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Inhibition of Cell Adhesion by Noncyclic Triterpenoids from Alpmnia
katsumadai. Ji-Soo Kim', Mun-Chual Rho?, Koanhoi Kim'*, Byung-Yong Rhim'. 'Department
of Pharmacology, Pusan National University - School of Medicine, Busan, Korea, *Natural Medicine
Research Center, Korea Research Institute of Bioscience & Biotechnology, Daejeon, Korea
Abstract  The present study purified two noncyclic triterpenoids, compound 1 and compound
2, that intervene interaction of ICAM-1 and LFA-1 from ethanol extracts of Alpinia katsumadai.
The compound 1 and 2 inhibited adherence of sSICAM-1 to THP-1 cells with an ICsy of 7.59
ng/mé 2 6.98 pg/ml, respectively, without affecting viability of the cells. The compound 1 and
2 also inhibited interaction of CHO-ICAM-1 cells with THP-1 cells with an ICsy 6.7 png/mf 2
5.5 ng/ml, respectively. These findings suggest that the noncyclic triterpenoids from Alpinia katsu-
madai have inhibitory activities against cell adherent molecules. The present study proposes that
noncyclic triterpenoids from Alpinia katsumadai can applied to therapeutic approaches to the dis-
eases that are associated with adhesion of inflammatory cells.
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s s= EFel Ao FHEHE w5, 1¥ Intercellular adhesion molecule-1 (ICAM-1; CD54)
o, e 40 o8] e Ao g LA Aok 2 Ig-superfamily©l] €73} adhesion receptor=A], &
B WS MES} bl A T 4ol ERFE, T muu A E S €02 lymphocyte, monocytedl Al 7%
of 5ol A 5 Tt dA¥o R T T2 @d¥EY [3,22]. IL-1, TNF-q, IFN-yo} 2&
gt} oA ST A A 22 356 <73 cytokine¥} lipopolysaccharide (LPS)E THY$h
g3 FU9 FYUHES AAS= foam cell M3zl A2 dS o, multiple cell typeoll 5] ICAM-1
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2 o] FolA= HIZFH A HAAS oA fn
s 733t A4 Oﬂ/‘ﬂ Al 33212k
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o] HH-S Z7HE T [5]. Leukocyte function associated
antigen-1 (LFA-1; CD11a/CD18)-2 ICAM-19] ligand
2 A resting leukocyte I A& B/ o] A RE, T-cell
receptor-mediated signaling®] 4} phorbol ester2} 722
thorgt A=elatel ofs) BAE A [21].
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SRSl Lot AW A LA wo] LA
g, 55T B "o 22 AT @
Hol| Hztsla JFHE ST/ 2HES ot
T3 Yawy oMz H2o| T ICAM-19]
83 94 st e A= gsHu [17].
A @9 WA A4S BYdore E8
2 AA AT vke) o] A3 dF X~
HE %, A, = 524 3AA= Qs &+
B o] U] I A Z(endothelial cell)ol] A g &3] 1}
B, Tt E 53 A ol Fol vEhdT 3 &
o] AAl= WA 2ol A BHH A ZF 2 A} 9
3 €5 g7 dayor HF o}ﬂ o ol A
A EE BoluHA Rz Hists H2
202 AYPANA dio] FokAl= HIZF A WS
do7l= Aolth [1]. wekA o213t dS5uke o
A RAAANA AZH2JAAE T3 A2 3§t
I ow, Gl Trel WM Z Alo]o A o] 5¢] T
A& Apdste= A A o] thefsiAl Al=E L
ATt o2 Az wFo] FATA o Bt
ICAM-1°]t} LFA-1& A&t dFuh3 o= o]

od & e EHP2 AE Aol gk A A<
A&7} 7Fe® Aot [1,2].

AAA 02 ICAM-1°] FFHHE9] I Fast
Al Bt o= AL [CAM-12] monoclonal 3}
Aot oAy FTFe AR s=APS TAMA HEA
I QU ICAM-190]4, LFA-19] 2 H A o2 o33k
monoclonal antibodyE A& ©]8% ICAM-1/LFA-1
A% Asle o AlExEe) HFhol oo = M 2
O 2 I3 TSt ArtH S A8 Aol A=
AoZ I &, AY-SHES JA THE
o] g3l = THAZ F8AF 53 I 5ol
signal o]2]o| &= ICAM-1/LFA-159] &% H|Eo|&
Ql signalo] REEA] Qas Aoz Hr& FH T [2,6,
10,11,13].

2 AFe s9As Iy 7] 9AQ fatty
streak®] 3 A ol %Bf:ﬂ' gﬂl?—-_}% st ICAM- 13’4'

F
P

2R GPE} Aﬂ%j% Xi'SH%“é% < 0}71
HO}O:] A ALoA g% =257 (4 lpmla katsu-
madai) =58 AZHGZ AEH S B
EEAA HAT A SEES ﬂ%*omi solu-
able type2] sICAM-13} LFA-17Fe] M %
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9} A9 epitope® EASH= FEIS] CHO-ICAM-1
3 LFA-1 7Fe] AZH = A= Felstgdnt,

RPMI 1640, FBS (fetal bovine serum), PBS “12| 1L
kanamycin< GIBCO BRLZHE ]38} AL-8-31H
o). 3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyl-tetrazo-
lium bromide(MTT)<%} 2,7-bis-(2-carboxyethyl)-5-(and-6)-
carboxy-fluorescein acetoxymethyl ester (BCECF-AM)
+ Sigma Chemical Co.(USA)ZHE F43IAH A
Holl A8E 2FTE AR ANFOZRE 7
dstAoH, =2 7Re] AHF & TsA Hx

# %, 24712 wus AA Agsiac

(1000 90:1, 70:1, 50:1, 30:1, 15:1, 5:1, 1:1, Z} 2 )&
TFAE DAEE Fil(step gradient) 8] Al 2~El-&
olg3tel Mel7hAsio) BY AZrELA
(230-400 mesh, 1 kg, Merck)E 33t 2™, F 871
oz Wt #4L Bkste] olF #Aol
A+ 3% (CHCL/EtOH= 70:1 fractions, 440 mg)<=
A9t sEAAT 123 AT BaRAe
7] 918k ol gk-&-3 & (70:1, 80:1, 90:1, 100:0, each
2L) o] gste] J4E Y A=nEIHIE (100 g,
YMC-Gel RP-18, 70-230 mesh) A A&}A ). o] &
ICAM-13} LFA-1 w7} M= = A& o] =&
paEe mol H5H0s 42 ﬂuﬁiﬁ 90% ol
< oml/minE SHEFHA, 1EHA AZnET
EHJJ (high performance liquid chromatography; HPLC,
YMC Jsphere ODS H-80 (250%20 mm))E A3t &}
&= 1,29 =g EES A g4EE A
=2 UV 210 ol A &k om, ICAM-13} LFA-1
w7l AZRH 2 A dd =22 258 5 40E0l

S=H A
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AZE T4 A NI A ER] THP-1 Al Z2=
10%(v/v)2] fetal bovine serum(FBS) ¢} 60 1g/ml2] ka-
namycin sulfate7} 3 7+ RPMI-1640 ¥l ] o] A vl ¢k
ST AMZ S 5% olikstetart H7kd AN
37CY #F A F7]olA WS A

SICAM-13} THP-1A4lZ8}e] ZAgA 3 &A

Recombinant sSICAM-1 (R&D Systems, Abingdon,
UK)< 10 pg/ml (in PBS)E 343 3, 96-well plateo]]
100 pl 231 4oColl A 12417 HE-&- A F T PBSE
13] washingsFal, 10 mg/mé BSAE 100 pl & ¥ ar
’F&-oll Al 1~2A1ZF blocking €F}. THP-1 cells (1x107
cells/ml)y= BF-< HA 3171 913t BCECF-AM (5
uM) 7} F 30~60E3F 37CANA WES AT
THP-1 cellsS PBSZE washingd}3l LFA-1/2 antibody
(500 ng/mé)#] 2] 3k 37°Col A 10~2023F HH-&-A1Z1

S THP-1 cells®} A EE sICAM-1°] ZHEF A=
plate/] ZF wellel] 100 pl & €31 37°Col| A 30~60%
ZF ¥ AIZITE BH-8 & binding SFA] &2 THP-1
cellsS A A3kal, PBSE 33] washing ot M| 327 2}
FEHE drAstel A ARRIE #93tal, PBS (1%
Triton X-100)2 cellS 7F&3} AlZ1 5 &34 (ex. 485,
em. 592)= 43It

AME JZF AHBAASA

CHO-ICAM-1 3} CHO-K1 cells & 27 1x10*
cells/200 ml 2 1x10° cells/ 200 ml & seeding 5
96-well platel| Al 3¥Y3F wFsth. THP-1 cell
BCECF-AM(5 mM) #7}F % 30-6023F A4 3750
Al WH-g-Al A & 3% labeling 3+ 5| RPMI 1640 wl A 2
13] washing STk 1x10° cells/ml & ZZA g THP-1
cellse CHO-ICAM-1 E+ CHO-KI cell ©] 2+43]
At el 9] 96well plate ol 100 w02 = 2] 3t} o]
96-well plate®l] LFA-12] %L/HQ =747+ LFA-112
antibody(500ng/ml) 2 A|EE 5 ml¥ AH|g & 30&
7t 37= 0] A WA 1T} t&%% binding 34 &
THP-1 cell A A7) f18ked BAE 150 pwl ¥ aL
sealing 3+ F 96 well plateS F 0] 3023 20l A
W28t} WA= A A3FaL PBSE 33 washing 3F
= PBS(1% Triton X-100)Z Cell & 7}&3} A7l 9

4 (ex. 485, em. 592) =A 3}

B2 AEZ5HE MIT AlokS AHEste &
Aot THP-1 A&} 202 A1 A E
sampleS  96-well round bottom plate ol 2 AL 484
ZF w3k & MTT (5 mg/m)S 78] 4413t 5
QF 7} w3kt Plate= 1,700 rpmol A cen-
trifugationdt & 35BS A A3}, 100 xl dimethyl
sulfoxide (DMSO)E 91 AN ZE =¢tt §3 ==
microplate reader (VERSAmax)E AH&3+4] 540 nmoll
A ZA3IF T (reference 650 nm).

A 3

AEA) EAA # Fx2Z2A

ICAM-13} LFA-19] 71‘?& At e 3
A A AR A 3 screeningd 3, 25T oS F
o] A3t AEHd & Ijr oo =FF ot
T;]_ :?:___]—/\-] Z/] .E_

FEEENEH SHEZ
145 Faug ¢ AAe 499 LU
JEEOI }y\)\/\q—

ZFT AdE8E FEE2 @4=EE B9 HASH
7] 915te], SERXE odolAHolE W E& o]
&35t Z}7te] EY=E 8332, Si02¢F ODS
gels o] &3 Ay A2vlETIY Y 9 IEHH I
ZulET7 3] (high performance liquid chromatog-
raphy; HPLC)E A At 3slet& 13 29 =313
=5 YATHFig. 1).
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=
g
3}

%% 313HE9] sICAM-1 3 THP-1 Al £}¢]
A3A & 2 A
2779 e FEFEL 50 H 25 ngmle %
of| A sSICAM-13} THP-1A] 32} €] zg, ;l
54% Asfstdt. 1 2= 2 =
50 2 25 pg/ml 2] F =0l A sICAM-lJJr THP-14] 3 ¢}
o] Az oF 85%, 75% °l’d A 33 th(Fig. 2).
F A F A S Hols 25T FEEXE F
TheFeE 2 A S o] 835t Mgk E
li J=A] SHEQl 137 25 £33t 3
SICAM-1 3} THP-1 A|Zo}e] A3t sS4
P A3, 1Cs akel 27 7.59 ngml (BHEE
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Fig. 1. 3I3+& 13} 2 o F=.
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CHs, CH, CH;

3E 1: 2,3,22,23-tertrahydroxy-2,6,10,15,19,23-hexamethyl-6,10,14,18-tetraco satetraene, S}&& 2: 2,3,5,22,23-tertrahy-

droxy-2,6,10,15,19,23-hexamethyl-6,10,14,18-tetra cosatetraene

100 ¢ OEOHzx
ECHCE 2x

OHZO=x

Inhibiton (%)

S5 E22 (ugimi)
Fig. 2. 257 FEEE9| sICAM-1 3} THP-1 A|Z<2}2]
4

1) 2 698 ngml (3= 2)2 A
Hol AHLH FEAAE AZEAS

At} (Fig. 3). A
< HolA] it

2]
I} THP-1 Al27F Z&As @84S SHZAH, 1Cs
1) 5

#ol 242 6.7 ngmt (BHEE 1) 2 55 ngml (3=
)2 SAHAT (Fig. S, 6)
o #
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Fig. 3. 3}31& 1 # 29] sSICAM-1 3} THP-1 Al¥xo}e] A%
Asl A

st =57 EtOH FEE9 dlste] ¢
3} THP-1 A3 ete] AtA &8 &
T oEE FEE

H2Hg Asshe A

A SICAM-1
J‘A}é}%l.ﬂ, ES
&2 SICAM-13} THP-14| £}

2 Ve, AlZFE Asg

5 2do] A%k
2131 FREEXEOE

& oz tegtt. #7449 347
o el € HUE 1,28 o s
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Fig. 4. 3I3t= 19] SICAM-1 3} THP-1 A|Z2lo] AA sl 2. .
Positive control # negative control o= DMSO (0.25%)& A 23t 1, 31EE 12 10 mgmlS A9 o IF=4
Aol F3 dvAF oz FF3H T (Nikon T-100, x400). (A): positive control, (B): negative control, (C): 3+&& 1 37}

o)&ZQl Aol YeEbES Y-S THFig. 3).

LFA-1 2 A3 AH8E THP-1 AlZ o]9jd =
HL-60 52| Al3Zof| Q)+ epitope ©th 18|31l LFA-1
< ICAM-13 ZA3HE s "ok A A ALeH
SICAM-1-2 Al 2Zo] EoUA] 2 SHE epitope=
A A Z-AEZRS] ARdAE EA A=
ICAM-1<& A Z27E Yeye oy 7HA] A=
HjAg FEjolA APH o g A gt Bk, A
o2 MEY] HAFGS g5 f4a a2 ot
E Aol FEE AEZHZAA Aol B &
AT s st £ o

oo} A 3FE 1, 200 thte] AA|e] A=
(CHO cell)]l &A3}= ICAM-1(CHO-ICAM-1)3}
THP-1 cello| A L&A E = LFA-17F2] Al A2 A8
A4S ZAFSFA T THP-1 celloll 3FE2L U3
& 5= J== 2235 CHO celld A o]l
g A3t Al BIRHE 1, 2 9] F=ol uhet A3
S Yelgo] 3 SA 57} YolA], FE o]&F
AL S HolE A2 YEFGTHFig. 5).

AA = AEZHZRJIA A7 Yed=A= A

(A)

120

o0 |
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Inhibition (%)

40 F
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10 kil 2.5
#1820 iz S(pgim)

Fig. 5. 3}3E 1, 22] CHO-ICAM-1 ¥ THP-1 A|=3t A%
A A,

A ARE FE = AThFig. 4, 6). 24 1HE (A),
(B) (+) control¥} (-) control ©]3L, (C)= SFE=
AYe s e Aotk I¥ 404 &
SICAM-13} THP-1 cell 72 44& dolE A o]7]

©

Fig. 6. 3}3&E 19 CHO-ICAM-1 3} THP-1 MZ3t AZANEA. ]
Positive control & negative control = DMSO (0.25%)E A 23tH L, 3E 12 10 mg/mlS A stA . 3=+
Aol Fst dAujgd oz FAEA T (Nikon T-100, x400). (A): positive control, (B): negative control, (C): 3+3E 1 7}



o - controlol] T A= Qith 3HA| R Fig. 69l
HO cellell 4] 'd&E ICAM-1 3 THP-1 celloll 4
H LFA-1 3F8] Al Z32s Lol Zio|7]
o (-) controll = 71 ®5& 2] CHO cell ©] A%
ATk ZF 7o ARl v dF AES
Hzt= o] it o]& THP-1 cell o]t} 184
zt 298] (©)ll= stg=Eo] Al 2AA Asi &4
of whet H2HE A skt

A T A of3) Abel| A 2] ICAM-1°]4 LFA-1
o &4 AsA ML 159 FIFAT FE O
dolomn HAEZHE = 759 AsfiAInto] B
=] Q= AAo|th AbbottAtell A A F O E A
ICAM-1243 A3 &S B39 2™ [19] ICAM-1
9] epitopes EAE g+ FAH =2 LFA-19] antago-
nist”} NovartisAF2} RocheAl ZH-E 7|¢ = ¢l oy
[16] o}2] A3 FERDS o] 83k in vivoRAd ol T
St Hy= Qloh 3, AAEZFRE = seco-limonids
Al 4 (Trichilia rubra, 1Csy; 10~25 nM) cucurbita-
cins (Conobea scoparioides, 1Csp; 0.18 ~1.36 mM), ad-
xanthromycins (Streptomyces sp. Na-148, 1Csp; 1.5~
6.5 mM)5©] ICAM-1/LFA-1 "7} Al ZHZHS A
dsle EH4E BuFEAY [12

o] AP Z=wiAs Ao 7] ©AQ fatty
streak 2] Aol T3 JTS sl & ICAM-134
LFA-10]2t= MERH2RJIATES] A3ES target& =
duz, AZ7A e SuAsel BeAE A A
g2k e 2e 717k ejokEe] sjol
AT g0 2is olefat Aol w1l
Zolgle Zow Fed Fries By, A
A4, A4, obEw, 2E S, A4 FHA FF2 A
£, ABYH, Ao, o AAREN g AFH
d Ao FEY o ARHM [7814], ohe?
ICAM-1= °l&3ty #HdHe Aoz 4y
Rhinovirus ¢+ HIV-1 52| A A3k oigh o
92U A ALE f850A S8 5
Je A= 7Ithdn [4,7,20]
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ZFTERE MZ F2ZF A S8 #3 =4
= rﬂ AAst7] Ak, 4F gulF=3 Z2H A
ZolEJHIE o] 83t A2 3IEHE 13 22 Alx
HERJAA Mg s skt

3. 2849 %= 1 7 28] SICAM-1 # THP-1 A=
ofo] AgA g S8 A, 1Cso &2 22 7.59
ug/mé 2 6.98 ngmlE SAHEJY. Aol AHEH

l:o]]/qlz /q]u.E/H _@_o];q OLoL[:]_

4. 289 %= 1 7 29 CHO-ICAM-1 ¥} THP-1
A xR AFANEH S SH A, 1Cs ak°l
247y 6.7 ng/ml 5.5 pg/ml 2 SA = AT

5. 019 A3 AA=E v Fo| Hof, 2FFERE
kWIS EEH 2 ol B EEES Al
Aol tigh A &S 7HA 3 dthal &

o] 71d& S3ted A4 F A= Al
A 5A Mol 2T Aolth. 53] sHA S

AC)

2 4 W Ao
= yo o

o 4
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7l Tk =3 ICAM-12 454 2 ¢he] #ojo
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