll F2HAIZTH
% F filtere] &&® OVAE PBSl €3lA171 ¥ Bradford ¥
VA tiv] Aol vz A=ks S sk3l

@)
R wF o, TEE5S isoflurane 7h2Ael ok F]IvhE &)
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15 16 17 18 19 20

Day 1 8

itizati 4 A
o Y
12-DHGD administration (P.O.) A
Sacrifice
Figure 4-1. Experimental scheme of animal model of
asthma.
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4.2.4. 12-DHGD? F9

Day 1#H day 197k4 A4 dix=d #=52 AS ke T 10
me®] corn oile] A Fol ¥, AHdsE=2 AT ke T, A4
corn oilel FFA171 500 mget 1000 mge] 12—-DHGDe| Wi A+
ol = AT

4.25. 9 AN 3, F ALF D PIAES 2

Ao B2e 04 F ke FA9UY 529 EE =
A AR AHEE o gate] A ¥A v FHEAA o

T ARNEE FEE AZ ES AUtk 800 wel Y49
S8 olgatol W Wz 93t H5F 38 wEdte] Ak A7
#H AlH AL BobA iceolld H#sEith7E 3000 rpmOE 3% F

rlo

(o]
0,
20,
>,
4
i)
ol

2
0
o
olr
12
rlo
Iz
i)
=
>
kel
i)
P
I
M
r d
o
o,
ofo
ol

o 1 me Ayl ATE ol &ste] Al F/HAIF AL, o] & 500 o
=7 (Vi—cell, Beckman Coulter) ] A}
foldt, ok F2 AlE BFY F 200 o] fAE o] g3t &

5o AEAES =7 (Cytospin 4, Thermo) ol AFHE-3}

ofo
2
o
o
ofo
ol
£
of
=
Rl
o

i

X

=
Ao, &Zo]=+ wright giemsa's stain solution(Muto pure
chemical Co.)& ©]&38to] GAst & At AxsE 5 Pk
Aot 2 Eglol=9 MXE T TTo, SAM, "HAESF tAA X

o gg Anstate] $2 FRAAL.

o



4.2.6. Serum IgE &3

g% el IgEe AAEEE F7tsr] flstel #4 Al S
< ol gsto] AFslrh. FAP el 2l FdE serum separation
tube (SST) o Hof 90 & F<t WX ¥ 1,500 rpmO& 10w7 o
A et s e EAEkE serum TS FH 3] —80 Tell X
sk ¥ ELISA RS ol&stol E4sk3ith. 96 well plate]
mouse [gE% 12 SAE FESS] overnight stk ZHEH
platex= 0.05 % tween 20°¢] ¥3rd PBSE ©]£3}%] washing s}
Atk 1 % bovine serum albumin(BSA)©] ¥3t¥l PBSE o] &3}
ol #¥¥ 14 FAE blocking 3ttt Washing 3 F FH|gh
IgE standard ¥ serum= 96 well plateo] ¥o] 1} A9} Wk
AZTE 2A13F FRE 2o A Wb AZ § 221 FAE ZoF3
Washing 3t & streptavidin—HRPE #H7}sta 2& =} AF
22081 AA=olA A7) AL, 2N HeSO4E ©]-&-sto] RvE

F1 540 nmolA FFEE ST

id

—lN

i
ot
fu)

olo

S
=

o,

4.2.7. ¥ Z& Y 935A cytokines &%

<A cytokine(IL—18, TNF—«a)¥ Th—1(INF-y, IL-12) ¥
Th—2(IL—-4, IL—13) A EAZZAo 7 &K o]X = cytokines?)
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&2 ELISA WH& o]&3te] A=&3tSltt. 96 well plateel IL—-14,
TNF— @, INF—y, IL—12, IL—4 % IL-139] 1z} A= 7H

ol
o

)

o overnight 33tk ZH ¥ platex= 0.05 % tween 20°] X3¢
PBSE o|&3to] washing ¥t 1 % bovine serum
albumin(BSA)o] ¥ PBSE o]&sto Z:®HE 1a A=
blocking 3F1t}. Washing ¢+ % 8|3t ZF &2 standard %
A weF S dS 96 well plateol €ol 12k &aeb ¥H-gA| Z ok
ATH.
x

Washing 3t & streptavidin—HRPZS A7}st1 22 xekst Al

2AE E]E el wbe AIZL § 2%

_H
otk
2
f
me
2
N

T3 540 nmellA FEES FAsAH 549 S35 42 bovin
alumin serum (BSA)S ¥ F¥0 7% 0]£3}9 Bradford o=z @
WE geFsle]l A d@wA FA mg F AFOIEFRQIS] AAAFO R

[BRaRR=N
4.2.8. ¥ & U HIAAME 94 (H&E, PAS)

4 A B 2R 71BAS A §HCENE Ao,
AFe FH 10 % 54 &F =T XS o] gsto] 1Y skT
AA= Tissue Processor(Thermo Scientific, Encelsior ES,
USAE  AHE3H ki AR AL embedding
workstation(Thermo Scientific, Histostat, U.S.A)& A}&3}o]
HJ3#1 EE=LS A ASY. Microtome(Thermo — Scientific,

Microm HM355S, U.S.A)& AR&ale] 3 im FAR Zao]s 34
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4.3. 4 3

4.3.1. AZ5HA3}

HFE T2 AFS FAAUTE OVA A 74& Iy Addzd
of Hlgto] OVA & sE52 Aol #HAE7] Al&eaitt. OVA
U 2AE wFo] AJZEHA FE group 7HY AW Aol ¢
oAX7] A&, =EE B groupolA FAa7E dEREHR 1000
mg/kg body weight(b.w.) F%¢ 12-DHGD®¢] Fo¥ groupd
TEAA HA gz 2 500 mg/kg bow. %2 12-DHGDo]
ofl F=o vlste] HdsEd vHd FEoE IRHE AFS
YEith(Figure 4-2). aARE, AdE&Eo Blste] U groups
o] AFe doJH BAAHORE F2oH<l fol= (UL}
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Inhalation Exposure

Sensitization

Body weight (g)

=—4—CON

=l=0VA

=500 mg/kg bw.
i 1000 mg/kg b,

15 T T T T T T T T T T T T T T T T T T T T
o] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Day

Figure 4—2. Body weight changes of animals.
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4.3.2. ¥ MAHA Y F MAEF U ZAHEAESF it
12—-DHGD? &3}

A s 5o 3lojA 12-DHGDo] = A& EAst= F
MES, A (eosinophils), ® %A (neutrophils), #H3XF
(lymphocytes) % ©fA A3 (macrophage cells) 2] W 3lo] o3t
235 el A #Fsielv 1oz AEsk 300 719 AlEFel
b AlE=0] om3t BlER SAsk=A &Rlsty] ko] AEE
1 w2 9 AF el dTud Axs
Jl SAT, TS 2 "HEFY #Fie FAEH(H A). 59,

2

=9 ¥ AN FA

=
ol ¥ AHAYe Fabtet TFATY HES §E JEFoR
A Z A Agke] Mg & 5
ATl e e AEEA FUANE, OVA A F=oA&
34.8129.0 7I7F HAEEHAJY OVA 72 9 w=Fo 23l F7le
#H AF N 300708 AE T ZAS] = 12-DHGDC] 500 mg/
ke b.w., 1000 mg/ke b.w. Fo HxW¥ 7tz 95134 7 %

2.8+3.6 MZ A=A} (Figure 4—-3).
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Figure 4—3. The effect of 12—DHGD on total and differential
cellular components in the BALF of OVA-sensitized and
—challenged mice.

(A) BALF cells were separated using cytospin and stained
with Wright-Giemsa stain solution. LYM, lymphocytes; EOS,
eosinophils; NEU, neutrophils; MAC, macrophages. (B) The
numbers of eosinophils are expressed as a fraction of a total

300 cells.
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4.3.3. Serum IgE AAte] gt 12-DHGDS &%

defAlo] Aol EoleA =W FAXNAMEF A28t FA]
B AxE A=3ste] FAE AAkstr] s IgEE A drh
[gEv &## A fmdta SA4S oAzl 7 T
4 T styolrt. AAFEEEol 3AojA 12-DHGD
UER A BEEk] 4

HL=
=
= 34 Al B3 serums ol sl +AE F3ES

_u

Ol-

AUz 52 8% GEY 2 1114.4£619.7 ng/ml=E =
AEQQa, OVA H2FEME 4581.21627.9 ng/mz OVAR
AAE Frst 49 8% IgE o] 9802 S7HHe 2 8
o1 &= dth(Figure 4—4). OVA #ZH& 9 %o 9slo] F7td
12-DHGD®] 500 mg/kg b.w., 1000 mg/kg b.w. Fo] &

E=9 Z+ZF 2639.0£855.8 ng/ml ¥ 2623.0£426.4 ng/ml=E AEE S
t}(Figure 4—4). 500, 1000 mg/kg b.w. 552 12-DHGDY A+
Fols OVA A& 9 Z=ef 98] Add 85 IgEY 555 &7
A

Aoz FoHI, s T o E AT Flo] T
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Figure 4—4. Effect of 12—DHGD on the levels of serum IgE.
Blood was obtained from cephalic vein and total serum was
separated. Serum IgE level was evaluated by ELISA. #x p <
0.01 for OVA-sensitized and -—challenged mice versus

12—DHGD 500 mg/kg b.w. or 1000 mg/kg b.w. administration.
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4.3.4. ¥ Z& U cytokines & i3t 12—-DHGDY
a3

4.3.4.1 Pro—inflammatory cytokines W3deo] i3t
12—-DHGDS a3
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St 27195 Aol EFRQIQl IL-148 9 TNF—« 9 A4
TS B=E] Yste], #H %7 #AAS o] f3le] ELISA
3l 2t cytokines F3IAth AAUERT FEL #H x4
EAEE IL-18E 965.4148.9 pg/mzE A AL, OVA
S5 1735.6+171.2 pg/mE OVAR
H 24 Y] EAstE IL-18 FFo] FoFow Zrlye=
shold 4= 9l (Figure 4—5, A). OVA 7+& 4 »=Zo] 25
#H %7 U IL-18+ 12-DHGD 500 mg/kg b.w., 1000
mg/kg b.w. Fol FEE Z+7 1407.5+171.2 pg/mt 49
882.9£79.0 pg/mlzE S E A} (Figure 4—5, A). 500, 1000 mg
/kg b.w. %2 12-DHGD9 ZATFoi= OVA 7 W A=
o] A8E #H A Wl IL-189] F¥Fs 5 JdEHoE AN
715 AFo] FAHder, 53] 1000 mg/kg b.w. Fo TEo =

OVA HAFEF vluste] SAFORE FodUA AAAZ Aol
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61.313.7 pg/mt= ZHE3, OVA H2F
=

pg/mlE OVAZ H2AS
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32
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=
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a Fwol Fgder F7t <
4-5, B). OVA & 9 w-Zof 9olste] S7F8 #H %2 Y TNF-
@+ 12—-DHGD9] 500 mg/kg b.w., 1000 mg/kg b.w. Fo] =¥
Z+7y 73.6+3.8 pg/ml ¥ 58.8£79.0 pg/mlE ST A} (Figure
4-5, B). 500, 1000 mg/kg b.w. %= 12-DHGD?] A5+
OVA 7z 4 z=e] 93] B9 ¥ =4 W TNF-e 9 FF=

E3} v 28 FEo R e
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Figure 4-5. Effect of 12—-DHGD on the levels of
pro—inflammatory cytokines IL—18 and TNF—«a in the lung
tissue.

The production of (A) IL-1p4, and (B) TNF—-a was
evaluated with ELISA  for the lung homogenates. *x p <
0.01 for OVA-sensitized and -—challenged mice versus

12—DHGD 500 mg/kg b.w. or 1000 mg/kg b.w. administration.
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4.3.4.2 Th—-1 A¥ E4Y] cytokines Wde] o3t
12-DHGD9 &3

o] ¥ %A £A5l= Thl #H Alo]EFFeIQl INF—y ¢ IL—-12

23] Z} cytokine2 =43

Z el A= INF—-7y &

N
=N
i)
2
o
o,
ofo
ol
2
e9)
C
w
x>
N o
o

546.61t85.7 pg/mZ OVAZ H2A& Fxd 4¢ # 27 4
Ask= INF—y Fo] 2oz F7tH= AS 918 -
th(Figure 4—6, A). OVA & 9 w=Zel gsto] F7}t
Y INF-y &= 12-DHGD® 500 mg/kg b.w., 1000 mg/kg b.w. ¥+
of ¥ 7Z}7Z} 467.4186.1 pg/m ® 357.4+70.9 pg/mE =
J ¥t Figure 4—-6, A). 12-DHGDS A7Fo9= OVA 7z
g 2= o) e #H 24 Y INF-y FF8 55 &L

E HAATIE Aol FIEgen, 53] 1000 mg/kg b.w. 7o
swolAE OVA A2 5=3 vlwste] SAASRE FAAUA A
AIZL Zol gt Az 50 ¥ 22 do] EAlE:
[L-12% 83.9%2.7 pg/mE ZHEU3, OVA HAEEJA=
164.2110.2 pg/m= OVAZR HAS 58 FF ¥ 24 o] &
AskE IL-12 FF0] FoHoz F7t
(Figure 4—6, B). OVA 7% 9 =Fof 9gto] Frhd 7 24
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IL-12% 12-DHGD®] 500 mg/kg b.w., 1000 mg/kg b.w. o] &
T 77 87.2+0.7 pg/m ¥ 91.0+£5.3 pg/mE ZHAH AT
(Figure 4—6, B). 500, 1000 mg/kg b.w. §%=2 12-DHGDS 7
TEAE OVA 22 9 k=t o8 e o 22 o IL-129]

JYYA, % EHOE FaAFOH o)
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Figure 4-6. Effect of 12—-DHGD on the levels of
Thl-related cytokines IFN—y and IL—12 in the lung tissue.
The production of (A) IFN—y, and (B) IL—12 was evaluated
with ELISA for the lung homogenates. * p < 0.05 for
OVA-—sensitized and —challenged mice versus 12—DHGD 500
mg/kg b.w. or 1000 mg/kg b.w. administration. ** p < 0.01 for
OVA-—sensitized and —challenged mice versus 12—DHGD 500

mg/kg b.w. or 1000 mg/kg b.w. administration.
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4.3.4.3 Th2 AX +#H cytokines Wde| tjst
12-DHGD9 &3

A &2Aolal HHEAQl defAle] F9Y2 dendritic cell2%-¥ T
JF3t chemokiness W=A|AH Th2 MXE A=stty. A shd
Th2 AlXZ+= IL—4, 5, 9 W 1339 72 AX 5o]F<Ql cytokiness
BEujshd A BvkAlE, B AE, 3AbE 58 #3436t Ha A
Age] FrAl AgE strh. A FaEEol oA 12-DHGDo]
¥ Ao EAS= Th2 #A Apo]E7RQIQ1 IL—49} 1L-139] A
el diste] ojugt a3E YEb=A #Fsty] fste], #H 24
AN o] g3te] ELISA W& 3l ZF cytokines FH 3kt

T2 #d =4 el EAlske IL-4+ 916.3£151.6
pg/mE FFENI, OVA A2 FENAE 1933.01111.8 pg/ml=
T2 A #J 24 el EAse IL-4 F50

o
=
FoHow FUtHE 2SS Fad £ At (Figure 4-7, A).

o

OVA & 9 w=Fe gt S7id # =4 ol IL-4+&
12-DHGD®] 500 mg/kg b.w., 1000 mg/kg b.w. Fo] Fx9 z}z}
1,025.0£55.9 pg/mt % 1,126.8%£56.0 pg/m=z =AU}
(Figure 4—7, A). 12-DHGD®] A7%F°j= OVA #& % A=

of ofsf A #H =4 W IL-49 F5& sAHoE F40

,007.3+1412.7 pg/
mE S, OVA HAF=olrE= 155673.01464.6 pg/ml=E
A

OVAR A& 53 A% #H 24 o £A8k= IL-13 50|

- 9% - Al =T



FoHor FUtEE AL A 4 Atk (Figure 4-7, B).
OVA & 9 wFo st F7kd # =4 o IL-132
12—-DHGD®] 500 mg/kg b.w., 1000 mg/kg b.w. Fo] w54 ztz}
13,273.9+1,166.3 pg/ml 2 11,232.3£629.0 pg/mZ =453
t}(Figure 4—7, B). 500, 1000 mg/kg b.w. %2 12-DHGDY]
ATFFolE OVA 7H2 9 A=) o8 A = 24 o IL-139]
FES TR EHOE FAAATIE ATl FelEglor, ]
1000 mg/kg b.w. Fo FEo|E OVA HAFE3 vlwste] F7
7

Aoz FAFUA FAAIZ Zlo] FAFH T

i
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Figure 4-7. Effect of 12—-DHGD on the levels of
Th2—-related cytokines IL—4 and IL—13 in the lung tissue.
The production of (A) IL—4, and (B) IL—13 was evaluated
with ELISA for the lung homogenates. ** p < 0.01 for
OVA-—sensitized and —challenged mice versus 12—DHGD 500

mg/kg b.w. or 1000 mg/kg b.w. administration.
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4.3.5. ¥ & U9 IFAHAE A& ¢ AARHAE F

&) g 12-DHGDY &3

o,
rO
~
bt
::l‘
I-'ET
oX,
tlo
N 5
)
>~
N
A
~
bt
i)
M
i
P
=
_O|Lt
X,
A,
%)
BN
N
=

OVA A FEY 12-DHGD AFFo T3] ztolg& Al
th WA H&E 4%, A dza 55 ¥ 24 o 4F5A=Z
A& 592 inflammation indexs 0.0£0.00.2 #H X W74 2 7|3
A7} o] & woly AFTAHE HE&xE BEFX vl A
OVA 2 EHEofA inflammation index: 2.310.5% Z7}1% 9%l
a1 #xe] o] el W Fo] IAEHGOoHW ATAE HE A=
7 A Oz e vaste] foAoR SUtEE AS AT
I At (Figure 4—-8, A, B). OVA & 9 wFof 9&te] F7}
9 224 U 9S5AE P55 12-DHGD 500 mg/kg b.w.,
1000 mg/kg bow. Fol =¥ 2+7F 16505 9 1.750.5%2 74
3tk 12-DHGDY AF-Foi= OVA 72 4 2o &) A4
d ¥ 27 U d5HE HaH 52 inflammation index #k= F 7
FAAUA FarRow, HE o)A F W Gl thstod

Att. PAS A, A4 =t T2

o
=
H ZZ2 U FABHAE HEHEQ] mucus hyperplasia index
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0.0+0.00% HAZH A7} BFEH] Akt sHARE, OVA 4]
FE°)4 mucus hyperplasia indexx 2.9£04% Z7l9 At

(Figure 4-8, C, D). o] o] o] me} 5= 7% 4

SAE Yol FAe wulske ERALG Fodo] Fd AOE
WZHEh OVA 22 9 mel Jste] F7bel o 2% 1 FaAR

HIAE HHEE= 12-DHGDE 500 mg/kg b.w., 1000 mg/kg

baw. Fol Fx¥W 747} 17405 ¥ 221042 FAHHUG

12-DHGD| Z7-Fol= OVA 2 9l A= oef 449 7 =

2 gaRu A H&A 52 mucus hyperplasia index #< &
3

AROE FOAHUA AR, SRAE F4 D B v
2

o Hstel ghaha e FAT 9

)
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Figure 4—8. Histopathological changes in the lung tissue of
OVA-—sensitized and challenged mice after 12—DHGD
treatment.

(A) Lung tissues of 3 um thickness were fixed and sectioned
and consecutively stained with H&E solution (magnification
x100). (B) The extent of inflammation was scored and
shown in graph. (C) Lung tissues of 3 m thickness were
fixed and sectioned and were consecutively stained with PAS
solution (magnification xX100). (D) The extent of mucus
hyperplasia was scored and shown in graph. Inflammatory
and goblet cell infiltration is indicated by red arrows. For
histopathological data, I, normal control mice; 11,
OVA-sensitized/challenged mice; III, 12—-DHGD 500 mg/kg
b.w. + OVA-sensitized/challenged mice; IV and 1000 mg/kg
b.w., 12—-DHGD 1000 mg/kg b.w. +
OVA—sensitized/challenged mice. For bar graph, ** p < 0.01
for OVA—sensitized and —challenged mice versus 12—DHGD

500 mg/kg b.w. or 1000 mg/kg b.w. administration.
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el A AF Aol tiA A EREe] EAET A9 e T
T Age] gle A, 718A R A B 259 2 WY

Aol fF9do] F7hEH o= #Fxk W FES #H A oAk

Aste AYE Bk B AdoA BALF Wol &Ast= A,

s W X 2 HAF glETte] HlEte] OVA 9% H A
5

7Vstgith. 12-DHGD ATFol2 <lste] 7 w

SS

4

R Ahae] ofstthal e Qlvh. T helper A=
[L-2, INF-7, IL-12 T& W8k Thl A*E$ IL-4, IL-5
£ ®HskE Th2 Al¥® vbdoh F2 Thl AlXEE vpo]
Ha A Al A% mAllw deles ST 1gGEe &

N
—
|
—
w

A AAS 2%t Th2 AEE 7] Fo tjsh Wonke-S =214
717 IL—4Z2 ¥u|dlo] B X 2RE IgE A2 AAS =738}

I
1o,
e i
-
K-

1 IL-5% #Hlste] 349 E43tE st 7|
i Thl AZolAM £ulEE IFN-y 52 IL-127} 3Abre] F
= YAt Th2 AMEZeA EulE= Af|E7ERIS] 285 A
stol Thl A9 @437 A9 X3 9 s dsiiAE -
Attty o] AR H(Garlisi et al, 1995, Robinsin et al, 1992). &}
ANk, HE ATE Bt o WalE M eA Thl AES

ol
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=
&

GA317F HaE 3 (Leckie et al, 2000), 1213 34 A
Axga 4 FE 5 2AoA IFN-7 2 F41 S715 &l

R, 3 ol HAY FEE, VR A D dA o FAS
=3 vdgds Busdth(Cembrzynska—Nowak et al, 1993,
Krug et al,1996, Magnan et al, 2000). o]&]3t e}l A
214 w3 Thl/Th2 A% ko Fwhz o 1iro] Hely)
g7t dFs BolFnh HAAHow A FEES o] &3 7]

._-}_
T s AAaHRE AE A7 EE Ahul So] €5 FolA A

]i= Th2 A2 5olZl Ta avE g1 (Ahui et

Jo
bt
il
9
N

al, 2008), Ghayur 5 474 70 % We-& FEE0| oMNEEFA

(acethylcholine) = =3t o 7%= HE

7 PSS HsYd oW (Ghayur et al, 2008), Yao & A

4ol kS Foto]l OVAR =3 A2 s&EoA F4 estairt

NeS BT (Yao et al, 2007). & AFolA= sE #Hx
s

do] 24 ) EAlehs 271954, Thl Axad o

b

Th2 AX#d Alo]|E7}el o] Wa Ao v|X+= 12-DHGD 74 7%
¥ A YoH= %27]99Z4, Thl, Th2 A|X##HA Alo]EF}Q9)
=

£ S gRE AAEFOoR A7 Zlo] gedgin o]

BALF e EAlsts daMx2e] H2e
HAaAA DER A hFet Aol EFRRIS] FH|7F Al A3 o
At Zow Atndnh B AYS Fsto] HAFEA Thl Al
ol Al Apo]EFIRIQl IFN—y 9} IL—129] F7H7F vElstt), HEsh
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12-DHGDY Fo= S71d F Aol Bl AAHS Foldoz

AA AT oA TP Fo] HE AFoA RIHI Y= A =
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IgE+ mast cell %o EA8F= FceRIY ZAstA 4d3hsto]
HIREA 32O o3t defARlg& FHXote=d SF32Q &S St
ez 0] @Al Th2 AlZolA &Enrlshs IL-49F IL-13
< F3to] B AlxEFH IgE Al Adstes FEdh A54
el FPor Qlete] IgE @Alle = WU EI HIWHAIE
Hel EA8k= Fe e RIol Agsto] vivkAlL o] 255 Al vhe
2 WEAIY o] &A1k histamines, leukotriens 2 A}

JEAUNES Fo zHol wHm EThNSe] HAwrh

¢

(Campbell er al, 1998, Theoharidies and Kalogeromitros,
2006). ¥ A OVAR =3 AAsEA 4 IgE Fv2
Atz F=ol vlste] FoA A F7FE e, 12—-DHGD

FolzelM e s €3 IgE A nlste] dAE Has

ToAME T2 W 2HANE ok W =AU A+
=

AEE #AZEAT OVAR
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2 A5 47989 12-DHGDo] &43t | djAA4Z9} vwh
MAES o] g3ty ZF AxEo] ®H|ehes F5 % AlEFRSI H
w7 &2 S B3, Balb/c mouse© ovalbuming ©]-83F 7]A]

Gol A WA fE @ AgAYe] v GBS Frhstad

AL ASAEA, A37IAY HEoly AstEEe] AREH
AEAZ AFEE 7% ZoH(Butt M.S. and Sultan M.T. 2011). A
=

gingerol, shogaol W paradol %©°] A1, v}k

E~2

’

=
T
@ ATE Bolol ARFEE DAL ol gate] FAZRE
A
-

A, e ARG AA, A

oZ,
o,

=
oy
o 12

A, Tz, 3 ARl i SAHCRREY] How

A7d7E BauHogn. A FE2E 9 Fo AL ud 2%
oA my 9l A AR duiE Ay BauHa AR
12-DHGDell  digt A5+  AFst  AAolr. AR
12-DHGD®] @480l 2 thAAEe 25 F7F o] By
a7 e, 2 Aol M e HAEgke] ¥ gl FAekste] o
o ZE sty fete] A AxEe HRAEE o] &sto] A=

12-DHGD=>- LPSE &43tAZ ti2 Ao NO(100, 150,
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200 ng/m¢) ¥ PGE2(200 ng/m) 2] B4dE& Fdoz FaAFHe
o, o] 7} B4 X #A¢ iNOS(200 ng/m) $ COX—2(50,
100, 150, 200 ng/mt) mRNA o] i3t Axtel A X 3}
12-DHGD LPSE @A A7 A AEelA fFA Abe] =7
Q1 IL—-6(50, 100, 150, 200 ng/mb) 2] 84S F2A UA T2
Ak ey, IL-189 TNF—a 9 73] gk {23 Wsh= o
Bl Al £33kt 12-DHGDS PMACIZ A3 v bAoA <
A APelEFIQIQL IL-6(1, 10 pg/m), IL—-8(1, 10 pg/mb),
TNF— 2 (0.1, 1, 10 pg/mt) % GM—-CSF10 pg/m)2 S
A QA FAAIFT. 12-DHGDS OVAZE o] g3sto] HA
Al, BALF W2 "9Mx 55 AaAFAoH 53] 572 #
AA &R 12-DHGDS OVAR ¥ HA%E9 ¥ 29
A S7FE AR IL-189 TNF-a 9 22 7] 4354 Aol E719)
2o AAFE FAA YA FaAIHT 12-DHGDS OVAR it
Axs=2 #d 2AUYeA STt T Al #H& Afo] EFR]
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Abstract

Anti—asthmatic effects of
12—dehydrogingerdione,
a constituent of Zingiber officinale Roscoe

Seoul National University Graduate School
Food and Nutrition

Han Young Ah

Asthma 1s one of an allergic chronic inflammatory
disease. Recently, many studies have been proceeding about
the materials that inhibit the allergy reaction and
pro—inflammatory status. Following the NSAID or inhaler
disadvantages which has been used in asthma treatment, the
possibility to use food component from natural material as
allergy reaction suppressant and pro—inflammation has been
approved. 12—DHGD, which is used in this study, is one of
constituent of ginger and its’ phagocytic activity in
macrophage cells was reported. Therefore, this material is

expected to have an anti—inflammatory and anti—allergic

- 133 - M=T



effect. So, this study is to investigate the inhibitory effects
of diverse inflammatory mediators from  stimulated
macrophage and mast cells and the relieve effects of asthma
progression and symptom deterioration form OVA-—induced
asthmatic mouse.

In the level of no cytotoxicity, 12-DHGD
dose—dependently and significantly decreased the production
of IL—6 (50, 100, 150, and 200 ng/m¢) on LPS—induced Raw
264.7 cells. And 12—-DHGD effectively down—regulated the
inflammatory mediators such as PGE2(200 ng/ml) and
NO(150 and 200 ng/ml) produced by LPS stimulation from
Raw 264.7 cells and then these results were matched up the
mRNA expression of COX—2 and iINOS. 12-DHGD had no
cytotoxic effect on HMC—1 cells and decreased all of the
cytokine levels such as GM—CSF(10 pg/m¢), IL—-6(1, 10 pg/
ml), IL—8(1, 10 pg/m¢) and TNF—@« (0.1, 1, 10 pg/m¢) which
was secreted by stimulated mast cells. In the OVA—induced
asthmatic animal, 12—DHGD oral administration inhibited the
entrance of eosinophils, neutrophils and lymphocytes to the
lung tissue. It also significantly decreased the serum IgE
level which especially increased in allergic disease. Both the
production of asthma-—related cytokines and, the infiltration
of inflammatory cells and goblet cells to the lung tissue
were suppressed by 12—DHGD.

In conclusion, I suggest that 12—-DHGD might provide
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possible therapeutic application in diverse disease induced by

allergic and inflammatory reaction.

Key words: allergy, asthma, Zingiber officinale Roscoe,

12—dehydrogingerdione, Raw 264.7 cells,
HMC—-1 cells
Student Number: 2006—21863
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