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Two new compounds were found in the phenolic glycosides isolated from the roots of Lindera fruticosa: 5-O-
[ B-p-apiofuranosyl-(1"—2’)-0-B-p-xylopyranosyl]gentisic acid-7,5"-ester (3), named linderofruticoside A; and 5-
O-| B-v-apiofuranosyl-(1"—3)-0-B-p-xylopyranosyl]gentisic acid methyl ester (4), linderofruticoside B. Two pre-
viously known phenolic glycosides were also identified: 3-b-(3,4-disinapoyl)fructofuranosyl-o~p-(6-sinapoyl)glu-
copyranoside (1) and S-p-(3-sinapoyl)fructofuranosyl-o-p-(6-sinapoyl)glucopyranoside (2). Compounds 1 and 2
inhibited osteoclast differentiation in a dose-dependent manner at concentrations higher than 1.04 um and

0.132 pum, respectively.
Key words

Lindera fruticosa HEMSLEY is a shrub that grows in China,
Nepal, India, and Ethiopia. Although the fruit and roots of
this plant have been used in folk remedies in Ethiopia to treat
diseases, little phytochemical and pharmacological research
has been carried out on L. fiuticosa to date."” This paper de-
scribes the isolation of two new phenolic glycosides, in addi-
tion to two known ones, from L. fruticosa, and demonstrates
their inhibitory effect on osteoclast differentiation.

Results and Discussion

Dried powdered roots were extracted with 80% aqueous
methanol (MeOH), and the extracts were then partitioned
using water, ethyl acetate (EtOAc), and n-butanol (n-BuOH).
The EtOAc and n-BuOH extracts were subjected to ODS Cjs,
Sephadex G-15, and silica gel column chromatography. This
resulted in four phenolic glycosides with sinapic acid or gen-
tisic acid, including two new compounds. By comparing our
findings with published spectroscopic data, we identified the
known compounds as: f-p-(3,4-disinapoyl)fructofuranosyl-
o-p-(6-sinapoyl)glucopyranoside (1) and B-p-(3-sinapoyl)-
fructofuranosyl-o-p-(6-sinapoyl)glucopyranoside (2).> The
new compounds, which will subsequently be referred to as 3
and 4, were identified based on spectroscopic and physio-
chemical evidence.

Compound 3 was isolated as a yellowish, amorphous pow-
der. Its IR spectrum showed absorptions characteristic of an
H-bonded hydroxyl group (3398 cm™!), phenyls (3140, 1682,
1609, 1480cm™"), and an ester (1745cm™'). Negative FAB-
MS exhibited a quasi-molecular ion at m/z 399 [M—H]",
corresponding to a molecular formula of C,;H,,0,,. This
molecular formula (C,;H,,0,,) was determined by negative
HR-FAB-MS ([IM—H]", m/z 399.0926, Calcd 399.0927 for
C;;H,40,,). The 'H-NMR spectrum of compound 3 con-
tained signals of a 1,2,4-trisubstituted benzene ring [olefinic
protons at 8y 7.63 (1H, d, J=2.8 Hz, H-6), 6 7.37 (1H, dd,
J=9.2, 2.8 Hz, H-4), and & 6.07 (1H, d, J/=9.2 Hz, H-3)]. In
the oxygenated sp® region, we detected two hemiacetal pro-
ton signals at 6y 6.50 (1H, brs, H-1") and J 5.51 (1H, d,
J=8.0Hz, H-1"), four oxygenated methine signals [Jy 4.43
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(1H, dd, /=8.0, 8.8 Hz, H-2"), &y 4.42 (1H, brs, H-2"), dy4
436 (1H, dd, J=8.0, 8.8Hz, H-3"), 8, 4.23 (1H, ddd,
J=104, 10.4, 8.0Hz, H-4')], and three oxygenated methyl-
ene signals [0, 4.98 (1H, d, J=9.2 Hz, H-4"a), 6y 4.48 (1H,
d, J=9.2Hz, H-4"b), 8, 4.21 (1H, dd, /=10.4, 10.4Hz, H-
5'a), and &y 3.87 (1H, dd, J/=10.4, 10.4 Hz, H-5'b)] includ-
ing downfield-shifted signals at & 4.82 (1H, d, J/=10.8 Hz,
H-5"a) and & 4.72 (1H, d, J/=10.8 Hz, H-5"b) caused by an
esterification effect between C-5" and C-7. On the basis of
these observations, we assumed compound 3 was a phenolic
glycoside with two pentoses.

The “C-NMR spectrum indicated signals of a carbonyl
carbon at 6. 169.5 (C-7), two oxygenated olefinic quaternary
carbons at 8. 156.6 (C-2) and S, 149.3 (C-5), an olefinic
quaternary carbon at 8. 112.6 (C-1), and three olefinic me-
thine carbons [ 122.2 (C-4), 6. 118.5 (C-3), and 6. 116.3
(C-6)]. The spectroscopic data implied that the compound
was a trioxygenated benzoic acid with a 1,2,4-trisubstituted
benzene ring and supported the supposition that compound 3
had gentisic acid as an aglycone. In the oxygenated sp® area,
we observed two hemiacetal signals as anomeric carbon [
109.1 (C-1") and J 99.0 (C-1")], an oxygenated quaternary
carbon at &, 78.7 (C-3"), five oxygenated methine carbons
[6c 79.1 (C-3"), 6. 78.2 (C-2"), 6. 76.0 (C-2"), 6. 71.0 (C-
4")], and three oxygenated methylene carbons [d. 74.5 (C-
4"y and 6. 67.2 (C-5"), including a downfield-shifted carbon
signal at 8. 69.8 (C-5") caused by an esterification effect be-
tween C-7 and C-5"]. From this evidence, we expected the
two pentoses of compound 3 to be an apiose and a xylose
with an ester bond between the pentose and gentisic acid.
Additionally, on acidic hydrolysis, D-xylose and p-apiose
were identified as component sugars of compound 3. The ab-
solute configuration of p-xylose and p-apiose was identified
by GC analysis of their trimethylsilyl derivatives. The spe-
cific rotation of the obtained p-apiose was [a], +5.8°
(c=0.165, MeOH), which corresponds to the value of [o],
+6.4° found by Gorin and Perlin® for p-apiose. The chemi-
cal shifts and coupling constants of H-1' (6y 5.51, d,
J=8.0Hz) and of H-1” (4, 6.50, brs), and the chemical
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shifts of C-1" (8. 99.0) and C-1" (8. 109.1) supported a -
configuration for the anomeric carbons.” We subsequently
confirmed the whole structure of compound 3 with HMBC
spectroscopic data. The correlation of H-1" (8, 5.51) with C-
2" (6. 76.0) and C-5 (6. 149.3) confirmed the attachment of
a xylose at C-5 of the gentisic acid moiety. C-2' (d. 76.0)
showed cross peaks with H-1' (& 5.51), H-3' (8y; 4.36), and
H-1" (8y 6.50) proving that an apiose group was linked to C-
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Fig. 2. Effect of Compounds 1 and 2 on Osteoclast Differentiation
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2" of the xylosyl residue. The oxygenated quaternary C-3"
(Oc 78.7) showed cross peaks with H-2" (8§ 4.42), H-4"a (64
4.98), H-4"b (6, 4.48), H-5"a (0, 4.82), and H-5"b (8, 4.72)
by J2 correlation. H-1" (d 6.50) also displayed cross peaks
with C-3" (8 78.7) and C-4" (6. 74.5) by J3 correlation to
reveal an apiofuranoside. H-5"a (0, 4.82) and H-5"b (Jy
4.72) exhibited cross peaks with C-7 (. 169.5) to confirm
ester formation between the carbonyl group of the gentisic
acid moiety and the hydroxy group at C-5" of the apiofura-
nose through an ester bond. In the 'H-NMR data, the signifi-
cant downfield shift of H-5" also supported acylation of the
hydroxy group at C-7 with C-5" of apiose. Ultimately, we
identified the new compound 3 as 5-O-[-p-apiofuranosyl-
(1"—2")-0-B-p-xylopyranosyl] gentisic acid-7,5"-ester, and
named it linderofruticoside A.

Compound 4 was isolated as a yellowish, amorphous pow-
der. Its IR spectrum showed absorptions characteristics of an
H-bonded hydroxyl group (3386 cm™"), phenyls (3120, 1630,
1605, 1472 cm '), and an ester (1749 cm™'). Negative FAB-
MS exhibited a quasi-molecular ion at m/z 431 [M—H]™ cor-
responding to a molecular formula of C4H,,0,,. A molecu-
lar formula of C4H,,0,, was determined by negative HR-
FAB-MS ([M—H]~, m/z 431.1203, calcd 431.1189 for
CsH;0,,). The 'H- and “C-NMR spectra revealed com-
pound 4 to be similar to compound 3, with the exception of a
downfield shift of C-7 (8. 172.0), an upfield shift of H-5"
(Oy 3.55) and C-5" (8. 65.8), and the presence of a methoxy
proton (& 3.94) and carbon (8. 53.0). We subsequently con-
firmed the whole structure of compound 4 with heteronuclear
multiple bonding correlation (HMBC) spectroscopic data.
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Bone marrow-derived macrophages were cultured in 48-well plates in the presence of 30 ng/ml M-SCF and 50 ng/ml RANKL for 5 d with the indicated concentrations of com-
pound 1 or 2. Photographs of TRAP-stained osteoclasts generated from BMMs (image to the left of A and B). Cells were fixed and stained for TRAP, and TRAP-positive MNC
were counted (image to the right of A and B). Data from one experiment are presented as mean=*S.E. of triplicate samples, and similar results were obtained in two other experi-

ments. * p<<0.05, *#p<<0.01, significantly different from the control.
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The H-1' (8 4.80) showed correlation peaks with C-2" (S
78.0) and C-5 (6. 151.0), confirming the linkage of a xylose
at C-5 of the gentisic acid moiety. The C-3' (8 79.0) showed
cross peaks with H-2' (8 3.54), H-4' (6 3.55), and H-1"
(6y 5.41), proving that an apiofuranosyl group was linked to
C-3' of the xylosyl residue. The methoxy protons (Jy 3.94)
exhibited a cross peak with C-7 (8. 172.0), confirming the
methyl esterification of the C-7 carboxylic acid of the gen-
tisic acid moieties. The chemical shifts and coupling con-
stants of H-1" (8} 4.80, d, J=6.8 Hz) and of H-1" (0, 5.41, d,
J=2.0Hz), and the chemical shifts of C-1" (d. 102.9) and C-
1” (8. 111.0) supported a B-configuration for their anomeric
carbons.” The new compound 4 was therefore identified as
5-O-[ B-p-apiofuranosyl-(1"—3")-O--p-xylopyranosyl] gen-
tisic acid methyl ester and was named linderofruticoside B.
All four compounds were evaluated for inhibitory activity
on osteoclast differentiation. Osteoclasts are multinucleated
cells (MNC) formed by multiple steps of cell differentiation
from progenitor cells of hematopoietic origin. Intervention in
osteoclast differentiation is considered an effective therapeu-
tic approach for the treatment of bone disease involving os-
teoclasts.® Each of the isolated compounds from L. fiuticosa
was tested for inhibitory effects on osteoclast differentiation
in cultures of mouse bone marrow cells and osteoblasts.
Compounds 1 and 2 effectively reduced the formation of tar-
trate resistant acid phosphatase positive (TRAP+) MNC.
Compound 1 decreased osteoclast generation by 9.63=*
2.35% at 1.04 um, 40.72*x2.44% at 10.4 um, and 100% at
104 um, and slightly increased generation at concentrations
lower than 1.04 um in a co-culture system (Fig. 2A right).
Compound 2 reduced osteoclast generation by 5.15*+1.36%
at 0.132 um, 19.59%+2.27% at 1.32 um, 42.27*£2.32% at
13.2 um, and 100% at 132.6 um (Fig. 2B right). Specifically,
compounds 1 and 2 did not show any cytotoxicity at concen-
trations lower than 100 M. Compounds 1 and 2 inhibited os-
teoclast differentiation more than the naturally occurring in-
hibitor, tanshinone ITA isolated from Salvia miltiorrhiza,
which inhibited differentiation by 100, 93.62, and 79.70% at
5.88, 2.94, and 1.47 um, respectively.” In summary, com-
pounds 1 and 2 are effective inhibitors of osteoclast differen-
tiation in bone marrow-derived macrophage culture systems.

Experimental

General Experimental Procedures and Plant Material
provided in a previous paper.>®

Extraction and Isolation Dried, powdered roots (1kg) were extracted
with 80% aqueous methanol (MeOH-H,0) (201X3), and concentrated in
vacuo. The extracts were partitioned with H,O (21), EtOAc (21X3), and n-
BuOH (21X3). The concentrated EtOAc fraction (LFE, 14 g) was subjected
to silica gel column chromatography (150 g, @ 6.5X12 cm) and eluted with
a gradient of CHCl;-MeOH (10:1—7:1, 11 of each), resulting in 12 frac-
tions (LFE1—LFE12). Fraction LFE4 [1.3g, Ve/Vt (elution volume/total
volume) 0.15—0.18] was subjected to silica gel column chromatography
(150g, @ 6X10cm) and eluted with CHCl;-MeOH (10:1-8:1-6:1—
4:1, 2.2—1.8—51.4—1.01 of each), yielding compound 1 [231 mg, Ve/Vt
0.40—0.70; TLC (Keiselgel 60 F,5,) Rf 0.4, CHCl;-MeOH, 5: 1]. Fraction
LFE7 (584 mg, Ve/Vt 0.27—0.53) was separated by silica gel column chro-
matography (75g, @ 3.5X15cm) and eluted with CHCl,-MeOH (5:1,
1.81), yielding compound 2 [210mg, Ve/Vt 0.20—0.30; TLC (Keiselgel 60
F,s4) Rf 0.5, CHCl;-MeOH, 3 : 1]. The concentrated n-BuOH fraction (LFB,
14g) was subjected to silica gel column chromatography (150g, @
6X14.5cm) and eluted with a gradient of CHCl;-MeOH-H,0 (7:3:1—
6:4:1,2.21 of each lower layer), resulting in 10 fractions (LFB1—LFB10).
Fraction LFB5 (617 mg, Ve/Vt 0.40—0.50) was separated by ODS column
chromatography (100g, @ 3X10cm) and eluted with MeOH-H,O
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(1:1-53:2, 1.4—1.01 of each), resulting in 8 fractions (LFB5-1—LFBS5-8).
Fraction LFB5-6 (70 mg, Ve/Vt 0.51—0.61) was subjected to Sephadex G-
15 column chromatography (100 g, @ 3.5X30cm) and eluted with MeOH—
H,0 (1:2, 1.51), yielding compound 3 [35 mg, Ve/Vt 0.73—1.00; TLC (RP-
18 F,545) Rf 0.5, MeOH-H,0, 3:1]. Fraction LFB7 (15.4 g, Ve/Vt 0.65—
0.80) was separated by ODS column chromatography (75g, @ 5X8.5cm)
and eluted with MeOH-H,O (1:1-3:2, 1.4—1.01 of each), resulting in 8
fractions (LFB7-1—LFB7-8). Fraction LFB7-2 (410 mg, Ve/Vt 0.10—0.20)
was subjected to silica gel column chromatography (100 g, @ 3X7 cm) and
eluted with CHCl;-MeOH-H,O (12:3: 1, lower layer), yielding compound
4 [35mg, Ve/Vt 0.13—0.16; TLC (Keiselgel 60 F,;,) Rf 0.7, CHCl;—
MeOH-H,0, 12:3:1].

5-O-[ B-p-Apiofuranosyl-(1"—2")-O-f-p-xylopyranosyl]gentisic Acid-
7,5"-ester (Linderofruticoside A, 3): Yellow amorphous powder: [ar]2
—100° (¢=0.21, MeOH); IR (CaF, window in MeOH) v, 3398, 3140,
1745, 1682, 1609, 1480, 1320, 1240, 1078, 1036, 1008 cm™'; neg. FAB-MS
m/z 399.1 [M—H]; neg. HR-FAB-MS m/z 339.0926 [M—H]~ (Calcd for
C,;H,40,,=399.0927); 'H-NMR (400 MHz, pyridine-d;) & 7.63 (1H, d,
J=2.8Hz, H-6), 7.37 (1H, dd, J=9.2, 2.8 Hz, H-4), 6.50 (1H, brs, H-1"),
6.07 (1H, d, J/=9.2Hz, H-3), 5.51 (1H, d, J=8.0Hz, H-1"), 4.98 (1H, d,
J=9.2Hz, H-4"a), 4.82 (1H, d, J=10.8 Hz, H-5"a), 4.72 (1H, d, /=10.8 Hz,
H-5"b), 4.48 (1H, d, /=9.2Hz, H-4"b), 4.43 (1H, dd J=38.0, 8.8 Hz, H-2'),
4.42 (1H, brs, H-2"), 4.36 (1H, dd, J=8.8, 8.0Hz, H-3"), 4.23 (1H, ddd,
J=10.4, 10.4, 8.0Hz, H-4"), 421 (1H, dd, /=10.4, 10.4Hz, H-5'a), 3.87
(1H, dd, J=10.4, 10.4 Hz, H-5'b), *C-NMR (100 MHz, pyridine-d;) & 169.5
(C-7), 156.6 (C-2), 149.3 (C-5), 122.2 (C-4), 118.5 (C-3), 116.3 (C-6), 112.6
(C-1), 109.1 (C-1"), 99.0 (C-1"), 79.1 (C-3"), 78.7 (C-3"), 78.2 (C-2"), 76.0
(C-2"),74.5 (C-4"), 71.0 (C-4"), 69.8 (C-5"), 67.2 (C-5).

5-O-[ B-p-Apiofuranosyl-(1"—3")-O-3-p-xylopyranosyl]gentisic Acid
Methyl Ester (Linderofruticoside B, 4): Yellow amorphous powder: [o]3
—41° (¢=0.03, MeOH); IR (CaF, window in MeOH) v, . 3386, 3120,
1749, 1630, 1605, 1472, 1335, 1230, 1088, 1032, 1010 cm™'; pos. FAB-MS
m/z 455.3 [M+Na+H]"; neg. FAB-MS m/z 431.2 [M—H]~; neg. HR-FAB-
MS m/z 431.1203 [M—H]~ (Caled for C;jH,;0,, = 431.1189); 'H-NMR
(400 MHz, CD,0D) 6 7.49 (1H, d, J=3.2Hz, H-6), 7.24 (1H, dd, J=8.8,
3.2Hz, H-4), 6.88 (1H, d, /=8.8Hz, H-3), 5.41 (1H, d, J=2.0Hz, H-1"),
4.80 (1H, d, J=6.8Hz, H-1"), 4.03 (1H, d, /=9.2 Hz, H-4"a), 3.96 (1H, d,
J=2.0Hz, H-2"), 3.94 (3H, s, H-OCH,), 3.90 (1H, dd, J=11.2, 4.8 Hz, H-
5'a), 3.77 (1H, d, J=9.2Hz, H-4"b), 3.57 (1H, dd, J=8.4, 8.0Hz, H-3'),
3.55 (1H, ddd, J/=10.4, 8.0, 4.8 Hz, H-4"), 3.55 (2H, s, H-5"), 3.54 (1H, dd,
J=84, 6.8Hz, H-2), 3.30 (1H, dd, J=11.2, 10.4Hz, H-5'b), "C-NMR
(100 MHz, CD,0D) & 113.2 (C-1), 158.2 (C-2), 119.1 (C-3), 127.2 (C-4),
151.0 (C-5), 118.3 (C-6), 172.0 (C-7), 102.9 (C-1"), 78.0 (C-2"), 79.0 (C-3),
71.0 (C-4"), 66.7 (C-5"), 111.0 (C-1"), 78.0 (C-2"), 80.6 (C-3"), 75.3 (C-4"),
65.8 (C-5"), 53.0 (-OCHj).

Acidic Hydrolysis and Determination of the Absolute Configuration
of Sugars in 3 and 4 Solutions of 3 (15.1 mg) and 4 (17.0mg) in 1M HCI
(H,0-MeOH=1:1) were refluxed for 2h, at which time TLC (CHCl;—
MeOH=5:1) indicated completion of the reaction. After the reaction mix-
ture was neutralized with Ag,CO, and filtrated, the solution was extracted
with EtOAc (1 mlX3) to remove the aglycon. The aqueous layer was con-
centrated under reduced pressure to dryness to analyze the residue of the
sugar fraction. A portion of the residue (1.1 mg and 1.2 mg) was trimethylsi-
lylated with N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA, 0.5ml) for
2h at 80 °C. The mixture was partitioned between n-hexane and H,0 (0.3 ml
each) and the n-hexane extract was analyzed by gas chromatography. A Shi-
madzu gas chromatograph Model GC-14B (Japan), equipped with an on-
column injection system and FID, was used. The column was fused silica
DB-5HT (30mXx0.32mm i.d., film thickness 0.1 um; J&W, Folsom, CA,
U.S.A.). The operating conditions were the following: carrier gas flow (N,),
1.3 ml/min; H,, 60kPa; air 50 kPa; make-up gas (N,), 29 ml/min; injector,
250 °C; detector, 300 °C. The oven temperature was held at 230 °C. 3 ul of
each sample was injected directly into the inject port. In the acidic hy-
drolysate of 3 and 4, p-xylose and p-apiose were confirmed by comparison
of the retention times: 5.17 and 5.44 min for 3 derivative; and 5.18 and
5.43 min for 4 derivative. The L-xylose, pD-xylose and D-apiose derivatives
were prepared in a similar way, and showed retention times of 5.02, 5.18 and
5.44 min, respectively. Another portion of the residue (7.2 mg and 7.0 mg)
was subjected to silica gel column chromatography (20 g, @ 1X8cm) and
eluted with the lower layer of CHCl,-MeOH-H,0 (8:3:1, 0.31), yielding
apiose [1.7mg and 2.1 mg, Ve/Vt 0.21—0.51; TLC (Keiselgel 60 F,s,) Rf
0.53, CHCl;-MeOH-H,0, 7:3:1]. P-1020 (Jasco, Tokyo, Japan) took the
[a], of apiose.

Osteoclast Differentiation Assay The inhibition of osteoclast differen-
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tiation was determined using a method previously described in the
literature.*” Mouse bone marrow cells and calvarial osteoblasts were cul-
tured in 48-well plates and incubated for 6—7d in the presence of 10™%m
VtD; and 10~°M PGE,. Alternatively, osteoclasts were generated by cultur-
ing bone marrow-derived macrophages in the presence of M-CSF and
RANKL (Peprotech EC). Bone marrow cells were cultured for 24h in o-
MEM/10% FBS. Nonadherent cells were collected and cultured for 3d in
the presence of 30 ng/ml M-CSF and 50 ng/ml RANKL for 7 d. Osteoclasts
were stained for tartrate-resistant acid phosphatase (TRAP) with a leukocyte
acid phosphatase kit (Sigma, St. Louis, MO, U.S.A.). Bone marrow-derived
macrophages prepared as previously described were suspended at 1X10°
cells/ml in a-MEM/10% FBS and cultured in the presence of 30 ng/ml M-
CSF and 50 ng/ml RANKL for 3 d. These cells were pretreated with each of
the four compounds for 1h, incubated with Giemsa solution for 5min to
stain nuclei, and then washed with 1% sodium carbonate. TRAP-positive
MNC containing five or more nuclei were counted as osteoclasts. Fluores-
cence was captured under a confocal microscope (Olympus-FV300). In ex-
periments with diphenyleneiodomium (DPI), the mean fluorescence inten-
sity was measured by the confocal system. Data from one experiment are
presented as mean=S.D. of triplicate samples, and similar results were ob-
tained in two other experiments.

Statistical Analysis All data are presented as mean*standard error
(S.E.). Data were analyzed by one-way ANOVA, and then differences among
means were analyzed using Student’s #-test. Differences were considered sig-

Vol. 56, No. 5
nificant at * p<<0.05, ** p<<0.01 significantly different from the control.
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