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Crinum asiaticum collected from Vietnam and their NO production
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Inflammation is an immune response to harmful stimuli, such as pathogens, damage cells,
toxic components, and irradiation that helps in the restoration of the damaged tissues and the
maintenance of host homeostasis. However, excessive or uncontrolled inflammation could be
detrimental, contributing to the pathogenesis of numerous diseases, including rheumatoid arthritis,
asthma, cancer, diabetes, and inflammatory-associated diseases. In inflammatory response,
endothelial cells are activated, and leukocytes are emigrated through the vessel wall. The principal
leukocytes in acute inflammation are neutrophils followed by macrophages. Activated macrophages
produce a variety of inflammatory mediators, such a nitric oxide (NO), prostaglandins, and
pro-inflammatory cytokines. The balance of proinflammatory and anti-inflammatory functions in
macrophages is one of the important regulatory factors for maintaining cell and tissue homeostasis.
In the macrophages, the inducible nitric oxide synthase plays a central role for producing a
significant amount of NO. However, excessive NO production can be detrimental to homeostasis.
Therefore, compounds with the macrophage NO production inhibitory activity could be important
for the development of anti-inflammatory drugs.

In this study, six species of plants, including Boesenbergia pandurata (Zingiberaceae),
Crinum asiaticum. L. var. anomalum Baker (Amaryllidaceae), Curcuma sahuynhensis
(Zingiberaceae), Globba pendula Roxb (Zingiberaceae), Kaempferia champasakensis
(Zingiberaceae), and Kaempferia marginata Carey ex Roscoe (Zingiberaceae) were collected from
Vietnam, and their methanol, ethyl acetate, chloroform, and n-hexane extracts with the five
different concentrations were tested for the NO production inhibitory activity against
lipopolysaccharides (LPS)-stimulated RAW264.7 cells. The assay revealed the NO production
inhibitory activities of the chloroform and methanol extracts of C. asiaticum whole plants, the
n-hexane and ethyl acetate extracts of C. sahuynhensis rhizomes, the chloroform extract of G.
pendula roots, and the n-hexane extract of K. marginata rhizomes. Among them, the chloroform
extract of the C. asiaticum whole plants and the n-hexane extract of the K. marginata rhizomes
showed the most and second most potent NO production inhibitory activity (ICso = 30.89 + 0.62
ug/mL and 54.18 + 0.61 pg/mL, respectively). Thus, this study aims to discover new natural NO
production inhibitors from the chloroform extract of the whole C. asiaticum and the n-hexane
extract of the K. marginata rhizomes.

1. Constituents of Kaempferia marginata collected from Vietnam and their NO inhibitory
activities?



Kaempferia marginata Carey ex Roscoe is a small perennial herb that belongs to the
Zingiberaceae family. It is mostly distributed in India, China, Myanmar, Thailand, and Vietnam.
The rhizomes have been used as an herb in food as well as a traditional medicine in Asian countries.
In Thailand, the roots and leaves are used by local people for curries as a flavoring, while the
rhizomes are used as traditional medicine for the treatment of allergy symptoms, fevers, and
swollen legs. In China, the rhizomes are used as a food spice and also prescribed in traditional
medicine to treat abdominal pains, toothaches, coughs, and inflammatory tumors. In Vietnam, its
tubers are consumed as a fresh vegetable as well as a crude drug for treating nausea, while the
rhizome alcohol infusion is topically applied for the relief of muscle aches and backaches.
Chemical constituents of K. marginata are reported to be diterpenes, monoterpenes, cinnamate
derivatives, and steroids. Among them, pimarane diterpenes reportedly shows various biological
activities, including antiplasmodial, anti-tuberculosis, antifungal, and anti-inflammatory.

The investigation of NO production inhibitors from the active n-hexane extract of the K.
marginata rhizomes led to the isolation of twelve new diterpenoids, marginols A-K (1-11),
14-epi-boesenberol F (12), and nineteen known diterpenoids, boesenberol F (13), boesenberol J (14),
kaemgalangol A (15), kaemgalangol C (16), kaempulchraols B-D (17-19), kaempulchraols E, K, L,

and W (20-23), (56,96,10,13a)-pimara-6,8(14)15-trien-18-oic acid (24),
6-actetoxysandaracopimaradien-9-ol-1-one (25), 6-acetoxysandaracopimaradien-1,9-diol (26),
sandaracopimaradien-1,9-diol (27), sandaracopimaradien-64,95-diol-1-one (28),

sandaracopimaradien-1,6,9-triol (29), virescenol B (30), and virescenol C (31) (Figure 1). Notably,
9 and 10 contained a naturally very rare 6-oxabicyclo[3.2.1]Joctane-5-0l ring, while 11 had a
naturally rare oxepan-2-one ring in its structure. The structures of all isolated compounds were
determined by analyses of their spectroscopic data (1D and 2D NMR spectra, MS, and CD
spectrum) and by comparing these data with those reported in the literature.

The isolated compounds 2, 4-7, 9-12, 15, 16, 20, 21, 25, 27, and 28 without showing
cytotoxicity against the RAW264.7 cells were further investigated for the NO production inhibitory
activities against LPS-stimulated RAW274.7 cells. L-NMMA was used as a positive control (ICso =
40.73 £ 0.60 uM). Compounds 2, 4-7, 9, 11, 12, 15, 25, and 28 exhibited potent inhibitory
activities for the NO production in LPS-stimulated RAW264.7 cells, with the 1Cso values ranging
from 65.04 to 96.10 uM. In contrast, 10, 16, 20, 21, and 27 did not show any NO production
inhibitory activity (Table 1). These findings provide insight into the chemodiversity of the
Vietnamese K. marginata rhizomes.

2. Constituents of Crinum asiaticum collected from Vietnam and their NO inhibitory activities®

Crinum asiaticum L. var. anomalum Baker is a perennial plant that belongs to the
Amaryllidaceae family. It is locally called “Ngai to” or “Nang” in Vietnam, where extracts of its
leaves have been used as folk remedies for treating coughs, fevers, and inflammatory diseases,
without scientific evidence for a long time. The genus Crinum has attracted much attention due to
its alkaloidal constituents with various biological activities, such as antiplasmodial, antibacterial,
antiviral, anti-malarial, and cytotoxic activities. However, to the best of our knowledge, no
investigations of the chemical constituents and biological activities of any parts of C. asiaticum var.
anomalum have been ever reported.

Investigation of the NO production inhibitors from the active chloroform extract of the C.
asiaticum whole plants led to isolation of three new flavanols, (2R,3S)-7-methoxy-flavan-3-ol (32),
(2R,3S)-7-hydroxy-flavan-3-ol (33), and (2R,3S)-2’-hydroxy-7-methoxy-flavan-3-ol (34) and two



known flavans, (2S)-4'-hydroxy-7-methoxyflavan (35) and (2S)-7,4'-dihydroxy-7-methoxyflavan
(36) (Figure 2). The isolated compounds, except 33 due to insufficient amount, were evaluated for
the NO production inhibitory activity toward LPS-stimulated RAW264.7 cells. Compounds 32 and
34-36 showed significant inhibitory effects on the NO production, with ICso values of 11.60, 12.33,
12.43, and 11.15 uM, respectively, which were stronger than that of the positive control L-NMMA
(1Cs0: 39.30 uM) (Table 2). Compound 35 did not exhibit any cytotoxicity against the RAW?264.7
cells at 3.13 uM. Hence, effects of the active compounds on the production of specific cytokine,
IL-6, were investigated, by using immunosorbent assay. The immunosorbent assay indicated that 32
and 34-36 inhibited the IL-6 production at 10 uM (Figure 3). Furthermore, 32 and 34-36 inhibited
the LPS-induced phosphorylation of the p65 subunit of NF-xB in RAW264.7 cells at 10 puM,
without significantly affecting the phosphorylation status of p65 under the unstimulated conditions
(Figures 4a and 4b). These results suggested that 32 and 34-36 could exert potent
anti-inflammatory effects by inhibiting the activation of the NF-xB signaling pathway in specific
pathogenic conditions, such as LPS-stimulation.

Conclusion

In this study, the chemical investigation of the active n-hexane and chloroform extracts of
the K. marginata rhizomes and the C. asiaticum whole plants led to the isolation of 36 compounds
including 15 unreported ones, namely marginols A-K (1-11), 14-epi-boesenberol (12),
(2R,3S)-7-methoxy-flavan-3-ol (32), (2R,3S)-7-hydroxy-flavan-3-ol (33), and
(2R,3S)-2’-hydroxy-7-methoxy-flavan-3-ol (34), and 21 known compounds 13-31, 35 and 36. The
biological screening showed that the isopimarane diterpenoids 2, 4-7, 9, 11, 12, 15, 25, and 28 and
flavonoids 32 and 34-36 showed potent NO production inhibitory activities against LPS-stimulated
RAW?264.7 macrophage cells. In particular, flavonoids 32 and 34-36 were the strong inhibitors for
the NO production. Further assay indicated that these compounds showed the activities by inhibiting
the NF-xB signaling pathway through the inhibition of the IL-6 production. Compounds 32 and
34-36 were also found to inhibit the LPS-induced phosphorylation of the p65 subunit of NF-xB in
RAW?264.7 cells, without significantly affecting the phosphorylation status of p65 under the
unstimulated conditions. These findings thus provided insights into not only the diversity of
anti-inflammatory natural products, but also the traditional usage of K. marginata rhizomes and the
C. asiaticum whole plants the for the treatment of inflammatory-associated diseases, from the
viewpoint of the chemical constituents.
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Figure 1. Structures of compounds (1-31) isolated from the n-hexane extract of K. marginata.



Table 1. NO production inhibitory activities of 1-31 from the K. marginata rhizomes

Compounds 1C50% (uM) Compounds I1Cs0? (LM)

1 NTP 17 NTP

2 86.59 + 1.93¢ 18 NTP

3 NT 19 NTP

4 89.02 £ 2.13¢ 20 > 100

5 96.10 + 4.64° 21 > 100

6 68.51 + 1.86° 22 NTP

7 74.97 £ 0.73¢ 23 NTP

8 NTP 24 NTP

9 81.93 +£ 0.58¢ 25 78.03 £1.13°
10 > 100 26 NTP

11 87.70 + 3.38°¢ 27 > 100

12 65.04 + 0.76° 28 86.63 + 2.03°
13 NTP 29 NTP

14 NTP 30 NTP

15 84.97 + 1.74¢ 31 NTP

16 > 100 L-NMMAY 40.73 + 0.60°

2 1Cso, half-maximal inhibitory concentration
b NT, not tested due to the cytotoxicity
¢ Data are presented as mean + SD of three independent experiments performed in duplicated

4 L.-NMMA was used as a positive control



Figure 2. Structures of compounds (32-36) isolated from the chloroform extract of the C. asiaticum
whole plants

Table 2. NO production inhibitory activities of 32—36 from the C. asiaticum whole plants

Compounds 1Cs50? (M)

32 11.60 + 0.27°
34 12.33 + 0.40°
35 12.43 + 0.16°
36 11.15 + 0.69°
L-NMMAC® 39.30 £ 2.23

2 1Cs0, half-maximal inhibitory concentration
b Data are presented as mean + SD of three independent experiments performed in duplicated
¢ L-NMMA was used as a positive control
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Figure 3. Inhibitory effects of 32 and 34-36 on IL-6 production. RAW?264.7 cells were treated with 10
uM of 32 and 34-36 for 1 h, and then stimulated with LPS (100 ng/mL) for 24 h. The supernatant was
collected, and pro-inflammatory cytokine (IL-6) levels was measured by ELISA as described in
materials and methods. Data are expressed as the mean + SD of three independent experiment. *p
<0.05 as compared with LPS alone.
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Figure 4. Inhibitory effects of 32 and 34-36 on NF-xB pathway. RAW264.7 cells were pre-treated
with 10 pM of 32 and 34-36 for 1 h and stimulated with or without LPS (100 ng/mL) for 15 min.
Western blot analysis was performed using antibodies against phospho-NF-xB p65 (A). The relative
expression of phospho-NF-kB p65 (B). The data are expressed as the means + SD of three independent
experiments. #p < 0.05 as compared with untreated group, *p <0.05 as compared with LPS alone.
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