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Two new oleanane-type triterpene glycosides, named helianthosides 4 (4) and 5 (5), along with four known triterpene
glycosides, helianthosides 1 (1), 2 (2), 3 (3), and B (6), were isolated from ann-butanol-soluble fraction of a methanol
extract of sunflower (Helianthus annuus) petals. The structures of the two new compounds were determined on the
basis of spectroscopic and chemical methods. Upon evaluation of compounds1-6 for inhibitory activity against 12-
O-tetradecanoylphorbol-13-acetate (TPA)-induced inflammation (1.7 nmol/ear) in mice, all of the compounds tested
exhibited marked anti-inflammatory activity, with ID50 values in the range 65-262 nmol per ear.

Sunflower (Helianthus annuusL.; Asteraceae) is cultivated
primarily for its seeds, which yield the world’s second most
important source of edible oil. Prior to the use of the seeds as a
food, other parts of the plant, notably the petioles and young flowers,
were used as savory delicacies.1 The seed oil, shoots, and herb
tincture have been employed for anti-inflammatory, antipyretic,
aperitif, astringent, cathartic, diuretic, emollient, expectorant,
stimulant, vermifuge, and vulnerary purposes.2 In the course of a
study on the phytochemical and pharmacological constituents of
Asteraceae species,3-9 we have found that methanol (MeOH)
extracts of the ligulate and tubular flower petals of sunflower
possess marked anti-inflammatory activities on 12-O-tetrade-
canoylphorbol-13-acetate (TPA)-induced ear edema in mice.4 We
now report the isolation and characterization of two new (4 and5)
and four known (1-3 and6) oleanane-type triterpene glycosides
from ann-butanol (n-BuOH)-soluble fraction of a MeOH extract
of the ligulate flower petals of sunflower along with an evaluation
of their anti-inflammatory activity against TPA-induced inflam-
mation in mice.

Results and Discussion

Six triterpene glycosides, helianthoside 1 (1), helianthoside 2
(2), helianthoside 3 (3), helianthoside 4 (4), helianthoside 5 (5),
and helianthoside B (6), were isolated from ann-BuOH-soluble
fraction of a MeOH extract of the ligulate flower petals of
sunflower. Among these,4 and 5 are new compounds, and
characterization and spectroscopic analysis of these compounds
were performed by data comparison with literature values.10,11The
13C and1H NMR data for these compounds are shown in Tables 1
and 2, respectively. The13C and1H NMR signal assignments were
aided by HMQC, HMBC, and1H-1H COSY experiments. All other
compounds were identified as helianthosides 1 (1),10 2 (2),10,11 3
(3),10 and B (6),10 on the basis of1H NMR and MS comparison
with the corresponding compounds in the literature.

Compound4 gave a quasi-molecular ion atm/z 1391.6459 [M
+ Na]+, indicating a molecular weight of 1368, in agreement with
the formula C64H104O31 found by elemental analysis in the HRES-
IMS. The IR spectrum showed the presence of an ester carbonyl
group (1726 cm-1) and an olefinic group (1641 cm-1). In the 1H

NMR spectrum of the aglycon moiety of4, six tertiary methyls
[δH 0.70 (s), 0.78 (s), 0.88 (s), 0.97(s), 0.99(s), and 1.38 (s)], a
primary hydroxy methylene [δH 3.29 (d,J ) 11.0 Hz) and 3.60 (d,
J ) 11.0 Hz)], two secondary hydroxy methines [δH 3.63 (dd,J )
4.4, 11.7 Hz) and 4.48 (br s)], and an olefinic methine [δH 5.36 (t,
J ) 3.8 Hz)] were observed. The13C NMR data of the aglycone
moiety of compound4 were essentially the same as those of
compound210,11 except that the former exhibited the C-23 signal
as an oxygen-bearing methylene signal atδC 64.9 (t) instead of as
a methyl signal atδC 28.8 (q)10 for 2. This suggested that4
possesses a unit of caulophyllogenin (23-hydroxyechinocystic acid)
as the aglycon moiety, with the bisdesmoside sugar moieties being
the same as those of2. In the HMBC spectrum of4, long-range
correlations were observed betweenδH 4.39 (H-1 of Glc I) andδC

83.5 (C-3 of the aglycon),δH 5.34 (H-1 of Rha I) andδC 79.2
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Table 1. 13C NMR Spectroscopic Data (δ values, 150 MHz,
methanol-d4) of Triterpene Glycosides4 and5

carbon 4 5 carbon 4 5 carbon 4 5

aglycon 3-O-glycosyl 28-O-glycosyl
1 39.7 40.0 Glc I Glc I Xyl II Glc II
2 26.4 27.1 1 105.7 106.6 1 94.0 95.2
3 83.5 91.0 2 77.0 76.9 2 75.6 77.5
4 43.9 40.2 3 79.2 79.3 3 71.2 79.0
5 48.3 57.2 4 74.9 74.9 4 67.0 71.4
6 18.9 19.4 5 77.2 77.3 5 63.7 78.4
7 33.8 34.3 6 61.4 61.5 6 62.5
8 40.9 40.9
9 48.2 48.2 Rha I Rha I Rha II Rha II
10 37.7 38.0 1 101.8 101.8 1 101.4 101.6
11 24.5 24.5 2 72.6 72.6 2 72.1 72.0
12 123.7 123.5 3 72.0 72.0 3 72.3 72.2
13 144.8 144.7 4 74.2 74.2 4 83.5 73.9
14 42.8 42.8 5 69.3 69.3 5 69.1 70.4
15 36.4 36.5 6 18.0 18.0 6 18.2 18.3
16 74.7 74.7
17 50.4 50.3 Xyl I Xyl Glc II
18 42.2 42.5 1 104.2 104.2 1 105.9
19 47.7 48.1 2 75.5 75.5 2 76.1
20 31.3 31.3 3 78.2 78.2 3 78.1
21 36.4 36.5 4 70.8 71.0 4 71.6
22 31.9 31.5 5 66.8 66.8 5 78.2
23 64.9 28.6 6 62.8
24 13.5 17.1
25 16.7 16.2
26 18.0 17.9
27 27.4 27.2
28 177.1 177.3
29 33.4 33.4
30 25.2 25.1
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(C-3 of Glc I), δH 4.38 (H-1 of Xyl I) andδC 74.9 (C-4 of Glc I),
δH 5.63 (H-1 of Xyl II) andδC 177.1 (C-28 of the aglycon),δH

5.04 (H-1 of Rha II) andδC 75.6 (C-2 of Xyl II), andδH 4.56 (H-1
of Glc II) and δC 83.5 (C-4 of Rha II), which suggested the
substitution patterns of the aglycon by the sugar moieties assigned
as shown in Chart 1. Hence, the structure of4 was proposed as
28-O-â-D-glucopyranosyl-(1f4)-R-L-rhamnopyranosyl-(1f2)-â-D-
xylopyranosyl caulophyllogenin 3-O-R-L-rhamnopyranosyl(1f3)-
[â-D-xylopyranosyl-(1f4)]-â-D-glucopyranoside and has been named

helianthoside 4. Upon acid hydrolysis, compound4 afforded
L-arabinose,D-glucose, andL-rhamnose in the ratio 1:1:1, which
supported the types and numbers of sugar moieties suggested.

Compound5 exhibited a [M+ Na]+ peak atm/z 1243.6130 in
the HRESIMS, corresponding to a molecular formula of C59H96O26.
The IR spectrum showed the presence of ester carbonyl (1737 cm-1)
and olefinic (1641 cm-1) groups. Compound5 exhibited1H NMR
signals for seven tertiary methyls [δH 0.78 (s), 0.84 (s), 0.88 (s),
0.95 (s), 0.97 (s), 1.04 (s), and 1.37 (s)], two secondary hydroxy
methines [δH 3.16 (dd,J ) 4.4, 11.5 Hz) and 4.46 (br s)], an olefinic
methine [δH 5.33 (t,J ) 3.5 Hz)] due to the aglycon moiety, two
secondary methyls [δH 1.21 (d,J ) 6.2 Hz) and 1.27(d,J ) 6.2
Hz)], and five anomeric methines [δH 4.32 (d,J ) 7.9 Hz), 4.38
(d, J ) 7.5 Hz), 5.34 (d,J ) 1.7 Hz), 5.35 (d,J ) 1.7 Hz), and
5.38 (d,J ) 7.6 Hz)] arising from the sugar moiety. The13C NMR
data of5 were in good agreement with those of compound310

except for those arising from the sugar moieties at C-3 and C-28.
Careful comparison of the13C NMR data of5 with those of310

suggested that the former lacks the terminal glucose unit at C-28
of 3. In the HMBC spectrum of5, long-range correlations were
observed betweenδH 4.32 (H-1 of Glc I) andδC 91.0 (C-3 of the
aglycon),δH 5.35 (H-1 of Rha I) andδC 79.3 (C-3 of Glc I),δH

4.38 (H-1 of Xyl) andδC 74.9 (C-4 of Glc I),δH 5.38 (H-1 of Glc
II) and δC 177.3 (C-28 of the aglycon), andδH 5.34 (H-1 of Rha
II) andδC 77.5 (C-2 of Glc II). On acid hydrolysis,5 gaveD-xylose,
L-rhamnose, andD-glucose in the ratio 2:2:1 as the sugar units and
echinocystic acid as the aglycon.12 Hence, the structure of5 was
established as 28-O-R-L-rhamnopyranosyl-(1f2)-â-D-glucopyra-
nosyl echinocystic acid 3-O-R-L-rhamnopyranosyl(1f3)-[â-D-xy-
lopyranosyl-(1f4)]-â-D-glucopyranoside and was named helian-
thoside 5.

The inhibitory effects were evaluated on TPA-induced inflam-
mation in mice of the six triterpene glycosides,1-6. The results
are shown in Table 3 together with those of two commercially
available anti-inflammatory drugs, indomethacin and hydrocorti-
sone. All of the triterpene glycosides tested showed potent inhibitory
effects, with ID50 (50% inhibitory dose) values of 65-262 nmol/
ear, and were more potently inhibitory than indomethacin (ID50 )
838 nmol/ear). Among them, compound6 exhibited a strong
inhibitory effect that was almost the same order of potency as that
of hydrocortisone (ID50 ) 83 nmol/ear). These triterpene glycosides
therefore contribute to the anti-inflammatory activity of the MeOH
extract of the ligulate flower petals of sunflower.4 The inhibitory
effect against TPA-induced inflammation has been demonstrated
to closely parallel that of the inhibition of tumor promotion in two-
stage carcinogenesis initiated by 7,12-dimethylbenz[a]anthracene
(DMBA) and TPA, a well-known promoter, in a mouse skin
model.13 Thus, compounds1-6 may have anti-tumor-promoting
activity in this animal model.

Experimental Section

General Experimental Procedures.Crystallizations were performed
in MeOH. Melting points were measured on a Yanagimoto micro
melting point apparatus and are uncorrected. Optical rotations were
measured on a JASCO P-1030 polarimeter in MeOH at 25°C. NMR
spectra were recorded with a JEOL ECA-600 (1H, 600 MHz;13C, 150
MHz) spectrometer in methanol-d4 with tetramethylsilane as internal
standard. HRESIMS were recorded on an Agilent 1100 LC/MSD TOF
(time-of-flight) system (ionization mode: positive; nebulizing N2 gas
pressure: 35 psig; drying N2 gas: flow, 12 L/min, temp, 325°C;
capillary voltage: 3000 V; fragmentor voltage: 225 V). Silica gel (silica
gel 60, 230-400 mesh, Merck), C18 silica (Chromatorex-ODS, 100-
200 mesh, Fuji Silysia Chemical Co., Ltd., Aichi, Japan), Diaion HP-
20 (Mitsubishi Chemical Co., Tokyo, Japan), and Amberlite MB-3
(Rohm and Hass Co., Philadelphia, PA) were used for open column
chromatography. Reversed-phase preparative HPLC was carried out
on a C18 silica column (Pegasil ODS II column, 25 cm× 10 cm i.d.;
Senshu Scientific Co., Ltd., Tokyo, Japan) at 25°C with MeOH-H2O

Table 2. 1H NMR Spectroscopic Data (δ values, 600 MHz,
methanol-d4) of Triterpene Glycosides4 and5a

position 4 5

aglycon
1 0.98 (R), 1.63 (â) 1.00 (R), 1.64 (â)
2 1.94 (R), 1.74 (â) 1.92 (R), 1.71 (â)
3 3.63 (dd, 4.4, 11.7) 3.16 (dd; 4.4, 11.5)
5 1.24 0.78
6 1.49 (2H) 1.54 (R), 1.39 (â)
7 1.64 (a), 1.35 (b) 1.54 (R), 1.42 (â)
9 1.68 (t, 8.6) 1.63
11 1.91 (2H) 1.90 (2H)
12 5.36 (t, 3.8) 5.33 (t, 3.5)
15 1.44 (R; dd, 3.4, 14.8),

1.76 (â)
1.43 (R), 1.72 (â)

16 4.48 (brs) 4.46 (brs)
18 3.06 (dd, 3.7, 13.5) 2.92 (dd, 4.4, 13.0)
19 1.05 (R), 2.28 (â; dd,

13.5, 13.5)
1.05 (R), 2.27 (â; dd,

13.0, 13.0)
21 1.15 (R), 1.94 (â) 1.17 (R), 1.92 (â)
22 1.90 (R), 1.76 (â) 1.92 (R), 1.83 (â; dd, 5.5, 15.4)
23 3.29 (d, 11.0), 3.60 (d, 11.0) 1.04 (s)
24 0.70 (s) 0.84 (s)
25 0.99 (s) 0.97 (s)
26 0.78 (s) 0.78 (s)
27 1.38 (s) 1.37 (s)
29 0.88 (s) 0.88 (s)
30 0.97 (s) 0.95 (s)

3-O-glycosyl
Glc I Glc I

1 4.39 (d, 7.9) 4.32 (d, 7.9)
2 3.33 (dd, 7.9, 9.3) 3.35 (dd, 7.9, 9.3)
3 3.67 (dd, 9.3, 9.3) 3.66 (dd, 9.3, 9.3)
4 3.69 (dd, 9.3, 9.3) 3.70 (dd, 9.3, 9.3)
5 3.37 3.35
6 3.84, 3.92 3.84 (dd, 2.0, 12.0), 3.90

Rha I Rha I
1 5.34 (d, 1.4) 5.35 (d, 1.7)
2 3.90 (dd, 1.4, 3.4) 3.90 (dd, 1.7, 3.4)
3 3.84 3.84 (dd, 3.4, 9.3)
4 3.37 (dd, 9.0, 9.0) 3.37 (dd, 9.3, 9.3)
5 4.37 (dq, 6.2, 9.0) 4.37 (dq, 6.2, 9.3)
6 1.21 (d, 6.2) 1.21 (d, 6.2)

Xyl I Xyl
1 4.38 (d, 7.9) 4.38 (d, 7.5)
2 3.19 (dd, 7.9, 9.3) 3.19 (dd, 7.5, 9.0)
3 3.28 (dd, 9.3, 9.3) 3.28 (dd, 9.0, 9.0)
4 3.57 (ddd, 5.5, 9.3, 10.3) 3.57 (ddd, 5.0, 9.0, 10.3)
5 3.12 (dd, 10.3, 10.3), 3.88 3.12 (dd, 10.3, 10.3), 3.87

(dd, 5.0, 10.3)
28-O-glycosyl

Xyl II Glc II
1 5.63 (d, 3.7) 5.38 (d, 7.6)
2 3.79 (dd, 3.7, 5.2) 3.56 (dd, 7.6, 9.6)
3 3.88 3.54 (dd, 9.6, 9.6)
4 3.82 3.39 (dd, 9.6, 9.6)
5 3.49 (dd, 3.5, 11.0), 3.91 3.32
6 3.66, 3.79 (dd, 2.4, 12.1)

Rha II Rha II
1 5.04 (d, 1.3) 5.34 (d, 1.7)
2 3.84 3.92 (dd, 1.7, 3.5)
3 3.84 3.65 (dd, 3.5, 9.6)
4 3.61 (dd, 9.3, 9.3) 3.39 (dd, 9.6, 9.6)
5 3.74 (dq, 6.2, 9.3) 3.75 (dq, 6.2, 9.6)
6 1.35 (d, 6.2) 1.27 (d, 6.2)

Glc II
1 4.56 (d, 7.9)
2 3.24 (dd, 7.9, 9.3)
3 3.28
4 3.37 (dd, 9.3, 9.3)
5 3.31
6 3.69 (dd, 5.1, 12.1),

3.85 (dd, 2.1, 12.1)

a Figures in parentheses denoteJ values (hertz).
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(3:2; 2 mL/min; HPLC system I) or MeOH-H2O (7:3; 2 mL/min;
HPLC system II) as mobile phase. GLC was performed using a 25 m
× 0.25 mm i.d. 007-5 MS fused-silica capillary column (Quadrex,
Woodbridge, CT) (detector: FID; column temperature: 200°C; detector
temperature: 270°C; injector temp: 270°C; carrier gas: N2).

Chemicals were purchased as follows: TPA from ChemSyn
Laboratories (Lenexa, KS), indomethacin and hydrocortisone from
Sigma Chemical Co. (St. Louis, MO), andL-cysteine methyl ester
hydrochloride, trimethylsilylimidazole,D-xylose,L-rhamnose, andD-
glucose from Tokyo Chemical Industry Co. Ltd. (Tokyo, Japan).

Plant Material. Helianthus annuusL. (cultivar: Russian sunflower)
was cultivated at an herbal garden of Toho University (Chiba, Japan),
and the flower heads were harvested in August 2003. A voucher
specimen (TU-HA-0308) has been deposited in the School of Phar-
maceutical Sciences, Toho University. The ligulate flower petals
pinched off from the flower head samples were air-dried at 60°C.

Animals. Experiments were performed in accordance with the
guidelines of the Institutional Animal Care and Use Committee of the
College of Pharmacy, Nihon University, Chiba, Japan. Specific
pathogen-free female ICR mice were obtained from Japan SLC
(Shizuoka, Japan). The animals were housed, five per polycarbonate

cage, in an air-conditioned specific pathogen-free room at 24( 2 °C.
Food and water were available ad libitum.

Extraction and Isolation. The air-dried ligulate flower petals of
H. annuus(303 g) were extracted with MeOH by soaking for 3 days
each at room temperature three times. Evaporation of the combined
solvent under reduced pressure provided an extract (101 g). The extract
was suspended in water and partitioned successively withn-hexane,
ethyl acetate (EtOAc), andn-BuOH to yield separaten-hexane- (40.0
g), EtOAc- (13.9 g),n-BuOH- (14.8 g), and H2O- (30.3 g) soluble
fractions. Then-BuOH-soluble fraction was subjected to chromatog-
raphy on a Diaion HP-20 (210 g) column. Step gradient elution was
conducted with H2O-MeOH [1:0 (2 L), 7:3 (2 L), 1:1 (3 L), 3:7 (3
L), 0:1 (3 L)]. A fraction (6.0 g) that eluted with H2O-MeOH (3:7)
was subjected to chromatography over ODS (60 g) to give two fractions,
fractions A (3.2 g; eluted with 50% MeOH) and B (1.0 g; eluted with
80% MeOH). Fraction A was further separated by HPLC system I to
give 2 (1301 mg, ca. 8.79% in then-BuOH-soluble fraction;tR 26.2
min), 3 (52 mg, 0.35%;tR 19.8 min),4 (62 mg, 0.42%;tR 21.9 min),
5 (19 mg, 0.13%;tR 24.9 min), and6 (64 mg, 0.43%;tR 35.1 min).
Fraction B, upon separation using HPLC system II, afforded1 (127
mg, 0.85%;tR 21.2 min),2 (229 mg, 1.54%;tR 9.9 min), and6 (42
mg, 0.28%;tR 11.7 min).

Helianthoside 4{28-O-â-d-glucopyranosyl-(1f4)-R-l-rhamnopy-
ranosyl-(1f2)-â-d-xylopyranosylcaulophyllogenin 3-O-R-l-rham-
nopyranosyl(1f3)-[â-d-xylopyranosyl-(1f4)]-â-d-glucopyrano-
side} (4): fine needles, mp 239-243°C; [R]25

D -48.2 (c 0.29, MeOH);
IR (KBr) νmax 3425, 1726, 1641 cm-1; 13C and1H NMR, see Tables 1
and 2, respectively; HRESIMSm/z 1391.6459 (calcd for C64H104O31-
Na [M + Na]+, 1391.6459).

Helianthoside 5{28-O-R-L-rhamnopyranosyl-(1f2)-â-D-glucopy-
ranosylechinocystic acid 3-O-R-L-rhamnopyranosyl(1f3)-[â-D-xy-
lopyranosyl-(1f4)]-â-D-glucopyranoside} (5): fine needles, mp 222-
227°C; [R]25

D -46.7 (c 0.15, MeOH); IR (KBr)νmax 3425, 1737, 1641
cm-1; 13C and1H NMR, see Tables 1 and 2, respectively; HRESIMS
m/z 1243.6130 (calcd for C59H96O26Na [M + Na]+, 1243.6087).

Analysis of Sugar Moieties of Compounds 4 and 5.Compounds
4 and5 were hydrolyzed separately with 1 M HCl for 2 h at 90°C.
The reaction mixture was diluted with H2O and extracted twice with
EtOAc. The H2O layer was passed through an Amberlite MB-3 column,

Chart 1

Table 3. Inhibitory Effects of Compounds1-6 and Reference
Compounds on TPA-Induced Inflammation in Mice

inhibition of inflammation

compound ID50
a (nmol/ear) InhR (%)b

1 helianthoside 1 144 71
2 helianthoside 2 135 77
3 helianthoside 3 156 73
4 helianthoside 4 262 75
5 helianthoside 5 155 63
6 helianthoside B 65 80

reference compound
indomethacin 838 96
hydrocortisone 83 99

a ID50: 50% inhibitory dose.bInhR (inhibitory ratio) was 1.0 mg/
ear, andp < 0.01 by Student’st-test as compared to control group.
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and the eluate was concentrated. The residue was dried and dissolved
in pyridine (0.1 mL). After addition ofL-cysteine methyl ester
hydrochloride (1.0 mg), the mixture was warmed at 60°C for 1 h. The
trimethylsilylimidazole (150µL) was added, and the warming at 60
°C was continued for another 30 min. The precipitate was centrifuged
off, and the supernatant (1µL) was analyzed by GLC.14 The standard
monosaccharides were subjected to the same reaction and GLC analysis,
and peaks were observed withtR (min) of 11.9 (D-xylose), 14.5 (L-
rhamnose), and 22.3 (D-glucose).D-Xylose,L-rhamnose, andD-glucose
were obtained in the ratio 1:1:1 and 1:2:2 from4 and5, respectively.

Assay of TPA-Induced Inflammation Ear Edema in Mice. TPA
(1.7 nmol, 1µg) dissolved in acetone (20µL) was applied to the right
ear only of ICR mice by means of a micropipette. A volume of 10µL
was delivered to both the inner and outer surfaces of the ear. The
samples or their vehicles, CHCl3-MeOH (1:1, 20µL), as a control,
were applied topically about 30 min before TPA treatment. For ear
thickness determinations, a pocket thickness gauge with a range of 0-9
mm, graduated at 0.01 mm intervals and modified so that the contact
surface area was increased to reduce the tension, was applied to the tip
of the ear. The ear thickness was measured before treatment (a) and 6
h after TPA treatment (b ) TPA alone;b′ ) TPA plus sample). The
following values were then calculated:

Each value was the mean of individual determinations from five
mice. The 50% inhibitory dose (ID50) values were determined by the
method of probit-graphic interpolation for four dose levels. Statistical
analysis was carried out by Student’st-test.
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NP078002L

Edema A as induced by TPA alone (b - a)

Edema B as induced by TPA plus sample (b′ - a)

Inhibitory ratio (InhR) (%)) [(Edema A- Edema B)/Edema A]× 100
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