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Inhibitors of Nitric Oxide Production
from Stemona javanica
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! Faculty of Pharmaceutical Sciences, Hoshi University, Shinagawa,
Tokyo, Japan

2 Faculty of Pharmacy, Airlangga University, Jalan Dharmawangsa
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Abstract

v

In our screening program for bioactive natural products from our
library of tropical plants, the extract prepared from the roots of
Stemona javanica inhibited NO production in mouse macro-
phage-like cell line ]774.1 stimulated by lipopolysaccharide
(LPS). Bioassay-guided fractionation of the extract from S. javan-
ica led to the isolation of two active compounds, stemofoline (1)
and stemanthrene C (2). The inhibition mechanism of 1 was pro-
posed to suppress iNOS expression in J774.1 cells stimulated by
LPS, whereas that of 2 was due to potent radical scavenging activ-
ity resulting in NO inhibitory activity.

Key words
Stemonajavanica - Stemonaceae - stemofoline - stemanthrene C
- INOS - DPPH radical scavenge
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DPPH: diphenylpicrylhydrazine radical

I1Cs0: inhibitory concentration at 50%

iNOS: inducible NO synthase

1774.1: mouse macrophage-like cell line

LPS: lipopolysaccharide

MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide

NO: nitric oxide

Supporting information available online at
http://www.thieme-connect.de/ejournals/toc/plantamedica

Nitric oxide (NO) is an important intracellular and intercellular
signaling molecule that acts as a mediator in the cardiovascular,
nervous, and immunological systems [1]. NO is involved in bio-
logical reactions such as vasorelaxation [2], inhibition of platelet
aggregation [3], neurotransmission [4], inflammation [5], and
immunoregulation [6]. In mammalian cells, NO is synthesized
from L-arginin (L-Arg) by NO synthase (NOS), which is classified
into three homologues: inducible NOS (iNOS), endothelial NOS
(eNOS), and neuronal NOS (nNOS) [7]. iNOS produces large
amounts of NO in macrophages stimulated with lipopolysaccha-
ride (LPS) and in proinflammatory cytokines such as tumor ne-
crosis factor (TNF) and interferon-y (IFN-y) [8]. Therefore, inhibi-
tion of excess NO production by iNOS might be of potential ther-
apeutic value for oxidative stress-induced inflammatory diseases
and septic shock [9].

Plants belonging to the genus Stemona such as S. tuberosa, S. ja-
panica, and S. sessilifolia (Stemonaceae) are widely used in China
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Fig.1 Structures of stemofoline (1) and steman-
threne C (2) as inhibitors of NO production.

o]
OH

stemofoline (1) stemanthrene C (2) protostemotinine (3)
and Japan for their insecticide and antitussive activities [10].
Most of the previous research related to the chemical constitu- A)
ents in Stemona species has been limited to the structures of a
class of polycyclic complex alkaloids [11,12]. In this paper, we azb%
describe the isolation of two inhibitors of NO production from Z 100% I ¥
S. javanica and their inhibitory mechanisms. %
Screening of NO production inhibitory activity for our tropical 2 el
plant extract library collected in Malaysia and Indonesia was car- E 60%
ried out at 50, 25, and 12.5ug/mL of each MeOH extract. The € a1 ——N0‘production
methanol extract from the root of Stemona javanica collected at 2 =i Gt by
Alas Purwo, Banyuwangi, Indonesia, exhibited NO production in- g 0%
hibitory activity in J774.1 cells stimulated by LPS. The inhibition o
ratios at 100, 50, 25, and 12.5 ug/mL were 76%, 63%, 49%, and S0 25 125 63 31 16 08
19%, respectively, although cell viability was above 95% at each ug/mL
concentration. The methanol extract of S. javanica was parti-
tioned between H,0 and hexane, chloroform, and then ethyl ace-
tate. The n-hexane- and chloroform-soluble fractions showed NO B)
production inhibitory activity of 60% and 40%, respectively, at
50 pg/mL. We used bioguided fractionation of the chloroform- g
soluble fraction to identify stemofoline (1) [13] and stemanthrene g 100%
C (2) [14] (o Fig. 1) as inhibitors of NO production by comparing = ol
their spectral data with that of the nonactive compound protoste- g
motinine (3) [15]. Stemofoline (1) was one of the major Stemona E 60% _
alkaloids, and stemanthrene C (2) was classified as a stilbenoid. g i P pr_“'_’_m"
Stemofoline (1) and stemanthrene C (2) inhibited NO production g ALy
in a dose-dependent manner, and they showed little effect on cell 2 20% 1
viability (© Fig. 2A, B). The ICsq values in this assay were 16.4 and % -
18.3 ng/mL, respectively. To evaluate the compounds’ effect on 25 125 63 31 16
the expression of iNOS protein in J774.1 cells stimulated by LPS, pafmL
Western blotting analysis was performed. When the cells were
stimulated by LPS, iNOS protein in the cells was overexpressed Fig.2 NO production ratio in |774.1 cells stimulated with LPS. Panel A
due to overproduction of NO. Stemofoline (1) decreased iNOS stemofoline; panel B stemanthrene C. The assays were performed in tripli-
protein expression dose-dependently, although stemanthrene C cate. Error bars represent SD.
(2) did not (© Fig. 3).
LPS stimulation in J774.1 cells induces iNOS overexpression, sub-
sequent to NO synthesis, resulting in physiological reactions such X ) )
as inflammation and mutagenesis [1]. We focused on DPPH radi- stemofolin (1) :ng}issig\lﬁzvifti?n
cal scavenging activity to answer the question of whether the 0 5 10 20 ue/mL J7$ 4.1 cells treated with
isolated compounds were active as radical scavengers. Steman- LPS(5ug/mL) - + + + + 1 or 2 and with/without
threne C (2) scavenged the DPPH radical dose-dependently, with iNOS |~ =~ @@ = sas - [130kpa  LPS.
an ICsg value of 27.5 ng/mL. On the other hand, stemofoline (1) B-actin | ————— 42 D2
had no activity against the DPPH radical even at 100 pg/mL
(CTable 1).

Stemona alkaloids from Stemonaceae species have been classified
into eight groups [16]. Due to the interest in complex chemical
structures, there have been many reports on their structure elu-
cidation, total synthesis, and biological activities [11]. Stemofo-
line (1), possessing a rigid pentacyclic core and a pendant conju-
gated butenolide, has been isolated from stems and leaves of the Practin |S———] 42 kDa
Stemona species, and its insecticidal and antifeedant activities

have been reported [17].

stemanthrene C (2)

0 5 10 20 ng/mlL
LPS(Sug/mL) + + + +
iNOS | == s s == | 130 kDa

Hosoya T et al. Inhibitors of Nitric... Planta Med 2011; 77: 256-258
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Table 1  PPH radical scavenging activity of 1 and 2 at different concentrations.

Compounds (pg/mL) Radical scavenging ratio (%)

Stemanthrene C (2) Stemofoline (1)
100 80 15
50 70 12
25 55 10
12.5 30 8

From Stemona species, stilbenoids such as pinosylvin, stilboste-
mins, and stemofurans, which show biological activities such as
antifungal activity [ 14] and inhibition of leukotriene biosynthesis
[18], have been isolated together with Stemona alkaloids. Howev-
er, no activity of stemanthrenes A-C, which possess a dihydro-
phenanthrene structure, has been reported. Resveratrol, one of
the major stilbenoids, showed NO production inhibition by
suppression of iNOS expression [19], but stemanthrene C (2)
showed NO production inhibitory activity by scavenging radicals.
This is the first report of the NO production inhibitory activity of
1and 2.

In summary, from a bioguided fractionation assay on NO produc-
tion inhibition, two active compounds were isolated from the
roots of S. javanica. Stemofoline (1), one of the major Stemona
alkaloids, suppressed iNOS expression stimulated by LPS, result-
ing in the inhibition of NO production, but it was not able to scav-
enge radicals. On the other hand, stemanthrene C(2), a stilbenoid
from Stemona, decreased NO production in J774.1 cells stimu-
lated by LPS, but the mode of action of 2 was not to suppress iNOS
expression but to scavenge radicals.

Materials and Methods

v

The roots of Stemona javanica were collected at Alas Purwo, Ba-
nyuwangi, Indonesia, in 2006. The botanical identification was
made by Ms. Sri Wuryanti, Purwodadi Botanical Garden, Indone-
sia. Avoucher specimen (no. AP070912) has been deposited in the
herbarium at Purwodadi Botanical Garden, Pasuruan, Indonesia.

Supporting information

Detailed protocols for extraction and isolation, for the NO produc-
tion assay using the J774.1 cell line, for cell viability measure-
ment, for Western blotting, and for the DPPH radical assay are
available as Supporting Information.
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