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Phytochemical investigation of CHCl3 extract of the rhizomes of Hedychium spicatum led to the isolation
of two new labdane-type diterpenes, compounds 1 and 2 along with five known compounds (3–7). Their
structures were established on the basis of NMR (1D and 2D) and mass spectroscopic analysis. In addi-
tion, all the isolates were tested for their cytotoxicity against the Colo-205 (Colo-cancer), A-431 (skin can-
cer), MCF-7 (breast cancer), A-549 (lung cancer) and Chinese hamster ovary cells (CHO). Two new
compounds 1 and 2 were shown good cytotoxic activity.

� 2008 Elsevier Ltd. All rights reserved.
Hedychium spicatum is a plant belonging to the family Gingiber-
aceae and commonly named as kapura kachri (Indian trade name).
It is widely cultivated in India and South East Asian countries. It is
perennial rhizomatous herb growing at altitude of 3500–7500 ft.
It’s rhizomes, which have a bitter camphor-like taste and a strong
aromatic odour, have been used as an insect repellant and as a
tobacco perfume.1 Medicinally, the rhizome (essential oil of
rhizomes) is used for the treatment of skin diseases, stomach ail-
ments,2 analgesic,3 anti-inflammatory,4 antimicrobial,5 in vitro
pedicullicidal6 and mild tranquillizing7 action of short duration
and anthelmintic activity.8 Cytotoxic activity guided investigation
of the rhizomes of H. spicatum led to the isolation of two new lab-
dane-type diterpenes. The structures of the two new compounds
were established using IR, MS, 1D and 2D NMR (HSQC, HMBC,
COSY and NOESY) techniques.

As part of our continuing efforts directed towards the discov-
ery of the structurally interesting and biologically active com-
pounds from the Indian medicinal plants,9 it was found that the
CHCl3 extract of the rhizomes of the H. spicatum showed the cyto-
toxic activity against the Colo-205 (Colo-cancer), A-431 (skin can-
cer), MCF-7 (breast cancer), A-549 (lung cancer) and Chinese
hamster ovary cells (CHO). The phytochemical analysis resulted
in the isolation of two new labdane-type diterpenes (1 and 2)
along with known compounds. Here in, we report the isolation
and anticancer activity of the labdane diterpene constituents of
the H. spicatum.
All rights reserved.

: +91 40 27160512.
The dried rhizomes (1 kg) were ground and extracted three
times with CHCl3 in a soxhlet apparatus. The combined extracts
were concentrated under vacuum. The portion of active CHCl3

extract (8.5 g) was subjected to column chromatography (silica
gel, 60–120 mesh) using step gradient of CHCl3/MeOH to yield five
major fractions (F1–F5). Fraction F1 was subjected to repeated sil-
ica gel (100–200 mesh) column chromatography (CC) by eluting
with MeOH:CHCl3 (4:96) to yield compound 4 (2.15 g). Fraction
F2 was subjected to silica gel column chromatography eluting with
MeOH:CHCl3 (7:93) to get compound 6 (1.22 g). A portion of frac-
tion F3 was subjected to silica gel column chromatography with
MeOH:CHCl3 (11:89) to yield 0.080 g of compound 1, with
MeOH:CHCl3 (12:88) to yield 0.87 g of compound 3. Similarly,
Fractions F4 and F5 were subjected to repeated column chroma-
tography eluting with MeOH:CHCl3 (15:85) to yield 0.091 g of
compound 2, with MeOH:CHCl3 (18:82) to yield 1.79 g of com-
pound 5, and 7 respectively.

Compound 1 was isolated as a yellow semi solid with the posi-
tive optical rotation [a]D

25 +98.64 (c 1.64, CHCl3). The HRESI-MS of
compound 1 revealed a molecular ion peak corresponding to
(M+H)+ at m/z 331.142 indicating the molecular formula
C20H26O4. The1H NMR spectrum of compound 1 showed all the fea-
tures of labdane diterpene.The IR spectrum displayed absorption
bands at 3320 cm�1 (OH), 1642 cm�1 (a,b-unsaturated C@O) and
1753 cm�1 (a,b-unsaturated c-lactone). The 1H NMR spectrum dis-
played four quaternary methyl signals each integrating for three
protons as singlets at d 0.97, d 1.16, d 1.19 and d 1.81. It has
displayed a singlet at d 2.09 for one proton (H-5) indicating the
presence of one methine adjacent to the carbonyl (C-6) carbon
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Figure 3. Key HMBC correlations of compound 2.

P. P. Reddy et al. / Bioorg. Med. Chem. Lett. 19 (2009) 192–195 193
atom. A sharp singlet integrated for 1H at d 5.88 is due to methine
proton (H-14) in the lactone ring. A characteristic doublet for one
proton at d 2.94 (d, J = 7.0 Hz) indicating the presence of methine
(H-9) group adjacent to olefinic double bond. The presence of
one trans double bond at d 6.73 (1H, dd, J = 15.8 Hz, 9.8 Hz,) and
d 6.28 (1H, d, J = 15.8 Hz) was suggested by the 1H NMR, and
NOESY spectrum. And comparison of NMR data with that of yunna-
coronarin D10 indicates the presence of trans double bond at C-11/
C-12 position. Another sharp singlet integrated for two protons at d
4.83 (2H, s) is assigned to CH2 group in the lactone ring. Further-
more, the 1H NMR spectrum also revealing that the trans double
bond (C-11/C-12) is conjugated with lactone ring. The 13C NMR
spectrum of compound 1 showed the presence of 20 C-atoms.
The DEPT experiment indicated the presence of four methyls, four
CH2, five CH groups, and seven quaternary Carbons. The13C NMR
spectrum of compound 1 also showed all the features of labdane
diterpene. The 13C NMR spectrum indicated the presence of a,b-
unsaturated ketone (d 199.65), trisubstituted olefin (d 143.86 and
156.10) and four methyl signals (d 22.90, 33.57, 15.79 and
21.65).Further, it also displayed signal at d 172.11 is due to C@O
of lactone ring, d 128.83, 128.27 are corresponding to disubstituted
olefin, and d 69.71 is assignable to methylene carbon in the lactone
ring. A complete assignment of protons and carbons was assisted
by HMBC, COSY and HSQC experiments. The carbon skeleton sug-
gested by several diagnostic correlations (H-5/C-4, C-6, C-10; H-
9/C-8, C-10, C-11; H-11/C-9, C-12; H-12/C-11; H-14/C-15; H-16/
C-13, C-15; H-17/C-8; H-5, H-18, H-3, H-19/C-4) and 1H–1H COSY
(H-11/H-12; H-14/H-15; H-1/H-2; H-2/H-3). The HMBC correla-
tions also suggested that a,b-unsaturated c-lactone ring (d
128.83, 128.27, 69.71 and 172.11) is attached to the decalin
nucleus through the trans double bond (d 134.62, 123.24). All the
key HMBC correlations are depicted in Figure 2. In addition, the rel-
ative configuration of 1 was proposed on biogenetic basis and by
inspection of NOESY spectrum, which showed the correlation
between the following proton pairs (19-H3 and 20-H3; 5-H and
9-H, 18-H3). Based on these data, compound 1 was identified as
7-hydroxy,6-oxo-7,11,13-labdatrien-16,15-olide (Fig. 1), a new
labdane-type named hedychilactone D.

Compound 2 was isolated as a pale yellow viscous liquid, with
positive optical rotation [a]D +96.9 (c 1.28, CHCl3). The HRESI-MS
of compound 2 revealed a molecular ion peak corresponding to
(M++H) at m/z 315.121 indicating the molecular formula
C20H26O3. The IR spectrum showed absorption bands at
3425 cm�1 (OH), and 1691 cm�1 (C@O). The 1H NMR and 13C
NMR spectroscopic data of the compound 2 (Table 2) indicated lab-
dane skeleton, which is similar to that of compound 1; both have
a,b-unsaturated ketone (199.65 in 1,199.88 in 2) and double bond
(d 134.62,123.24 in 1; d 121.25, 128.39 in 2) directly attached to
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Figure 1. Isolated compounds from
the dacalin nucleus. The principal difference in 1D NMR spectra
of compound 2 was that with the replacement of lactone ring with
furon. In 13C NMR d 78.17 indicates hydroxy bearing carbon atom
at C-9. The structure was further confirmed by HMBC correlations
(Fig. 3) between H-5/C-4, C-6, C-10; H-7/C-6, C-8; H-11/C-9, C-12;
H-12/C-11; H-14/C-15; H-15/C-14; H-16/C-15, C-13; H-17/C-8; H-
5, H-18, H-3, H-19/C-4) and 1H–1H COSY (H-11/H-12; H-1/H-2; H-
2/H-3), respectively. Similarly, the doublet attributed to H-12
showed J = 15.8 Hz, which is an indicative of trans configuration
at C-11/C-12. Thus, compound 2 was identified as 9-hydroxy-
15,16-epoxy-7,11,13(16)14-labdatetraen-6-one, another new
labdane-type diterpenoid named 9-hydroxy hedychenone (Fig. 1).

In addition to the above two new compounds described, four
known compounds were isolated. By comparing their physical
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Table 1
Cytotoxicity effects of CHCl3 extract and constituents from H. spicatum.

Compound Cell lines (IC50, lg/mL)

Colo-205 A-431 MCF-7 A-549 CHO

CHCl3 extract 43.14 ± 1.12 37.45 ± 0.9 58.08 ± 0.15 63.21 ± 1.19 39.52 ± 0.06
1 12.03 ± 0.03 16.01 ± 0.05 21.05 ± 0.04 37.98 ± 0.91 7.69 ± 1.12
2 24.02 ± 0.01 26.09 ± 0.09 30.94 ± 0.06 41.21 ± 1.09 15.68 ± 0.09
3 27.14 ± 0.03 29.02 ± 0.05 28.05 ± 0.08 46.56 ± 1.01 17.89 ± 1.18
4 29.81 ± 0.06 31.53 ± 0.07 33.49 ± 0.02 NA 21.34 ± 1.11
5 27.56 ± 0.02 30.51 ± 0.04 49.29 ± 0.80 NA 20.36 ± 0.08
6 33.14 ± 1.10 39.45 ± 0.80 53.08 ± 0.05 54.21 ± 1.09 26.96 ± 0.04
7 37.14 ± 0.03 39.02 ± 0.05 51.05 ± 0.08 49.56 ± 1.01 23.54 ± 0.08

NA = not active, each value represents the mean ± standard deviation.
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and spectroscopic data with the literature they were character-
ized as 7-hydroxy,6-oxo-7,11,13-labdatrien-16,15-olide (1),
9-hydroxy,15,16-epoxy-7,11,13(16)14-labdatetraen-6-one (2),
yunnacoronarin A (3),11 hedychilactone B,12 hedychilactone C,12

chrysin (4),13 and teptochrysin (6),14 respectively. To the best of
our knowledge, this is the first report on chemical analysis of
isolation of compounds 3, and 6 from H. spicatum.

In vitro cytotoxicity evaluation. All the isolates obtained in this
investigation of H. spicatum were tested for their in vitro cytotox-
icity against Colo-205 (colon cancer), A-431 (skin cancer), MCF-7
(breast cancer), A-549 (lung cancer) and CHO (Chinese hamster
ovary cells) cell lines.15 The cytotoxicity data and IC50 values in
lg/mL are shown in Table 1. According to results obtained IC50 val-
ues ranged between 7.69 and 49.29 lg/mL for labdane diterpenes,
and between 20.36 and 54.21 lg/mL for isoflavanoids. The small
structural differences of labdane diterpenes influenced the cyto-
toxic activity. As evident from cytotoxic activity results (Table 1)
compound 1 exhibited significant activity on Colo-205, A-431
and MCF-7 and CHO cell lines and moderate activity on A-549 cell
lines. Compound 2 also shown moderate activity Colo-205, A-431
and significant activity on CHO cell lines. It is interesting to note
that compound 4 and 5 are inactive against A-549 cell lines.

On comparing the activity of compound 1 with remaining iso-
lates, it can be concluded that the presence of an a,b-unsaturated
c-lactone ring and a,b-unsaturated ketone (C-7/C-8, C-6) enhances
the resultant cytotoxicity for the tested cell lines. Even with a,b-
unsaturated ketone (C-7/C-8, C-6) cytotoxicity is slightly decreased
due to lack of a,b-unsaturated c-lactone in compound 2. It is inter-
esting to note that all the isolates are significantly active on CHO
Table 2
1H NMR and 13 C NMR data of compounds 1 and 2 in CDCl3.

Position Compound 1 Compound 2

dc dH multiplicity dc dH multiplicity

1 40.24 1.59 (2H, m) 39.57 1.51 (2H, m)
2 18.08 1.48 (2H, m) 17.67 1.31 (2H, m)
3 43.21 1.25 (2H, m) 42.79 1.38 (2H, m)
4 32.50 – 32.36 –
5 63.29 2.09(1H, s) 55.67 2.78 (1H, s)
6 199.65 – 199.88 –
7 143.86 – 128.89 5.82 (1H, s)
8 156.10 – 154.78 –
9 61.73 2.94 (1H, d, J = 7.0 Hz) 78.17 –

10 42.80 – 45.93 –
11 134.62 6.73 (1H, dd, J = 15.8,

9.8 Hz)
121.25 6.71 (1H, d, J = 15.8,

9.8 Hz)
12 123.24 6.28 (H, d, J = 15.8 Hz) 128.39 6.02 (1H, d, J = 15.8 Hz)
13 128.83 – 128.44 –
14 128.27 5.88 (1H, s) 143.72 7.39 (1H, s)
15 172.11 – 140.71 7.48 (1H, s)
16 69.71 4.83 (2H, s) 107.37 6.52 (1H, s)
17 21.65 1.81 (3H, s) 20.16 1.86 (3H, s)
18 33.57 1.16 (3H, s) 33.89 1.19 (3H, s)
19 22.91 1.19 (3H, s) 21.77 1.22 (3H, s)
20 15.79 0.97 (3H, s) 19.47 1.09 (3H, s)
cell lines. Due to lack of a,b-unsaturated c-lactone and a,b-unsat-
urated ketone cytotoxicity is reduced in compounds 3, 4 and 5.
Compounds 6 and 7 also shown considerable activity on tested cell
lines. Hence, the compound 1 was found to possess significant
cytotoxic activity among all the isolates. In summary, H. Spicatum,
of the compositae family has been used as a traditional medicine
for the treatment of cancer. The compounds responsible for this
activity have yet to be determined. The cytotoxic experiments
were repeated in triplicate, and the IC50 values were expressed as
mean ± standard deviation.

These results encourage us to continue our research of this ser-
ies by synthesizing additional labdane-type diterpenoid deriva-
tives with the aim of obtaining cytotoxic compounds that are
more potent and selective toward cancer cells.
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Appendix

In vitro cytotoxicity evaluation. All the isolates were tested for
in vitro cytotoxicity on different cancer cell lines. The cell lines
used in this study were Colo-205 (Colo-cancer), A-431 (skin can-
cer), MCF-7 (breast cancer), A-549 (lung cancer) and Chinese har-
mer ovary cells (CHO). All the cells were obtained from National
Center for Cellular Sciences (NCCS)—Pune, India. Cells were main-
tained in DMEM supplemented with 10% fetal bovine serum,
2 mM glutamine, 100 U/mL penicillin, 100 lg/mL streptomycin,
at 37� C with 5% CO2. The cells were seeded at 1 � 104 cells/well.
After 24 h, cells were treated with the test compound and IC50 val-
ues were calculated in lg/mL.

Supporting information. Hedychium Spicatum plant is collected
from Talakona forest, Tirupati, Chittor district, Andhra Pradesh,
India. Rhizomes of this plant are shade dried, powdered and
extracted using soxhlet apparatus. One kilogram of plant powder
is loaded in the soxhlet apparatus and extraction is done using
5 l of hexane and chloroform. As a result hexane extract was 10 g
and chloroform extract was 8.5 g. Hexane extract had many oils
and fats, whereas the chloroform extract was promising and hence
the isolation of chloroform extract was done. Five fractions (F1–F5)
were collected from the column chromatography.

Sixteen grams of 60–120 mesh silica gel was added to 8.5 g of
chloroform extract and was adsorbed until fine dry powder was
seen in the round bottom flask, and was loaded on the column
(length of column 80 cm, width 16 mm) and eluted with plane
chloroform. The flow rate of the column was 3 mL/min. Accord-
ingly polarity was increased by adding methanol. Initially with
300 mL of plane CHCl3 3 g of fraction 1 (F1) was collected from
the column. Later polarity of MeOH was increased. With 250 mL
of MeOH:CHCl3 (5:95), 1.8 g of fraction 2 (F2) collected. With
300 mL of MeOH:CHCl3 (10:90), 1.0 g of fraction 3 (F3) collected.
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Similarly with 350 mL of MeOH:CHCl3 (15:85), 0.5 g of fraction 4
(F4) and With MeOH:CHCl3 (20:80), 1.9 g of fraction 5 (F5) col-
lected. This type of column is known as step gradient type of col-
umn. Each fraction is again loaded in another column (60 cm
length, 12 mm of width) until single pure compound was isolated.
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