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ABSTRACT

Background: This present study was conducted to evaluate the anti-inflammatory and immune regulatory effects of Aucklandia
lappa Decne (AL).

Methods and Results: We measured cytotoxicity, nitric oxide (NO) content, nRNA expression (iNOS, IL-1a, IL-1p, and TNF-a),
protein expression (iNOS, COX-2, and IkB-o)) and phagocytic activity in RAW?264.7 cells. Male BALB/c mice were fed 100 mg/kg
AL (Aucklandia lappa Decneon 70% ethanol extract) and 250 mg/kg AL for 4 weeks; thereafter, we observed B/T or CD4'/CD8"
lymphocyte subpopulation change, and expression patterns of CD4" and CD8" lymphocytes by immunohistochemical staining in
mouse splenocytes and/or thymocytes. To determine the experimental concentration of AL, cell viability was measured by MTT
assay and tested at 12.5 pg/ml or less. AL inhibited the levels of NO, lymphokine production (IL-1B, and TNF-a), and mRNA
(iNOS, IL-1a, IL-1pB, and TNF-a)) and protein (iNOS, and COX-2) expression. Additionally, the levels of IkB-a, phagocytic activity,
and splenic and thymic T lymphocytes, especially Ty; and T cells were significantly increased in AL administered mice. The
immuno-reactive density of CD4" and CD8" lymphocytes was stronger in AL groups than in the normal group. AL stimulated NO,
iNOS, and COX-2, and regulated IL-1a, IL-1B, TNF-0, and IxB-a in macrophages treated with LPS (lipopolysaccharide). In addi-
tion, AL increased the phagocytic activity of macrophages and the immunity of mouse T (Ty, and T¢) cells.

Conclusions: These results suggested that AL might show anti-inflammatory activity via the suppression of various inflammatory
markers and immuno-regulatory activity.
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M A = AL TE, 3571 AW A5 Tl geEA g /‘]"9“
H3L A (Jeon et al, 2005). EHIS sesquiterpene AlE
SEEE (fucklandia lappa Decneye E-3e] oo mx] = oF 1-2% Hfralal QAL sesquiterpene lactonel 5}6“3
glate]] &3k thdA) xEQl FEek HESE ERgF Bg|ofA costunolide, dehydrocostuslactone, alanatolactone, isoalantolactone,
7193 Arle §5 @%5), A3 @FF), < (R)skL 2He- saussurealactone, polyene alcohols, lignan, alkaloid % tannin
F2= ZF (1), ¥ (1), 3 (hHE LHA om shejglelA] (Kang et al, 1999) 5°] $f¥ ZAL=2 HIHI Ut
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Costunolide= &85 2H- (Pae et al, 2007), iNOSS] A4
A 28 (Matsuda et al, 2003), dehydrocostuslactone-=
CDK2 &4 A3) (Admas, 2001), ] Al EZ2] A
(Bocea ef al., 2004 FE3ozm gokzhg & oka|zkgo]
Aol BAE ).

e WY wie de H
A, o] 5o o|FAFol o) fE¥]
714 5 shdelm &3 F915 5rA)
ZF=o] ZFliAIE T2 A| 327}
ShaL Allstolut vlolls 55 SIX|sle] §HA4]
< doA AAsE W A
et al, 2000). o3+
A 55 Agsi] &4
OF ZAx vz ko dé"é Aeke] A5
o] Alo}= theks] ZQ31T} (Chao er al., 2000).

Mukaida 5 (1996)2 93529 & A=Y 9 syl
lipopolysaccharide (LPS)= macrophage®} 72 @354 ME
o] &S FUA7IAL o= sl EAdske macrophage— IL-

6, IL-1B, TNF-a9} 72 A3 APlE7IRIS 7RIt
Eisv=
TS Jang & (2016)2 EEHHgol ¥ojuH inducible

nitric oxide synthase (iNOS)ll 2] NO2} cyclooxygenase-
2 (COX-2)l 98l prostaglandin E2 (PGE2) 53 7+& 9=
7S s Eledl ol viziEEl oJsf cytokine,
chemokine, growth factor®] S 24 3}+= transcription
factord] NF-«xB7}F @42 =4 =W IkB-o7} proteasome®]l
oz EafEle] 3 Qto g Foj7t HEH AHE Alo|ETRI
S 235} freste 98-S ke 22 duA

=0

]

HAAE 725 WA 5 ol=d=FH A IH S
Wojsls AR AR ARl AGAHE F 53] TH2EE helper T
(CD4*), cytotoxic T (CDSWIER FHum @ OHHA 7191
Y 7L BAlaol| #ofste] A Ao EeS F
gk oolUzt MEAWAY FH TS s=0l, Lucey 5

(1996)2 TyMEE pro-inflammatory cytokine (IL-2, IL-12,
IFN-y, TNF-a 5)= AJ4bsh= Ty type¥t anti-inflammatory

cytokine (IL-4, IL-6, IL-8, TGF-f &)
oz :rLE‘O] =},

EHSR= Ty, type

TAZEE Ty T/t #35 olE |19 s A
stefol AZE AAE AEHT F A2 Ty typee] pro-
inflammatory mediator2] 7]%5© ] THz type2| anti-inflammatory
mediator®] 715l s FriEog ZstE|o] #3o] 74 W
Ank-g-o] Aloj7b BrbssHAl =W dSA Asto] W EA
At} o]2% A=z Wale Ao uje de AAIAAS
AU Itk (Holdsworth ef al., 1999).

HEH St

2 Ao e 25Tl tiet FHS Bt Az 1
A e AYRE] S8 FET dd AP Az
AEZANE, LPSE FXE¥ NO A4 9As, 95 &4
lymphokine (IL-1p, TNF-a) #4H] <Al5, RT-PCR %
western blottings 53 mRNA ¥ whld oy 52 3213}

nom, W wd AR M EF AT, in vivodl
A B-THEZT2] opg]ek W3}, wge] TH 2ol EAjske CD4’
¢} CD8" T cells®] MHx23}8H4 GAH-E 313t

ME

1. 2 Mg

Ao A8E 5 (ducklandia lappa Decne)y Z4F
B AlokllA st sk = of]2he-g UEE f
B o] AR RS SR 3ol 70% dekeE A ESE

10 ¥} & ¥ %9 (Branson Ultrasonics Co., Danbury,
CT, USA)Z & (30C, 2 AIZhElith ©] FE258 1 o
e & 54 AX3 B (ALY 4CoM B3, 55T A
A= FFTE, AIEZAE Alo&= phosphate buffered saline

(PBS)E = AME-33itTt.

2. NIEZ5 U 2RSS
St M EXFLoA EAREE RAW2647 AXF=

DMEM HA] (+10% FBS)Z CO, ¥l¥~7] (37C, 5% CO,)el

Al wegsldnh. AREES 4 FH9 531 BALB AFE o
BAoldz (F)elAd FYAE (85 22T, FE
55+ 10%, light/dark 12 A1ZHBIdon, dFATE 28170 &
FPAES} BE AR HAFAANTIH (FEAISANUS:
WS2016-004), sEAHS AN sEATST A3

(WSIACUC: Woosuk University Institutional Animal Care
and Use Committees) 2| Zell ]3] =3y s}T).

3. MIZZHEE (MTT assay)

RAW264.7 MEF 3 x 10*cells/welloll AL (3.125 -50 zg/md)
< H7FSkaL 1 A1 vl = LPS (1 pg/mbys AE]ste] wieF
(24 A7k, 37CHEATE viEER 4 A)7F Aol MTT [3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium ~ bromide] &<}
(Smgml in PBS)S 20 ibiwell A2, 4 A1ZF F 10% SDS
(+0.01 N HCI) 100 £ & 7}t 18 A7+ W& zpckspe wt
SA1ZT}h. Microplate reader (Molecular Devices LLC.,
Sunnyvale, CA, USA)E 7} well 3352 570 m oA =4

STt
4. TAMIZ] NO
RAW264.7 A3 8 < 10°cells/wellell AL (3.125-12.5 zg/m)
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S, LPS (1 pgml)s 2], vl (24 Al

4583 griess reagents 1:19] H]
&2 &3, A% (AL, 10 #) 3 microplate reader=
540 nmof|A] 243, EFEEL sodium nitriteS ARE-5FS
T} (Adams and Hamilton, 1984).
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5. RT (reverse transcription) PCR

RAW264.7 AIEZE (3 x 10°cellsiwelle] ALS =@z 3
7ksted 1 AIZE wiF F LPS (1 g/mlys Aeste] vl (24
Al7H8E o2 total RNAE RNAiso plus (Takara Bio Inc.,
Otsu, Japan)E ©]-&3lR 0w A Zs|Ake] Wl F3le] £
SISt} (Peirson and Butler, 2007).

cDNA+= RNA to cDNA EcoDry Premix (Clontech
Laboratories Inc., CA, USA)E o|&3le TAsHoH,
EmeraldAmp GT PCR Master Mix (Takara Bio Inc., Otsu,
Japan)E ARE-SF] PCR 7]17] (Dice, Takara Bio Inc., Otsu,
Japan)ol A 30 cycles®<?t FHFATE ZH7FO] cycle
denaturation (94°C, 10 Z)A|Zl %, annealing (55-57.3TC,
30 %), extension (72C, 30 Z)AZ T} PCR products
Loading STAR (DYNEBIO Inc., Seongnam, Korea)Z $324
stod 1% agarose gelollA] %17]99&3kL UV transilluminator
(OPTIMA Inc., Tokyo, Japan)2 #2313t}

PCRel AM8-% primer (GenoTech Corp., Daejeon, Korea)
= o3 o iNOS sense, 5°-CAG ATC GAG CCC
TGG AAG AC-3’; INOS anti-sense, 5’-CTG GTC CAT
GCA GAC AAC CT-3’; IL-la sense, 5-GCA GCC TTA
TTT CGG GAG TC-3’; IL-lo anti-sense, 5’-GGC TCC
ACT AGG GTT TGC TC-3’; IL-1p sense, 5’-ACG GAC
CCC AAA AGA TGA AG-3’; IL-1B anti-sense, 5’-TGA
TAC TGC CTG CCT GAA GC-3’; TNF-o sense, 5’-TAG
CCC ACG TCG TAG CAA AC-3’; TNF-a anti-sense, 5’-
TCC CTT GAA GAG AAC CTG GG-3'.

6. Cytokines (IL-18, TNF-o) 5

IL-1B 5792 RAW264.7 NEZFE 6 well platee] 2 x
10°cells/wellZ2 #5381 ALS F=HE Ast § 1 Azt
% LPS (lipopolysaccharide)E 1 ug/ml % 2]319.2H, 24 A7+
Hjok 5 AFZol =A35le] sandwich ELISA (enzyme-linked
immunosorbent assay) ¥ 22 (Enavall and Perlmann,
1972) cytokineS 450 nmollA F-34%= =431t} TNF-0 =3
< IL-1p "ol &kt

5
T

7. CHEZEL 22| 9 9~H =28
RAW264.7 A EFE 2 x 10Ccells/welld] =2 AL 7]

slod 1 AIZF wiFEE 3, LPS (1 wgml)yE A2 3al 24 A7k

10

(O[ME - 28S

stk ZF M2E FH3ke] RIPA buffer (+1% protease
inhibitor cocktail) 500 /0 2 lysis1Z] ¥ QAEZ (15,000

mpm, 15 )3l WAL FZ319 o1, BradfordH
(Bradford, 1976y o]&3ll Tl H=F T well T 25 19
T AES 7.5% acrylamide geloll loadingdl™] SDS-PAGEE
A&kt

ANGs 5 @8 ES 02/m PVDF membrane (Merck

Millipore, Billerica, MA, USA)°l 1 AlZF transfer 3+ T}
5% skim milkZ ‘o4 1 AJZF blockingdtith 7 & 3
A® A (INOS, COX-2, IkB-0)Z overnight WH$-A]A,
TBST (0.05% Tween 20 in TBS)E A& (4 3]) F goat
anti-rabbit (or mouse) IgG-HRP & (Santa Cruz
Biotechnology Inc., Dallas, TX, USA)E -3 (F2, 1 Al7h
XAtk o]2 TBSTE A3 4 3))3 & membraneS ECL
(enhanced chemiluminescence)-& ©]-83l 3 oln)#] &4
Al2=®l (Fusion Solo S, Vilber Lourmat, Collegien, France)
o7 FAsHiTh

8. A M =X

RAW 264.7 AIEE 96 wello] 5 x 10° cells/wello2
3 F ALS TERE AHE &, LPS (1ugnh)E Hsta
24 A7+ vjeFste] Bal5s S48 Hl8l zymosanPAE &
243} (FBS AFE)AA Cytoselect™ 96 well phagocytosis
assay (zymosan substrate) kit (Cell Biolabs Inc., San
Diego. CA, USAYE ©|&3l UlXAEZ ©245S microplate
reader (Molecular Devices, LLC., Sunnyvale, CA, USA)=
4% 405 nm oA g &k

9. HIE Y EMETR OFTH 5H

5 F¥ 2] BALB/c mouse®] AL 100 mgkg (AL 100), AL
250 mghkg (AL 250 4 7+ A7FA st A5 G1AIR
T At S AESt] v 2 FAMES PBS
AA 1x100cellsml 2 ZHE AFE FE{Ao] PEFITC
conjugated-anti B220 2 Thyl monoclonal antibody (Sigma-
Aldrich Co., St. Louis, MO, USA)¢} PE-anti CD4/FITC-

anti CD8 monoclonal antibody (Sigma-Aldrich Co., St.
Louis, MO, USA)Z 1:30 dilution® & o] F2ukg- (47T,

30 EWXF1L flow cytometer (Beckman Coulter Inc., Brea,
CA, USA) (excitation: 488 nm, 525 nm/FITC,
575 m/PE)E  o]&3le] YE 4 A At
(Shortman and Backson, 1974).

emission:

oI TS

10. BOIZAISIEIN Q1A

W] B Sl PerE WskE A 9Isiel 3
S U1 AurHel Wl olstel st £33} e A



5 paraffin 2% AAE (7 /m) A|Zste] #
HZgollAl CD4, CD89| Wals A&slr| flsf v =2 &
0.1 M phosphate buffer (PB)Z AM2s+ & 03% H,0,
£ A3 1% normal goat serum3 0.3% Triton X-100
< 1 A)ZF ARtk CD4 (1:100 dilution)?t CD8 (1 : 50
dilution) &A| (Sigma-Aldrich Co., St. Louis, MO, USA)&
Z2 Aol "ol § ARoA 12 AIZF ¥ & 0.1 M
PBZ A2 AlF (15 &, 2 )3l

Biotinylated anti-rabbit (or goat or mouse) IgG (Vector
Laboratories Inc., Burlingame, CA, USA):= 1:2002.2 3
Aste] WhE (A2, 1 ARHAZISeH BA] 0.1 M PBE A]
(15 &, 2 shaAH S AR Z peroxidase”’} ¥EA|E ABC
(avidin biotin complex) &l WHE- (A&, 1 AZHAIZATH
thAl 0.1 M PBE A (15 &, 2 3])3lZ YA 0.1M PB
o 3-3° diaminobenzidineg =<1 &HoA] 5 £7+ 1A
% H,0, (final 0.005%)3 ZF7Iste] 5 &7 wAuke-o 3k
aiaich vhge] B¢ o Tl 0.1 M PBE o] A}

sto] g9 FH3lE A F permountZ E¢she] 3k
mow BAST
1. SAXE

B AFoA Avh= et + EFUAF (Mean+ SD)E A8}
3L, FAIAE = SPSS (Statistical Package for Social
Science, version 19.0, SPSS Inc., Chicago, IL, USA)

packages ©]&3ld 25 7H] FAA 2142 Duncan’s
Multiple Range Test (DMRT)Z AAItH Tl FeldL p<
0.05 FEollA Akl

&

1}
1. HAMIEZ (RAW264.7 MIEZZ) MER0 0|Xl= 82
FEF 1 RIS 2 24P AR s=E o] Sl ¥
#] Hansen 5 (1989)°] "ol w2} RAW264.7 A2l thsh
AZ54E MTTHE o838t 43Tt
RAW264.7 Ao -E3F (Aucklandia lappa Decne)
70% ke FE2E (AL)YS 3.125-50 gl @] §== g
F AE AESS =430k Fig 19014 ALS A5 w04
LPS (1 ug/mb)Z F=% RAW264.7 MEFo|A AEZ=/d0]
VFEREA] 239kt 125 gl 5% olske Ao AV ofth
o, 25 pg/ml o) “EEolA

(e}
Z78R= Aoz 2 g3fo] §9
FEE 802 AlxsAo] o] 95 a3 A Ay

|
LPSE 53 RAW264.7 AlEFNA AL FE2E AE =

Aol gl 12,5 ugml o]dke] F= (Lee and Kim, 2015)%
Z18) 53Tt

1"

BioiEN 5o}
120
¢ c C C C
100
N b
z 80
= 60
g 40
20
0
LPS (Ipg/mL) - + + + + + +
AL (pg/mL) - - 3125 625 125 25 50

Fig. 1. Effect of AL on the cell viability in cultured
RAW264.7 cells. AL (3.125 - 50 zg/ml) were treated
with cultured RAW264.7 cells, and incubated for 24
hours. The cells assayed by MTT method. Mean
values = SD from triplicate separated experiments
are shown. *Means within a column followed by the
same letter are not significant based on the DMRT

(p < 0.05).
e
d
I I |
+ + + +

3.125

40

Nitric Oxide(uM)
2 g

[y
=]

a
0 J

LPS (IpgmL) -

AL (pg/mL) - - 6.25 12.5

Fig. 2. Effect of AL on the nitric oxide production in
RAW264.7 cells. Cells were pre-incubated for 1 hour
with AL at 3.125 - 12.5 pg/ml and then stimulated for
24 hours with 1 ug/ml of LPS. The 24 hours
conditioned media were collected for NO assay.
Mean values = SD  from ftriplicate separated
experiments are shown. *Means within a column
followed by the same letter are not significant based
on the DMRT (p < 0.05).

2. NO 244 oixjoll OXl= S2

Endotoxin®] €<l LPSE thAAH 3¢ RAW264.7 A|3E
o 7t HHAFA AlelEFIRIC] F7tsled NO, PGE2 59
Az wpyfEAe] Eny7} 2718t (Kim er al, 2014). W38
AR W] free radicaldl] o]8F AM¥E &8 A=z WH3 A
A7} Atk (Jin et al, 2010).

LPSE =% RAW264.7 celllX] NO A& ALFZE9
o AAIA 7 HEAS AHEI] 95y ALFEZES



28I - 2t -2 -2k - olCd - QO - 2EE - OlFE - OFS
3.125-12.5 pgmb 2 A2 § NO A Al axs FRls) (A)

At (Fig. 2). LPS(lug/mL) - + o+ + +
LPS ;—an‘IZ‘I %_;_% 7‘5]723]';} (normal)oﬂ H]_S_H LPS i%]:q% AL (ug/mL) - - 3.125 6.25 12.5
YZT (controlelA 2.7 ¥] e NOZ AT AL 7 vos [ ———
FEEE 297, 247, 11.6 M2l NO A4S veRlo] NO S m

B FE gEAHoR ofAshs A A S B ’
(20095 NO7} #H-919] @/dshel oAl Eolla Wiz, n 10 \
Ay, AAAY So| o] ety B net Z s :
ALS 913 NO A4 o5 F9Fagel 21 J3e @ 2% o :

S E
& slka Al z

g .

A= e H H o o al — 0 .
3. 83 =4 cytokines (iNOS, IL-1a, -1 = TNF-a) EESngieE) = PR n n
mRNA 23 S} AL (ug/mL) - - 3125 625 125
Shih & (20102 4% "7I=Z<0 NO= iINOSEHH ¥ (B)

oA FSHHeS FXIIAL, Ryu & (20033 LPSel| <Jsl| =t LPS(lug/mL) - + ki . &
Fjo} E451E INOSTF NOZ Aol gznke of) o AL (gml) - - 3425 625 128
S SR AoE BusITh =F LPS A50] BSHE oy NI = e o —
AEE 9% o) 229 Ide, -1p, -6, TNF 52| A DRI oo s il o e
52 Ao E71R1S AT (Horwood er al., 2006). carpn [

weba] B AFAME LPSE AIFE A EF
RAW264.7 Ao ALS 715lo] 953 AR|E7I] (INOS,
IL-lo,-1p 2 TNF-0)2] mRNA 3L st} (Fig. 3).
iNOS mRNA Z&oA LPS A5 AlZl tzatd g/d=tol
H|3lo] wrel o] oF 10 W) Z71EUT ALS 2|3k wet
TE gEF oz o] AAHAT [Fig. 3(A)].

IL-1o % IL-1B mRNAZEA [L-la= LPS A=E Al
ol LPS A2 A7IA @2 Akl wisto] T
o] oF 9.6 ] T7FEISL ALS Xl wE} s= oFEH o
2 o] AA| = AT} IL-1plA] LPS A=< A7 tjate
LPS A5 AIFIAl o8 Aol Hlsto] Wlgko] oF 24
vl S7HEIAL ALS A2jgtel uet e oA ow wUdol

AA| = AT} [Fig. 3(B)].

TNF-0. mRNAZ&A] LPS A=< A7
F& AR @2 Aol vlste] W o]
HAL ALZ A2etel] we} sk oEHoR
At} [Fig. 3(C)].

4. BB cytokines (IL-1B, TNF-o) 2H| SMl St

9ol 9% & cytokines (iNOS, IL-lo, -1 2 TNF-0)2]
mRNA &S 3ol (Fig. 3)3F ¥, A AAE IL-1p,
TNF-02] EH] S ELISA (enzyme linked immunosorbent
assay)H o2 =43 Ai= Fig. 49+ Pt

LPS #2]%¥ RAW264.7 A4 ALl €]& IL-1B, TNF-
o oA 3= gldt A3} IL-12] 3% LPS HEd thx
©] 359.65pg/mb 2 ol HlE] °F 12 wj &2 IL-1BE

12

-
N

= IL-1 alpha
IL-1 beta

Fold change of interesting
mRNA -
- =) ® =]

N
®

+ I -
e

a
o M

LPS(1ug/mL) - + +

AL (ug/mL) - 3.125 6.25 125

(©)

LPS(1ug/mL) - + & ok o
AL (ug/mL) - - 3.125  6.25 12.5
d

1.6
3 c
= be
£ 12 a
=
) I I
=ZFo0s
S
=
E 0.4 I
0
LPS(1ug/mL) - + + + ez
AL (ug/mL) - - 3.125  6.25 12.5

Fig. 3. Effect of AL on iNOS (A), IL-10,-1f (B), TNF-a (C) gene
expression by LPS treated RAW264.7 cells. RAW264.7
cells were pre-incubated for 1 hour with AL at 3.125 -
12.5 pg/md and then stimulated for 24 hours with 1 zg/ml
of LPS. Mean values + SD from triplicate separated
experiments are shown. *Means within a column followed
by the same letter are not significant based on the DMRT
(p < 0.05).



(B)

3000
2500
2000 -
1500

1000

TNF- alpha (pg/mL)

500

0 0
LPS (Ipg/mL) - + + + + LPS (Ipg/mL) - + + + +

AL(pgmL) - 3.125 625 125

Fig. 4. Effect of AL on the IL-18 (A), TNF-a (B) production by
RAW264.7 cells. Cells were pre-incubated for 1 hour
with AL at 3.125 - 12.5 pg/ml and then stimulated for 24
hours with 1 zg/mé of LPS. Mean values = SD from
triplicate separated experiments are shown. *Means
within a column followed by the same letter are not
significant based on the DMRT (p < 0.05).

3.125 6.25 125 AL (pg/mL)

At om AL At 742} 352.89, 342.14, 326.51 pg/mé
2 el B8 foldo® 7438kt [Fig. 4(A)).

TNF-02] 739 LPS *2|® tizo] 2,372.79 pgmdZE 7
ol vl TNF-ao] 4438 °oF 3.8 v} S7HAZ oM AL A
gl e 77 2,336.2, 2,222.12, 2,129.82 pg/ml 2 T2
of =3 FA o7 olrS gt} [Fig. 4(B)).

webd dG5e] A9 LPSE A Ee}t 7+ 54 Al
2o 4& 771 24skE diAAlEE IL-6, IL-1B,
TNF-09} 2> d573 APl E7RIS S7F AlIth (Mukaida er
al., 1996). TNF-a= LPS AF=A]2] 2 A SAYEERZA o
573 Mgl S7HEH thA Al EelA Y] EE TNF-a=
A dF3 A-Hol dth (Delgado et al, 2003y Kot
7ro] LPS A2]¥ RAW264.7 AlZoA 2] TV Alo|E7IRI
(IL-1B, TNF-ay> ALS 71l F& o|EFoR AAAZ S
24 AT ALl AL e gRlskinh

==

= o
S

5. U2 CHHEL (NOS, COX-2, IkB-o) 5 St

HZukgo] doubd INOSO ¢J3] NOZ AAdsh= AAH
COX-27} &4d3}sld PGE2 53 72 95 wi/lEZ S A4
3l (Seibert er al, 1994), COX-2= thAlA|Ze} 7+ d=
AZAA A, 39 5 5] A=l o8l fF=sH

s HH
Aol Bofsla G ARl wime AN FFE

)= re)
St} (Needleman and Isakson, 1997). Z#EZ COX-2
Aot B4 T8-S HAs) A7l dEF AAZ AL

= 2 9t} (Kurumbail e al, 2001). 0|8 wj/ERSe

APl EFRRL ARTFRI, AARIAS] S FAHste=

transcription factord] NF-«B7} €4S HA 3t IkB-a7}

proteasome®l] ©J3f =] I ko w Fof7} HFI HHH

Al E7IRD Wl S Zddl d5S frieshs o = A

o=z dHA ATt (Lee er al., 2007).

kS Al EEEE @l iNOS, COX-2, IkB-o UE

=
<]

o
1 ol o

[e=]
S

oo [t njo

Fro
==
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Fig. 5. Effect of AL on the expression of iNOS (A), COX-2 (B),
lkB-a. (C) by LPS treated RAW264.7 cells. RAW264.7 cells
were pre-incubated for 1 hour with AL at concentrations
ran%ing from 3.125 to 12.5 ug/mé and then stimulated for
24 hours with 15 pg/ml of LPS. Mean values = SD from

triplicate separated experiments are shown. *Means

within a column followed by the same letter are not

significant based on the DMRT (p < 0.05).



ZIoIN - 20 A A 251 - Ol - Ol - 2BE - Ol - ofts
2 9)2d BREsel 243 A7E Fig 59} 2T} iNOSO] 140 .
A LPSE Fiedl thEae Al wiste] &gl of 3 120 - b b
i S7HE AL AE]eel wet T & or UHo) S b
dAse Ze SIS [Fig. SA)] g1
COX29IA] LPSE $w¥ Uz Aol Hale] uhal £ 80 -
Fol o 12 u) Z7PER0H, AL 6.25 pg/ml 7HAE Bz 2 0. a
3 2 Aolg molA| gkor} 12.5 uymioln B@o] oA 2w
= AL 3T [Fig. 5B)]. HAHE (RAW264.7 Aﬂ S
F) AEE vxE dake AEEAe] sle 12,5l £ 20 -
AT Do) FEolq oA Et B SJEH ol egz 0
SRR oA Edrt BREE A" geie A FSUeeml)y - * * * *
2 o] Zﬁ%o] g g3tk 4_& /\]-EE]E}- AL (pg/mL) - - 3.125 6.25 12.5

[kB-aoll A4l LPSZ -
AL Aasilon, ALS A2gel 2t &
o] F7HENSS RISt [Fig. 5(0)).

LPS= NF-kBE @A43lsle] HAASA Ale|E7IRIS w#Hgh

foegl tlzae gl Ha o 3 )
= oEsos ¥

th ALS| NF-«B &/ vAl= F&= &<lstr] 2l LPS
2 ST Azl ALE AEsal kB-of] 23l J=S
A

AT Aol A4=5o] e ZdHiolli= NF-«xBS kB
© Agste] EAgtr 2438t A s Aol TR
IkB-o7} w3l =32 NF-kBE 302 o]Fsle] thdseh Ale]E7}
Qs ATOZH NF-kB &4 IkB-o2] 3l o|&E3HA
ok (Kim et al., 2007). Fig. 5(C)2} 7ol ALS LPSe| 2
g kB-a2] EIE AA (5 NF«Be &4 <A|)ste]
COX-2 ¥ iNOS &g oAIge 24 PGE22} N0 AJAo]
A= AHF 45 YeEPATE (Kim et al, 2003y EAL

<=3

S} ul$ fALE ARYS FAs

6. LIAMIEZZO| EAlgbdof| DIXl= 2
FEAED B dEHE Ao|EFRIS] A AR Fx
3 Heukg-S ofpy|gto 7 WSl (Dinarello, 2018) %
AA A FAS 7ZITaL B 5 QJorg dF wpiEAE
A}t (Calixo et al,

eAlske S0 g A7 Ay

2 Aoas HYREgol| AE EF Az F uHE
71919] RAW264.79 zymosan particleS AM&-31o] M| E7}
AZLS GA & F AEE F4AUsE T glaAEF
o tigh AL YIS A8

Oj2 M| 2252%] RAW264.75 A3l zymosanYALE &4
‘45}’\174 s =43 Qﬁr zymosanihS A2 g 32

= 100%= Wil w gdto] 54.81%2A4 Gkl v
‘5H feldog =718k AL 6.25 pg/m7HA = izt 2
Zpo|7F 1o 12.5 pg/ml A& N4 121.08%= thZLol
Hlgl] &2 &4do] frejdo=m F7keliith (Fig. 6). =4

5
T

-
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Fig. 6. Effect of AL on the phagocytosis in RAW264.7
cells. AL (3.125- 125u§ were treated with
cultured RAW2647 cells, and incubated for 24
hours Mean values + SD from triplicate separated

xperiments are shown. *Means within a column
fol owed by the same letter are not significant based
on the DMRT (p < 0.05).

7. HANIZ OFRICioll OIXlE &1t

T4 T Ao olof AAMEE 71
sk THZ79F BHZT 24l tis) 75
93 Uﬂoﬂoﬂh BHZ77} A

JG@ sttt Al
"1—% wHlste] AEE Alde Al

Aske 715 BolF] MY WS FHAAM feA% TH
=} AL QAse] YE }OL% s 93 a9e

AIEZE At} (Leon and Ardavin, 2008)= HI7F Ut} B
St THEE WEe] dFo2A T2 HWool} 4y 27)
oF Aol glow MEA WS Fddsl= Mot (Cleric
and Shearer, 1994).

& AreE AL B Fst] =w THIE (T
254 T (Toell st A5 st
o] HANE ol 24 A, vAe] BHYEE
H| AL Fofollx] sl o, THIES 822l Hls| AL
100, AL 2509141 <F 10% =718tk THIZS] TyMEolA
AL 100 & ¢F 7%, AL 250 & <F 12% 276t

TAIENA AL 100 =2 °F 16%, AL 250 -2 °F 33%
F7FetATh. BEgk F49] Tl EeA AL FoitollA F7Fet
GO} Fode glglem TAHEZAA AL 100 &+ oF
52%, AL 250 T2 °F 81% S7Fao=ZM wvlde] TA2Ee}
FAMEL] Tt A3l visl feld Al S7HEeS €

olst 4= ﬁloili‘r (Table 1).

ol = ALE AT Fogh npe-2o] g} Fade

(T )—°4 Al
Ll

3%

o]
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Table 1. Effects of AL on the lymphocytes subpopulation change in mouse splenocytes and thymocytes in vivo.

Splenocytes (%) Thymocytes (%)
Treat cele B cells T cell Ty Te
Ty Tc
Normal 37.3+3.4° 14841 .0324'8i1 '231 0.241.2° 12.3+1.0% 5.7+1.4
AL 100 32.6+2.4 16_0i0.6ab27'3i0'9b1 19510 13.1£0.8"° 8.7+0.9
AL 250 34.3+1.4% 16.6i0.6b27'4i0.6b13.6i0.5° 14.5+0.5" 10.4+0.8

AL was administered p.o. once a day for 4 weeks (AL 100; 100 mg/kg/day, AL 250; 250 mg/kg/day p.o.), thereafter the cells were collected and
the lymphocytes subpopulation was measured by flow cytometer staining with PE or FITC conjugated anti-B220/Thy1 or anti-CD4/CD8 monoclonal
antibody. Mean values + SD from triplicate separated experiments are shown. *Means within a column followed by the same letter are not
significant based on the DMRT (p < 0.05). NS; Not significantly.

(A)

(B)

Fig. 7. Photomicrograph showing CD4* (A), CD8* (B) immunoreactive lymphocytes in splenocytes of
Balb/c mice. Immunohistochemical density of CD4* and CD8™ lymphocytes in group AL100, AL
250 was strongly stained compared to normal group.

oate THIE F Ty, TAIZZE S718te] /Y 2480 &3-S Yo S8 ST EHA S 40 Bl 2
= T US ASE AEHT Zlolgfal AR T
8. CD4*/CD8" T HZ70| HOZTX|SISIN vig} LA |
Flow cytometer? WY A M|EZFE 243 & A3sl= ™
o A AR FEiSH WskE #s] 98k v T Bo> Aol A Al 129 5o £84 A&olut 5t
Xo| CD4', CD8'e] TZE A AH2lsir] HAZZ stz o &4 Ao dolg W 1 FFHHE AAsHE Al W
2 dAlsle] gelsiglot. 714 (Lee et al, 2000)0]th. 22} A&7 T Hwdt o
HZgo| A 2] CD4', CD8" THI22S] GAIRES-2 A d=te] H] SRS s SX8L 55, 0, dEd, o 5 4
sle] AL Foftolld o Zsk W HA g2 JERNIT o] Z g A3le] YA9lo] FHE=E IS fpEdS 24T 5 3

ANZ Hol AL] Foizt vl THET (TyTecells)e] & = WHE A5 23 X5 w9 F23lt} (Cheon et al,
8L F7HIA v Wolx H9Y el E=fo] | Zlez  2009).
25 (Fig. 7), 42208 ALo| H|% 2 FX A= T Shih 5 2010y 9% wi/lEEE 2gsl= NO AL
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A5 95 IS SN, 9
A3}, AEZ wifA dukgel] Fojse
0= A= 4% NOS & 4

A ©TF Ryu er al, 2003).

NOSH iNOSe| 2l S7ket A5Hhe 2 A 22 &4
oigt B3 (Tezuka et al, 2001)7} 1o, ©]
2 9 95 A4 ApelETRRIe ) Aake
< oo e 71 QIAHSl TS =
A4S Ak A Eds] s et

B AoaE RAW264.7 HIEFS ARR3le] ALS A5A4
AEE JAE B FASH ARd 95 Hrksh] ¢
3 AE AEES gRlste] 5A40] Qe 125 mgmb o]Ek=
ALS AEe A3 F= oEH o= NO NS JAlsta A
< FRIEAT (Fig. 2).

TSk iR} i wke Ao NOogk iNOoSele]
42 LpPSel| 95 719 iNOS7H AL el elal A= Slt).
o]RAe LPSE A=FH M EFAN 28 (Jucklandia
lappa Decne) 9] FAE3Fe] B3A7F iNOS Ed 94|, NO
320 Al (Matsuda et al., 2003)5 3= B8} 72t}

LPS A=oll EA3te M xE A5 E29 IL-1a,
-1B, -6, TNF-0. 5] pro-inflammatory cytokine= AJ2FSHA|
1} (Horwood et al., 2006). IL-12] 73+ S54HES w7l

= O -0

e
ro oR

=
¢}
LT

=
2

)

SR IL-108k IL-1B2] F 7HA17} Qeul, 2%oldE T, BA
= 2stelH, ASAIEE AFEARE IL-10] 2 vhEo]

(S

] o s2F0F Zgro] wd, §47] WS (acute phase
response)s°] UYERII, TNF-o0= F2 FAYES0] &
&, MM EZE 2Hslal LPS WHg9] F2 m/iAEA o
4 WG oANE Wo] F7tE= thAEAA] FH]
+ TNF-o= "THdHSolxE #dHo] U} (Delgado et al,
2003).

RAW264.7 M EZoA2] mRNA & FdS 43 A3
IL-1a, IL-1B, TNF-a= ALS Azlgtl m} 5 oj&Fo=

AA =A™, ELISAHOE 21 A3} AL RAW264.7011 4]
A= mAAEZ IL-1pSF TNF-o2 2% JAsle] 3dZ0|
AoJsle Aoz BT} (Fig. 3, 4). ©] 23 Pae 5
(2007)8] 5% F4% F 34l costunolide”t heme
oxygenase-1Z A= RAW264.79141 TNF-a9} IL-6 A4S
AAgrh= Harel ARSI

COX%= arachidonic acidE prostaglandin (PG)2.2 Z%ks}
£ 8484 COX-17 COX-2& Ut} Seibert 5 (1994)
COX-27} ¥9% "iI7iE42l PGE2 Aol #olsls B2 = o)

AA|EZe} 3h AFAHEAM FH, A T 2] A=l <]

-olciy

16

S=
" —CP—D|II_| " |7:!C>_|'__ "

3 F=EH PGHAES T7HIA T4 AlEAPE S SAletaL
THA Hofsin ASAHEIR wi=s Holx FFFU
ogge Fhthy it} a2EEE COX22 Ases 4o 1
28-S A FHSAZ ARE F Ut (Kurumbail e
al, 2001). NFxBE 959, AAA 24, AlZAL AES
2] Foll Foste TAFoZ Al|EFIRL, ARTIRI, I
2t frEgd Foll oal 2dE A AL BE Aukeel
A#E T} (Yamamoto and Gaynor, 2004).

NF-«B2| FH/E p50, p52, RelA (p65), RelB, c-Rel, v-
RelZ, ©]A|S} (dimerization), kB (inhibitor of NF-kB)2}
o] Fozg To| 715S 4333t} (Yamamoto and Gaynor,
2004). FEHESOIA L] NF-kBE p503 p65E FAE o] AAL
o1x}EA] 3 ¢ko 7 Eo]7} iNOS, COX-2 52 d&#d )
MEd L A5 cytokineS FHAITITF (Majdalawieh and
Ro, 2010). NF«xB T o]3dl= M EZZ oA NF«B &
312 9Ask= inhibitor NF-kB (IkB-0o) T3} Z3talo]
H|1ZA AEl2 EA5A =M, NF«B Tl £4|3= RHD
o ¢Jaf NF-xB¢} IkBe] Aol do'do=ZM NF-«kBo| 2§
o] A H} (Majdalawieh and Ro, 2010). Z&]L} LPS 5=
2|3k kB kinase (IKK)oll ]3] IkB7F Q14ks) =of s
7} #H IkB-a9t £2]¥ NF-kBE 3 WZ olssA =,
E4 gene®l IkB sitedll Agste] AARIAIZA 2-g31A €
o} (Mercurio et al., 1993).

2 A4 LPSHEe 93] S/ COX-2 &ale] ALell
oa) ZAEAOH, [kB-ax LPSE A thxatdl Hls)
AL Aol we} Fx oJEH o7 Zlsle] Ayos 3Ey
< SRISAT [Fig. 5(0)). ©] A= ALS F=H=E A2s}
o] IkB-o7} NF-kBe} Agsle] HARIAR] NF-«kBe] =9

o]=& AAE7] Y3l COX-29F iINOS LS AATo =H
PGE29} NO2| A4S AIsl] &5 a3 vepdt= 2

o} (Kim et al, 2003) Zheng 5 (2016)2] X318 nje}
7] costunolide®} dehydrocostuslactone o|EH2-Z -f-utE
AN COX-2, NF-«B, TNF-a 52| GZ711AE <
Al Atk Aot frAksisich

wWele] ol A Wi B70] s1RelAel Yo o)
ojahe daom Aoy Hele }

BHZT7L dAE £Hls
AAE AltE AAskE 715S BT A2y ©Y
AdollM Fref ek THZ7F S AAst] dE7kle
HlatAY 21 e Al2E gt (Leon and Ardavin,
2008). =3 thAAlEE SASINNA 2282 F71= vk ot
ghr Hexd gas dunr] Qs iAAE g, v
2 A opgle Ws), B x4 Wf CD4, CD89| 9
ZASAANE ST A 2kgold tiAAlEA7} ol =
< Helglol 55 A7) Aol WolEoiA o]Rs &, -l
spohe= 282 T

o]
¥

©
T
b




omEsEko
2589

o
2
Ol

£ A¥X= zymosan particleS A& A8-slod 44

2285 JA & F AEE FAUs T UM E g
=439tk zymosan particleS 2|8 thzol Hs)
A R EH R FTleIRen tiXAETE AL
‘%POH me} ek SATS el Al E sl Ae
4 AT (Fig. 6). ©1& Choi 5 (2002) EroA
QE3F FAR 2= 3¢l costunolide’} HL-60 cellsol|A] &3}
‘%MX“UF #4 gvke= ﬂﬂri} frAlsISAT

X ZF5 d3e = TH] T AIEZESE TA
Fof| Ha}e] Oﬂ%@ Pt ol Aﬂz FHol Q=
HA Bxjol| oa TyHIE (CD4Y), TAIE (CD8HE TFHH

l

Of

1=
=4, TH*‘“EL_‘ BAIE7} v‘?]—ﬁ}ﬁl-oi] S
s & A o Bf‘ﬂ o] Fgo &x] = k]] o)), Te

A= QA =8 == —;d A AL A o] Al
= AASE 98 Jﬂ- (Miceli and Parnes, 1993).

wEbA] B 2 A HEe] ol e SgolA HVJ-C’J TA
e 52 FEE Tl ugt SUkehe A4S Bilor,
Tl ETE Tl soA e 28 81 & ‘Eli’i‘:} el
o] THIE 374 A3 A4 Ty, T, Zolou TE T
TOlA o ZolxSS &l & ZF 9\,\04‘:]' (Table 1). HV}-/]
THIEe] CD4, CD89| HAxAs|olHA A3} ALFodo]
4t OiH] CD4, CDgell WRkg-S vehfo] =27 731
Alof vIZGA| ] THEFO] S48 ST7TMFIoZH WY
4 a3E ®HAo} (Fig. 7).
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