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Five iridoid glycosides were isolated from the MeOH extract of Hedyotis diffusa, and their structures were
elucidated as E-6-0-p-methoxycinnamoyl scandoside methyl ester (1), Z-6-0O-p-methoxycinnamoyl scan-
doside methyl ester (2), E-6-O-p-feruloyl scandoside methyl ester (3), E-6-O-p-coumaroyl scandoside
methyl ester (4), and Z-6-O-p-coumaroyl scandoside methyl ester (5) by interpretation of their spectro-

scopic data. All the isolated compounds were evaluated for human neutrophil elastase inhibitory effect,
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and compound 1 showed potent activity with an ICsg value of 18.0 pM. The molecular docking simulation
suggested a structural model for the inhibition of human neutrophil elastase by compound 1.

© 2009 Elsevier Ltd. All rights reserved.

Skin aging, a complex biological phenomenon, can be divided
into two independent aging processes: intrinsic (chronological)
and extrinsic (photo-) aging. Intrinsic aging is the normal, genetic
process of physical change over time, and begins the minute we
are born. Various expressions of intrinsic aging include smooth,
thinning skin with exaggerated expression lines. Extrinsic aging
is caused by environmental factors such as sun exposure, air pollu-
tion, smoking, alcohol abuse, and poor nutrition. Extrinsic aging is
characterized by photo damage as wrinkles, pigmented lesions,
patchy hypopigmentations, and actinic keratoses.!? The skin is
composed of two tissue layers: epidermis and dermis. Epidermis
is a thin protective layer, which consists mainly of keratinocytes,
melanocytes, and Langerhans cells. Dermis is a thick complex layer
of connective tissue, and the main fibrous tissues in the dermis are
collagen and elastic fibers.? Collagen is the major structural protein
of skin and is responsible for its tensile strength and toughness.
Elastin, an important structural protein of extracellular matrix
(ECM), is the main component of elastic fiber which provides resil-
ience and elasticity to many tissues such as skin, lungs, ligaments,
and arterial walls.* Human neutrophil elastase (HNE), a serine pro-
tease primarily located in the azurophil granules of polymorpho-
nuclear leukocytes, has a broad substrate specificity being able to
break down mainly elastin connective tissue proteins such as fibro-
nectin, collagen, and cartilage tissues.>® Biologically, elastase activ-
ity increases with age, fragmenting collagen and elastin leading to
a reduction in the elasticity of skin and the appearance of wrinkle

* Corresponding author. Tel.: +82 42 860 4330; fax: +82 42 860 4595.
E-mail address: idyoo@kribb.re.kr (L.-D. Yoo).

0960-894X/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.bmcl.2009.11.109

and strechmark.” Therefore, inhibition of the elastase activity
could also be used as a valuable method to protect against skin
aging.

The herb of Hedyotis diffusa Willd. (synonym Oldenlandia diffusa
Willd., family Rubiaceae), an annual herb distributed in northeast-
ern Asia, has been known as a traditional oriental medicine for the
treatment of hepatitis, tonsillitis, sore throat, appendicitis, urethral
infection, and malignant tumors of the liver, lung, and stomach.
H. diffusa is reported to possess various pharmacological activities
such as anticancerous, anti-oxidative, anti-inflammatory, hepato-
protective, and neuroprotective activities.2~'! Previous phyto-
chemical investigations revealed the presence of terpenoids,
flavonids, anthraquinones, and steroids.'>~'> However, no report
on HNE inhibitory effect of this plant has been documented. In
the course of our screening program for HNE inhibitors, methanol
(MeOH) extract of H. diffusa was found to exhibit potent HNE
inhibitory activity. In the present study, we describe the isolation
and structure elucidation of five iridoid glycosides from H. diffusa,
and their HNE inhibitory activities were evaluated.

The air-dried whole plant of H. diffusa was extracted with MeOH
and then partitioned with n-hexane and EtOAc. Repeated column
chromatography and preparative reversed-phase HPLC led to the
isolation of five compounds (1-5).'® Compound 1 was obtained
as white powder. The UV spectrum of 1 showed an absorption
maximum at 229 and 311 nm. The '"H NMR spectrum of 1 dis-
played an enol ether proton at 6 7.52 (1H, br s, H-3), which was
characteristic of iridoid glycosides possessing a carbonyl group
on C-4,'7 the signal at & 5.85 (1H, t, J=1.2 Hz) was assigned to
acetalic proton. In addition, a pair of ortho-coupled A,B, type
signals at 6 7.56 and 6.96 (each 2H, d, J=8.1 Hz) indicated the
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Figure 1. Chemical structures of compounds isolated from H. diffusa.

presence of a 1,4-disubstituted benzene ring, the signals at § 7.66
and 6.39 (each 1H, d, J=15.3 Hz) were assigned to two trans ole-
finic protons, and the signal at § 3.83 (3H, s) was attributed to a
methoxyl group. These data suggested the presence of p-methoxy-
cinnamoyl group in compound 1. Consistent with the 'H NMR
spectrum of 1, its >C NMR spectrum exhibited 27 carbon signals
including two carbonyl groups, 12 olefinic carbons, one methoxy
group and six sugar carbons. Furthermore, the doublet signal at §
4.70 (d, J=8.1 Hz) for an anomeric proton of the glucosyl moiety
indicated the B-configuration, and the B-O-substituted configura-
tion at C-6 was established by Jy;9=6.8Hz, As C3-C4=
44.1 ppm and 6 C1=98.1 ppm.'®!° Therefore, the structure of 1
was determined as E-6-O-p-methoxycinnamoyl scandoside methyl
ester.?° Other four compounds were identified as Z-6-0-p-methy-
oxycinnamoyl scandoside methyl ester (2), E-6-O-p-feruloyl scan-
doside methyl ester (3), E-6-O-p-coumaroyl scandoside methyl
ester (4), and Z-6-O-p-coumaroyl scandoside methyl ester (5) by
direct comparison of their physical and spectral data with those
reported in the literature.?!?2

All of the isolated compounds were iridoid glycosides possess-
ing acyl moieties but differ in the stereochemistry of the double
bond and the existence of a p-methoxy substituent in the aromatic
ring (Fig. 1). The isolated compounds were evaluated for HNE
inhibitory activity?® at different concentration ranging from 1 to
100 uM, and the result was shown in Table 1. As a result, com-
pound 1 significantly inhibited HNE activity with an ICsy value of
18.0 M, which was comparable to the positive control, EGCG
(ICs0, 12.8 uM). However, other compounds showed negligible
HNE inhibitory activities. This structure-activity relationship dem-
onstrates that the p-methoxy group in the aromatic ring and the

trans double bond (C7'-C8’) in the acyl moiety of acylated iridoid
glycosides appear to influence potency.

To understand the structural basis for inhibition of HNE by com-
pound 1, we generated a structural model for HNE in complex with
compound 1 by molecular docking.?* Figure 2A shows the structure
of compound 1 bound to active site of HNE. The binding site and
overall binding mode of compound 1 is very similar to those previ-
ously observed for peptide chloromethyl ketone inhibitor.?> The
major interactions of compound 1 with HNE include four hydrogen
bonds with Cys42, His57, Ser195, and Arg177 and van der Waals
contacts with Leu99B, Phe215, and Val216 (Fig. 2A). In particular,
p-methoxy group in the aromatic ring of compound 1 forms a
hydrogen bond with side-chain nitrogen atom of Arg177. Since this
contrasts with non-active compounds with the negligible HNE
inhibitory activities, the hydrogen bond mediated by p-methoxy
group seems to be important for binding the enzyme. For non-ac-
tive compounds 1 and 5, the introduction of the cis double bond
(C7’-C8) in the acyl moiety may convert the orientation of the aro-
matic ring, disrupting the two hydrogen bonds mediated by His57
and Arg177 in HNE (Fig. 2B). For example, the distances between
oxygen atoms of the compounds 1 and 5 and the nitrogen atom
of Arg177 are over 13 A. For non-active compounds 3 and 4, the hy-
droxyl groups in place of p-methoxy group in the aromatic ring do
not appear to form the hydrogen bond with Arg177.

In summary, five O-acylated iridoid glycosides were isolated
from H. diffusa and their HNE inhibitory effects were evaluated
for the first time. Compound 1 exhibited the most potent inhibitory
activity with an ICsg value of 18.0 pM. The molecular docking
experiment provided a structural model for the HNE in complex
with compound 1.

Table 1
Human neutrophil elastase inhibitory activity of compounds 1-5
Compounds
1 2 3 4 5 EGCG?

1uM 19.1£6.2 04+74 24.7+28 1.0+1.1 0.8+16.3 266+7.3
3 uM 36.6 £3.7 15.9+6.8 23.3+0.6 0.8+6.3 25+5.6 413+1.2
10 uM 46.3+105 13.0+£2.6 229+36 13.1+03 6.0+3.0 63.6 £2.8
30 pM 63.0£8.5 15.7+33 23.6+1.0 16.8£3.5 13.6+1.2 714+38
100 pM 81.2+6.4 403 +10.4 25.1+33 28.6 £3.0 202+12.9 784 +1.5
ICs0° 18.0 >100 >100 >100 >100 12.8

¢ EGCG [(—)-epigallocatechin-3-gallate] was used as a positive control.
b 1Cso values were determined by concentration-dependent experiments.
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Figure 2. A structural model of HNE in complex with the compounds 1 (A) and 2
(B). The HNE is shown in gray side chains and blue ribbon. The compounds 1 and 2
are colored green. The dashed green lines indicate the hydrogen bonds. The solid
black line in the compound 2 indicates the distance between the atoms that form
the hydrogen bond in the compound 1.
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