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Morroniside Derivative Regulates E-Selectin
Expression in Human Endothelial Cells

Naomi Tanigawa, Yoshinori Takeda, Fortunatus Sunghwa, Masayuki
Ninomiya, Makoto Hagiwara, Mamoru Koketsu, and Kenji Matsushita

Abstract. E-selectin is particularly of interest in the case of inflammatory diseases
owing to its expression in the activated endothelium. E-selectin mediates cell teth-
ering and rolling interactions through the recognition of sialofucosylated lewis
carbohydrates expressed on circulating leukocytes. This phenomenon serves as
an important trigger in inflammatory response. We prepared three morroniside
derivatives and harpagoside as a positive control and then examined the effects
of these compounds on E-selectin expression in human endothelial cell cultures.
We found that 7-O-cinnamoylmorroniside significantly suppressed the expression
of E-selectin induced with TNF-o (I‘Cm=49,3 uM). Furthermore, it was more
active than another cinnamic-acid-conjugated iridoid glycoside (harpagoside;
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IC.,=88.2 uM), 7-O-methylmorroniside, and morroniside itself. These results
suggest that 7-O-cinnamoylmorroniside is a potent inhibitor of TNF-a-induced
E-selectin expression and that it may be useful as an anti-inflammatory agent.

Key words. Cell-ELISA, E-selectin, Flavonoid

1 Introduction

Flavonoids, such as flavones, flavonols, flavanones. flavanonols, flavans, flavanols,
feucoanthocyanidins, anthocyanidins, aurones, chalcones, and isofavones, are poly-
phenolic compounds that occur ubiquitously in plants and have a variety of biologi-
cal effects both in vitro and in vivo. They have been found to have anti-inflammatory
activity in both proliferative and exudative phases of inflammation {1].

One of the initial events in inflammation is activation of endothelial cells, which
then express cell surface adhesion molecules such as the endothelial leukocyte
adhesion molecule (E-selectin) [2, 3]. Inflammatory cytokines such as tumor necro-
sis factor o (TNF-a) activate endothelial cells to express adhesion molecules and
promote synthesis and release of a variety of inflammatory cytokines and chemok-
ines to thereby support recruitment of activated leukocytes to an inflammatory
lesion [4].

In this study, we prepared several morronside derivatives and examined their
anti-inflammatory effect by examining E-selectin expression on human endothelial
cells in vitro.

2 Materials and Methods

Human umbilical vain endothelial cells (HUVECs) (4x 107 cells/welly were incu-
bated with 10 ng/mL of TNF-a. in the presence and in the absence of test specimens
for 2 h. The expression level of E-selectin in HUVECs was measured by an
ELISA.

3 Results and Discussion

7-O-Cinnamoylmorroniside  exhibited  excellent  anti-inflammatory  activity
(IC,,=49.3 uM) by inhibiting the expression of E-selectin, and it was more active
than another cinnamic-acid-conjugated iridoid glycoside (harpagoside: IC, =88.2 uM).
7-O-methymorroniside, and morroniside itself. As aresult, 7-O-cinnamoylmorroniside
was observed to be a potent inhibitor of TNF-a-induced E-selectin expression.
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In this study. we showed that 7-O-cinnamoylmorroniside markedly attenuated
E-selectin adhesion to TNF-a-activated endothelial cells and that it may inhibit
monocyte adhesion on the activated endothelium, thus conferring protection against
atherogenic lesion formation. Thus, the compound may hamper initial atheroscle-
rotic events involving endothelial CAM induction.
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45Mets UL L
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28 gr e ko] f s4)
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g
25Mets UL E
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i T
R thiE ink:d 166 (51.5) 1 Referent
S TE R TR 160 (50.0) 1.032 0575 - 1.853 0917
- LR 160 (50.0) 1 Referent
. ThLEE 158 (49.2) 1.878 1.022 - 3452 0.042
HR A BRI Rairais 163 (50.8) 1 Referent
45Mets Bk
ThHFE 161 (50.2) 1.476 0819 - 2.659 0.195
5 AR LB 160 (49.3) 1 Referent -
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HESEED E RAREET L ORENZD LN ho
TeORETMAELBLRENEZONS.
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AR 2METHo 7.
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BEOF LA TN ATV T2 E—-FTHILI
HEOEELRETHILBELONS, ZOH I LRT
VoA Ty FOLEHNETH S [ERGERR] %
o MR TR, BEAFEDRIOKS S EBNSER
OB SIS 2 Z &%, ZOMEBICERESTFEYT
HUIEEME L YAER S A Twa U — RIS ERE I
MEEE EHIIKTT A0, FRCE AT AT ENSE
BROBT 2 CREER (55 IR EBvE
BREETSE3WEEOH 2ER) OBEFLETSH
ALEIXOGNE, TITHAMETIHTOERE L TRA
BEEZ LY LT, BRABRIICE T 5 HRAEGERED
EFFMFRROMEIIN LT, RS R EE
FHOMITAZEFEME L

1)ﬁ§
[EZEHRERMEL Y ¥ — - BN 2 BT
JESWF% (NILS-LSA : National Institute for Longevity
Sciences - Longitudinal Study of Aging)] 2 ®& 3 k&
% (200245 H~2004%6 A) - 84 KMAAE (2004 4
6 H~ 200647 H) - %5 KA (2006 £ 7 A ~ 2008

FETR) - BOKRME (200847 A~2010F7H) o
WFERPIEMLZ 60 &L ED 1851 & (551 920 &,
TP 931 %, F¥27 BB oWHRE L #R
B OB R TOEHIZ 60 ~ 89 HIZoAH L. FHER
13707 5% (SD=68) Tdh-oi:.

%4, NILS-LSA i3ks & ER T & ICBIbEEA
HEhiziRERE R E LICHIRT, H2ETLE
FHEEToTnb. TRTORE - RENFIRELR
FERMAL Y 5 —ORAZRKOKRZEH/TEY, &
ME A L TIRBEMISHRE - REAFT L ZORFORR
EHRPL, XHFLIHAFZHETVA.

2) BEAXR

TR (@), ), () z8CEBREXEMBREL B
LU (d) 2ECHERETLE 3 K~F 6 KWETHRIT
L7

(a) LSIK

FHRNFERROEENNEOMERE L L CEEMN
JRIEREK (Life Satisfaction Index K) ¥ ##fifr L 7.
CORBIZIEE»ORD, BAMREMBEIZ0~0RT
Hol.

(b) CES-D

THEMNERBOTEMMWEORMEREL LT
ADOHOBEFEMEB OB CEFMRE (Center for
Epidemiologic Studies Depression Scale @ F A<FEM) + 9
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ERATL7:. CORBEIZ20HEB,AOMY, BaATRER
FHIZ0~60 ATHote.
(c) ADL

BEEEEREIONEREL LT, [FRNBET
(B RER Y ), [H2MEH ] O 3ME,>REM%E
WEE) 2 EET 5 EHRIEMEEIEIE % 147 L2
COREEIZEEAGRD, BATRERL0~ 134
Thot.
(d) MMSE

Bt AET A - H I, Mini Mental State
Examination™® % Hiff L7s. = OREW [H4#], 5
), TEZLEE], [FEL (58] 058% (11HA)

PHEY, FATEMGEHEIZO~30AThHo 1,
3) ‘B
Bz, LSI-K BL U CES-D % EBEHE Lz

HREEFNVICE BN ETTo 2 (—RECER Z RE
WEre = k). StWE#EL LTMMSE, ADL, 5(
& (BB EDERRIC LD 60 mAL /70 AR /80 At &

L72) OEHR, BLTIho0 1Kk 2KROREER
HEeRALR =8, BN SAS9I3 2RV,

3l® = j

AT OEREERELIRT. M}fgmi ADL &féﬁB’J$
BROBMEIIHT 2 MMSE O SEOBRHXENTH 2
7%, MMSE & ADL ORE/EA% &4 (MMSE x
ADL, 38X U'MMSE x ADL x £{OFEEHE)
BMEIIER L7

¥, BHTRLSIKIZHF A MMSE x ADL x
EROXEERAVBEETH o7z (p<05). £IT, %
B MMSE30 & /25 5 (F3 = I1SD ICEWE %8
E) TRENTOH ADL I3 2 LSIK 0 & DfE DL
FUZDOEORERTo2ETA (H1a), 0BKT
MMSE30 & (18 X #EEH =0.03. =044, n.s.) & 25 &5 (1
EHEEM =019, =312, p<0l) M THEDENERME
FMASRE S 7= (r=-188, p<.10). 70 Eft (MMSE30 4
DE 5T =032, £=579, p<.00l, MMSE25 SO

6.0
- -~ MMSE255
—_— —— MMSE30x%
50 —== =2
ki “,—“ e
* = e
> 40
0
- 30
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—— MMSE304%
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g s -
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=202, p<®
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140 ==~ MMSEZ>A
120 ——— MMSE302
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BE1 SEESEFIVICLIBIRR

EEHREDOBE « F Ml

LSIK CESD

2EHHEAE B 83 B ik

MMSE 009 393 005 555

ADL 024 113 025 136

4L 266 116 160 241

MMSE x ADL 011 408 040 666

MMSE x 448 336 104 200 321

ADL x 4% 260 070 184 141

MMSE x ADL x 44t 333 073 233 2.06

BEGFEOBROMKEM (SE)
LSIK CESD

EWHE B i 133 =z

T 1266 (7.26) 474 (489) 4303 (2525) 3083 (1789)

MMSE 042 02 00 (019) 093 (097) 048 (069)

ADL 057 (063) 010 (045) 252 (219 113 (164)
604t 2013  (932) * 914 (780) 3054 (3249) 5649 (2802)

At 70 %M 208 (762 072 (553) 4555 (2648) 3793 (2029)
80k 0 . 0 . 0 . 0 .

MMSE x ADL om0 001 (002) 006 (008 001 (006)

T GOMmf 084 (035) - 034 (029) S5 (122 220 (108

MMSE x 4 0K 031 (029) 001 (02D 194 (102 182 (078)
B0 0 : 0 : 0 . 0 .
60 160 (080 055  (067) 213 (278) 383 (243)

ADL x 44t 0%/ 052 (066) 010 (050) 39 (229 260 (183)
g0k 0 L0 . 0 . 0 .
@A 006 (003 002 (00 008  (010) 016 (009)

MMSE x ADL x4E{ 704 002  (003) 000 (002) 017 (009) 013 (007
S0 0 0 0 0

i - JIERE T, p<05

& HEEME =0.26, =6.33, p<.001) B & U 80 4 (MMSE30
BHoOBEHEEM =037, =318, p<0l, MMSE25 5»
R &HEEE =021, =285, p<0l) TRELFLOMHEE
BEETH-2bDm, MMSE30 & /25 SHTOMEX
DEFIHFETIEho T

Wiz, T TIXLSIK, BLXUCESDitBIT 3
MMSE x ADL DRBERABEETH o272 (W§
N} p<05), MMSE30 & /25 RZNFNT® ADL iZ
%45 LSIK, CES-D DHEEDHfES L UFDOEDOKE
#iTo i LSIKIZDWwWTix, MMSE30 & (fHX#EE
1 =029, t=613, p<001) & 25 & ({1 &HEEM =020,

70
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t=533, p<001) MTHEEDEEENREINS (=202
p<05: E1-b). CES-DIZ2wTid, MMSE30 5 (M
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i =109, ¢=-828, p<00l) MTHE DHEBEEIRER
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