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a b s t r a c t

One new octulosonic acid derivative, chrysannol A (1), along with 17 known compounds (2–18), were
isolated from Chrysanthemum indicum flowers. Their structures were determined from 1D NMR, 2D
NMR, HR-ESI-MS spectral data, and comparisons with previous reports. The effects of these compounds
on lipopolysaccharide (LPS)-induced nitric oxide (NO) and tumor necrosis factor alpha (TNF-a) produc-
tion by RAW 264.7 cells were investigated. Compound 8 showed the highest inhibition of NO production
of 46.09% at a concentration of 10.0 lM. Compounds 7, 10, 11, and 16 inhibited TNF-a secretion at all
concentration tested (0.4, 2.0, and 10.0 lM), with inhibition values ranging from 22.27% to 33.13%. In
addition, compound 8 and 9 decrease COX-2 and iNOS protein on Western blot analysis in dose
dependent manner.

� 2014 Elsevier Ltd. All rights reserved.

Chrysanthemum indicum L. (Compositae), which is widespread
in Korea, is a well-known herb and medicinal plant with small yel-
low flowers. The flowers of C. indicum have been used in mixed
spices, as a food additives for masking flavors, and used in teas
and alcoholic beverages in Korea since ancient times.1 C. indicum
has a long history of use in traditional Korea and Chinese medi-
cines for the treatment of infectious diseases, including pneumonia
and pertussis, and in the treatment of colitis, stomatitis, cancer,
fever, sores, vertigo, inflammation, and hypertension. In terms of
the chemical constituents of this plant, several sesquiterpenes,
flavonoids, and phenolic compounds have been isolated and found
to exhibit inhibitory activity against rat lens aldose reductase.2–4

Additionally, its extracts have been reported to have central and
peripheral analgesic properties, to reduce blood pressure, have
anti-inflammatory and immunomodulatory activities, acetylcho-
linesterase inhibitory activity, and inhibitory activity against
various bacteria and viruses.5–7

In this study, we report a new compound (1) and 17 known com-
pounds (2–18) isolated from the flowers of C. indicum (see Fig. 1).
All compounds were assessed for inhibitory activity against LPS-
induced NO and TNF-a production in RAW 264.7 cells. In addition,
the effects on LPS-induced COX-2 and iNOS in RAW 264.7 cells of
compound 8 and 9 were evaluated using Western blot analysis.

Compound 18 was obtained as a colorless oil. The molecular for-
mula of 1 was determined to be C14H22O8 by HR-ESI-MS at m/z
353.1008 [M+Cl]� (Calcd C14H22O8Cl for 353.1003). The 1H NMR
spectrum of 1 showed signals assignable to four oxygenated
methine protons H-1 (dH 4.43, t, J = 4.8 Hz), H-2 (dH 4.00, t,
J = 4.8 Hz), H-3 (dH 4.12, br t, J = 4.8 Hz), and H-7 (dH 4.31, m),
one oxygenated methylene group H-9a (dH 4.68, dd, J = 3.6,
12.3 Hz) and H-9b (dH 4.85, dd, J = 8.4, 12.3 Hz), one methoxy at
dH 3.78 (s), two methylenes H-4ax (dH 2.21, dd, J = 4.8, 15.0 Hz),
H-4eq (dH 2.26, dd, J = 1.2, 15.0 Hz), and H-30a (dH 1.47, m) and
H-30b (dH 1.67, m), one methine H-20 (dH 2.40, m), and two methyl
groups H-40 (dH 0.91, t, J = 7.2 Hz) and H-50 (dH 1.13, d, J = 7.2 Hz)
(see Table 1). The 13C NMR, DEPT and HMQC spectra of 1 showed
the presence of 14 carbon resonances, consisting of three methyls,
three methylenes, four oxygenated methines, and four quaternary
carbons. Two carbon resonance signals at dC 178.3 (C-10), 169.6 (C-
10) were assigned to two carbonyl groups. Eight carbon resonance
signals at dC 104.8, 40.3, 65.8, 69.5, 78.4, 81.1, 64.3, and 169.6 and
the absence of an anomeric proton indicated the presence of 3-
deoxy-2-octulosonic acid.9 Examination of the COSY spectra of 1
showed two spin systems, H9/H7/H1/H2/H3/H4 and H50/H20/H30/
H40 (see Fig. 2). HMBC correlation were observed between
methylene proton H-4eq/H-4ax (dH 2.26/2.21) and C-2 (dC 69.5),
C-3 (dC 65.8), between H-1 (dH 4.43) and C-5 (dC 104.8), and
between H-3 (dH 4.12) and C-5 (dC 104.8). The quaternary carbon
C-10 (dC 169.6) and the exclusive methoxy group 10-OCH3 (dC

53.2) were assigned to a methyl carboxylate on the basis of the
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HMBC correlation of the methoxy protons at dH 3.78 and C-10. The
downfield shift of the signals of two oxygenated methine carbons

at C-1 (dC 78.4) and C-7 (dC 81.1) suggested the presence of a bicy-
clo-ketal group in the methyl octulosonate moiety. These findings
suggested a methyl 2,3-dihydroxy-6,8-dioxabicyclo[3.2.1]octane-
5-carboxylate moiety.10 In addition, analysis of COSY spectra
together with HMBC correlations of the methyl protons H-50

(dH 1.13, d, J = 7.2 Hz) and C-10 (dC 178.3), C-20 (dC 42.3), and C-30

(dC 27.8) confirmed the presence of a 20-methyl butanoic acid moi-
ety. The configuration of the 20-methyl butanoic acid substituent
was identified as the S-isomer by analyzing the ester formed with
(R)-(+)-1-phenylethanol by GC (see Supporting information). The
HMBC correlation of the methylene protons H2-9 (dH 4.85, and
4.68) and carboxylic group C-10 (dC 178.3) indicated that the
20S-methyl butanoyl moiety was attached to the methyl octuloson-
ate moiety at C-9 via an ester linkage. The absolute configuration of
1 was determined based on the NOESY spectrum, the three-bond
(3JH–H) 1H–1H spin coupling, and circular dichroism (CD) spectrum.
The coupling constant between protons H-3 (dH 4.12) and H-4ax
(dH 2.21) was 4.8 Hz, indicating an equatorial configuration of
H-3. The observation of a NOESY correlation between proton H-2
(dH 4.00) and H-4ax (dH 2.21) suggested an axial orientation of H-
2; hence the 4.8 Hz coupling constant between H-2 and H-3 also
indicated equatorial configuration of H-1. The NOESY interaction
of H-1 (dH 4.43)/H-9 (dH 4.68) supported the same a-configuration
of H-1 and oxygenated methylene C-9 (see Fig. 2). Moreover, a
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Figure 1. The structure of isolated compounds from the flowers of Chrysanthemum indicum.

Table 1
The NMR spectroscopic data for compound 1 (in CD3OD)

Pos. 1

dC
a dH

b (mult., J in Hz)

1 78.4 4.43 (t, 4.8)
2 69.5 4.00 (t, 4.8)
3 65.8 4.12 (br t, 4.8)
4 40.3 2.21 (dd, 4.8, 15.0)

2.26 (dd, 1.2, 15.0)
5 104.8 —
7 81.1 4.31 (m)
9 64.3 4.68 (dd, 3.6, 12.3)

4.85 (dd, 8.4, 12.3)
10 169.6 —
OCH3 53.2 3.78 (s)
10 178.3 —
20 42.3 2.40 (m)
30 27.8 1.47 (m)

1.67 (m)
40 11.9 0.91 (t, 7.2)
50 17.0 1.13 (d, 7.2)

Assignments were done by DEPT, HMQC, HMBC, COSY, and NOESY experiments.
Measured at a150 MHz, b600 MHz.
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Figure 2. The keys COSY, HMBC, and NOESY correlations for compound 1.
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