Chemical Constituents from Acer mandshuricum

Bull. Korean Chem. Soc. 2010, Vol. 31, No.4 929
DOI 10.5012/bkcs.2010.31.04.929

Chemical Constituents from Acer mandshuricum
and Their Effects on the Function of Osteoblastic MC3T3-E1 Cells

Yan Ding, Chun Liang, Huu Tung Nguyen, Eun Mi Choi, Jeong Ah Kim, and Young Ho Kim"

College of Pharmacy, Chungnam National University, Daejeon 305-764, Korea. "E-mail: yhk@cnu.ac.kr
Received October 26, 2009, Accepted February 16, 2010

A new compound, 4-methoxyl 5-hydroxymethyl benzoic 3-O-f-D-glucopyranoside (1), has been isolated from the leav-
es and stems of Acer mandshuricum, along with nine known compounds (2-10). Their structures were determined by
a variety of spectroscopic analyses. The effect of compounds 1-10 on the function of osteoblastic MC3T3-El1 cells was
examined by determining alkaline phosphatase (ALP) activity, collagen synthesis, and mineralization. Compound 1
significantly increased the function of osteoblastic MC3T3-El1 cells; 5.0 uM of 1 increased ALP activity, collagen syn-
thesis, and mineralization of MC3T3-E1 cells to 114.7, 119.5, and 108.2% (P < 0.05) of the basal value, respectively.
In addition, compounds 2-10 also potently increased the function of osteoblastic MC3T3-E1 cells.
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Introduction

Osteoporosis is a major health concern for aging communiti-
es. The associated progressive decrease in bone mass leads to an
increased susceptibility to fractures, resulting in substantial
morbidity and mortality.1 Normal bone remodeling is achieved
by a balance of bone formation and bone resorption. These pro-
cesses are closely regulated and under the control of both syste-
mic hormones and locally derived cytokines. Osteoblasts, typi-
cally located on bone-lining surfaces, are physically positioned
to influence bone resorption. Since many osteoporotic patients
have already lost a substantial amount of bone, a method of in-
creasing bone mass by stimulating new bone formation is re-
quired.2

Acer mandshuricum MAXIM, belonging to Aceraceae, is a
type of deciduous tree that grows in Korea, Russia, and the nor-
thern areas of China. A. mandshuricum is used as an ornamental
tree and its breeding technique has been extensively studied in
China. However, to date, there appears to be no study focusing
on the phytochemistry and bioactivity of this plant.

In our ongoing efforts to find active natural compounds to
differentiate MC3T3-E1 osteoblastic cells, potent activity was
found in the MeOH extract of the stems and leaves of A. mand-
shuricum. Based on a bioactivity-guided fractionation and isola-
tion method, one new compound (1) has been isolated, along
with nine known compounds. This paper describes the isolation
method and structure elucidation of 4-methoxyl 5-hydroxy-
methyl benzoic 3-O-B-D-glucopyranoside (1) along with the
evaluation of the effects of compounds 1-10 on osteoblast
differentiation in MC3T3-E1 cells.

Experimental

General methods. Optical rotations: JASCO DIP-360 digital
polarimeter; NMR spectra: Bruker DRX 400 and 500 NMR
spectrometers using TMS as an internal standard, 6 in ppm, J in
Hz. HR-FAB-MS: JMS-T100TD spectrometer (Tokyo, Japan).

GC spectra: Shidmazu-2010 spectrometer. Column chromato-
graphy (CC): silica gel 60 (40 - 63 and 63 - 200 um particle size,
Merck) and RP-18 (40 - 63 pum particle size, Merck).

Plant material. Stems and leaves of Acer mandshuricum, were
collected in Kangwon Province in August 2005, and identified
by one of us (Y. H. Kim). A voucher specimen (CNU05012) is
deposited at the herbarium of the College of Pharmacy, Chung-
nam National University, Korea.

Extraction and isolation. Air-dried stems and leaves of 4.
mandshuricum (2.0 kg) were extracted three times with MeOH
(50 °C). The MeOH extract (170 g) was concentrated under
vacuum to yield a gummy residue that was suspended in H,O
(2.0 L). This solution was partitioned with CH,Cl, and EtOAc
(each 2 L x 3), successively, yielding the CHCl, fraction (74 g),
EtOAc fraction (39 g), and the H>O fraction (35 g). The H.O
soluble fraction was subjected to a Dianion HP 20 CC and elut-
ed with H,O and 25, 50, 75, and 100% MeOH gradiently to give
four fractions (Fr. 1A - 1D). The EtOAc soluble fraction was
subjected to CC (SiO,; CH2Cl,-MeOH 30:1 — 0:1) to afford five
fractions (Fr. 2A - 2E). Fraction 1 A was further separated by
passage over a RP column (YMC-18; MeOH-H,O 2:3) to afford
2 subfractions (Fr. 3A and 3B). Compound 1 (400 mg) was
isolated from fraction 3A by CC (SiO,; CH>Cl,-MeOH 12:1).
The combined fractions 3B and 1B were separated by CC (SiO»;
CH,Cl,-MeOH 4:1) to give five fractions (Fr. 4A - 4E). Fraction
4B was subjected to RP CC (YMC-18; MeOH-H,O 2:3) to give
three subfractions (Fr. 5A - 5C). Compounds 2 (5.0 mg) and 4
(75 mg) were obtained from fraction 5B by CC (SiO,; CH,Cl,-
MeOH-H>0 4:1:0.5). Fraction 4D was subjected to RP CC
(YMC-18; MeOH-H»0 2:3) to give compound 8 (36 mg). Next,
the combined fractions of 1C and 1D were separated by CC
(SiOy; CH2Cl,-MeOH-H>0 10:1:0.1 — 2:1:0:1) to afford four
fractions (Fr. 6A - 6D). Fraction 6A was subjected to RP CC
(YMC-18; MeOH-HO 1:1) to give three fractions (Fr. 7A-7C).
Compound 3 (1500 mg) was purified from fraction 7B by cry-
stallization in MeOH-H,O (2:3). Fractions 6B and 6C were sub-
jected to RP CC (YMC-18; MeOH-H;0 1:1) to yield com-



930  Bull. Korean Chem. Soc. 2010, Vol. 31, No. 4

pounds 5 (400 mg) and 9 (200 mg), respectively. In addition,
compound 6 (1.5 mg) was obtained from fraction 2B using a
RP CC (YMC-18; MeOH-H,O 2:1). Fractions 1C and 1D were
separated using CC (SiO,; CH>Cl,-MeOH-H,0 10:1:0.1 —
2:1:0:1) to afford four fractions (Fr. 8A - 8D). Fraction 8C was
subjected to RP CC (YMC-18; MeOH-HO 1:1) to yield com-
pounds 7 (40 mg) and 10 (30 mg).

4-Methoxyl 5-hydroxymethyl benzoic 3-O-p-p-glucopy-
ranoside (1): White amorphous powder; mp 193 - 194°; [«] 2
—9.14 (¢ 0.20, MeOH); IR (KBr) 3375 (OH), 1703 (C=0),
1578, 1502, 1403 (aromatic C=C), 1052 (C-O-C); UV (MeOH)
210.6 (1.33), 255.4 (0.39); '"H-NMR (CD;OD, 500 MHz) &
7.23 (1H, d, J = 2.0 Hz, H-2), 7.15 (1H, d, J= 2.0 Hz, H-6),
4.87 (1H,d,J=7.0 Hz, H-1"), 3.79 (6H, s, H-8, 9), 3.67 (1H,
dd, J = 12.0, 2.0 Hz, H-6'a), 3.48 (1H, dd, J = 12.0, 6.0 Hz,
H-6'b), 3.10 - 3.40 (4H, m, H-2', 3', 4', 5"); "C-NMR (CD;0D,
125 MHz) 6 165.8 (s, C-7), 151.1 (s, C-3), 150.7 (s, C-5), 141.6
(s,C-4),124.5(s,C-1), 111.3 (d, C-6), 108.7 (d, C-2), 101.3 (d,
C-1",77.2(d, C-5",76.7 (d, C-3"), 73.4 (d, C-2"), 69.6 (d, C-4"),
60.6 (t, C-6"), 60.3 (q, C-9), 52.1 (q, C-8); ESI-MS 383 [M +
Na]'; HR-FAB-MS 359.0975 [M - HJ, (calcd. for C1oH350x:
359.0978).

(2R)-4-(4-Hydroxyphenyl)-2-butanol 2-O-B-D-apiofurano-
syl-(1—6)-p-D-glucopyranoside (2)’: A colorless amorphous
powder; [a] -49.23 (¢ 0.03, MeOH); 'H-NMR (CD;0D, 500
MHz) 6 7.04 2H, d,J=8.5Hz, H-2', 6'), 6.68 (2H, d, /= 8.5 Hz,
H-3',5"),5.02(1H, d,/J=2.0 Hz, H-1"),4.30 (1H, d, /= 8.0 Hz,
H-1"), 3.86 (1H, m, H-2), 2.62 (2H, m, H-4), 1.84 (1H, m, H-3a),
1.68 (1H, m, H-3b), 1.19 (3H, d, /= 6.0 Hz, H-1); ESI-MS 459
[M-H].

Aceroside I(3)*: Amorphous solid; [a]?° +13.51 (¢ 0.05, Me-
OH); '"H-NMR (CD;0D, 500 MHz) § 7.35 (1H, dd, J=8.5, 2.0
Hz, H-15), 7.26 (1H, dd, J = 8.5, 2.0 Hz, H-19), 7.15 (1H, dd,
J=8.5,2.5Hz, H-16), 7.08 (1H, d, /= 8.2 Hz, H-3), 6.95 (1H,
dd,J=38.5,2.5Hz, H-18), 6.62 (1H, dd, /= 8.5, 2.0 Hz, H-4),
5.71(1H,d,J=2.0 Hz, H-6),5.01 (1H, d,/=8.0 Hz, H-1"), 3.20
(1H, dt,J=10.0,5.0 Hz, H-11), 2.96 (1H, dt, /= 13.0, 4.0 Hz,
H-13a), 2.68 (1H, dt, J = 13.0, 4.0 Hz, H-13b), 2.44 (2H, m,
H-7),1.85 (1H, dq, J=14.0, 4.0 Hz, H-12a), 1.60 (1H, ddt, /=
13.5,13.5,4.5 Hz, H-12b), 1.45 (1H, m, H-8a), 1.24 (1H, m, H-
8b), 1.10 (1H, m, H-10a), 1.01 (1H, m, H-9a), 0.95 (1H, m, H-
10b), 0.84 (1H, m, H-9b); ESI-MS 483 [M + Na]".

Kaempferol 3-O-neohesperidoside (4)’: Yellow powder; [a]2
-39.6 (¢ 0.10, MeOH); 'H-NMR (CD;0D, 600 MHz) & 8.05
(2H, d,J=9.0Hz H-2',6"), 6.89 (2H, d,/=9.0 Hz, H-3', 5'), 6.38
(1H, d,J=2.4Hz, H-8),6.18 (1H, d,J=2.4 Hz, H-6), 5.74 (1H,
d,J=7.8Hz, H-1"), 5.22 (1H, s, H-1"); ESI-MS 595 [M + H] .

Astragalin (5)°: yellow power; [a]%+16.0° (¢ 0.20, MeOH);
'H-NMR (acetone-ds, 400 MHz) 6 8.11 (2H, d, J=8.6 Hz, H-2/,
6",6.96 (2H, d,J=8.6 Hz, H-3',5"),6.49 (1H, d,/=2.2 Hz, H-8),
6.26 (1H, d,J=2.2 Hz,H-6),5.25 (1H, d, /="7.6 Hz, H-1"); ESI-
MS 471 [M + Na]".

Kaempferol (6): Yellow power; [a]? +11.8° (c 0.20, MeOH);
"H-NMR (acetone-ds, 400 MHz) & 8.09 (2H, d, J=9.0 Hz, H-2',
6",6.91 (2H,d,J=9.0 Hz, H-3', 5"), 6.40 (1H, d,/=2.1 Hz, H-
8), 6.19 (1H, d, J = 2.1 Hz, H-6); ESI-MS 287 [M + H]".

Kaempferol-3-0-o-L-arabinofuranoside (7)8: Pale yellow
powder; [a]n —40.8° (¢ 0.20, MeOH); 'H-NMR (CD;0D, 500
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MHz) 6 7.96 (2H, d,J=9.0 Hz, H-2', 6'), 6.92 (2H, d, /=9.0 Hz,
H-3,5",6.41(1H,d,J=2.0 Hz, H-8), 6.21 (1H, d, /= 2.0 Hz,
H-6), 5.49 (1H, s, H-1"); ESI-MS 419 [M + H]".

Quercetin 3-O-neohesperidoside (8)’: Yellow powder; [o]*
+19.3 (¢ 0.10, MeOH); 'H-NMR (CH;0D, 500 MHz) & 7.60
(1H, dd, /=8.0,2.2 Hz, H-6'), 6.87 (1H, d, /= 8.0 Hz, H-5"), 6.62
(1H,d,J=2.2Hz, H-2"),6.37 (1H, d,J=2.0 Hz, H-8), 6.18 (1H,
d,J=2.0Hz,H-6),5.75 (1H, d,/J=8.0 Hz, H-1"), 5.23 (1H, d,
J=1.2Hz, H-1"); ESI-MS 611 [M + H] .

Isoquercitrin (9)°: Yellow power. []2°—22.5° (¢ 0.10, MeOH);
'H-NMR (CD;OD, 500 MHz) 5 7.71 (1H, d, J= 2.5 Hz, H-2'),
7.58 (1H, dd, J=8.5, 2.5 Hz, H-C(6")), 6.87 (1H, d,J=8.5 Hz,
H-5"),6.39(1H, d,/=2.0 Hz, H-8), 6.20 (1H, d, /=2.0 Hz, H-6),
5.25(1H, d,J= 7.5 Hz, H-1"); ESI-MS 465 [M + H] .

(-)-Catechin (10)’: Pale yellow powder; [a]2°~11.4° (¢ 0.20,
MeOH); 'H-NMR (CD:OD, 500 MHz) 5 6.84 (1H, d,J=1.5 Hz,
H-2"),6.77 (1H, d,J=8.0 Hz, H-6"), 6.72 (1H, dd,/=8.0, 1.5 Hz,
H-5"),5.94(1H, d,/=2.0 Hz, H-6), 5.87 (1H, d, /=2.0 Hz, H-8),
4.57 (1H, d,J=8.0 Hz, H-2), 3.98 (1H, dt,/=8.0, 5.5 Hz, H-3),
2.85(1H, dd, J=16.0, 5.5 Hz, H-4a), 2.51 (1H, dd, /=16.0, 8.0
Hz, H-4b); ESI-MS 291 [M + H]".

Cell culture. MC3T3-E1 cells (RCB1126, an osteoblast-like
cell line from C57BL/6 mouse calvaria) were obtained from
RIKEN Cell Bank (Tsukuba, Japan). MC3T3-E1 cells were cul-
tured at 37° in a 5% CO, atmosphere in an a-modified minimum
essential medium (a-MEM; GIBCO). The medium contained
10% heat-inactivated fetal bovine serum (FBS), 100 U/mL peni-
cillin and 100 pg/mL streptomycin.

Alkaline phosphatase (ALP) activity. The cells were treated,
at 90% confluence, with a culture medium containing 10 mM
B-glycerophosphate and 50 pg/mL ascorbic acid, to initiate dif-
ferentiation. The medium was changed every 2 - 3 d. After 8 d,
the cells were cultured with a medium containing 0.3% BSA
and samples individually for 2 d. On harvesting, the medium
was removed and the cell monolayer was gently washed twice
with PBS. The cells were lysed with 0.2% Triton X-100, with
the lysate centrifuged at 14,000 x g for 5 min. The clear super-
natant was used to measure the ALP activity, which was deter-
mined using an ALP activity assay kit (Asan Co. Korea).

Collagen contents. The cells were treated, at 90% confluence,
with a culture medium containing 10 mM B-glycerophosphate
and 50 pg/mL ascorbic acid. The medium was changed every
2 -3 d. After 8 d, the cells were cultured with a medium con-
taining 0.3% BSA and samples individually for 2 d. On harvest-
ing, the medium was removed and the cell monolayer was gently
washed twice with PBS. The collagen content was quantified by
a Sirius Red-based colorimetric assay. The cultured osteoblasts
were washed with PBS, followed by fixation with Bouin’s fluid
for 1 h. After fixation, the fixation fluid was removed and the
culture dishes were washed by immersion in running tap water
for 15 min. The culture dishes were air dried and stained by
Sirius Red dye reagent for 1 hunder mild shaking on a shaker.
Thereafter, the solution was removed and the cultures were
washed with 0.01 N HCI to remove any non-bound dye. The
stained material was dissolved in 0.1 N NaOH. And the absor-
bance was measured at 550 nm.

Calcium deposition assay. The cells were treated, at 90% con-
fluence, with a culture medium containing 10 mM B-glycero-



Chemical Constituents from Acer mandshuricum

phosphate and 50 pg/mL ascorbic acid. After 12 d, the cells were
cultured with a medium containing 0.3% BSA and samples in-
dividually for 2 d. Staining with Alizarin Red S is a standard met-
hod for the visualization of nodular patterns and calcium deposi-
tions of osteoblast cultures in vitro. At harvest, the cells were fix-
ed with 70% ethanol for 1 h and stained with 40 mM Alizarin
Red S for 10 min with gentle shaking. To quantify the bound dye,
the stain was solubilized with 1 mL 10% (w/v) acetylpyridinum
chloride for 15 min while shaking shielded from light. The
absorbance of the solubilized stain was measured at 561 nm.

Statistics. Statistical analysis was performed using one-way
ANOVA with SAS statistical software. Data are presented as
mean + S.E.M. (n = 3), and significance was accepted at P <
0.05.

Results and Discussion

Compound 1 was obtained as a white amorphous powder with
its molecular formula determined to be CisH20010 by HR-FAB-
MS. The '"H-NMR spectrum revealed the presence of one p-
glucopyranose unit from the anomeric proton at 8 4.87 (d, J=7.0
Hz), two methyl groups at 6 3.79 (s, 6H), and two aromatic pro-
tons at 8 7.23 (d, J=2.0 Hz) and 7.15 (d, /J=2.0 Hz) of the agly-
cone moiety. The BC-NMR spectrum of 1 indicated the presence
of one sugar unit along with nine carbon signals for the agly-
cone moiety. These signals were assigned to two methyl signals,
two methine signals and five quaternary carbons by HMQC
spectra. In addition, the partial structures of 1 were confirmed
from the HMBC spectrum; key correlations for this experiment
are illustrated in Figure 2. The HMBC spectrum revealed cor-
relations of H-8 at 3.79 to C-7 at 6 165.8 and H-9 at 8 3.79 to
C-4 at § 141.6. Moreover, the glycosidic linkages were deter-
mined from the following HMBC correlations® H-1' at 54.87
to C-3 at § 151.1, indicating the linkage position with the glucose
unit at C-3. The peak of the acid hydrolysate of 1 was detected
at fr (min) 14.21 by GC analysis and identified as D-glucose
through comparison with the retention times of the authentic
samples after treatment with trimethylsilylimidazole in pyridine.
Thus, the structure of 1 was determined to be 4-methoxyl 5-
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hydroxymethyl benzoic 3-O-f-D-glucopyranoside. A previous
study'’ already reported this compound as a synthetic by-pro-
duct, but no NMR data or any information of this structure was
reported. Thus, this compound was here first isolated from na-
ture.

The structures of other nine known compounds were deter-
mined by comparison of their spectroscopic data with those re-
ported in the literature. All of them were isolated from A. mand-
shuricum for the first time, and compounds 2, 6, 8, and 9 were
found to the first time in the genus Acer.

To investigate the effect of the isolated compounds on bone
metabolism, a cell culture system was employed in our study.
MC3T3-E1 cells, derived from newborn mouse calvarias, dis-
play osteoblast-like characteristics. "TALP, collagen and miner-
alization are the most widely recognized biochemical markers
for osteoblastic activity. Therefore, the effects of the isolated
compounds on the ALP activity, collagen synthesis, and miner-
alization of the osteoblastic MC3T3-E1 cells were examined.
Osteoblastic MC3T3-E1 cells, at confluence, were cultured with
a differentiation-inducing medium and incubated in a medium
containing the individual isolated compounds. Among the ten
compounds tested, compounds 3, 7, and 8 significantly increas-
ed the ALP activity as shown in Figure 3. After treating with
compounds 3 and 8 (5.0 - 20 uM), ALP activity was increased
dose dependently to 122.7 and 119.8%, respectively, at a con-
centration of 20 uM (P < 0.05), compare to that of control
(100%) and stronger than the positive control, 17f-estradiol
(106.3%). However, compound 7 increased ALP activity up to
118.8% at a concentration of 5 UM, stronger than the positive
control. Furthermore, their effects on collagen synthesis were
evaluated using a Sirius Red-based colorimetric assay. As the
results shown in Figure 4, compounds 1,2, 3,4,7, 8,9, and 10
increased collagen synthesis. At a concentration of 5.0 uM,
compounds 1, 3, 4, and 10 significantly increased collagen
synthesisup to 119.5, 117.5, 118.8, and 117.5%, respectively,
compare to that of the control (100%) and stronger than the
positive control, 17B-estradial (113.3%). Even if higher concen-
trations of the samples did not shown cytotoxic effects, they did
not shown better effect to increase ALP activity than lower con-
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Figure 3. Effect of compounds 1-10 on the ALP activity of MC3T3-E1
Cells. Data were expressed as a percentage of control (2.9937+0.3194
Unit/10%ells), ic = inhibitor control (17B-estradiol). *P< 0.05 vs. con-
trol.

centrations of the samples. The declined effect of some sample
with higher concentration might be due to the characteristics
of the samples and tested cells. In addition, compounds 2, 7, 8,
and 9 showed comparatively weaker effects. The effect of min-
eralization, another important process in differentiation, was
then examined by measuring the calcium deposition by Alizarin
Red staining. Compounds 2 and 8 dose-dependently increased
mineralization to 106.6 and 107.5 at the concentration of 20 UM,
respectively, compare to that of control (100%) and stronger
than the positive control, 173-estradiol (106.4%), as shown in
Figure 5. However, compounds 1 and 7 showed increased min-
eralization to 108.2 and 105.9% at concentration of 5 pM, res-
pectively, compare to that of control (100%). When cell viability
was measured using the MTT assay, no toxic effects were ob-
served after incubation of the cells with 5.0 to 20 uM of the ten
compounds (data not shown). This result indicated that the tested
compounds were not toxic at the concentrations used in this
study. Each compound could increase cell viability of MC3T3-
El cells.

Osteoblasts are the bone-forming cells of the skeleton syn-
thesizing and regulating the deposition and mineralization of
the extra-cellular matrix of the bone. MC3T3-E1 cells, an os-
teoblast-like cell line, have been reported to retain their capacity
to differentiate into osteoblasts, and may provide very useful in-
formation about the effects of phytochemicals on the differentia-
tion of osteoblasts."” These results indicated that compounds
1-4 and 7-10, which could stimulate osteoblastic bone forma-
tion, may be useful for the prevention and treatment of osteo-
porosis. In addition, of the ten isolated compounds, compounds
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Figure 4. Effect of compounds 1-10 on the collagen synthesis of

MC3T3-E1 Cells. Data were expressed as a percentage of control

(0.183 + 0.006 mg/ 10(’cells), ic = inhibitor control (17-estradiol).
*P <0.05 vs. control.
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Figure 5. Effect of compounds 1-10 on the mineralization of MC3T3-
El Cells. Data were expressed as a percentage of control (0.692 + 0.040
0.D), ic = inhibitor control (17-estradiol). *P < 0.05 vs. control.

4-10 belong to the flavonoid group. Recently, many researchers
have reported that flavonoids showed good activity towards
osteoporosis and inflammatory bone diseases.”" In our work,
the effects of isolated flavonoids compounds were carried out
using a different cell line MC3T3-E1. Furthermore, the cell via-
bility, ALP activity, collagen synthesis, and mineralization of
MC3T3-El1 cell were studied systemically to check the effect
of each sample. As a result, our data further indicated that these
kinds of compounds could play an important role in the therapy
of bone diseases.
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