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Seven new compounds including three flavanone glycosides, visartisides A-C (1-3), three glycoside acyl esters,
visartisides D-F (4-6), and one diphenylpropane glycoside, (4′-hydroxy-2′,3′,6′,3′′-tetramethoxy-1,3-diphenylpropane)-
4′′-O-�-D-glucopyranoside (7), along with four known flavanone glycosides (8-11) were isolated from the leaves and
stems of Viscum articulatum. The structure elucidation of 1-7 was based on spectroscopic data analysis. Biological
evaluation showed that 1, 2, and 10 exhibited antioxidant activity using a DPPH method and that compounds 1, 3, and
11 were active in a lipopolysaccharide-induced nitric oxide assay.

The leaves and stems of Viscum articulatum Burm. (Aspidixia
articulata Burm. f.) (Viscaceae) are used traditionally in Chinese
medicine for the treatment of diseases such as hemorrhage, pleurisy,
gout, heart disease, arthritis, and hypertension.1 Previous phy-
tochemical investigations have revealed that flavonoids, triterpe-
noids, and organic acids are the major secondary metabolites of
this genus.2 Antioxidative and apoptosis-inducing activities of plants
in the genus Viscum have also been reported in recent years.3,4

Free radicals are involved in many disorders such as neurodegen-
erative diseases, cancer, and AIDS. Antioxidants through their
scavenging power are useful for the management of those diseases.
1,1-Diphenyl-2-picryl hydrazyl (DPPH) is used as a substrate to
evaluate free-radical scavenging activity of antioxidants of a specific
compound or plant extracts.5 Using the DPPH assay, it was found
that an EtOH extract of V. articulatum has antioxidative activity,
and further investigation of the partitioned EtOAc layer of V.
articulatum by column chromatography and/or HPLC led to the
isolation and characterization of three new flavanone glycosides
(1-3), three glycoside acyl esters (4-6), and a diphenylpropane
glycoside (7), along with four known flavanone glycosides, pi-
nocembrin 7-O-�-D-glucopyranoside (8), naringenin 7-O-�-D-
glucopyranoside (9), eriodictyol 7-O-�-D-glucopyranoside (10), and
homoeriodictyol 7-O-�-D-glucopyranoside (11). The structure
elucidation of 1-7 was based on spectroscopic data analysis, mainly
using HRESIMS and 1D- and 2D-NMR experiments. The isolated
compounds (1-11) were assayed for their antioxidant and anti-
inflammatory activities.

Results and Discussion

Compound 1 was obtained as a yellow powder. The HRESIMS
of 1 showed a quasimolecular ion [M + Na]+ at m/z 603.1544,
indicating the elemental formula C30H28O12. The IR spectrum
exhibited absorption bands at 1576, 1524, and 1445 cm-1 (benzyl)
and strong absorption bands at 3445, 1714, and 1635 cm-1 (hydroxy

group, carbonyl, and double bonds, respectively). This evidence,
together with UV absorption bands at 281 nm, suggested the
presence of a flavanone skeleton.7 The 1H NMR spectrum showed
resonances suggesting a 5,7-disubstituted aromatic ring. In the 1H
and 13C NMR spectra of 1 (Table 1), two phenolic carbons (δC

145.9 and 145.4) and three aromatic protons [δH 7.01 (1H, s), 6.85
(2H, brs)] in the B ring of the flavanone moiety were found, which
were assigned as C-3′, C-4′, H-2′, H-5′, and H-6′, respectively. A
conjugated carbonyl carbon at δC 197.4 and an intramolecularly
bonded hydroxy group at δH 12.05 (1H, s), together with two broad
singlet signals at δH 6.10 (1H, s) and 6.12 (1H, s) that were assigned
to H-6 and H-8, respectively, were also observed. Accordingly, the
flavanone moiety in 1 was identified as 2-(3,4-dihydroxyphenyl)-
5,7-dihydroxy-4-chromanone, in agreement with published data of
eriodictyol.8

In addition, proton signals for an aromatic moiety [δH 7.66 (2H,
brs), 7.42 (3H, brs)] and one pair of trans-vinyl protons [δH 7.73
(1H, d, J ) 16.0 Hz) and 6.56 (1H, d, J ) 16.0 Hz)], as well as a
carboxyl carbon signal at δC 165.5, were obtained, which gave
evidence for 1 as possessing a trans-cinnamoyl moiety. Charac-
teristic proton signals for a hexose moiety [δH 5.36 (1H, d, J )
8.0), 5.13 (1H, dd, J ) 9.0, 8.0), 3.40-3.90 (5H)] and an anomeric
proton at δH 5.36 (1H, d, J ) 8.0 Hz) were also observed. The C-1
of the hexose should be in a �-configuration, due to the coupling
constant of the anomeric proton9 and by comparing the 1H and 13C
NMR data with those of glucose.10 Furthermore, on acid hydrolysis
of 1 with 2 N HCl, the released sugar unit was identified as
D-glucose by GC analysis (tR ) 21.41 min) comparing with an
authentic sample (D-glucose tR ) 21.69 min; L-glucose tR ) 23.28
min). Therefore, the structure of 1 was deduced as having an
eriodictyol skeleton with a trans-cinnamoyl moiety and a �-D-
glucose moiety.11,12

A long-range correlation between δH 5.36 (Glc-H-1) and δC 165.4
(C-7) of the aglycon was observed in the HMBC spectrum (Figure
1), revealing the glucose moiety connection to C-7 of the flavanone.
Also, the long-range correlation between δH 5.13 (Glc-H-2) and
the carboxyl carbon (δC 165.5, C-1′′) confirmed the connectivity
of the trans-cinnamoyl group with C-2 of the �-D-glucose unit.
The circular dichroism (CD) spectrum of 1 exhibited a negative
Cotton effect at 293 nm. Therefore, C-2 in 1 was determined to be
in the S-configuration.12 On the basis of the above, the structure of
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1 was elucidated as (2S)-eriodictyol 7-O-(2-O-trans-cinnamoyl)-
�-D-glucopyranoside, and this compound has been named visartiside
A.

Compound 2 was obtained as a yellow powder, and its molecular
formula was determined as C30H28O12 by HRESIMS analysis, which
showed a quasimolecular ion [M + Na]+ at m/z 603.1535. The
UV, IR, 1H NMR, and 13C NMR spectroscopic data of 2 were very
similar to those of 1. The proton signals of H2-Glc-6 of 2 were
shifted downfield at δH 4.60 (1H, dd, J ) 12.0, 11.5 Hz, Glc-H-
6a) and 4.33 (1H, d, J ) 12.0 Hz, Glc-H-6b), when compared with
these same signals at δH 3.93 (m) and 3.76 (m) in 1. These data,
together with the HMBC spectrum of 2 showing correlations
between the carboxyl carbon δC 166.4 (C-1′′) and δH 4.60 (Glc-
H-6a) and 4.33 (Glc-H-6b), were consistent with a linkage between
a trans-cinnamoyl moiety and C-6 of a �-glucose unit. Acid
hydrolysis of 2 afforded a �-D-glucose moiety. Also, a linkage
between the glucose and C-7 of flavanone was indicated, due to
the correlation between δH 5.15 (1H, d, J ) 7.5 Hz, Glc-H-1) and
δC 165.8 (C-7). From these findings, together with the CD spectrum
of 2, which exhibited a similar negative Cotton effect at 293 nm to
that of 1, the structure of 2 (visartiside B) was determined to be
(2S)-eriodictyol 7-O-(6-O-trans-cinnamoyl)-�-D-glucopyranoside.

Compound 3 was obtained as a white powder and gave the
quasimolecular ion [M + Na]+ at m/z 719.2030, indicating an
elemental formula of C35H36O15. Due to its similar UV and IR
spectra to 1, the structure of 3 was shown to have a flavanone
skeleton containing cinnamoyl and sugar units. Although 1 and 3
showed very closely comparable 1H and 13C NMR data, additional
signals for a pentose moiety were shown in the 1H and 13C NMR
spectra of 3. In addition, the presence of two pairs of aromatic
protons at δH 6.68 (2H, d, J ) 7.5) and 7.09 (2H, d, J ) 8.0),

appearing as an A2B2 spin-spin system in 3, instead of three
aromatic protons [δH 7.01 (1H, s), 6.85 (2H, brs)] in 1, was also
found. These data, together with literature reported values,13 were
in agreement with the structure of 3 containing a narigenin [(2S)-
2-(4-hydroxyphenyl)-5,7-dihydroxy-4-chromanone] moiety.

On the basis of the chemical shifts of the anomeric protons at
δH 4.96 (d, J ) 7.0 Hz) and 5.39 (s), along with the other
characteristic 13C NMR data as shown in Table 1, the structure of
3 was deduced as possessing glucose and apiose moieties.14 Due
to the magnitude of the coupling constants of the anomeric proton
δH 4.96 (1H, d, J ) 7.0 Hz, Glc-H-1) and δH 5.39 (1H, s Api-H-
1), the sugars were assigned to have a �-configuration.9,14 The
glucosides were identified as D-glucose and D-apiose by hydrolysis
of 3 with 2 N HCl and GC analysis (D-glucose, tR ) 21.55 min;
D-apiose, tR ) 21.30 min). Moreover, in the HMBC spectrum
(Figure 1), 3J correlations between Api-H-1 [δH 5.39 (1H, s)] and
Glc-C-2 (δC 76.5), between Api-H2-5 [δH 4.10 (2H, brs)] and C-1′′
[(δC 166.9), carboxyl of trans-cinnamoyl group], and between Glc-
H-1 [δH 4.96 (d, J ) 7.0 Hz)] and C-7 (δC 165.4) were found.
Thus the linkages between the cinnamic acid, apiose, glucose, and
naringenin units in 3 were determined. Therefore, the structure of
3 (visartiside C) was elucidated as (2S)-naringenin 7-O-[5-O-trans-
cinnamoyl-�-D-apiosyl(1f2)]-�-D-glucopyranoside.

Compound 4 was obtained as a white powder. The molecular
formula of 4 was determined to be C20H26O11 on the basis of
HRESIMS, which exhibited a quasimolecular ion [M + Na]+ at
m/z 465.1392. The IR spectrum of 4 showed absorption bands at
3382 (OH), 1722 (carboxyl group), 1627 (double bond), and 1587
and 1445 cm-1, ascribable to a benzene ring function. In the 1H
NMR spectrum (Table 2), signals for two sugar moieties at δH 5.26
(1H, d, J ) 3.0 Hz), 5.17 (1H, s), 4.32 (2H, brs), 4.10 (1H, dd, J

Chart 1
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) 9.5, 3.0 Hz), 4.07 (1H, s), 3.86 (1H, dd, J ) 9.5, 2.5 Hz), 3.83
(1H, m), 3.77 (2H, brs), 3.68 (1H, m), and 3.34 (2H, brs) were
found in 4, in addition to the signals of a trans-cinnamoyl group.
These data, together with the 13C NMR data, supported the presence
of a trans-cinnamoyl group, a glucose,9 and an apiose14 in 4. The
coupling constants of anomeric protons δH 5.26 (1H, d, J ) 3.0
Hz, Glc-H-1) and 5.17 (1H, s, Api-H-1) suggest that the glycones

were R-glucose9 and �-apiose.14 In addition, acid hydrolysis with
2 N HCl of 4 and GC analysis identified the sugar units as D-glucose
(tR ) 21.96 min) and D-apiose (tR ) 21.40 min). Long-range
correlations between the signal of δH 5.17 (Api-H-1) and δC 80.3
(Glc-C-3) and between δH 4.32 (2H, brs, Api-H2-5) and δC 167.2
(C-1) of the carboxyl in the trans-cinnamoyl group indicated the
linkage of the two sugars by Glc-3-O-Api-1 and the connectivity

Table 1. 1H and 13C NMR (CD3OD, 500 and 125 MHz) Data of 1-3

1 2 3

position δH, mult., Hz δC δH, mult., Hz δC δH, mult., Hz δC

2 5.40 dd (13.0, 3.0) 79.4 5.39 dd (12.5, 3.5) 79.4 5.02 dd (13.0, 3.0) 79.3
3 3.17 dd (17.0, 13.0)(R) 42.8 3.13 dd (17.0, 12.5)(R) 42.9 2.83 dd (16.5, 13.0)(R) 42.7

2.77 dd (17.0, 3.0)(�) 2.75 dd (17.5, 3.0)(�) 2.40 dd (17.0, 3.0)(�)
4 197.4 197.2 197.1
5 164.0 164.1 163.8
6 6.10 s 96.8 6.22 s 96.8 6.00 s 96.5
7 165.4 165.8 165.4
8 6.12 s 95.8 6.16 s 96.0 5.97 s 95.5
9 163.4 163.2 163.1
10 104.0 103.9 103.7
1′ 130.6 130.7 130.4
2′ 7.01 brs 114.1 7.02 s 114.0 7.09 d (8.0) 127.9
3′ 145.9 145.8 6.68 d (7.5) 115.2
4′ 145.4 145.4 157.9
5′ 6.85 brs 115.4 6.84 brs 115.4 6.68 d (7.5) 115.2
6′ 6.85 brs 118.6 6.84 brs 118.6 7.09 d (8.0) 127.9
Glc-1 5.36 d (8.0) 98.3 5.15 d (7.5) 100.2 4.96 d (7.0) 98.3
Glc-2 5.13 dd (9.0, 8.0) 73.7 3.53 m 73.8 3.58 m 76.5
Glc-3 3.71 d (9.0) 75.0 3.60 m 77.0 3.30 m 77.0
Glc-4 3.62 m 70.6 3.52 m 70.5 3.29 m 70.0
Glc-5 3.83 m 77.4 3.93 ddd (9.0, 6.5, 2.0) 74.5 3.85 m 77.5
Glc-6 3.93 m 61.6 4.60 d (12.0) 63.7 3.75 m 61.1

3.76 m 4.33 dd (12.0, 11.5) 3.52 m
1′′ 165.5 166.4 166.9
2′′ 6.56 d (16.0) 118.1 6.57 d (16.0) 118.1 6.23 d (16.0) 117.2
3′′ 7.73 d (16.0) 145.2 7.68 d (16.0) 145.0 7.44 d (16.0) 145.4
4′′ 134.7 134.7 134.4
5′′ 7.66 brs 128.4 7.64 brs 128.4 7.34 brs 128.2
6′′ 7.42 brs 129.2 7.43 brs 129.1 7.27 brs 128.9
7′′ 7.42 brs 130.5 7.43 brs 130.5 7.27 brs 129.6
8′′ 7.42 brs 129.2 7.43 brs 129.1 7.27 brs 128.9
9′′ 7.66 brs 128.4 7.64 brs 128.4 7.34 brs 128.2
OH-5 12.05 s 12.10 s 11.81 s
Api-1 5.39 s 109.0
Api-2 3.54 s 77.0
Api-3 78.0
Api-4 4.10 brs 3.77 m 74.0
Api-5 4.10 brs (2H) 66.8

Figure 1. Major HMBC correlations of compounds 1, 3, 4, and 7.
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between C-5 of �-D-apiose and C-1 of the trans-cinnamoyl moiety.
Accordingly, the structure of 4 (visartiside D) was elucidated as
5-O-trans-cinnamoyl �-D-apiosyl (1f3)-R-D-glucopyranoside.

Compound 5 was isolated as a yellow powder, and its UV and
IR spectra were very close to those of 4. The quasimolecular ion
[M + Na]+ at m/z 555.1836 indicated an elemental formula of
C27H32O11Na, which suggested an additional C7H6 unit when
compared with 4. The 1H and 13C NMR data of 5 were similar to
those of 4, except for the presence of signals for a benzyl group
(C7H6) in 5. The benzyl group was further assigned at the C-1
position of glucose, due to the long-range correlation between Glc-
H-1 and C-1′ of the benzyl unit. These findings deduced 5 to possess
trans-cinnamoyl, glucose, and apiose moieties with a benzyl unit.
In addition, the higher coupling constant value (J ) 7.0 Hz) of
Glc-1 in 5 than that of 4 (J ) 3.0 Hz) suggested that glucose was
�-configured in 5. On the basis of the above data analysis, the
structure of 5 (visartiside E) was elucidated as benzyl-7-O-(5-O-
trans-cinnamoyl-�-D-apiosyl)-(1f3)-�-D-glucopyranoside.

Compound 6 had similar UV and IR spectra to 5. On inspection
of the HRESIMS of 6, the quasimolecular ion [M + Na]+ at m/z
627.2067 indicated an elemental formula of C30H36O13Na. When
comparing the 1H and 13C NMR spectra of 6 with 5, they showed
similar signals for the trans-cinnamoyl, �-apiose, and �-glucose
moieties, except for the signals for a benzyl group in 5, rather than
a phenylpropanoid moiety in 6. The signals for three protons [δH

6.96 (1H, brs), 6.80 (1H, dd, J ) 8.0, 1.5 Hz), and 6.65 (1H, d, J
) 8.0 Hz)] coupled by an ABX spin-spin system, two protons of
a trans-ethene group at δH 6.54 (1H, d, J ) 16.0 Hz) and 6.15
(1H, dt, J ) 16.0, 6.0 Hz), two oxygenated methylene protons at
δH 4.48 (1H, dd, J ) 12.0, 6.0 Hz) and 4.21 (1H, dd, J ) 12.5, 6.5
Hz), and one methoxy group at δH 3.79 (3H, s) were observed.
Together with the 13C NMR spectrum, this suggested that the
phenylpropanoid moiety is 3-hydroxy-4-methoxycinnamic alcohol,
equivalent to coniferyl alcohol.15 Moreover, due to the long-range

correlation between H-9 of phenylpropanoid and C-1 of Glc in the
HMBC spectrum, the phenylpropanoid moiety was deduced at C-1
of the glucose in 6. According to the above evidence, 6 was
determined as coniferyl 9-O-(5-O-trans-cinnamoyl-�-D-apiosyl)-
(1f3)-�-D-glucopyranoside and has been named visartiside F.

Compound 7 was obtained as yellow crystals. The molecular
formula of 7 was determined to be C25H34O11 on the basis of
HRESIMS, which exhibited a quasimolecular ion [M + Na]+ at
m/z 533.2053. The IR spectrum of 7 showed absorption bands at
3394, 1592, 1508, and 1465 cm-1 ascribable to hydroxy and
benzene ring functions.10 In the 1H NMR spectrum of 7, the
aromatic signals at δH 6.24 (1H, s), 7.05 (1H, d, J ) 8.0 Hz), 6.82
(1H, d, J ) 2.0 Hz), and 6.71 (1H, dd, J ) 8.0, 2.0 Hz) displayed
by an AMX splitting pattern, together with the 13C NMR spectrum,
which showed resonances at δC 154.3, 152.1, 148.7, 134.6, 115.2,
95.3 (A ring) and δC 149.4, 144.7, 120.8, 117.0, 112.8, 138.1 (B
ring), and indicated two aromatic moieties in 7. In addition, proton
signals for four aromatic methyl groups [δH 3.83 (3H, s), 3.77 (3H,
s), 3.75 (3H, s), 3.69 (3H, s)] and three mutually coupled methylene
groups [δH 2.56 (2H, m), 2.53 (2H, m), 1.74 (2H, dd, J ) 8.0, 7.0
Hz)], as well as the characteristic signals for a �-glucose unit [δH

4.84 (1H, d, J ) 7.0 Hz, Glc-1), 3.49 (1H, m, Glc-2), 3.39 (2H, m,
Glc-3 and 4), 3.46 (1H, m, Glc-5), 3.85 (1H, m, Glc-6), and 3.70
(1H, brs, Glc-6)], were also found. This glucose unit was identified
as D-glucose by GC analysis (tR ) 21.67 min) after acid hydrolysis
of 7 with 2 N HCl. These data were consistent with 7 possessing
a diphenylpropane glycoside skeleton.16,17

Inspection of the HMBC spectrum of 7 (Figure 1) showing long-
range correlations between δH 3.77 (3H, s) and δC 152.1 (C-2′),
δH 3.69 (3H, s) and δC 154.2 (C-6′), δH 3.75 (3H, s) and δC 134.6
(C-3′), and δH 3.83 (3H, s) and δC 149.4 (C-3′′) suggested that the
OMe groups were located at C-2′, C-3′, and C-6′ of the A ring and
C-3′′ of the B ring, respectively. Also, on the basis of the HMBC
spectrum, the propane moiety linking the two phenyl units was

Table 2. 1H and 13C NMR (CD3OD, 500 and 125 MHz) Data of 4-6

4 5 6

position δH, mult., Hz δC δH, mult., Hz δC δH, mult., Hz δC

1 167.2 168.4 168.5
2 6.58 d (16.0) 117.4 6.43 d (16.0) 118.6 6.45 d (16.0) 118.5
3 7.77 d (16.0) 145.5 7.61 d (16.0) 146.6 7.67 d (16.0) 146.6
4 134.6 135.7 135.6
5 7.61 brs 128.1 7.49 m 129.3 7.50 t (3.5) 129.3
6 7.41 brs 128.9 7.19 d (7.0) 130.0 7.38 m 130.0
7 7.41 brs 130.4 7.11 t (9.0) 131.6 7.38 m 131.6
8 7.41 brs 128.9 7.19 d (7.0) 130.0 7.38 m 130.0
9 7.61 brs 128.1 7.49 m 129.3 7.50 t (3.5) 129.3
G1 5.26 d (3.0) 92.5 4.34 d (7.0) 102.1 4.40 d (7.5) 102.0
G2 3.77 brs 71.5 3.41 m 78.8 3.51 78.9
G3 3.34 brs 80.3 3.41 m 78.3 3.43 77.9
G4 3.34 brs 70.7 3.41 m 71.7 3.43 71.8
G5 3.77 brs 72.5 3.18 m 77.9 3.51 77.8
G6 3.68 m 61.5 3.60 m 62.8 3.66 dd (6.0, 12.0) 62.8

3.83 m 3.80 d (10.0) 3.86 dd (1.6, 10.0)
A1 5.17 s 111.0 5.34 s 110.2 5.45 s 109.9
A2 4.07 s 77.4 3.41 m 78.4 78.3
A3 77.8 79.1 79.3
A4 4.10 dd (9.5, 3.0) 74.0 3.60 m 75.4 3.79 m 75.6

3.86 dd (9.5, 2.5) 3.90 d (9.5) 4.21 m
A5 4.32 s (2H) 66.5 4.10 d (11.0) 68.6 4.31 d (11.5) 68.8

4.20 d (11.0) 4.37 d (11.5)
1′ 139.0 130.3
2′ 7.30 d (7.0) 129.2 6.96 s 110.5
3′ 7.19 t (7.0) 129.3 149.1
4′ 7.29 t (7.0) 128.7 147.7
5′ 7.19 t (7.0) 129.3 6.80 dd (8.0, 1.5) 121.2
6′ 7.30 d (7.0) 129.2 6.65 d (8.0) 116.2
7′ 4.83 d (11.5) 71.7 6.54 d (16.0) 134.3

4.50 d (11.0)
8′ 6.15 brd (16.0) 123.5
9′ 4.21 dd (6.5, 12.0) 70.9

4.48 dd (6.0, 12.0)
OMe 3.79 s 56.3
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assigned as shown. Compound 7 was found to contain a 4′,4′′-
dihydroxy-2′,3′,6′,3′′-tetramethoxy-1,3-diphenylpropane moiety, as
reported for viscolin.17 Due to a cross-peak of anomeric protons
[δH 4.84 (d, J ) 7.0 Hz)] and C-4′′ of the B ring found in the
HMBC spectrum, a �-Glc unit connecting with C-4′′ of the B ring
was deduced. Accordingly, the diphenylpropane glycoside 7 was
determined as (4′-hydroxy-2′,3′,6′,3′′-tetramethoxy-1,3-diphenyl-
propane)-4′′-O-�-D-glucopyranoside and has been named viscolin-
4′′-O-�-D-glucopyranoside.

The other isolated compounds, 8-11, were identified as pi-
nocembrin 7-O-�-D-glucopyranoside (8),18 naringenin 7-O-�-D-
glucopyranoside (9),19 eriodictyol 7-O-�-D-glucopyranoside (10),20

and homoeriodictyol 7-O-glucopyranoside (11),21 respectively, by
comparison with their literature data.

After assaying the antioxidant abilities of 1-11 using DPPH,
flavanones 1, 2, and 10 had the highest levels of radical-scavenging
activity (ED50 37.6, 34.1, and 63.3 µM, respectively) (Table 3),
whereas all other compounds were inactive (ED50 > 100 µM).
Notably, flavanones 1, 2, and 10 possess a 3′,4′-dihydroxyphenyl
group, compared with the inactive flavanone derivatives 8, 9, and
11, which either lack or have only one OH group in the B ring,
suggesting that the number of OH groups in the B ring of flavanones
plays a crucial role in radical-scavenging activity.

Recently, phenolic compounds including flavonoids were dem-
onstrated to have inhibitory activity for LPS-induced NO produc-
tion.22 Compounds 1-11 were evaluated for their anti-inflammatory
activities (Table 4), using RAW264.7 cells supplemented with
lipopolysaccharide (LPS) to induce cell inflammation and cause
nitrite accumulation in the medium. Quercetin not only possesses
inhibitory activity for the LPS-induced NO production but also
shows protective effects in neuronal cells with no cell toxicity.23,24

Thus, quercetin was used as a positive control. Among the isolates
tested, compounds 1 (IC50 15.6 µM), 3 (IC50 14.9 µM), 8 (IC50

19.2 µM), and 11 (IC50 23.4 µM) markedly inhibited NO production
in macrophages when compared with quercetin (IC50 32.1 µM).
Eriodictyol glucosides such as 1 (IC50 15.6 µM) and 2 (IC50 25.1
µM) showed higher NO inhibition than that of 10 (IC50 41.2 µM).
Also, the activity of narigenin glucoside derivative 3, with a
cinnamoyl group (IC50 14.9 µM), had a more potent inhibitory
activity than 9 (IC50 42.6 µM), which lacks a cinnamoyl group.

General Experimental Procedures. Optical rotations were
recorded on a JASCO P-1020 polarimeter. IR spectra were
measured on a Mattson Genesis II spectrophotometer (Thermo
Nicolet, Madison, WI). NMR spectra were recorded on a Varian
Unity INOVA-500 MHz using CD3OD as solvent. Chemical shifts
are given in δ values (ppm) and coupling constants in Hz. Low-
resolution ESIMS were recorded on a VG Quattro 5022 mass
spectrometer. High-resolution ESIMS were measured on a MAT-
95XL high-resolution mass spectrometer. Sephadex LH-20 (Phar-
macia) and silica gel (Merck 70-230 mesh and 230-400 mesh) were
used for column chromatography, and precoated silica gel (Merck 60
F-254) plates were used for TLC. TLC plates were detected by spraying
with 5% H2SO4 and then heating at 110 °C. HPLC separations were
performed on a Waters 600 series apparatus with a Waters 996
photodiode array detector, equipped with a 250 × 10 mm i.d.
preparative Cosmosil AR-II column (Nacalai, Tesque, Inc.).

Plant Material. Viscum articulatum was collected in Qingshui
Township, Taichung County, Taiwan, in July 2005. A voucher
specimen (No. 2005-07-012) has been identified by one of the
authors (C.-J.C.) and deposited in the National Research Institute
of Chinese Medicine, Taipei, Taiwan.

Extraction and Isolation. The leaves and stems plant of V.
articulatum (22.5 kg) were extracted with EtOH (80 L, three times)
at 50 °C and concentrated under reduced pressure. The EtOH extract
(2.24 kg) was successively partitioned with n-hexane-H2O (1:1)
and EtOAc-H2O (3:1) to give an EtOAc-soluble fraction, A (463.6
g). Fr. A was chromatographed on a silica gel column (120 × 20
cm i.d.) eluting with CHCl3-MeOH (1:0f 1:1) to give 14 fractions
(fr. A-1 to A-14). Using a silica gel 60 column eluted with a gradient
system [(CH2Cl2-acetone (40:1 f 1:1)], fr. A-10 (37.5 g,
CHCl3-MeOH, 3:1) was further purified to 19 fractions (fr. A-10-1
to A-10-19). Compounds 1 (255 mg) and 2 (195 mg) were obtained
from fr. A-10-14 by passage over a LH-20 column (94 × 4 cm
i.d.), after eluting with CHCl3-MeOH (1:1). Fr.A-10-17 was further
separated by passage over a LH-20 column (94 × 4 cm i.d.), eluted
with CHCl3-MeOH (1:1), to give eight fractions (fr. A-10-17-1
to A-10-17-8). Fr.A-10-17-4 was repeatedly chromatographed by
HPLC (Cosmosil 5C18-AR II, 250 × 10.0 mm i.d., flow rate: 2.5
mL/min, 65% MeOH) to yield 4 (8.8 mg), 5 (11.9 mg), 6 (4.2 mg),
and 7 (13.4 mg). Using preparative TLC (plate: 20 × 20 cm;
CHCl3-MeOH, 8:1), fr.A-10-17-7 was purified to afford 3 (33.3
mg).

Visartiside A (1): yellow powder; mp 168 °C; [R]25
D +30.8 (c

0.52, MeOH); UV (MeOH) λmax (log ε) 281 (2.79) nm; 1H NMR
(CD3OD, 500 MHz), see Table 1; 13C NMR (MeOD, 125 MHz),
see Table 1; HRESIMS m/z 603.1544 [M + Na]+ (calcd for
C30H28O12Na, 603.1478).

Visartiside B (2): yellow powder; mp 162-165 °C; [R]25
D

-38.0 (c 0.50, MeOH); UV (MeOH) λmax (log ε) 279 (2.94) nm;
1H NMR (CD3OD, 500 MHz), see Table 1; 13C NMR (CD3OD,
125 MHz), see Table 1; HRESIMS m/z 603.1535 [M + Na]+ (calcd
for C30H28O12Na, 603.1478).

Visartiside C (3): white powder; mp >295 °C; [R]25
D +72.0

(c 0.25, MeOH); UV (MeOH) λmax (log ε) 280 (3.00) nm; 1H NMR
(MeOD, 500 MHz), see Table 1; 13C NMR (CD3OD, 125 MHz),
see Table 1; HREIMS m/z 719.2030 [M + Na]+ (calcd for
C35H36O15Na, 719.1952).

Visartiside D (4): white powder; mp 240 °C; [R]25
D +52.6 (c

0.38, MeOH); UV (MeOH) λmax (log ε) 275 (2.62) nm; 1H NMR
(CD3OD, 500 MHz), see Table 1; 13C NMR (CD3OD, 125 MHz),
see Table 2; HREIMS m/z 465.1392 [M + Na]+ (calcd for
C20H26O11Na, 465.1373).

Visartiside E (5): yellow powder; [R]25
D -28.6 (c 1.40,

MeOH); UV (MeOH) λmax (log ε) 278 (2.51) nm; 1H NMR
(CD3OD, 500 MHz), see Table 2; 13C NMR (CD3OD, 125 MHz),
see Table 2; HREIMS m/z 555.1836 [M + Na]+ (calcd for
C27H32O11Na, 555.1842).

Table 3. DPPH Radical-Scavenging Activity of Compounds
1-11a

compound ED50 (µM)

1 37.6
2 34.1
10 63.3
R-tocopherolb 28.4

a Compounds 3-9 and 11 were inactive in this assay (ED50 >100
µM). b R-Tocopherol was used as the positive control.

Table 4. LPS-Induced NO Production and Cell Viability in
RAW264.7 Macrophages of 1-11

compound IC50 (µM)a
cell viability
(% control)

1 15.6 100
2 25.1 100
3 14.9 99.7
4 32.3 80.2
5 39.6 88.1
6 27.8 85.2
7 30.2 77.0
8 19.2 74.5
9 42.6 100
10 41.2 100
11 23.4 88.7
quercetinb 32.1 100

a IC50: half maximal inhibitory concentration. b Quercetin was used as
the positive control.
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Visartiside F (6): yellow powder; [R]25
D -34.8 (c 1.35, MeOH);

UV (MeOH) λmax (log ε) 275 (2.50) nm; 1H NMR (CD3OD, 500
MHz), see Table 2; 13C NMR (CD3OD, 125 MHz), see Table 2;
HREIMS m/z 627.2067 [M + Na]+ (calcd for C30H36O13Na,
627.2054).

Viscolin-4′′-O-�-D-glucopyranoside (7): yellow crystals; mp
>295 °C; [R]24

D -29.7 (c 0.74, MeOH); UV (MeOH) λmax (log ε)
280 (2.25) nm; IR (neat) νmax 3394, 2851, 1592, 1508, 1465, 1089
cm-1; 1H NMR (CD3OD, 500 MHz) δH 7.05 (1H, d, J ) 8.0 Hz,
H-5′′), 6.82 (1H, d, J ) 2.0 Hz, H-2′), 6.71 (1H, dd, J ) 8.0, 2.0
Hz, H-6′), 6.24 (1H, s, H-5′), 4.84 (1H, d, J ) 7.0 Hz, H-Glc-1),
3.39-3.85 (H-Glc-2-Glc-6), 3.83 (3H, s, OCH3-3′), 3.77 (3H, s,
OCH3-2′), 3.75 (3H, s, OCH3-3′), 3.69 (3H, s, OCH3-6′), 2.56 (1H,
m, H-3), 2.53 (1H, m, H-1), 1.74 (1H, dd, J ) 8.0, 7.0 Hz, H-2);
13C NMR (CD3OD, 125 MHz) δC 154.3 (C-6′),152.1 (C-2′),149.4
(C-3′′), 148.7 (C-4′), 144.7 (C-4′′), 138.1 (C-1′′), 134.6 (C-3′), 120.8
(C-6′′), 117.0 (C-5′′), 115.2 (C-1′), 112.8 (C-2′′), 101.9 (C-Glc-1),
70.1-76.6 (C-Glc-2-Glc-5), 61.3 (Glc-6), 60.1 (OCH3-2′), 59.9
(OCH3-3′), 55.5 (OCH3-3′′), 54.9 (OCH3-6′), 35.4 (C-3), 31.9 (C-
2), 22.9 (C-1); HREIMS m/z 533.2053 [M + Na]+ (calcd for
C25H34O11Na, 533.1999).

Acid Hydrolysis. Solutions of compounds 1 and 2 (each 10
mg) and 3-7 (each 5 mg) in 2 N HCl (2 mL) were refluxed at
80 °C for 20 min, respectively. After separating the organic layer,
the aqueous phase was neutralized with NaHCO3 and filtered. Then
the filtrate was evaporated to dryness, and 1-(trimethylsilyl)imida-
zole and pyridine (0.2 mL) were added. After reacting for 1 h, the
mixture was dried by a stream of N2, and partitioned with n-hexane
and water. The n-hexane layer was analyzed by GC with the
following conditions: CP-Chirasil-L-Val column (25 m × 0.25 mm);
injection temperature 60 °C; column temperature 60-180 °C; rate
2 °C/min. Peaks of trimethylsilyl derivatives derived from sugar
were detected by comparison with retention times of authentic
samples [D-glucose (21.69 min) and D-apiose (21.22 min)] treated
with 1-(trimethylsilyl)imidazole.

DPPH Radical-Scavenging Activity Determination. The
stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical was used for
the determination of free radical-scavenging activity of the extracts
and compounds.5 Compounds 1-11 (120 µL) were added to 30
µL of DPPH (0.75 mM). After 30 min at room temperature, the
absorbance was recorded at 520 nm. The experiment was repeated
three times. Radical-scavenging activity (%) ) {[Ab - (A - As)]/
Ab} × 100 (Ab: the absorbance without sample, A is the absorbance
with compound and DPPH, and As is the absorbance with
compound only). The ED50 value was calculated if the radical-
scavenging activity of tested compound was more than 70%.

Determination of NO Production and Cell Viability Assay.25

The murine macrophage cell line RAW264.7 (BCRC 60001 )
ATCC TIB-71) was cultured in Dulbecco’s modified Eagle’s
medium (DMEM, Gibco BRL Life Technologies, Inc.) supple-
mented with 10% heat-inactivated fetal bovine serum (FBS) and
incubated at 37 °C in a humidified 5% CO2 atmosphere with a
96-well flat-bottomed culture plate. After 24 h, the medium was
replaced with fresh DMEM and FBS. Then, compounds 1-11 (0,
1, 5, 10, or 20 µg/mL) were each added in the presence of
lipopolysaccharide (LPS, 1 µg/mL; Sigma, Cat. No. L-2654) and
incubated under the same conditions for 24 h. The cultured cells
were then centrifuged and the supernatants used for NO production
measurement, with a MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl tetrazolium bromide] assay used to determine cell viability.

The supernatant was mixed with an equal volume of the Griess
reagent (1% sulfanilamide, 0.1% N-(1-naphthyl)ethylenediamine
dihydrochloride in 2.5% phosphoric acid solution) and incubated
for 10 min at room temperature. Nitrite concentration was deter-

mined by measuring the absorbance at 540 nm using an ELISA
plate reader (µ Quant).

The MTT colorimetric assay was modified from that of Mos-
mann.26 The test is based upon the selective ability of living cells
to reduce the yellow soluble salt, MTT, to a purple-blue insoluble
formazan MTT (Merck; dissolved in phosphate-buffered saline at
5 mg/mL). MTT solution was added to the attached cells mentioned
above (10 µL per 100 µL culture) and incubated at 37 °C for 4 h.
Then, DMSO was added and the amount of colored formazan
metabolite formed was determined by absorbance at 550 nm. The
optical density of formazan formed in control (untreated) cells was
taken as 100% viability.
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