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Pilidiostigmin, a novel dimeric acylphloroglucinol derivative, was isolated from the leaves of the Austra-
lian plant species Pilidiostigma glabrum (Myrtaceae). Pilidiostigmin exists in the plant in the form of a
sodium salt, which is rare in natural products. The elucidation of the structure and relative configuration
was achieved by spectroscopic measurements with special emphasis on 1D and 2D NMR techniques.
Pilidiostigmin was found to display biological activity; it significantly and dose-dependently inhibited
the synthesis of nitric oxide in LPS-stimulated RAW 264.7 macrophages at low micromolar

© 2013 Elsevier Ltd. All rights reserved.

Pilidiostigma glabrum Burret (Myrtaceae), an endemic Australian
plant commonly known as plum myrtle, is distributed in south-
eastern Queensland and north-eastern New South Wales.! In the
course of our screening work of native Australian plants with
anti-inflammatory activity, the CHCl; soluble part of the 95% EtOH
extract of the leaves of P. glabrum was found to attenuate signifi-
cantly nitric oxide (NO) production in vitro. Six dibenzofurans
were subsequently isolated from the CHCI; fraction in our previous
investigation.? In a systematic approach to identify the active com-
pounds, we proceeded to further investigate the chemical constit-
uents of the CHCl; fraction. Herein, we report the isolation and
structure elucidation of a novel acylphloroglucinol derivative
named pilidiostigmin and the inhibitory effect of this compound
on the synthesis of nitric oxide in LPS-stimulated RAW 264.7
macrophages.

The chloroform fraction of the ethanol leaf extract was purified
by repeated column chromatography over MCI gel (CHP20P) elut-
ing with methanol/water (80-100%), C18 (Separa C18-E, 50 pm,
Phenomenex) eluting with methanol/water (80-90%), and prepara-
tive HPLC using an acetonitrile-water gradient to afford pilidiostig-
min (8 mg) (Fig. 1).

Pilidiostigmin, obtained as a yellow oil, showed an [M+1]" peak
at 855.2622 (calcd 855.2840) and an [M—1] peak at 853.2707
(caled 853.2684) according to high-resolution electrospray-
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ionization time of flight mass spectroscopy (HR-ESI-TOF-MS), cor-
responding to the molecular formula C44H450:6Na. Eight methyl
groups with chemical shifts in the range of 6y 1.24-1.35 were ob-
served in the '"H NMR spectrum, showing correlations with four
methine multiplets at 5y 3.92, 4.09, 4.12, and 4.28 in the 'H-'H
COSY, which indicated the presence of four 2-methylpropionyl
moieties. Four tertiary methyls were also observed at Jy 2.31,
2.29, 1.88, and 1.73, and two of them were evidently aromatic
methyls. Six downfield protons at éy 10.58, 11.78, 13.83, 13.88,
17.10, and 18.59 assignable to six hydrogen bonds of the OH
groups chelated to carbonyl or OH groups were also observed.

In addition, the '>C JMOD as well as the HSQC experiments
showed eight methyl groups with chemical shifts in the range of
dc 19.0-20.0 (5¢ 19.0, 19.2, 19.4, 19.5, 19.5, 19.5, 19.9, and 20.0),
two aromatic methyls at Jc 8.0 and 8.1, two tertiary methyls at
dc 27.4 and 28.8, two oxygenated quaternary carbons at éc 70.3
and 73.4, and six ketone carbons at éc 212.6, 212.5, 208.9, 204.7,
202.0, and 196.6. The remaining carbon signals were quaternary
carbons of the benzene rings and double bonds. These data, to-
gether with additional analysis of the 2D NMR spectra, revealed
the presence of two units of similar magnetic resonance signals,
which indicated the dimeric nature of the compound.

In one fragment, the two hydroxyl protons at Jy 10.58 and
13.88 were located on both sides of a 2-methylpropionyl moiety
in a benzene ring, based on the formation of hydrogen bonds as
well as the HMBC correlations (Fig. 2). In the HMBC spectrum,
the correlations of the hydroxyl proton at éy 10.58 with . 102.0
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Figure 1. Structure of pilidiostigmin with 5'R and 5”R configuration.

(C-1), 6. 152.3 (C-2), and 6. 106.6 (C-3) suggested assignment of
this hydroxyl group at position 2. The HMBC spectrum also dis-
played correlations of the hydroxyl proton at 5y 13.88 with the car-
bon resonances at ¢ 106.6 (C-3), 6c 162.9 (C-4), and 5¢c 101.1 (C-5),
as well as of the methyl protons at 5y 2.29 with the carbon reso-
nances at o¢c 162.9 (C-4), 5c 101.1 (C-5), and 6¢ 159.1 (C-6). This en-
abled unequivocal assignment of the position of this hydroxyl
group at C-4 and the aromatic methyl at position 5. One character-
istic enol proton was also observed at 6y 17.10; this was chelated
to the carbonyl of a 2-methylpropionyl moiety, indicating the pres-
ence of a cyclohexadienone ring.> The presence of carbon signals
due to one carbonyl group at ¢ 196.6 and two double bonds at
dc 187.8, 6¢ 105.8, ¢ 117.2, and é¢ 164.4 supported a cyclohexadi-
enone ring rather than a benzene ring.* The HMBC correlations of
the enol proton with the carbon resonance at dc 105.8 (C-3'), oc
204.7 (C-7"), and ¢ 33.9 (C-8') indicated the presence of a 2-meth-
ylpropionyl moiety at position 3'. The HMBC correlations of the
methyl protons at éy 1.73 with the carbon resonances at éc 196.6
(C-4), 6c 73.4 (C-5'), and 6¢c 164.4 (C-6’) located the tertiary methyl
at position 5. However, due to the absence of HMBC correlations
between the benzene ring and the cyclohexadienone ring, these
two moieties could either be directly connected via a single bond
or linked via an ether bond. In order to identify the correct consti-
tution, a comparison between the optimized structural models

Table 1

"H and '*C NMR data of pilidiostigmin (& values in ppm)?
Position OH dc
1 - 102.0
2 — 152.3
3 - 106.6
4 - 162.9
5 — 101.1
6 — 159.1
7 - 212.5 or 212.6
8 4.09, 1H, m 40.1
1 - 117.2
2 - 187.8
3 - 105.8
4 — 196.6
5' - 73.4
6 - 164.4
7' - 204.7
8 3.92, 1H, m 339
17 - 103.8
2" - 153.4
3" - 106.5
4" - 163.0
5" - 101.7
6" — 159.3
7" - 212.6 or 2125
8" 4.12, 1H, m 40.2
1” - 1143
2" - 182.5
3" - 106.5
4" - 202.0
5" — 703
6” - 159.8
7" - 208.9
8" 4.28, 1H, m 35.6
5-Me 2.29 8.0
5'-Me 1.73,s 28.8
5"-Me 2.31 8.1
5"”-Me 1.88,s 274
2-OH 10.58, s —
2'-OH 17.10, s -
4-OH 13.88,s -
4"-0OH 13.83,s —
2"-OH 11.78, s -
2""-OH 18.59, s -
9,9,9",9” 8-Me, 8-Me, 1.24-1.35, 24H, 19.0, 19.2, 194, 19.5, 19.5,

8”-Me, 8”-Me overlapping 19.5, 19.9, 20.0

3 1H (500 MHz) and '3C (125 MHz) in CDCl;.

from molecular modelling® and the experimental NOE data was
performed. A strong NOE observed between 5-Me and 5”-Me, to-
gether with the absence of an NOE contact between 5-Me and
5"-Me as well as 5'-Me and 5”-Me, indicated that the benzene ring
and the cyclohexadienone ring were directly linked. Taking into
consideration all these data, one moiety of pilidiostigmin was fully
established as fragment 1 (Fig. 2).

hydrogen bond

HMBC colleration

Figure 2. HMBC correlations and hydrogen bonds of fragment 1 of pilidiostigmin.
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long-range NOE

Figure 3. Selected long-range NOEs indicating the RR or S,S (C-5, C-5") relative
configuration. The optimized structure was obtained from DFT calculations at the
B3LYP/6-31(d) level. The position of the sodium ion in the molecule has not been
determined.

The '3C NMR spectroscopic data of fragment 2 (the other part of
the dimer) were closely related to those of fragment 1. The main
differences between them were the carbon signals of the two
cyclohexadienone rings: C-1’ (6¢c 117.2), C-2' (5c 187.8), C-3' (6¢
105.8), C-4' (¢ 196.6), C-5' (¢ 73.4), and C-6' (¢ 164.4) for frag-
ment 1 compared to C-1" (6¢ 114.3), C-2" (5¢ 182.5), C-3" (¢
106.5), C-4" (3¢ 202.0), C-5" (5¢ 70.3), and C-6" (3¢ 159.8) for frag-
ment 2 (Table 1). These variances indicated a different chemical
environment of the carbons in the cyclohexadienone ring of frag-
ment 2 due to a change of the electron density distribution.
According to the HR-ESI-TOF-MS data, the isolated compound con-
tained a sodium ion in the molecular formula; the presence of a so-
dium ion was also consistent with the asymmetric structure of the
dimer. Systematic analysis of the NMR data suggested that the so-
dium ion was associated with a deprotonated hydroxyl group at
position C-5"; this also explained why the carbon chemical shifts
of the cyclohexadienone ring in fragment 2 were different from
those of fragment 1.

The relative configuration at C-5' and C-5” was established
based on a comparison of the structural models from the molecular
modeling and the NOE data. Only one conformation per possible
relative configuration was found in a conformational search using
molecular mechanics calculations, which was further optimized
with DFT (density functional theory) at the B3LYP/6-31G(d) level.
The low-field chemical shift of the 2-OH proton (4 10.58) together
with the NOE contact between 2-OH and 2’-OH (Fig. 3) suggested
that the 2-OH proton was hydrogen bonded to the oxygen of 2’'-
OH, as shown in Figure 2. Taking this into account, NOE contacts
between H-2-OH and H-5"-Me, as well as between H-2'-OH and
H-5"-Me should be observed if pilidiostigmin had the relative con-
figuration of R,S or S,R (C-5, C-5"). The absence of these two con-
tacts together with the strong NOE contact between H-5-Me and
H-5"-Me (Fig. 3) were in good agreement with the suggested
structural model and the relative configuration R,R or S,S (C-5/, C-
5///)'

Pilidiostigmin is an unusual dimeric acylphloroglucinol deriva-
tive containing a sodium ion. In order to exclude the possibility of
this being an artifact arising from the addition of a sodium ion

during the isolation process, we tracked the compound in the
crude ethanol extract using HPLC-ESIMS. A mass signal was clearly
observed with a [M—1] peak at 853 at the same retention time as
pilidiostigmin (see the Supplementary data), which confirmed the
natural origin of pilidiostigmin as a sodium salt.®

Pilidiostigmin was evaluated for its cytotoxicity’ and for its
ability to inhibit nitric oxide (NO) production in LPS-stimulated
RAW 264.7 mouse macrophage cells.® The cytotoxicity (ECsq) of
pilidiostigmin was 8.65 ptM, and the dose-dependent inhibition of
pilidiostigmin on NO production was 21.0%, 37.1%, and 60.6% at
concentrations of 0.29, 0.87, and 7.8 UM, respectively, indicating
quite a potent inhibitory activity. Thus, pilidiostigmin, a dimeric
acylphloroglucinol derivative isolated from the endemic Australian
plant P. glabrum, and containing a sodium ion, inhibits the produc-
tion of nitric oxide. Further examination of the biological activity of
this unusual compound is warranted to establish its utility as a po-
tential anti-inflammatory bioactive molecule, for example in
wound healing applications and in inflammatory disorders.
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the cell suspension at 10 pL/well, and the plates were incubated at 37 °C with 5%
CO,, for 24 h. Following incubation, cell lysates were assayed for ATP with the
ATPlite™ assay kit as per the manufacturer’s instructions. Briefly, all kit
components were equilibrated to room temperature. Mammalian cell lysis
solution (50 pL) was added to each well of the cell culture microplate, the plate
was shaken on an orbital microplate shaker (500 rpm, 5 min), then substrate
solution (50 pL/well) was added and the plate was further shaken (500 rpm,
5min). The plate was dark adapted for 10 min and the luminescence was
measured on a Wallac 1450 Microbeta luminescence counter (Wallac, Turku,
Finland). Half-maximal inhibitory concentration (ICso) values were calculated
using GraphPad Prism version 4 (La Jolla, CA, USA). Samples were assayed in
triplicate.
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8. Nitrite (Griess) assay. RAW 264.7 cells were cultivated as described above. Cell

suspension (120 uL/well, 0.6 x 10° cells/mL) was added to the wells of a 96-well
microplate and incubated for 20 h (37 °C, 5% CO,), after which test compounds
dissolved in DMSO were added. Following incubation for 1h, LPS solution
(10 pL/well, 10 pg/mL) was added and the plate was incubated for a further
20 h. NO produced was determined spectrophotometrically by assaying nitrite
in the cell supernatants using the Griess reagent. Absorbance was measured at
550 nm in a Wallac Victor 2 plate reader (Wallac, Turku, Finland) and the nitrite
concentration was determined by reference to a sodium nitrite standard curve.
Samples and controls were assayed in triplicate.
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