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Abstract A phytochemical investigation for the rhizome
extract from Sinomenium acutum (Menispermaceae) resul-
ted in the isolation of several active principles responsible
for the anti-osteoclastogenic property of the extract, together
with related isoquinoline alkaloids (1-13) including two
new compounds, 1 and 2. Among isolated compounds,
salutaridine (7), dauricumine (10), cheilanthifoline (12), and
dauriporphine (13) were observed to give significant inhi-
bitions on receptor activator of nuclear factor-xB ligand-
induced differentiation of mouse bone marrow-derived
macrophages into multinucleated osteoclasts, respectively.
The chemical structures of two newly isolated compounds, 1
and 2 were established as 8-demethoxycephatonine (1) and
7(R)-7,8-dihydrosinomenine (2), by spectroscopic analyses
including 2D NMR experiments.
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Introduction

The species, Sinomenium acutum (Menispermaceae) is a
deciduous climbing plant native to Korea, Japan and China.
The rhizomes of the species have been used frequently to
treat rheumatic and arthritic diseases in traditional Chinese
medicine (Zhao et al. 2012). It is also regarded as a valu-
able source of plant alkaloids with diverse skeletons, such
as morphinane, hasubanane and aporphine alkaloids.
Especially, sinomenine (4), a representative alkaloidal
component of the species has been reported to exhibit a
variety of biological activities including anti-arthritic
(Zhou et al. 2008), anti-inflammatory (Wang and Li 2011),
and immunosuppressive properties (Wang and Li 2011). In
addition, it has been paid much attention by chemists and
pharmacologists, because it was reported recently to sup-
press osteoclast formation and bone loss (Li et al. 2013).
In the course of investigating for anti-osteoclastogenic
effects of the traditional herbal medicines in Korea, the
methanol extract from the rhizomes of S. acutum was found
to exhibit a significant inhibition on the receptor activator
of nuclear factor-xB ligand (RANKL)-induced differenti-
ation of mouse bone marrow-derived macrophages
(BMMs) into tartrate-resistant acid phosphatase-positive
multinucleated cells (TRAP"-MNCs; Fig. S1). It was
generally accepted that the balance between osteoclastic
bone resorption and osteoblastic bone formation preserved
skeletal homeostasis in adults (Walsh et al. 2006), but an
imbalance caused by over-activated osteoclasts and/or their
increased number consequently led to osteoclast-related
bone diseases such as osteoporosis and rheumatoid arthritis
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(Manolagas 2000). Osteoclasts are large MNCs belonging
to the monocyte/macrophage lineage of hematopoietic cells
(Suda et al. 1999). Two essential cytokines, macrophage
colony-stimulating factor-1 (M-CSF) and RANKL trig-
gered the differentiation of osteoclast precursors into
TRAP*-MNCs with bone resorbing activity (Boyle et al.
2003).

For the purpose of identifying active principles of the
extract from the rhizomes of S. acutum, which were
responsible for the inhibitory effect on the RANKL-in-
duced differentiation of BMMs into TRAP'"-MNCs,
extensive phytochemical studies on the extract were per-
formed, which finally resulted in the isolation of four active
components such as salutaridine (7), dauricumine (10),
cheilanthifoline (12), and dauriporphine (13).

Materials and methods
General experimental procedures

Optical rotations were recorded on a Rudolph Autopol IV
polarimeter. The high resolution electrospray ionization
(HREIMS) and electron impact mass spectra were obtained
using a Q-Tof micro LC-MS/MS instrument (Waters,
USA) and CP3800-1200L (Varian, USA) mass spectrom-
eter, respectively. NMR spectra were obtained by a Bruker
AM 500 spectrometer using TMS as an internal standard
for 'H NMR, '*C NMR, DEPT, COSY, HMQC, HSQC,
HMBC and NOESY. Preparative-HPLC was performed on
a Futecs P-4000 system with a Shim-pack prep-ODS(H) kit
column (5 pm, 20 mm x 25 cm). Isolation and purifica-
tion was carried out using a medium-pressure liquid
chromatographic system [Buchi pump Module C-601, sil-
ica gel 60 (230-400 mesh, Merck), ODS (Cosmosil 140
Cig)l.

Plant material

The rhizomes of S. acutum were purchased at Gyeongdong
market (Korea) and identified by Dr. Young sup Kim. A
voucher specimen (KR1316) was deposited at the herbar-
ium of the Korea Research Institute of Chemical Tech-
nology (KRICT).

Extraction and isolation

The dried rhizomes (6 kg) of S. acutum were soaked twice
in 90 1 of methanol at room temperature for 7 days. The
concentrated methanol extract (737 g) was suspended in
4 L of distilled water and adjusted to pH 12.0 with 1 N
NaOH, and then extracted sequentially with equal volume
n-butanol which gave 156 g of an alkaloids-rich fraction.

@ Springer

The alkaloids-rich fraction (156 g) was dissolved in EtOAc
and allowed to crystallize at room temperature to give
compound 4 (5.5 g). And then, the remained alkaloids-rich
fraction was fractionated into five sub-fractions (Fr.1-5)
using silica gel column chromatography and gradient elu-
tion with dichloromethane/MeOH (100:1-1:1). Fr.1 was
subjected to column chromatography with NH, gel (Merck
Lichroprep NH,) eluted with a n-hexane:EtOAc (50:1-3:1)
to give compound 13 (3.1 mg). Fr.2 was further purified by
prep-HPLC (30-90 % MeOH) to yield compounds 3
(37.1 mg), 1 (29.1 mg), 12 (6.0 mg). Fr.3 was repeatedly
subjected to silica gel column chromatography (dichlor-
omethane:MeOH = 50:1-1:1) and purified using prep-
HPLC with 30-90 % MeOH gradient to afford compounds
5 (23.8 mg), 7 (37.2 mg), 8 (58.7 mg), 9 (7.4 mg), and 10
(9.3 mg). Fr4 was subjected to column chromatography
with NH, gel (Merck Lichroprep NH,) eluted with a n-
hexane:EtOAc (50:1-3:1) to give compounds 6 (92.4 mg)
and 2 (15.2 mg). Fr.4 was further purified through Sepha-
dex LH-20 chromatography and prep-HPLC (10-70 %
MeOH) to yield compound 11 (2.1 g).

8-Demethoxycephatonine (1)

Yellow amorphous powder; [oc]%)o —141.5 (c 1.00, CH;0H);
'H NMR (CDCl;, 500 MHz); *C NMR (CDCls,
125 MHz) (Table 1); HREIMS m/z 329.1626 [M+Na]"
(calcd for C1oH»3NO,, 329.1627).

7(R)-dihydrosinomenine (2)

Yellow amorphous powder; [oc]i)o +37.6 (c 0.33, CH;0H);
'H NMR (CDCl;, 500 MHz); '*C NMR (CDCls,
125 MHz) (Table 2); HREIMS m/z 331.1776 [M+Na]"
(calcd for C19H,sNOy, 331.1784).

Hydrogenation of 4

Compound 4 (0.1 g) was dissolved in MeOH with 10 %
Pd/C (0.01 g) and then stirred for about 72 h at the room
temperature. After filtration, the reaction mixture was
concentrated to dryness and purified by column chro-
matography on silica gel eluted with dichlor-
omethane:MeOH (5-95 % MeOH gradient) to yield
62.1 mg of 7(R)-dihydrosinomenine and 24.5 mg of 7(S)-
dihydrosinomenine.

Cell cultures and osteoclast differentiation
This study was carried out in strict accordance with the

recommendations in the Standard Protocol for Animal
Study of KRICT (No. 2012-7D-02-01). The protocol (ID
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1 13
pectioscopie data of 1and 3 PO 1Gw 3 @) 16 360

1 6.60 (1H, s) 6.55 (1H, s) 1139 111.1

2 143.6 147.9

3 150.9 147.1

4 6.67 (1H, s) 6.70 (1H, s) 109.8 110.6

5 3.04 (1H, d, J = 16.5 Hz) 3.07 (1H, d, J = 16.5 Hz) 49.8 49.7
2.68 (1H, d, J = 16.5 Hz) 2.69 (1H, d, J = 16.5 Hz)

6 193.3 193.3

7 151.2 151.2

8 5.66 (1H, s) 5.67 (1H, s) 114.8 114.7

9 2.01 (1H, br d, J = 14.0 Hz) 2.06 (1H, m) 26.6 26.7
1.80 (1H, ddd, J = 13.4, 4.8 Hz) 1.83 (1H, ddd, J = 13.4, 4.8 Hz)

10 2.85 (1H, ddd, J = 16.6, 4.8 Hz) 291 (1H, m) 24.8 25.0
2.61 (1H, br d, J = 16.6 Hz) 2.58 (1H, br d, J = 15.7 Hz)

11 127.2 126.4

12 134.9 135.3

13 48.2 48.2

14 64.7 63.8

15 2.26 (1H, m) 2.28 (1H, m) 36.6 36.4
2.06 (1H, br d, J = 10.5 Hz) 2.06 (1H, m)

16 293 (1H, br t, J = 8.5 Hz) 291 (1H, m) 51.5 51.5
2.45 (1H, m) 2.44 (1H, m)

2-OCH; 3.86 (3H, s) 56.1

3-OCH; 3.86 (3H, s) 3.85 (3H, s) 56.0 55.8

7-OCHj; 3.67 (3H, s) 3.68 (3H, s) 55.0 55.0

NCH; 243 (3H, s) 2.45 (3H, s) 335 335

Assignments are based on DEPT, HMQC, and HMBC experiments, and chemical shifts are given in ppm

No. 7D-M1) was approved by the Institutional Animal
Care and Use Committee of KRICT. All efforts were made
to minimize suffering. In detail, bone marrow-derived cells
(BMCs) were obtained from femur and tibia of 5-6-week-
old male ICR mice (Damool Science, Daejeon, Korea) by
flushing femurs and tibias with o-MEM supplemented with
antibiotics (100 units/ml penicillin and 100 pg/ml strepto-
mycin; Invitrogen, NY, USA). BMCs were cultured in a
culture dish in o-MEM supplemented with 10 % fetal
bovine serum (Invitrogen, NY, USA) with 10 ng/ml of
mouse recombinant M-CSF (R&D Systems, MN, USA) for
1 day. After 1 day, non-adherent BMCs were plated on a
Petri dish and cultured for 3 days in the presence of M-CSF
(30 ng/ml). After non-adherent cells were washed out,
adherent cells were used as BMMs. For osteoclastogenesis,
BMMs were cultured in the presence of 10 ng/ml of mouse
recombinant RANKL (R&D Systems) and M-CSF (30 ng/
ml) for 4 days to differentiate them into mature TRAP-
positive multinucleated osteoclast cells (TRAPT-MNCs).
BMMs were pre-treated with compound for 1 h before
RANKL treatment.

TRAP staining and activity assay

Cells were fixed with 3.7 % formalin for 5 min, perme-
abilized with 0.1 % Triton X-100 for 10 min, and stained
with TRAP solution (Sigma-Aldrich, MO, USA) for
10 min. TRAPT-MNCs (cells with 10 nuclei or more;
10 < N) were counted as mature osteoclasts. For measur-
ing TRAP activity, cells were fixed with 3.7 % formalin for
5 min, permeabilized with 0.1 % Triton X-100 for 10 min,
and treated with TRAP buffer (100 mM sodium citrate pH
5.0, 50 mM sodium tartrate) containing 3 mM p-nitro-
phenyl phosphate (Sigma-Aldrich, MO, USA) at 37 °C for
5 min. Reaction mixtures were transferred into new plates
containing an equal volume of 0.1 N NaOH, and optical
density values were measured at 405 nm.

Cytotoxicity assay
BMMs were cultured at a density of 1 x 10* cells/well on

a 96-well plate in triplicate with M-CSF (30 ng/ml) and
tested materials. After 3 days, the cell survival was
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1 13
spectioncopic data of 2and 4 PO 2 G 46w 2604060

1 6.58 (1H, s, J = 8.3 Hz) 6.56 (1H, s, J = 8.2 Hz) 118.7 118.2

2 6.67 (1H, s, J = 8.3 Hz) 6.65 (1H, s, J = 8.2 Hz) 109.5 109.0

3 145.2 144.9

4 144.8 144.7

5 430 (1H, d, J = 12.9 Hz) 4.37 (1H, d, J = 15.6 Hz) 48.6 49.2
2.27 (1H, d, J = 12.9 Hz) 247 (1H, d, J = 15.6 Hz)

6 207.2 194.0

7 3.93 (1H, dd, J = 12.0, 6.9 Hz) 834 152.4

8 2.20 (1H, m) 5.49 (1H, s) 344 115.1
1.64 (1H, m)

9 3.06 (1H, br s) 3.19 (1H, br s) 57.3 56.7

10 298 (1H, d, J = 18.5 Hz) 3.03 (1H, d, J = 18.5 Hz) 23.6 24.2
2.69 (1H, dd, J = 18.5, 5.8 Hz) 2.72 (1H, dd, 18.5, 5.0 Hz)

11 129.2 130.4

12 121.8 122.6

13 423 40.5

14 2.36 (1H, br d, J = 13.0 Hz) 3.01 (1H, br s) 43.6 46.0

15 1.95 (1H, br d, J = 12.7 Hz) 1.94 (1H, m) 37.5 36.0
1.84 (1H, dt, J = 12.7, 3.8 Hz) 1.89 (1H, m)

16 2.55 (1H, br d, J = 11.0 Hz) 2.55 (1H, br d, J = 11.7 Hz) 46.7 47.1
2.11 (1H, br t, J = 11.0 Hz) 2.09 (1H, br t, J = 11.7 Hz)

3-OCH; 3.83 (3H, s) 3.83 (3H, s) 56.2 56.1

7-OCHj; 3.44 (3H, s) 3.51 (3H, s) 58.0 54.8

NCH; 2.45 (3H, s) 2.45 (3H, s) 41.6 42.8

Assignments are based on DEPT, HMQC, and HMBC experiments, and chemical shifts are given in ppm

evaluated by CCK-8 kit according to the manufacturer’s
protocol (Dojindo Molecular Technologies, Japan).

Western blot analysis

BMMs (1 x 10° cells/well in a six-well plate) were pre-
treated with each four isoquinoline alkaloid (10 pM) 1 h
before incubating with RANKL (10 ng/ml) for 5 min. Cells
were then washed with ice-cold phosphate buffered saline
and lysed in lysis buffer (50 mM Tris—HCl, 150 mM NaCl,
5 mM EDTA, 1 % Triton X-100, 1 mM sodium fluoride,
1 mM sodium vanadate, and 1 % deoxycholate) containing
protease inhibitors. Lysates were boiled in sodium dodecyl
sulfate (SDS) sample buffer for 5 min, subjected to 10 or
12 % SDS-polyacrylamide gel electrophoresis, and trans-
ferred to a polyvinylidene difluoride (PVDF) membrane
(Millipore). Transferred PVDF membrane was washed with
TBST (10 mM Tris—HCI, pH 7.5, 150 mM NaCl, 0.1 %
Tween 20) and incubated with TBST with 5 % skim milk.
The membrane was then probed with the primary antibody,
washed three times with TBST for 30 min, incubated with
secondary antibody conjugated to horseradish peroxidase
(Santa Cruz Biotechnology, CA, USA). for 2 h, and washed
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three times for 30 min. Membranes were then developed
with SuperSignal west femto maximum sensitivity substrate
(Pierce) using the LAS-3000 luminescent image analyzer
(Fuji Photo Film Co., Ltd., Japan). Antibody against actin
was purchased from Santa Cruz Biotechnology. Antibodies
against p-p38, p38, p-JNK, INK, p-ERK, ERK were pur-
chased from Cell Signaling Technology (MA, USA).

Results

Extensive phytochemical studies were conducted on the
rhizomes extract of S. acutum to investigate active ingre-
dients responsible for the anti-osteoclastogenic property,
which finally led to the isolation of 13 kinds of isoquinoline
alkaloids (1-13) including two new compounds, 1 and 2
(Fig. 1). Among them, 7, 10, 12, and 13 exhibited extre-
mely potent anti-osteoclastogenic activity. In this paper, we
briefly describe the inhibitory effects of active components
(7, 10, 12, and 13) on the differentiation of BMMs cells
into TRAP*-MNCs as well as the structural elucidation of
two new isoquinoline alkaloids, 1 and 2 by spectroscopic
evidences.
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Fig. 1 Isolated compounds (1-13) from the rhizome extract of S. acutum

All isolated alkaloids (1-13) were evaluated for the
inhibitory effect on osteoclast differentiation. As shown in
Fig. 2, four alkaloids (7, 10, 12, and 13) significantly
inhibited the RANKL-induced formation of TRAP*-MNCs
in a dose-dependent manner, whereas other isolated alka-
loids gave poor inhibition below 10 uM concentration. The
concentration of 7, 10, 12, and 13 required for the 50 %
inhibitory effect (ICsp) on osteoclast differentiation was
calculated as 3.8, 4.2, 3.5 and 2.8 uM, respectively, as the
ICs value of reference drug, saurolactam was observed as
29 uM (Kim et al. 2009). Besides, none of them (7, 10, 12,
and 13) showed any significant cytotoxic effect on BMMs
cells below 10 puM, suggesting that the anti-osteoclasto-
genic activities of them were not described to the potential
to inhibit the survival of BMMs. As mentioned previously,
sinomenine (4), a major alkaloid of this species has been
reported recently to give anti-osteoclastogenic activity and

the ICsq value was esteemed about 100 uM (Li et al. 2013).
These results were well accorded with our experimental
results, i.e., 4 was observed to give excellent activity at 100
UM concentration, but it exhibited negligibly poor activity
below 50 pM. On the other hand, compounds 7, 10, 12, and
13, structurally similar to 4 exhibited much potent inhibi-
tion upon the RANKL-induced formation of TRAP™-
MNCs* even below 5 uM concentration (Fig. 2). Thus, it is
supposed that the overall anti-osteoclastogenic activity of
the rhizome extract of S. acutum was predominantly due to
the potent activities of 7, 10, 12, and 13, rather than due to
the main alkaloid, sinomenine (4).

As one of possible mechanisms underlying the anti-os-
teoclastogenic actions of four isoquinoline alkaloids (7, 10,
12, and 13), we investigated whether they can affect the
MAP kinase signaling molecules including p38, JNK, and
ERK, which are known to play an important role in the
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Fig. 2 Effect of isoquinoline alkaloids (7, 10, 12 and 13) on osteoclast differentiation. a BMMs were cultured with RANKL (10 ng/ml) and
M-CSF (30 ng/ml) in the presence of the indicated concentrations of isoquinoline alkaloids for 4 days. Cells were fixed in 3.7 % formalin for
5 min, permeabilized in 0.1 % Triton X-100 for 10 min, and stained for TRAP, a marker enzyme of osteoclasts. b TRAP-positive multinuclear
cells (nuclei >10) were counted as osteoclasts. *P < 0.05, **P < 0.01, ***P < 0.001

early signaling event induced by RANKL. BMMs were
pre-treated with each isoquinoline alkaloid (7, 10, 12, and
13) before RANKL treatment, and the cell lysates were
analyzed by western blotting. RANKL strongly induced the
phosphorylation of all signaling molecules such as p38,
JNK, and ERK, but the RANKL-induced phosphorylation
of JNK was attenuated by each isoquinoline alkaloid (7, 10,
12, and 13). In addition, the RANKL-induced phosphory-
lation of ERK and p38 were likely to be attenuated by 12
and 13. These results suggested that the anti-osteoclasto-
genic activities of 7, 10, 12, and 13 could be in part due to
the potential to inhibit the RANKL-induced phosphoryla-
tion of all MAP kinases (Fig. 3).
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As mentioned before, in the course of phytochemical
survey, two novel isoquinoline compounds (1 and 2) were
isolated from the extract. To the best of our knowledge, 1
and 2 were never been isolated from this species and even
from nature.

Compound 1 was obtained as a yellow amorphous

powder, [¢]5 —141.5 (¢ 1.00, CH;0H). The molecular
formula of 1 was established as C;oH,sNO, at m/
7 329.1626 (calcd 329.1627) [M+Na]™ by HREIMS. The
proton NMR spectrum of 1 was highly similar with that of
3, except that two methoxy signals (& 3.86, and o 3.67)
were observed in 1, whereas three methoxy signals (5 3.86,
0 3.85 and & 3.68) in 3 (Table 1). Besides, the mass
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Fig. 3 Inhibitory effects of four isoquinoline alkaloids (7, 10, 12 and
13) on RANKL-induced activation of MAP kinases. The effects of
four isoquinoline alkaloids on RANKL-induced phosphorylation of
MAP kinases were evaluated by western blot analysis. Briefly, BMMs
were pre-treated with each four isoquinoline alkaloid (10 uM) 1 h
before incubating with RANKL (10 ng/ml) for 5 min. Actin was used
as an internal control

difference (A —14) between 1 and 3 implied that one of
three methoxy groups found in 3 was replaced with a
hydroxyl group in 1. A distinct NOE correlation between
H-4 and methoxy protons on C-3, and other NOE corre-
lation between H-8 and methoxy protons on C-7 (Fig. 4)
suggested that the hydroxyl group was attached at C-2.
Thus, the chemical structure of 1 was established as
8-demethoxycephatonine as depicted in Fig. 1.

Compound 2 was obtained as yellow amorphous powder,

[0]% 4+37.6 (c 0.33, CH;0H). The molecular formula of 2
was established as C;9H,3NO, at m/z 331.1776 (calcd
331.1784) [M+Na] " by HREIMS, 2 mass units higher than
that of 4. The proton NMR spectrum of 2 displayed a high

Fig. 4 Key 'H-'H COSY OH
(thick line), HMBC (right
pointing arrow) and NOESY
(double pointing arrow)
correlations of 1 and 2

0
1 \
gy IIN

similarity with that of 4. However, a singlet signal observed
at 8 5.49 (H-8) of 4 was disappeared, whereas a dd signal at &
3.93 and additional methylene protons at & 2.20 and  1.64
were observed in 2, which implied that the double bond
between C-7 and C-8 of 4 might be reduced to become 2.
Thus, all proton and carbon signals of 2 were completely
assigned by the aid of 2D NMR experiments such as HSQC,
HMBC and NOESY (Table 2). The relative configuration of
2, particularly the chirality of C-7 was established by the
NOESY experiment; the signal of H-7 was correlated with
H-14, which strongly suggested the methoxy group was
attached at C-7 via o-orientation as depicted in Fig. 4. On
the basis of these data, the chemical structure of 2 was
established as the 7(R)-7,8-dihydrosinomenine as depicted
in Fig. 1. On the other hand, the catalytic hydrogenation of
sinomenine (4) with Pd/C yielded a pair of stereoisomers,
i.e., 7(R)-dihydrosinomenine and 7(S)-dihydrosinomenine
as a ratio of 5:2. This is the first report of the isolation of
7(R)-dihydrosinomenine (2) from the nature. Other purified
components were identified as 8-demethoxyrunanine (3)
(Wang et al. 2007), sinomenine (4) (Kashiwaba et al. 1994),
14-episinomenine (5) (Kashiwaba et al. 1996), sinomenine
N-oxide (6) (Bao et al. 2005), salutaridine (7) (Bracher et al.
2004), acutumine (8) (Sugimoto et al. 2001), acutumidine
(9) (Sugimoto et al. 2001), dauricumine (10) (Min et al.
2006), magnoflorine (11) (Holzbach and Lopes 2010),
cheilanthifoline (12) (Cheng et al. 2008), and dauriporphine
(13) (Min et al. 2006) by direct comparison of spectroscopic
data with those of published literatures.

In summary, two new isoquinoline alkaloids,
8-demethoxycephatonine (1) and 7(R)-7,8-dihydrosi-

nomenine (2), along with eleven known compounds (3-13)
were isolated from the rhizome extract of S. acutum.
Among them, salutaridine (7), dauricumine (10), cheilan-
thifoline (12), and dauriporphine (13) were observed to
give significant inhibitions on RANKL-induced differen-
multinucleated

tiation of BMMs into osteoclasts,

respectively.

(o}
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Discussion

This is the first report of anti-osteoclastogenic activity of
isoquinoline alkaloids isolated from the rhizome extract of
S. acutum (7, 10, 12 and 13). Furthermore, the structural
information gained from these anti-osteoclastogenic iso-
quinoline alkaloids may give insights into the design of
new therapeutics for the treatment of osteoclast-related
disorders. Once structure—activity relationship studies have
been conducted, these compounds may lead to promising
new drugs for the treatment of osteoporosis, rheumatoid
arthritis, and cancer metastasis.
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