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A Piperidine Alkaloid and Limonoids from Arisaema decipiens,
a Traditional Antitumor Herb Used by the Dong People

Fu-Wei Zhao1,2, Min Luo3, Yue-Hu Wang1, Ma-Lin Li3, Gui-Hua Tang1,2, and Chun-Lin Long1,4

1Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650204, China, 2Graduate University of Chinese
Academy of Sciences, Beijing 100049, China, 3Yunnan Laboratory of Pharmacology for Natural Products, Kunming Medi-
cal College, Kunming 650031, China, and 4College of Life and Environmental Sciences, Minzu University of China,
Beijing 100081, China

(Received March 11, 2010/Revised April 28, 2010/Accepted May 6, 2010)

A new piperidine alkaloid and three known tetranortriterpenoids were isolated from the
methanol extracts of the rhizomes of Arisaema decipiens Schott (Araceae) and their chemical
structures were identified as (-)-(2R*,3S*,6S*)-N,2-dimethyl-3-hydroxy-6-(9-phenylnonyl) pip-
eridine (1), 6-deacetylnimbin (2), 28-deoxonimbolide (3) and nimbin (4). The N-methylated
derivative (1a) of 1 was synthesized. Compound 1 exhibited weak inhibitory activity against
the MCF-7 cell line, while compound 1a showed potential inhibitory activity against the MCF-
7 cell line with an IC50 value of 4.6 µM and weak inhibitory activity against K562 and SK-OV-
3 cells. This plant in genus Arisaema is firstly reported as the source of limonoids that are
considered a natural antitumor herbal medicine.
Key words: Araceae, Arisaema decipiens Schott, (-)-(2R*,3S*,6S*)-N,2-Dimethyl-3-hydroxy-6-
(9-phenylnonyl), Limonoids, Antitumor activity

INTRODUCTION
Arisaema is a large genus in the Araceae family,

which comprises about 150 species worldwide; almost
100 of these species are found in China (Li and Long,
1998). The rhizomes or tubers of A. calcareum H. Li,
A. serratum (Thunb.) Schott, A. asperatum N. E. Brown,
A. heterophyllum Blume, and A. amurense Maxim. are
used as analgesic, antitumor and pesticide agents in
traditional Chinese medicine (Chinese Pharmacopoeia
Committee, 2005). Previous studies identified cytoto-
xic diacylglycerylgalactosides against murine leukemia
P388 and human colon adenocarcinoma DLD-1 cells
and antihepatotoxic cerebrosides from A. amurense
(Jung et al., 1996a, 1996b); insecticidal (Bactrocera cu-
curbitae) and in vitro antiproliferative [HOP-62 (lung),
HCT-15 (colon) and so forth] lectins from A. hellebori-

folium Schott (Kaur et al., 2006; Dhuna et al., 2008);
and antiproliferative lectins against J774 and P388D1
murine macrophage cancer cell lines from A. flavum
(Singh et al., 2004). Additionally, some 2-alkylpyrroli-
dine and 2-alkylpiperidine alkaloids, which signifi-
cantly interact with DNA, were isolated from A. vul-
gare Targ (Melhaoui and Belouali, 1998). Such activity
is considered to be closely related to the mechanism of
several antitumor agents (Pezzuto et al., 1991). Irni-
gaine and N-methylirnigaine were toxic in the brine
shrimp bioassay, showing LC50 values of 2.5 and 0.25
µg/mL, respectively (Melhaoui et al., 1992; Melhaoui
and Bodo, 1995).

The Dong ethnic group is the eleventh largest among
China's 56 ethnic minorities. The Dong people primarily
reside in twenty counties where Guizhou, Hunan and
Guangxi provinces meet. A relatively small number
emigrated to and live scattered throughout Hubei
Province. The national census of 2000 revealed that
the population of the Dong minority was 2.96 million
and that 1.09 million or 43% resided in eight counties
of Southeast Guizhou. Our recent ethnobotanical sur-
vey, which mainly focused on the traditional uses of
medicinal plants, especially antitumor herbs, in Dong
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ethnic communities, was implemented in Liping County,
Qiandongnan Miao & Dong Ethnic Autonomous Pre-
fecture of Guizhou Province, Southwest China, in April
and September, 2009. We found that the rhizome of A.
decipiens is used externally to treat human breast cancer
in local communities. The rhizomes are generally col-
lected and dried during January or February by the
Dong healers. The rhizome is considered toxic, so the
dried rhizomes are baked with calcareous substances
to decrease its virulence. One preparation method used
by the Dong people for increased efficacy is to grind/
crush the rhizome (into a powder) and mix it with
sticky rice wine.

A. decipiens is a perennial herbaceous plant that
grows in evergreen forests, mossy forests, bamboo
thickets and grasslands throughout Hunan, Southeast
Tibet, Yunnan, Sichuan, Guizhou, and Guangxi (Li,
1979). The chemical constituents and bioactivity of A.
decipiens have not yet been reported. This study was
carried out to isolate the chemical constituents from
the rhizomes of A. decipiens and evaluate their anti-
tumor activities. Four compounds, including a new pi-
peridine alkaloid (1) and three known tetranortriter-
penoids (2-4), were isolated. The cytotoxic activity of
the new compound (1) and its N-methyl derivative (1a)
against three cell lines was evaluated. The structure
elucidation and bioassay results are reported.

MATERIALS AND METHODS

General experimental procedures
Optical rotations were determined on a JASCO DIP-

370 automatic digital polarimeter. UV spectra were
recorded on a Shimadzu double-beam 210A spectro-
meter. IR spectra were recorded on a Bio-Rad FTS-
135 infrared spectrophotometer. 1D and 2D NMR
spectra were recorded on Bruker AM-400 and DRX-
500 spectrometers with TMS as an internal standard.
MS data were measured on a VG Auto Spec-3000 mass
spectrometer. Column chromatography was perform-
ed over silica gel G (80-100 and 300-400 mesh), silica
gel H (10-40 µm), D101 resin (Qingdao Marine Chemi-
cal Ltd.), and Sephadex LH-20 (40-70 µm; Amersham
Pharmacia Biotech AB). TLC was conducted on pre-
coated silica gel plates GF254. HPLC separations were
performed using an Agilent 1200 series pump equipped
with a diode array detector and a semi-preparative
Zorbax SB-C18 (5 µm, φ 9.4 × 250 mm) column.

Plant material
Arisaema decipiens rhizomes used in this study

were collected from Liping County, Qiandongnan Miao
& Dong Ethnic Autonomous Prefecture, Southeast

Guizhou, in April 2009. The plant was identified by Dr.
Long Chun-Lin, who works in the Kunming Institute
of Botany, Chinese Academic of Sciences, and a vou-
cher specimen (DS09064) is preserved in the Insti-
tute's herbarium.

Extraction and isolation
The dried and powdered rhizomes (2.5 kg) of A. deci-

piens were extracted with MeOH at 70oC. After re-
moval of the solvent, the crude extracts (154 g) were
partitioned into 6 fractions (Fr. 1 to Fr. 6) by silica gel
column chromatography with a CHCl3-MeOH gradi-
ent [1:0, 10:1, 5:1, 2:1, 1:1, 0:1 (v/v)].

Fraction 2 was separated into Fr. 2.1 and Fr. 2.2.
Fr.2.1 was subjected to D101 resin with H2O, 80%
MeOH, 100% MeOH and Me2CO. The partition, which
was eluted by 80% MeOH, was submitted to reversed-
phase [MeOH-H2O, 80:20 (v/v)] and Sephadex LH-20
(MeOH) column chromatography, and then semi-
preparative HPLC [MeOH-H2O, 75:25 (v/v)] to obtain
compounds 2 (11.1 mg), 3 (3.2 mg) and 4 (6.1 mg).

Fraction 2.2 was subjected to reversed-phase
[MeOH-H2O, 80:20 (v/v)], Sephadex LH-20 (MeOH),
and silica gel [EtOAc-Me2CO, 5:1 to 2:1 (v/v)] column
chromatography, and then preparative TLC [CHCl3-
Me2CO-Et2NH, 80:16:1 (v/v/v)] to yield compound 1
(22.8 mg).

(-)-(2R*,3S*,6S*)-N,2-Dimethyl-3-hydroxy-6-(9-
phenylnonyl) piperidine (1)
Colorless amorphous solid (MeOH); [α]D

21.2 −19.4 (c
0.48, MeOH); UV (MeOH) λmax (log ε): 208 (3.54) nm;
IR (KBr) νmax: 3356, 1629, 1604 and 1467 cm-1; 1H and
13C NMR, see Table I; EI-MS: m/z (%) = 330 ([M − H]+,
2), 316 ([M − CH3]+, 3), 128 (1,2-dimethyl-3-hydroxy-
piperidine, 100); HR-ESI-MS: m/z = 332.2946 [M +
H]+ (calcd for C22H38NO+, 332.2953).

6-Deacetylnimbin (2)
Colorless, needle-like crystalloid (CHCl3), C28H34O8.
ESI-MS: m/z = 499 [M + H]+, 521 [M + Na]+, 1019 [2M
+ Na]+. 1H and 13C NMR data are similar to those in
the literature (Bokel et al., 1990).

28-Deoxonimbolide (3)
Colorless, needle-like crystalloid (CHCl3), C27H32O6.
EI-MS: m/z (%) = 452 (M+, 75), 335 (66), 259 (85), 185
(91). 1H and 13C NMR data are consistent with those
in the literature (Bokel et al., 1990).

Nimbin (4)
Colorless, needle-like crystalloid (CHCl3), C30H36O9. EI-
MS: m/z (%) = 540 (M+, 83), 509 (44), 498 (18), 480
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(50), 421 (31), 383 (55), 340 (47), 273 (71), 259 (53),
231 (100), 215 (32), 187 (41), 174 (52), 159 (45), 147
(56), 112 (32), 91 (45), 81 (39) and 59 (42). 1H and 13C
NMR data are consistent with those in the literature
(Bokel et al., 1990; Luo et al., 2001).

N-Methylation of 1
To determine the relative configuration of 1, its N-

methylation was executed as follows (Morita et al.,
1999; Garrido et al., 2003): a solution of 1 (7.2 mg),
MeI (0.1 mL), and Na2CO3 (6.7 mg) in acetone (5 mL)
was heated under reflux for 4 h at 60oC and then
concentrated under reduced pressure. The residue
was dissolved in CHCl3, washed with saturated NaCl
(aq), and then dried over anhydrous Na2SO4. The re-
moval of the solvent afforded 1a (10.0 mg; 97.2%).

(-)-(2R*,3S*,6S*)-N,N,2-Trimethyl-3-hydroxy-6-(9-
phenylnonyl) piperidine iodide (1a): Colorless amor-

phous solid (CHCl3); [α]D
21.4 −16.9 (c 0.38, MeOH); 1H

and 13C NMR, see Table I; ESI-MS: m/z = 346 [M]+.

In vitro cytotoxic assay
K562 human chronic myelogenous leukemia cell

line was purchased from the China Center for Type
Culture Collection, and MCF-7 human breast cancer
cell line and SK-OV-3 human ovarian carcinoma cell
line were bought from Shanghai Cell Bank, CAS.
K562 cells in RPMI1640 medium (Sigma) and MCF-7
and SK-OV-3 cells in MEM (Hyclone) were maintain-
ed at 37oC in an atmosphere of humidified 5% CO2;
the media were supplemented with 10% fetal bovine
serum (Hangzhou Sijiqing Biological Engineering
Materials Co., Ltd.).

Cytotoxic assays were carried out in quintuplicate in
96-well microplates (Corning), and the amount of
viable cells at the end of the incubation period was
measured in the MTT [3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide] and SRB (sulforhod-
amine B) assays (Vichai and Kirtikara, 2006; Lai et al.,
2010). The MTT assay was used to measure the cyto-
toxicity of compound 1 and 1a on K562 cells; the SRB
method was used in MCF-7 and SK-OV-3 cells. K562,
MCF-7 and SK-OV-3 cells were also exposed to the
solution of test compounds for 24 h. Non-treated cul-
ture cells were used as a negative control. IC50 was cal-
culated using the GWBASIC software as the concen-
tration (µM) of compound causing a 50% inhibition of
cell viability. Adriamycin was used as a positive control.

RESULTS AND DISCUSSION

The molecular formula of compound 1 was identified
as C22H37NO by HR-ESI-MS (obsd [M + H]+ at m/z
332.2946, calcd 332.2953). The IR spectrum of 1 showed
absorption peaks at 3356, 1629, 1604 and 1467 cm-1,
which indicate the presence of hydroxy and aromatic
protons. The 1H NMR spectrum of 1 (Table I) revealed
monosubstituted phenyl [δH 7.16-7.17 (3H, m) and
7.26 (2H, m)], N-methyl [δH 2.36 (3H, s)] and methyl
[δH 1.33 (3H, d, J = 6.0 Hz)] groups. Careful compari-
son of the NMR data of 1 with those of N-methylir-
nigaine (Melhaoui and Bodo, 1995) revealed that the
two compounds share the same planar structures, as
confirmed by the 1H-1H COSY and HMBC spectra of 1.

Fig. 1. Structures of 1 and 1a

Table I. 1H (500 MHz) and 13C NMR (100 MHz) data of
compounds 1 and 1a in CDCl3

Position
1 1a

δH (m; JHz) δC δH (m; JHz) δC

2 2.32 (m) 65.5 3.87 (m) 74.2
3 3.44 (ddd; 10.0, 

10.0, 4.7)
70.3 3.96 (m) 66.3

4a 1.69 (m) 33.1 2.23 (m) 31.5
4b 1.37 (m) 1.85 (m)
5a 2.06 (m) 33.3 1.90 (m) 29.7
5b 1.37 (m) 1.41 (m)
6 2.32 (m) 63.5 3.68 (m) 74.1
1' 1.79 (m), 1.48 

(m)
27.0 1.41 (2H, m) 27.1

2' 1.34 (m), 1.25 
(m)

26.1 2.13 (2H, d; 
14.2)

25.0

3'-7' 1.29 (10H, m) 29.3-29.8 1.29 (10H, m) 29.3-29.8
8' 1.60 (2H, m) 31.5 1.59 (2H, m) 31.4
9' 2.60 (2H, t; 7.7) 35.9 2.59 (2H, t; 7.7) 35.9
1'' 142.9 142.9
2'',6'' 7.17 (2H, m) 128.4 7.17 (2H, m) 128.4
3'',5'' 7.26 (2H, m) 128.2 7.26 (2H, m) 128.2
4'' 7.16 (m) 125.5 7.17 (m) 125.5
2-CH3 1.33 (3H, d; 6.0) 15.6 1.66 (3H, d; 6.4) 12.2
N-CH3 2.36 (3H, s) 34.8 2.83 (3H, s) 38.9
N -CH3 3.27 (3H, s) 50.8



1738 F.-W. Zhao et al.

It was deduced that H-2 and H-3 are in trans diaxial
relationship by the coupling constant (J2,3 = 10.0 Hz)
between H-2 and H-3 (Table I). H-3 was arbitrarily as-
signed to the β-orientation, while H-2 was α-oriented.
However, the orientation of H-6 was still ambiguous
due to the overlapping of H-2 (δH 2.32, m) and H-6 (δH
2.32, m). Therefore, the N-methylated derivative (1a)
of 1 was prepared and then the α-orientation of both
H-2 (δH 3.87, m) and H-6 (δH 3.68, m) was proved by
the ROESY correlation between H-2 and H-6 in 1a.
The structure of 1 was consequently determined as (-)-
(2R*,3S*,6S*)-N,2-dimethyl-3-hydroxy-6-(9-phenylnon-
yl) piperidine, a C-3 epimer of N-methylirnigaine.

In the present study, compound 1a, (-)-(2R*,3S*,6S*)-
N,N,2-trimethyl-3-hydroxy-6-(9-phenylnonyl) piperi-
dine iodide, exhibited significant inhibitory activity
against the human breast cancer cell lines with an
IC50 value of 4.6 µM. But the same bioactivity was
weak for 1, (-)-(2R*,3S*,6S*)-N,2-dimethyl-3-hydroxy-
6-(9-phenylnonyl) piperidine. Both compounds showed
stronger activity against MCF-7 cells than against
K562 and SK-OV-3 cells (Table II).

In a study of the DNA affinity of the isomer of 1, (-)-
(2S,3S,6R)-N-methylirnigaine, the isomer elicited an
important positive response in the HPLC detection
system (90%), and it was surmised that the isomer
might have antitumor, antibiotic and antimalarial bio-
activities (Melhaoui and Belouali, 1998) because the
mechanism of several antitumor, antibiotic and antima-
larial agents involves interaction with DNA (Pezzuto
et al., 1991). The stereochemistry of these kinds of al-
kaloids may be significant for their biological activity.
It is therefore worthwhile to further study the struc-
ture-activity relationships of 2-alkylpiperidine alkaloids
against breast cancer cells and other tumor cells.

The NMR data of compounds 2-4 are consistent with
previous reports (Bokel et al., 1990; Luo et al., 2001);
therefore, compounds 2-4 were identified as 6-deace-
tylnimbin, 28-deoxonimbolide, and nimbin, respecti-
vely. 

6-Deacetylnimbin (2), 28-deoxonimbolide (3) and
nimbin (4) belong to the well-known family of limon-
oids, which exhibit a range of biological activities,

including insecticidal, insect antifeedant and insect
growth regulating activities. Antibacterial, antifung-
al, antimalarial, anticancer, antiviral and other pharm-
acological activities have also been recorded (Roy and
Saraf, 2006). The antitumor activities of 6-deacetyl-
nimbin and nimbin are very weak (Cohen et al., 1996a,
1996b; Takgi et al., 2009). Meanwhile, some research
has shown that 28-deoxonimbolide has strong cytotoxic
potential against human breast cancer BC-1 cells,
human lung cancer LU-1 cells, hormone-dependent
human prostate cancer LNCaP cells, and lymphocytic
leukemia P-388 cells (Kigodi et al., 1989; Cui et al.,
1998).

Remarkably, nimbolide is the best potential anti-
tumor constituent among the known limonoids (Cohen
et al., 1996b). Nimbolide was not obtained in the pre-
sent study, but it is thought to be biologically synthe-
sized and present in the plant, because 28-deoxonim-
bolide is derived from the reduction of the carbonyl at
C-28 in nimbolide during biogenesis in a unidirec-
tional reaction (Akhila and Rani, 1999, 2002).

In conclusion, we found a new natural product, (-)-
(2R*,3S*,6S*)-N,2-dimethyl-3-hydroxy-6-(9-phenylnon-
yl) piperidine (1), which is a C-3 epimer of N-methyli-
rnigaine and shows little inhibitory activity towards
the tested cancer cell lines. Moreover, this study also
indicated that some antitumor limonoids found in
plants of Rutales, especially in Meliaceae, Rutaceae,
and less frequently in Cneoraceae and Harrisonia spp.
of Simaroubaceae (Roy and Saraf, 2006), are also dis-
tributed in the genus Arisaema. All of these findings
could partially explain the traditional use of A. deci-
piens in the Dong ethnic community.

ACKNOWLEDGEMENTS

This work was funded by grants from the National
Natural Science Foundation of China (No.20972166),
the Ministry of Education of China through its 111 &
985 projects (B08044 & MUC 985), the JSPS Asian
CORE Program (JSPS/AP/109080), and the Knowledge
Innovation Program of the Chinese Academy of Sci-
ences. We are grateful to Alex Weiss for editing the
English.

REFERENCES

Akhila, A. and Rani, K., Chemistry of the neem tree (Azadir-
achta indica A. Juss). In: H. W. (Ed.), Progress in the Chem-
istry of Organic Natural Products. Springer-Verlag Wien,
New York, pp. 47-149, (1999).

Akhila, A. and Rani, K., Biosynthesis of some biologically
active limonoids in the leaves of Azadirachta indica (the

Table II. IC50 (µM) of in vitro cytotoxic activity assay of 1
and 1a

Compounds MCF-7 SK-OV-3 K562
1 62.10 261.90 inactive

1a 04.60 017.80 49.70
Adriamycin 00.35 000.13 00.22

K562: Human chronic myelogenous leukemia cell line. SK-
OV-3: Human ovarian carcinoma cell line. MCF-7: Human
breast cancer cell line. Adraimycin as positive control.



Alkaloid and Limonoids from Arisaema decipiens 1739

Indian neem tree). Indian J. Heterocycl. Chem., 11, 299-
302 (2002).

Bokel, M., Cramer, R., Gutzeit, H., Reeb, S., and Kraus, W.,
Tetranortriterpenoids related to nimbin and nimbolide
from Azadirachta indica A. Juss (Meliaceae). Tetrahedron,
46, 775-782 (1990).

Chinese Pharmacopoeia Committee (Ed.), Chinese Pharma-
copoeia. Chemical Industry Press, Beijing, (2005).

Cohen, E., Quistad, G. B., and Casida, J. E., Cytotoxicity of
nimbolide, epoxyazadiradione and other limonoids from
neem insecticide. Life Sci., 58, 1075-1081 (1996a).

Cohen, E., Quistad, G. B., Jefferies, P. R., and Casida, J. E.,
Nimbolide is the principal cytotoxic component of neem-
seed insecticide preparations. Pestic. Sci., 48, 135-140
(1996b).

Cui, B. L., Chai, H., Constant, H. L., Santisuk, T., Reutrakul,
V., Beecher, C. W. W., Farnsworth, N. R., and Cordell, G.
A., Limonoids from Azadirachta excelsa. Phytochemistry,
47, 1283-1287 (1998).

Dhuna, V., Singh, J., Saxena, A. K., and Kamboj, S. S., Puri-
fication and characterization of a novel monocot lectin
with mitogenic and in vitro anti-proliferative activity from
Arisaema curvatum. Eur. J. Cancer, Suppl. 6, 42 (2008).

Garrido, L., Zubia, E., Ortega, M. J., and Salva, J., Haou-
amines A and B: A new class of alkaloids from the asci-
dian Aplidium haouarianum. J. Org. Chem., 68, 293-299
(2003).

Jung, J. H., Jee, H., and Kang, S. S., Diacylglycerylgalacto-
sides from Arisaema amurense. Phytochemistry, 42, 447-
452 (1996a).

Jung, J. H., Lee, C. O., Kim, Y. C., and Kang, S. S., New-
bioactive cerebrosides from Arisaema amurense. J. Nat.
Prod., 59, 319-322 (1996b).

Kaur, M., Singh, K., Rup, P. J., Saxena, A. K., Khan, R. H.,
Ashraf, M. T., Kamboj, S. S., and Singh, J., A tuber lectin
from Arisaema helleborifolium Schott with anti-insect
activity against melon fruit fly, Bactrocera cucurbitae
(Coquillett) and anti-cancer effect on human cancer cell
lines. Arch. Biochem. Biophys., 445, 156-165 (2006).

Kigodi, P. G. K., Blasko, G., Thebtaranonth, Y., Pezzuto, J.
M., and Cordell, G. A., Spectroscopic and biological in-
vestigation of nimbolide and 28-deoxonimbolide from
Azadirachta indica. J. Nat. Prod., 52, 1246-1251 (1989).

Lai, C. S., Mas, R. H. M. H., Nair, N. K., Mansor, S. M., and

Navaratnam, V., Chemical constituents and in vitro anti-
cancer activity of Typhonium flagelliforme (Araceae). J.
Ethnopharmacol., 127, 486-494 (2010).

Li, H. (Ed.), Flora of China (volume 13). Science Press,
Beijing, (1979).

Li, H. and Long, C. L., A preliminary revision of Araceae of
China. Acta Bot. Yunnan., Suppl. XI, 12-23 (1998).

Luo, X. D., Wu, S. H., Ma, Y. B., and Wu, D. G., Tetranortriter-
penoids from insecticidal fraction of Azadirachta indica.
Nat. Prod. Res. Dev., 13, 9-13 (2001).

Melhaoui, A., Jossang, A., and Bodo, B., Structure of irniine,
a pyrrolidine alkaloid from Arisarum vulgare. J. Nat.
Prod., 55, 950-952 (1992).

Melhaoui, A. and Bodo, B., Irnigaine and N-Methylirni-
gaine, two new piperidinol alkaloids from the tubers of
Arisarum vulgare. Nat. Prod. Lett., 7, 101-108 (1995).

Melhaoui, A. and Belouali, H., DNA affinity of active al-
kaloids from Arisarum vulgare Targ. J. Ethnopharmacol.,
62, 67-71 (1998).

Morita, H., Yoshida, N., and Kobayashi, J., Daphnezomines
A and B, novel alkaloids with an aza-adamantane core
from Daphniphyllum humile. J. Org. Chem., 64, 7208-
7212 (1999).

Pezzuto, J. M., Che, C.-T., McPherson, D. D., Zhu, J.-P.,
Topcu, G., Erdelmeier, C. A. J., and Cordell, G. A., DNA as
an affinity probe useful in the detection and isolation of
biologically active natural products. J. Nat. Prod., 54,
1522-1530 (1991).

Roy, A. and Saraf, S., Limonoids: Overview of significant
bioactive triterpenes distributed in plants kingdom. Biol.
Pharm. Bull., 29, 191-201 (2006).

Singh, J., Singh, J., and Kamboj, S. S., A novel mitogenic and
antiproliferative lectin from a wild cobra lily, Arisaema
flavum. Biochem. Biophys. Res. Commun., 318, 1057-1065
(2004).

Takgi, M., Takahashi, A., Ishii, K., Kikuchi, T., Banno, T.,
Suzuki, T., and Akihisa, T., Limonoids from the leaves of
neem (Azadirachta indica A. Juss.) and their cytotoxic
activity. 53th Academic Lecture of College of Science and
Technology, Nihon University, College of Science and
Technology, Nihon University, Tokyo, pp. 1150-1151, (2009).

Vichai, V. and Kirtikara, K., Sulforhodamine B colorimetric
assay for cytotoxicity screening. Nat. Protoc., 1, 1112-1116
(2006).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


