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ARTICLE INFO ABSTRACT

Article history:

The inhibition of 11B-hydroxysteroid dehydrogenase 1 (11B-HSD1), which catalyzes the conversion of
inactive 11-ketoglucocorticoids to active 11p-hydroxyglucocorticoids, emerged as promising strategy
to treat symptoms of the metabolic syndrome, including obesity and type 2 diabetes. In this study the
leaves of the anti-diabetic medicinal plant loquat (Eriobotrya japonica) were phytochemically investi-
gated following hints from a pharmacophore-based virtual screening and a bioactivity-guided approach.
Determination of the 11p-HSD1 and 11B-HSD2 inhibitory activities in cell lysates revealed triterpenes

Received 28 November 2009
Revised 4 January 2010
Accepted 5 January 2010
Available online 11 January 2010

gﬁ%‘g’g{fﬁ Japonica from the ursane type as selective, low micro-molar inhibitors of 118-HSD1, that is, corosolic acid (1),
HB—HSI}),1] P 3-epicorosolic acid methyl ester (4), 2-o hydroxy-3-oxo urs-12-en-28-oic acid (6), tormentic acid methyl
Diabetes ester (8), and ursolic acid (9). Importantly, a mixture of loquat constituents with moderate activities dis-

played a pronounced additive effect. By means of molecular modeling studies and the identification of the
11B-HSD1-inhibiting 11-keto-ursolic acid (17) and 3-acetyl-11-keto-ursolic acid (18) a structure-activity
relationship was deduced for this group of pentacyclic triterpenes. The mechanism of action elucidated in
the present work together with the previously determined pharmacological activities provides these nat-

Glucocorticoid receptor
Metabolic syndrome

ural products with an astonishing multi-targeted anti-diabetic profile.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Obesity and its related metabolic diseases, including type 2 dia-
betes, dyslipidemia, hypertension, and cardiovascular complica-
tions, represent a major health problem in the industrialized
world. There is a great need for novel, improved therapeutic strat-
egies to combat the consequences of these diseases.

Glucocorticoids play a central role in the modulation of carbo-
hydrate and lipid metabolism, and the prolonged exposure to ele-
vated glucocorticoids has been associated with metabolic
disturbances such as visceral obesity, insulin and leptin resistance,
hyperglycemia, elevated triglyceride and cholesterol levels, and
elevated blood pressure. In recent years, it became evident that
inappropriately elevated local glucocorticoid activity rather than
systemic levels contribute to the adverse metabolic effects ob-
served in obese individuals.! On a tissue-specific level, the enzyme
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11B-hydroxysteroid dehydrogenase 1 (11B-HSD1) catalyzes the
conversion of inactive 11keto-glucocorticoids (cortisone in human,
11-dehydrocorticosterone in rodents) to active 11B-hydroxygluco-
corticoids (cortisol in human, corticosterone in rodents). This en-
zyme is highly expressed in metabolically relevant tissues such
as liver, adipose and skeletal muscles. A second enzyme, 11p-
HSD2, is expressed in kidney cortical collecting ducts, distal colon
and placenta, and catalyzes the reverse reaction.

The consequences of elevated glucocorticoid activation by 11p-
HSD1 have been well demonstrated in transgenic mice over-
expressing the enzyme in adipose tissue.>® These mice present
typical features of metabolic syndrome. In addition, several clinical
studies described the negative impact of elevated 11B-HSD1 activ-
ity on various metabolic functions.* Based on these observations,
inhibition of 11B-HSD1 is considered a promising strategy to treat
metabolic syndrome, and many potent synthetic inhibitors have
been described recently.>® In contrast, only few natural com-
pounds that inhibit 11B-HSD1 have been identified at present. Be-
cause 11B-HSD1, in addition to its role in glucocorticoid
metabolism, has other functions such as metabolism of 7-oxyster-
ols, 7-oxy-neurosteroids and xenobiotics,” full inhibition of this
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enzyme may interfere with these alternative functions, and the use
of moderate inhibitors may be a preferred strategy.

Therefore, we recently initiated a search for natural compounds
inhibiting 11B-HSD1. We scrutinized extracts of six medicinal
plants used as traditional anti-diabetic medicines for their poten-
tial to inhibit 11B-HSD1 activity and glucocorticoid receptor acti-
vation in transfected HEK-cells.® In addition, the selectivity for
11B-HSD1 was determined by measuring the effects on the 118-
HSD2-dependent oxidation of cortisol to cortisone, since inhibition
of this enzyme induces a cortisol-dependent activation of the min-
eralocorticoid receptor and results in increased blood pressure.!

Among the tested extracts Eriobotrya japonica (Thunb.) Lindl.
showed promising effects. Loquat or E. japonica (Thunb.) Lindl.
from the Rosaceae family is not only famous for its delicious fruits,
but also the leaves are well known in traditional Chinese medicine
for their beneficial effect in the treatment of diabetic patients.® A
number of chemical and pharmacological studies using animal
tests confirmed the hypoglycaemic action of Folium Eri-
obotryae.!®~1> However, there is a lack of information in respect
to the mechanism/s and site/s of action of the investigated extracts,
fractions and individual loquat constituents. In our recent study we
found that the methanol and the dichloromethane (DCM) leaf ex-
tracts of E. japonica showed both a dose-dependent inhibition of
11B-HSD1, and a preferential inhibition of 11B-HSD1 versus 11p-
HSD2. In cell lysates, the DCM extract exerted an ICso of
24 +3 pg/ml against 11B-HSD1 activity and an approximately
threefold weaker inhibition towards 11B-HSD2. The effects mea-
sured in cell lysates could be confirmed by the results obtained
from intact cells, that is, stably transfected HEK-293 cells.® Follow-
ing these results and virtual hits from a previously established
pharmacophore model,'® the aim of this study was to identify
those secondary metabolites responsible for the inhibitory effects
of the 11B-HSD1 activity observed for the extracts of the medicinal
plant E. japonica.

Twelve constituents from the chemical class of triterpenes have
been isolated and identified. Together with further naturally de-
rived triterpenic acids the isolated constituents have been tested
for their potential to inhibit the activity of 113-HSD1 and 118-
HSD?2. The results of the compounds tested in this study were used
for computational analysis (i) to rationalize the binding interac-
tions in the 11B-HSD1 binding site and (2) to derive a structure-
activity relationship for this class of compounds.

2. Results and discussion
2.1. In silico screening of a natural products database

In a previous study, we have generated a ligand-based pharma-
cophore model for 11p-HSD1 inhibitors.'® Using this model as
query, our 3D-multiconformational molecular database DIOS con-
sisting of approximately 10,000 reported constituents from medic-
inal plants described in Dioscorides’ De materia medica,'” was
virtually screened returning 172 hits. With 28 members, the chem-
ical class of triterpenoids was one of the chemical scaffolds domi-
nating this virtual hit list. Among the highest scored triterpenes
was corosolic acid (1; Fig. 1).

This natural product is a constituent of different herbal reme-
dies and plant derived nutritionals, particularly from the Rosaceae
family; for example, it is described as constituent in almond
hulls,'® blackberries,'® and apple peels.?® Furthermore, it is known
as the prominent ingredient from the leaf extract of E. japonica,!?
which in our previous study showed a distinct potential to inhibit
the activity of 11p-HSD1.8

Commercially available corosolic acid (1) was therefore tested
for its potential to inhibit recombinant human 11B-HSD1 and

Figure 1. Corosolic acid (1) mapped into the pharmacophore model for 11p-HSD1
inhibitors. Chemical features are color-coded: magenta—hydrogen bond donor,
green—hydrogen bond acceptor, cyan—hydrophobic, grey—shape (size constraint).
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Figure 2. Concentration-dependent 11B-HSD1 inhibitory activity of corosolic acid
(1) measured in lysates of cells expressing recombinant human 11B-HSD1. Data
were normalized to control, that is, in the presence of 0.1% DMSO, and represent
mean * S.D. from three independent experiments.

11B-HSD2 activities in lysates of stably transfected HEK-293 cells.
As shown in Figure 2, 1 exhibited a concentration-dependent 11p-
HSD1 inhibitory activity with an ICso of 0.81 £ 0.06 uM. The effect
of 1 was selective as no activity against 11B-HSD2 was detected at
concentrations up to 20 pM.

2.2. Phytochemical studies and bioassay-guided isolation

Using LC-MS and in comparison with commercial corosolic acid
(1), this bioactive compound was confirmed as prominent constit-
uent in the methanol leaf extract of E. japonica. This is in accor-
dance with the recently determined quantification of triterpene
acids from this plant material.?! However, in the 11B-HSD1 inhib-
iting DCM extract, compound 1 could only be detected in traces. In
order to identify the further secondary metabolite/s, responsible
for the previously measured effect, bioassay-guided phytochemical
investigations were performed with the DCM leaf extract from E.
Jjaponica.

Fractionation of 10.2 g of the DCM extract by silica gel column
chromatography resulted in 13 fractions (A1-A13), which were
tested in cell lysates on their inhibitory activity on 11p-HSD1
(Fig. 3A) and 11B-HSD2 (Fig. 3B).

At concentrations of 25 pg/ml, fractions A11-A13 diminished
the activity of 118-HSD1 to below 35% (Fig. 3A), whereas the activ-
ity of 11B-HSD2 was scarcely influenced by these fractions
(Fig. 3B). Thus, A11-A13 were analysed using TLC, DAD-ELSD-HPLC
and LC-MS. Repeated chromatographic separation and purification
steps afforded 12 triterpenoid constituents. By using mass spec-
trometry, extensive 1D and 2D NMR experiments, optical rotation
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Figure 3. Inhibition of 11B-HSD1-dependent reduction of cortisone to cortisol (A) and 11B-HSD2-dependent oxidation of cortisol to cortisone (B) by fractions A1 to A13 of the
DCM extract of E. japonica (c =25 pg/ml) measured in lysates of HEK-293 cells stably expressing recombinant human 11p-HSD1 (A) or 11p-HSD2 (B). The non-selective
inhibitor carbenoxolone (CBX) was used as a positive control. Data were normalized to control, that is, in the presence of 0.1% DMSO, and represent mean + S.D. from three

independent experiments. *p <0.01.

and comparison with data from the literature, the isolates were
identified as ursolic acid methyl ester (2)>* B-sitosterol (3)%*
3-epicorosolic acid methyl ester (4),2> uvaol (5),%° 2-o. hydroxy-
3-0x0 urs-12-en-28-oic acid (6),>” corosolic acid methyl ester
(7),%8 tormentic acid methyl ester (8),2° ursolic acid (9),%2 maslinic
acid methyl ester (10),3° 3-O-trans-p-coumaroyltormentic acid
(11), 3-0O-cis-p-coumaroyltormentic acid (12), and tormentic acid
(13; Scheme 1).3! All the isolated triterpenes are known natural
compounds; 1-3 and 9-13 have already been described as second-
ary metabolites from E. japonica; 4, 7 and 8 were isolated as methyl
esters of the known loquat constituents 3-epicorosolic acid,?* cor-
osolic acid,?""*? and tormentic acid,!! respectively. The pentacyclic
triterpenoids 5 and 6 belonging to the ursane type have not been
previously reported from this natural source.

2.3. Determination of 11-HSD1 and 11g-HSD2 inhibitory
activities

The isolated triterpene metabolites (2-13) were screened for
their inhibitory activity on 11B-HSD1 and 11B-HSD2, respectively,
at 20 puM. At this concentration, none of the tested compounds re-
duced the 11B-HSD2 activity; however, 4, 6, 8, and 9 distinctly
inhibited the activity of 11p-HSD1. Their ICsq values against 11p-
HSD1 were determined to be 52+09uM (4), 174 uM (6),
9.4+0.8 uM (8), and 1.90 + 0.25 uM (9; Fig. 4).

In order to evaluate potentially additive effects of active metab-
olites from E. japonica, compounds 4, 6, 8 and 9 were tested for
their individual 11B-HSD1 activities using concentrations of 2, 3,
4 and 1.5 pM, respectively, which result in only partial inhibition.
The obtained effects were compared with that achieved in a mix-
ture containing the same concentration of each compound
(Fig. 5). Importantly, whereas each individual compound inhibited
11B-HSD1 only partially, the mixture showed a significantly in-
creased inhibitory potential (Fig. 5).

2.4. Evaluation of further triterpenic acids

Based on the findings from the loquat constituents, further
triterpenic acids well known as plant constituents were selected
to evaluate their effects on 11p-HSD1 and 11p-HSD2 (14-18;
Scheme 2). Ganoderic acid A (14) was chosen as representative of
a lanostane type triterpene from the famous TCM fungus Ganoder-
ma lucidum P. Karst.>? The pentacyclic triterpene acids 11-keto-p-
boswellic acid (15) and 3-acetyl-11-keto-B-boswellic acid (16)
are prominent ingredients from incense, that is, the resin of

Boswellia serrata Roxb.>> Guided by the 118-HSD1 inhibiting activ-
ity of ursolic acid (9), its derivatives 11-keto-ursolic acid (17) and
3-acetyl-11-keto-ursolic acid (18) were also selected for a screen-
ing on 11B-HSD1 and 11B-HSD2. They were reported as constitu-
ents from Indian linaloe, that is, the resin from Bursera
delpechiana Poiss.>*

At 20 pM the triterpene acids 14, 15, and 16 moderately inhib-
ited the activities of 11B-HSD1 by 46%, 52% and 63%, and that of
11B-HSD2 by 76%, 68% and 52%, respectively. Due to their unfavor-
able missing selectivity towards 118-HSD1, they were not further
investigated. However, the ursolic acid derivatives 17 and 18 ex-
erted a significant and selective 11B-HSD1 inhibitory activity with
ICs0 values of 2.06 + 0.44 uM and 1.35 £ 0.52 pM, respectively.

2.5. Structure-activity relationship (SAR) of triterpene
inhibitors of 11p-HSD1

When analyzing our results, the crucial role of the carboxylic
group position and derivatization became obvious. While com-
pounds with 4-subsituted carboxylic acids were inactive, carbox-
ylic groups in position 17 seemed advantageous for ligand
binding. In some cases, methylation led to a complete loss of activ-
ity (compare 1/7 and 9/2). However, other methyl esters still
showed activity. In addition, stereochemistry of the hydroxyl
group at position 3 seemed important (compare 4/7). For a deeper
understanding of these observations, we docked all compounds
into the active site of 11p-HSD1 (PDB>® entry 2bel chain A).

When analyzing the docking poses of corosolic acid (1) (Fig. 6A
and B), a possible interaction of the 28-carboxylic group with the
Tyr177 hydroxyl group was observed. It seems that ester formation
at this position rather leads to unfavorable steric clashes with the
protein than to disrupt this interaction. Carboxylic acid substitu-
ents on other positions, for example, position 4 in 11-keto-boswel-
lic acid (15), were not observed to form interactions with the
protein. The hydroxyl groups at positions 2 and 3 form hydrogen
bonds with the backbone oxo group of Thr124. The stereochemis-
try and presence or absence of hydroxyl groups at these positions
alters the ligands’ interaction with Thr124 and thereby the anchor-
ing of the whole molecule in the ligand binding site. From the data
obtained so far, the 2S and 3R configuration leads to an optimal
interaction geometry.

Several X-ray crystal structures of 118-HSD1 in complex with
potent inhibitors are reported in the literature and available in
the PDB (e.g., 2irw, 2rbe, 3byz, or 3fco). With no exception, they
are observed to form hydrogen bonds with the catalytically ac-
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Scheme 1. Constituents from the leaves of E. japonica.

tive amino acid residues Ser170 and Tyr183. Although the triter-
penoid carbenoxolone is also anchored with its 11-keto group
between those residues in the crystal structure (PDB code
2bel), mutational analysis studies by Kim et al. show that a dif-
ferent amino acid—Tyr177—is essential for binding of the highly
potent triterpenoid inhibitor glycyrrhetinic acid—but not the
substrate cortisone.>® This points towards a different binding

mode for the triterpenoid compound class in comparison to the
published synthetic inhibitors. Therefore, interactions with the
catalytically active residues may not play an important role in
triterpenoid inhibitor binding. The observation that ursolic acid
(9) and 11-keto ursolic acid (17) do not show significant differ-
ences in ICso values for 11B-HSD1 inhibition underlines this
assumption.
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Figure 5. Inhibition of 118-HSD1 activity by compound 4 (2 uM), 6 (3 pM), 8
(4 uM), 9 (1.5 uM), and a mixture containing the respective concentration of each
compound. Data were normalized to control, that is, in the presence of 0.1% DMSO,
and represent mean + S.D. from three independent experiments.

In order to further explore the properties that are favorable for
11B-HSD1 inhibition, the four most active compounds 1,9, 17, and
18 were flexibly aligned by pharmacophoric points using LicaNpSc-
out 3.0.3” From this overlay a ligand-based 3D pharmacophore
model consisting of the chemical feature set shared by all four
compounds was calculated. The resulting model contains 11

hydrophobic features, representing the triterpene core structure,
a negatively ionizable feature and two hydrogen bond acceptors
placed on the carboxylic acid structure on C28, and one hydrogen
bond acceptor on the 3R position (Fig. 7).

The elucidation of these important substructures was in line
with the observations from the docking experiments. We addition-
ally investigated the discriminatory power of this model by screen-
ing a database consisting of all 18 compounds using LiGANDScouT.
The model retrieved 13 compounds as hits. The ranking based on
the geometric fit showed a clear enrichment of active compounds
among the highly-ranked hits (Table 1).

3. Conclusion

Growing evidence suggests that selective inhibition of 11p-
HSD1 lowers blood glucose concentrations, counteracts the accu-
mulation of visceral fat and ameliorates related metabolic abnor-
malities in type 2 diabetes® In the search for natural
compounds selectively inhibiting 11B-HSD1, the traditionally used
anti-diabetic medicinal plant E. japonica emerged as promising
starting material.® By using this knowledge and a previously estab-
lished pharmacophore model, we identified the loquat ingredients
corosolic acid (1) and ursolic acid (9) as well as the ursolic acid
derivatives 17 and 18, as plant constituents able to selectively in-
hibit 11B-HSD1 with ICsq values between 0.8 and 2 uM. Moreover,
several additional compounds with moderate activity and ICsq val-
ues in the low micro-molar range were isolated from the loquat
DCM leaf extract and their structures determined. Importantly, a
pronounced additive effect was observed in a mixture of constitu-
ents with moderate activity. In a recently published study, Li et al.
performed an HPLC-UV quantification of Eriobotrya constituents
from 11 leaf samples collected from different regions in China.
Therein, pentacyclic triterpene acids revealed as the most consid-
erable percentage of secondary metabolites in the samples.?! It
could be shown that the seven major triterpene constituents ac-
count for 10-16 mg per g crude drug. Among them, the most abun-
dant metabolites were assigned to corosolic acid (1) and ursolic
acid (9) which amount to more than 50% of the quantified triter-
pene fraction. This fact combined with our findings that several tri-
terpene acids of the ursane type from loquat are endowed with a

Scheme 2. Further natural triterpenic acids.
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Figure 6. Predicted binding orientation of corosolic acid (1) in the 11B-HSD1 active site. Chemical features are color-coded: yellow—hydrophobic, green—hydrogen bond
donor, red—hydrogen bond acceptor. (A) 2D view of chemical interactions observed between 1 and the protein. (B) Docked binding pose and interaction pattern of 1 bound to

11B-HSD1. At the bottom of the binding site, the cofactor molecule NADPH is located.

Figure 7. Merged features pharmacophore model from LicanpScout derived from
compounds 1, 9, 17, and 18. Chemical features are color-coded: hydrophobic—
yellow; hydrogen bond acceptors—red.

Table 1
Pharmacophore-based ranking of triterpene 118-HSD1 inhibitors

Compd Hit list rank In vitro ICso [UM]
1 1 0.81
13 2 Inactive
4 3 5.2
9 4 1.9
17 5 2.06
18 6 1.35
8 7 9.4
5 8 Inactive
7 9 Inactive
11 10 Inactive
8 11 Inactive
10 12 Inactive
12 13 Inactive

low micro-molar inhibitory potential on 11p-HSD1 might explain
the activity of the whole extract measured not only in cell lysates,
but also in intact, stably transfected HEK-cells.®

Pentacyclic triterpenes represent a promising class of multi-tar-
get agents.>® Corosolic acid (1), which widely exists in traditionally
used medicinal herbs, has attracted much attention as anti-dia-
betic agent with hypoglycemic effects being proved on animal
experiments?® and in clinical trials.#! A number of mechanisms

have already been attested to this anti-diabetic compound.*? Cor-
osolic acid was identified as the most active phosphorylase A
inhibiting constituent from Lagerstroemia speciosa leaf extract,*>44
was able to stimulate glucose uptake by enhancing the insulin
receptor phosphorylation,*> was reported as low micro-molar
inhibitor of protein tyrosine phosphatase 1B“® and as an inhibitor
of the hydrolysis of sucrose.*’ Also, ursolic acid (9) was shown re-
cently to exhibit potential anti-diabetic and immunomodulatory
properties in type 1 diabetic mice fed a high-fat diet.*® The under-
lying mechanisms refer as well to tyrosine phosphatase 1B*¢ and
phosphorylase A.*° Additionally, 9 was identified as one of the con-
stituents from the hexane extract of Phyllanthus amarus causing a
significant inhibition of the a-amylase, suggesting to contribute
at least partly by this mechanism to the anti-diabetic effect of
the investigated medicinal plant extract.>®

Recently, a high hypoglycemic and hypolipidemic potential on
normal, alloxan-diabetic, and streptozotocin-induced diabetic
mice has been attested to the triterpene acid fraction yielded from
the leaves of E. japonica.'® In our study, among the constituents iso-
lated from the E. japonica leaf extracts, we identified some potent
inhibitors of 11B-HSD1 belonging to pentacyclic triterpenes of
the ursane type. Intriguingly, these compounds, unlike glycyrrheti-
nic acid, did not inhibit 11B-HSD2, which is associated with corti-
sol-induced mineralocorticoid receptor activation and an elevation
of blood pressure. Such inhibitors do have a considerable potential
as drugs directed against glucocorticoid-related metabolic disor-
ders. The mechanism of action elucidated in the present work to-
gether with the previously determined pharmacological activities
provides these natural products with an astonishing multi-tar-
geted anti-diabetic profile. Furthermore, clinical trials with coroso-
lic acid (1)*' and a long-term proven efficacy of Folium
Eriobotryae as famous traditional Chinese medicine with hypogly-
cemic effect'®!> contribute to a safe and well-approved herbal
remedy.

4. Methods
4.1. Virtual screening of a natural products database

Pharmacophore models represent the three-dimensional (3D)
arrangement of chemical functionalities that are essential for the
interaction of a ligand with a specific pharmacological target struc-
ture (proteins, RNA, or DNA).>! These models can be used to virtu-
ally screen multiconformational 3D databases of compounds in
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order to find other molecules that fulfil the requirements for bind-
ing to the respective target. In this study, the natural products
database DIOS was screened, which consists of 9676 reported con-
stituents from medicinal plants described in Dioscorides’ De mate-
ria medica.'” A previously reported pharmacophore model for 11p-
HSD1 inhibitors was used as search query.'® The screening was
performed within Catalyst 4.11 (Accelrys Software Inc., San Diego,
CA) using the best flexible search algorithm.

4.2. Structure-activity relationship (SAR) of triterpene
inhibitors of 11p-HSD1

For a better understanding of the differences in compound
activity, all molecules discussed in this study were fitted into the
11B-HSD1 ligand binding site using docking. Generally, docking
methods intend to predict the 3D structure of small molecules
interacting with a protein binding site. Docking studies on all re-
ported compounds evaluated in this study were carried out using
coLp surte (version 1.0.1; Cambridge Crystallographic Data Centre,
Cambridge, UK). This program employs a genetic algorithm for
finding accurate docking solutions. Furthermore, the program al-
lows for full ligand flexibility, partial protein flexibility, and a dis-
tinct treatment of water molecules that are present in the ligand
binding domain. Overall, the default parameters of the program
were used. Protein and ligand atom types were determined by
cowp. Cocrystallized water from the ligand binding site was in-
cluded in the docking process by setting those molecules to ‘toggle’
and ‘spin’. The ‘toggle’ option lets the program decide whether the
water should be present or absent (i.e., displaced by the ligand)
during docking. Allowing the water molecules to ‘spin’ allows for
the automatic optimization of the orientation of the hydrogen
atoms.

Chemical interactions between the docked binding poses of the
ligands and the 11B-HSD1 active site were analyzed using LicANDSc-
out 3.0. This program automatically interprets chemical interac-
tions observed between a ligand and a protein, based on the
chemical functionalities, the geometric distances and angles be-
tween neighboring structures.>?

The model for investigating structure-activity relationships of
the discussed compounds was generated using the ligand-based
modeling tool ‘Espresso’, a module in the program LicanpScout
3.0. This algorithm ranks all compounds according to their flexibil-
ity, and subsequently creates cascading pairwise alignments of all
conformations producing a flexible overlay of the underlying mol-
ecules. This alignment set contains 3D overlays of those conforma-
tions that maximize geometric chemical feature overlap. From this
set of solutions, the best flexible alignments can either be priori-
tized (i.e., scored) by steric overlap or pharmacophore feature over-
lap. For this study ‘atom sphere overlap’ was used as a scoring
function and the highest ranked model was used for the predic-
tions. For all other settings default values were used. Each com-
pound was represented by a comprehensive set of conformers
(conformer generation using OpenEye’s program omeca2 (OpenEye
Scientific Software, Santa Fe, NM) using default settings).

4.3. General experimental procedures

Melting points were determined on a Kofler hot-stage microscope
and are uncorrected. Optical rotation was measured on a Perkin-EI-
mer 341 polarimeter (Wellesley, MA) at 25 °C. FTIR spectra were re-
corded on a Bruker IFS 25 FTIR spectrometer (Bruker Optics,
Ettlingen, Germany) in transmission mode (4000-600 cm™!) using
ZnSe disks of 2 mm thickness. NMR spectra were recorded on a Bru-
ker-DRX300 (Bruker Biospin, Rheinstetten, Germany) at 300K in
CDCl5 or methanol and calibrated to the residual non-deuterated sol-
vent signals. Upon request, NMR spectra can be obtained from the

corresponding author. Column chromatography was performed
under TLC monitoring using silica gel flash CC (Silica Gel 60, 40-
63 um; VWR, Darmstadt, Germany) and Sephadex® LH-20 (20-
100 pm, Pharmacia Biotech, Uppsala, Sweden). TLC was performed
on Silica Gel 60 F,54 plates (0.25 mm; VWR, Darmstadt, Germany),
mobile phase: chloroform/methanol/formic acid, 10:0,5:0,25 (v/v/
v), and detected with vanillin/H,SO,4 (1% w/v and 5% v/v methanolic
solutions, respectively). HPLC-data were obtained on a Hewlett-Pack-
ard-(HP)-1100 system (Agilent, Waldbronn, Germany), equipped
with a photodiode array detector (DAD), column thermostat and auto
sampler. The LC was fitted with a Phenomenex Synergi 4 | Max-RP 80
A column (Torrance, CA; 150 x 4.6 mmid, 4 pm)and a Merck LiChro-
CART 4-4 guard column with LiChrospher 100 RP18 (5 pm) packing
(VWR, Darmstadt, Germany) at a column temperature of 40 °C, flow
rate 1.0 ml/min, injection volume 10 pl, using DAD (205, 254, 280)
and evaporative light scattering detection Alltech ELSD 2000 (Alltech,
Diisseldorf, Germany); tube temperature 97 °C; gas flow 2.5 bar
(impactor off). The mobile phases consisted of A: 0.02% TFA (Merck
8.08260.0100) in bidistilled water (v/v), B: methanol (Merck
1.06007.2500); linear gradient: 0 min 60% B; 18 min 98% B; 28 min
98% B. For LC-ESIMS experiments the HPLC was coupled to a Bruker
Esquire 3000P"* jon trap mass spectrometer (Bruker Daltonics,
Bremen, Germany) replacing solvent A with a solution of 0.1% formic
acid in bidistilled water (v/v). MS-parameters: split 1:5; ESI positive
mode; spray voltage: 4.5 kV; the sheath gas: N, 30 psi, the dry gas:
N>, 6 1 min~!, 350 °C; scanning range: 50-1000 m/z.

All chemicals were analytical grade. Solvents were either ana-
lytical grade or puriss. grade and distilled before use.

4.4. Material

Authenticated leaves of E. japonica (Thunb.) Lindl. were col-
lected in the Botanical Garden of Innsbruck. A voucher specimen
(JR-20061023-A1) was deposited in the Herbarium of the Institute
of Pharmacy/Pharmacognosy, Leopold-Franzens University of Inns-
bruck, Austria.

Corosolic acid (1) and ganoderic acid A (14) were purchased
from Chromadex Inc. (Santa Ana, CA) with a HPLC-purity of
>95% and >98%, respectively. 11-keto-B-boswellic acid (15), 3-
acetyl-11-keto-B-boswellic acid (16), 11-keto-ursolic acid (17),
and 3-acetyl-11-keto-ursolic acid (18) were obtained from Phyto-
plan, Heidelberg, Germany, at a HPLC-purity of >98%.

4.5. Extraction and isolation

Five hundred and fifty grams of the air-dried and milled leaves
of E. japonica were extracted with 1600 ml DCM three times for
24 h at room temperature. The plant material was filtered off and
the solvent was evaporated under reduced pressure to afford
11.9 g DCM extract. In the same way, the remaining plant material
was then extracted three times with 1800 ml methanol to gain
451 g of the methanol crude extract. 10.2 g of the DCM extract
were fractionated using a flash silica gel CC (400 g; 40 x 5.0 cm)
with 500 ml step gradients from petrol ether to DCM and from
DCM to methanol to yield 13 fractions (A1-A13). Fraction A1l
(3880 mg) was subjected to Sephadex CC (75 x 3.5 cm) and eluted
with DCM: acetone (85:15) yielding 17 fractions (B1-17). B4
(182 mg) was separated via flash silica gel CC (80 g; 42 x 2.2 cm)
with 200 ml step gradients from DCM to acetone to afford nine
subfractions (C1-9). C2-4 (29.6 mg) and C5-6 (28.7 mg) were
purified over Sephadex CC with DCM: acetone (85:15), respec-
tively, to afford 4.3 mg of a white, microcrystalline powder (2;
optical rotation [oc]ZDO +48.4 (methanol, ¢ 0.43); MS (ESI): m/z 471
[M+H]*, 493 [M+Na]*, 963 [2M+Na]*; 1D and 2D NMR data in
accordance with literature)®® and 18.7 mg of white, microcrystal-
line compound 3 (optical rotation [¢]%° —24.2 (CHCls, ¢ 0.89); MS
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(ESI): m/z 393 [M+H]*; 1D and 2D NMR data in accordance with lit-
erature);>* B7 (65.1 mg) was fractionated using a Sephadex CC and
eluted with DCM: acetone (85:15) to obtain fractions D1-7. Purifi-
cation of D6 (23.1 mg) via methanol Sephadex CC afforded 5.4 mg
of a whitish, microcrystalline powder (4; optical rotation [oc]éo
—24.1 (methanol, ¢ 0.54); MS (ESI): m/z 469 [M+H—H,0]", 487
[M+H]", 509 [M+Na]*; 1D and 2D NMR data in accordance with lit-
erature).?> Combined fractions B9 and B10 (552 mg) were sepa-
rated using a flash silica gel CC (65 g; 41 x 1.6 cm) with 100 ml
step gradients from DCM to acetone to obtain eight subfractions
(E1-8). Crystallization of E2 (48.0 mg) from methanol yielded
whitish crystals (5; 34.9 mg; optical rotation [oc]f)o +62.6 (CHCIs, ¢
0.62); MS (ESI): m/z 443 [M+H]"; 1D and 2D NMR data in accor-
dance with literature).>® E4 (23.3 mg) and E5 (19.3 mg) were puri-
fied over Sephadex CC with DCM/acetone (85:15), respectively, to
afford 4.8 mg of a white, crystalline powder (6; optical rotation
[0J2° +42.2 (methanol, c 0.48); MS (ESI): m/z 471 [M+H]*; 1D and
2D NMR data in accordance with literature);?’ and 4.7 mg of a
white, microcrystalline powder (7; optical rotation [zx]éo +42.0
(methanol, ¢ 0.46); MS (ESI): m/z 469 [M+H—H,0]", 487 [M+H]",
509 [M+Na]"; 1D and 2D NMR data in accordance with
literature).?®

E6 (10.1 mg) was purified with methanol Sephadex CC to yield
7.9 mg of white crystalline compound 8 (optical rotation [cx]ZDO
+31.4 (methanol, ¢ 0.79); MS (ESI): m/z 525 [M+Na]*; 1D and 2D
NMR data in accordance with literature).?®

Combined fractions A12 and A13 (440 mg) were subjected to
Sephadex CC (80 x 2.0 cm). Elution with methanol resulted in
eight fractions (F1-8). Combined F5 and F6 (61.2 mg) were re-
chromatographed on silica gel (15 g; 38 x 1.0 cm) with 100 ml step
gradients from DCM to methanol to obtain eight subfractions (G1-
8). Recrystallization of G1 and G2 from methanol yielded 2.0 mg of
white, microcrystalline compound 9 (optical rotation [oc]éo +71.4
(methanol, ¢ 0.20); MS (ESI): m/z 479 [M+Na]"; 1D and 2D NMR
data in accordance with literature)®> and 1.7 mg of white micro-
crystalline compound 10 (optical rotation [oc]f,o +61.4 (methanol, ¢
0.17); MS (ESI): m/z 509 [M+Na]"; 1D and 2D NMR data in accor-
dance with literature),’® respectively.

B16 (270 mg) was subjected to silica gel flash CC (45¢g;
50 x 2.0cm) with 100 ml step gradients from petrol ether to
DCM and from DCM to acetone (fractions H1-10). For purification,
combined fractions H3-5 (49 mg) were re-chromatographed twice
by Sephadex CC (50 x 2.0 cm) using methanol as mobile phase to
afford 12.5 mg of an inseparable 2:1mixture of 11 and 12, respec-
tively (MS (ESI): m/z 635 [M+H]*; 1D and 2D NMR data in accor-
dance with literature).3! Hydrolysis of 10 mg of this mixture was
performed with 5% sodium hydroxide by incubation at room tem-
perature for 15 h. The reaction mixture was neutralized with 10%
H,SO04 and extracted with ethyl acetate. The ethyl acetate layer
was evaporated to dryness and purified with Sephadex CC
(35 x 1.0 cm) using methanol as mobile phase to gain 5.4 mg of
white needles of 13 (optical rotation [¢]2 +28.8 (methanol, ¢
0.54); MS (ESI): m/z 511 [M+Na]"; 1D and 2D NMR data in accor-
dance with literature).3!

The purity of all isolated compounds was determined by HPLC
to be >95%.

4.6. Pharmacological testing

For measurements of 11B-HSD1 reductase activity, lysates of
HEK-293 cells stably expressing human recombinant 11p-HSD1
were incubated for 10 min at 37 °C in a total volume of 22 pl con-
taining 200 nM [1,2-H]-labelled cortisone (American Radiolabeled
Chemicals, St. Louis, MO) and 500 uM NADPH. 11B-HSD2 depen-
dent oxidation of cortisol to cortisone was measured similarly for
10 min at 37°C in lysates of HEK-293 cells stably expressing

human 11p-HSD2 using [1,2,6,7->H]-cortisol (Amersham Pharma-
cia, Piscataway, NJ, USA) at a final concentration of 50 nM and
500 uM NAD". Extracts of E. japonica at 25 pg/ml and pure com-
pounds at final concentrations between 50 nM and 50 uM were di-
luted from stock solutions in methanol and immediately used for
activity assays. The solvent concentration did not exceed 0.5%
and had no effect on enzyme activities. Reactions were stopped
by adding methanol containing 2 mM unlabeled cortisone and cor-
tisol, followed by separation of steroids by TLC and scintillation
counting. Enzyme kinetics was analyzed by non-linear regression
using four parameter logistic curve fitting (Sigmaplot, Systat Soft-
ware Inc.). Data (mean = SD) were obtained from at least three
independent experiments.
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