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ABSTRACT

In the course of our studies on the isolation of bioactive compounds from the roots of
Coleus forskohlii, a traditional herb in India, rare 13-epi-sclareol has been isolated, and its
structure determined by extensive 2D NMR. And also this is the first report of isolation
from this plant. Isolated compound showed anti-proliferative activity in breast and uterine
cancers in vitro. The anti-proliferative activity of 13-epi-sclareol is comparable with
Tamoxifen in terms of 1Csp and also showed concentration dependent increased apoptotic

changes in breast cancer cell line, MCF-7.



Phytother Res.( 2007);21(11),1105-8

INTRODUCTION

Breast cancer is the most prevalent form of cancer in women world over (Parkin et
al., 2005). Estrogen induced mammary cell proliferation is implicated as the first step in
the development of breast cancer. Estrogen receptor (ER) positive proliferative phase is
generdly followed by estrogen independent tumor growth, which subsequently
metastasizes. Tamoxifen, a selective estrogen receptor modulator (SERM) is the drug of
choice for inhibiting estrogen action in ER+ breast cancer, whereas chemotherapeutics are
suggested for advanced stages (Lawrence and Hartmann, 2003). Uterine cancer is also an
important endocrine cancer in women. Natural products have traditionaly remained a
good source of agents with anti-cancer activity. However, proper characterization
particularly from the viewpoint of cancer specific action devoid of possible cytotoxic
effects of naturally derived compounds on normal cells is essential. In case of breast
cancer, isolating compounds with selective anti-cancer activity and comparing its efficacy
with known molecules like Tamoxifen is a standard approach for drug devel opment.

Coleus forskohlii Brig., a perennial dried herb of Labiatae growing in India as well
as Yunnan Province of China, and it has been used since ancient times for medical
treatment in Ayurvedic traditional medicine (Gabetta et al., 1989). Forskolin, a major
labdane diterpene isolated from the roots of this herb is capable of preventing tumor
colonization and metastasis (Agarwal and Parks, 1983) and inhibiting growth and inducing
apoptosis of myeloid and lymphoid cells (Gutzkow et al., 2002; Moon and Lerner, 2003;
Taetle and Li-en, 1984). Recently, it has been found that forskolin, a potent PP2A
activator (Feschenko et al., 2002; Neviani et al., 2005), induced marked apoptosis,
reduced proliferation, impaired colony formation, inhibited tumorigenesis, and restored
differentiation of BCR/ABL-transformed cells regardless of their degree of sensitivity to

imatinib (Neviani et al., 2005).
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Sclareol a diterpene isolated from fruits of Cistus creticus is shown to inhibit growth and
cell cycle progression of human leukemic cell and induces apoptosis. Sclareol exerts
antiproliferative activity by reducing c-Myc without altering bcl-2 expression (Dimas et
al., 1999). Sclareol is aso reported to be non—cytotoxic to resting human peripheral blood
mononuclear leukocytes (Dimas et. a., 1999) and have LDsy > 5 g/kg in rats (Food and
Chemical Toxicology, 1992).

In the course of our studies on the isolation of bioactive compounds, we purified
13-epi-sclareol, a labdane diterpene from roots of Coleus forskohlii (Fig.1). Recently, this
compound was shown to have antibacteria activity against gram-positive bacteria (Tapia
et al., 2004). As 13-epi-sclareol was isolated with a yield of 0.2% and it has never been
subjected to systematic pharmacological evaluation, we considered it as an appropriate
candidate for investigation for its anti-cancer properties. In the present study we carried
out experiments to investigate the antiproliferative and pro-apoptotic activity of the
isolated compound in MCF-7 and Ishikawa cell line. In addition, we have evaluated its
cytotoxicity in primary osteoblast cell and Vero cell line. Our study reveals specific anti-

cancer activity of 13-epi-sclareol in breast and uterine cancer in vitro.

MATERIALS AND METHODS

I solation of compounds

The roots of Coleus forskohlii were collected by the Botany department, and voucher
specimen has been maintained. The roots were extracted with 8 L of ethyl alcohol four
timesin apercolator. The resultant alcoholic extract was combined and concentrated under
reduced pressure to give 200g of alcohol extract. This was fractionated with hexane,
chloroform and n-butanol successively. The resultant chloroform fraction (20g) was

subjected for conventional silica gel column chromatography and eluted with mixtures of
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increasing polarity of hexane: ethyl acetate solvent system to give 13 epi-sclareol and were
characterized by using *H-NMR, *C-NMR , 2D NMR, IR and Mass Spectral data and
comparing with literature data (Stierle et al., 1988).

Cdl line

MCF-7 is a breast cancer cell line originaly derived from pleura effusion (Soule et al.,
1973), was used for screening of anti-cancer breast activity. Ishikawa is uterine
endometrial adenocarcinoma cell line that expresses estrogen and progesterone receptor
(Nishida, 2002), was used to evaluate the activity of the compound in uterine cancer. Vero
cell line, derived from normal kidney of African green monkey (Y asumura and Kawakita,
1963), and primary osteoblast cells were used for evaluation of cytotoxicity in non-
transformed cells.

Cell Viability Assay

Loss of cell viability was assessed by the trypan blue exclusion method. Cells treated with
or without were harvested by trypsinization. After incubation in 0.04% trypan blue
(Sigma-Aldrich) for 4 min, cells were counted under a hemocytometer. The number of
cells that retained the dye (nonviable) and the total cell number were noted.
Antiproliferative activity Assay

The drug antiproliferative activity of 13-epi-sclareol was determined using MTT assay
(Mosmann, 1983). 1x 10" cells/well were seeded in 100 DMEM, supplemented with
10% FBS in each well of 96-well microculture plates and incubated for 24 h at 37°C in a
CO2 incubator. Compounds, diluted to the desired concentrations in culture medium, were
added to the wells with respective vehicle control. After 48 h of incubation, media were
removed and to each well 100ul MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl

tetrazolium bromide) (5 mg/mL) was added and the plates were further incubated for 4 h.



Phytother Res.( 2007);21(11),1105-8

Supernatant from each well was carefully removed, formazon crystals were dissolved in
100ul of DM SO and absorbance at 540 nm wavelength were recorded.

Apoptosis

Cells were seeded at a density of 10,000/well in 12-well cell culture plate over aready
placed 60-mm dishes containing One day later, the medium was replaced, and cells were
treated with 10 and 20 uM of 13-epi-sclareol. Cells treated with vehicle (0.001% DM SO)
were included as controls. After overnight treatment, Hoechst 33342 (Sigma-Aldrich)
were added to medium at 0.5ug/ml, respectively. After incubation for 30 min at 37°C,
cells was wet mounted and image were captured with fluorescence microscope (Leica
DMLB, Wetzlar, Germany).

RESULTSAND DISSCUSSION:

13-epi-sclareol exhibited comparable anti-proliferative activity in breast cancer cell line
MCF-7 cells with 1Csp of 11.056 uM as compared to 14.34 uM of Tamoxifen (Fig. 2).
Tamoxifen is a SERM and it modulates breast cancer cell growth mostly via ER beside
other mode of action. Sclareol has already been reported to have antiproliferative property
with ICso lower than 20pug/ml and down regulate c-Myc in leukaemic T-cell (Dimaset. al.,
1999). Our study reveals that the epimer of sclareol also possesses antiproliferative
activity in breast cancer cells. 13-epi-sclareol also showed anti-proliferative activity in
Ishikawa cell line where Tamoxifen failed to show any such effect (Fig. 3). This finding
isin line with earlier reported activity of Tamoxifen in uterine cancer cell line (Hochner-
Celnikier et al., 1997). This indicates that the mode of anti-proliferative activity of 13-epi-
sclareol may be different from Tamoxifen. In addition, the cellular viability in response to
13-epi-sclareol in time-dependent manner characterized with trypan blue exclusion dye

showed similar inhibition profilesin both MCF-7 and Ishikawa cell line (Fig. 4 and 5).
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Next, cell viability in response to 13-epi-sclareol was assessed in Vero cell line and in
primary osteoblast cells by MTT assay. 13-epi-sclareol exhibited lesser cytotoxicity in
vero cell (Fig. 6) and primary osteoblast cells in comparison to taxol (Fig.7). Our data
indicate that 13-epi-sclareol may have a favorable toxicologica outcome over other
cytotoxic anti-cancer agents.

The 13-epi-sclareol treated MCF-7 cells were next subjected to Hoechst-3347 nuclear
stain to study apoptotic changes. Its epimer sclareol is already known to cause apoptosis
(Dimas et al., 1999). Our data show that 13-epi-sclareol in the concentrations of 10 uM
and 20 uM showed concentration dependent increased apoptotic changes (Fig. 8).

In conclusion, 13-epi-sclareol demonstrates promising anti-proliferative activity against
endocrine cancer cell linesviz., MCF-7 and Ishikawa and induces concentration dependent
cell death. Its activity is comparable to Tamoxifen and devoid of cytotoxicity in normal
cells viz., Vero cel line and primary osteoblast cells. Further studies are necessary to

assess its mode of action and in vivo efficacy.

Acknowledgements
We thank RSIC (define) for spectral data, and Preeti Choudhury, V. L. Nayak and S. P.
Singh for technical support. J. N. Rosaiah and A Kumar are thankful to UGC & CSIR,

New Delhi respectively for financial support.



Phytother Res.( 2007);21(11),1105-8

REFERENCES

Agarwa KC, Parks Jr RE. 1983. Forskolin: a potential antimetastatic agent. Int J Cancer
32: 801-4.

Dimas K, Kokkinopoulos D, Demetzos C, Vaos B, Marselos M, Malamas M, et al. 1999.
The effect of sclareol on growth and cell cycle progression of human leukemic cell
lines. Leuk Res 23:217-34.

Feschenko MS, Stevenson E, Nairn AC, Sweadner KJ. 2002. A novel cAMP-stimulated
pathway in protein phosphatase 2A activation. J Pharmacol Exp Ther 302:111-8.

Food and Chemical Toxicology (1992) Sclareol-miscellaneous. 30:Suppl 1:115-

Gabetta B, Zini G, Danieli B 1989. Minor diterpenoids of Coleus forskholii
Phytochemistry 28: 859-862

Gutzkow KB, Naderi S, Blomhoff HK. 2002.Forskolin-mediated G1 arrest in acute
lymphoblastic leukaemia cells: phosphorylated pRB sequesters E2Fs. J Cdll i
115:1073-82.

Hochner-Celnikier D, Greenfield C, Finci-Yeheskel Z, Milwidsky A, Gutman A,
Goldman-Wohl D, Yagel S, Mayer M. 1997. Tamoxifen exerts oestrogen-agonistic
effects on proliferation and plasminogen activation, but not on gelatinase activity,
glycogen metabolism and p53 protein expression, in cultures of oestrogen-
responsive human endometrial adenocarcinoma cells. Mol Hum Reprod. 3 (12):
1019-27.

Jung M, Ko, Lee S, Choi SJ, Youn B H, and Kim SK 1998. A Concise Synthesis and In
Vitro Cytotoxicity of New Labdane Diterpenes Bioorganic & Medicinal Chemistry
Letters 8: 3295-3298.

Lawrence RB, and Hartmann LC. 2003. Selective Estrogen-Receptor Modulators
Mechanisms of Action and Application to Clinical Practice. N Engl J Med 348:
618-629.

Moon EY and Lerner A. 2003. PDE4 inhibitors activate a mitochondrial apoptotic
pathway in chronic lymphocytic leukemia cells that is regulated by protein
phosphatase 2A. Blood 101: 4122-30.

Mosmann, T.1983. Rapid Colorimetric Assay for Celular Growth and Survival:
Application to Proliferation and Cytotoxicity Assays. J Immunol Meth. 65: 55-63.



Phytother Res.( 2007);21(11),1105-8

Neviani P, Santhanam R, Trotta R, Notari M, Blaser BW, Liu S. 2005.The tumor
suppressor PP2A is functionally inactivated in blast criss CML through the
inhibitory activity of the BCR/ABL regulated SET protein. Cancer Cell 8:355-68.

Nishida M. Hum 2002. The Ishikawa cells from birth to the present. Cell 15: 104-17.

Parkin DM, Pisani P, Ferlay J. 1999. Globa cancer statistics. CA Cancer J Clin. 49: 33-
64.

Soule HD, Vazguez J, Long A, Albert S, Brennan M. 1973. A human cell line from a
pleural effusion derived from a breast carcinoma. J. Natl. Cancer Inst. 51: 1409-
1416.

Stierle DB, Stierle AA and Larsen RD. 1988. Terpenoid and flavone constituents of
Polemonium viscosum. Phytochemistry 27: 517-522.

Taetle R, Li-en S. 1984. Further studies on mechanisms of abnormal prostaglandin
response by chronic myelogenous leukaemia granulocyte/macrophage progenitors.
Leuk Res 8: 833-42.

TapiaL, Torres J, Mendoza L, Urzua A, FerreiraJ, Pavani M, Wilkens M. 2004. Effect of

13-epi-sclareol on the bacterial respiratory chain. Planta Med. 70: 1058-63.

YasumuraY and Kawakita Y (1963) Nippon Rinsho 21:1209.



Phytother Res.( 2007);21(11),1105-8

OCH,CH;,;N(CHj3), OH

/

1

18

9

. 2. 13-epi sclareol
1. Tamoxifen

Figure 1 1. Synthetic known antibreast cancer agent
2. Naturally occurring compound.

10



Phytother Res.( 2007);21(11),1105-8

100~ _
—=— Tamoxifen
—— 13-epi-sclarec!
c 75
o
=
e
- .
£ a0
2
25
I:I T T T T 1
0 ] 10 158 20 25

Concentration(pM)

Figure 2. Dose-dependant inhibition of MCF-7 cells by 13-epi sclareol. MCF-7 cell were
incubated overnight with 5, 10, 15 and 20 uM 13-epi sclareol and percentage of cell
growth inhibition was determined with MTT assay. Tamoxifen was used as positive

control (n=9, P>0.05, two-tailed student’ s t-test).
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Figure 3: Dose-dependant inhibition of endometrial adenocarcinoma (Ishikawa) cells by
13-epi sclareol. Ishikawa cells were incubated overnight with 5, 10, 15 and 20 pM 13-epi
sclareol and percentage of cell growth inhibition was determined with MTT assay.
Tamoxifen was used as positive control (n=9, P<0.05, two-tailed student’ s t-test).
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Figured: Time-dependant inhibition of MCF-7 cells by 13-epi sclareol. MCF-7 cells were
incubated for 1, 4, 24 and 48hrs with different concentrations of 13-epi sclareol and
percentage viability was determined with trypan blue cell viability assay (n=9, P<0.05,
two-tailed student’ s t-test).
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Figure 5: Time-dependant inhibition of endometrial adenocarcinoma (Ishikawa) cells by
13-epi sclareol. Ishikawa cells were incubated for 1, 4, 24 and 48hrs with different
concentrations of 13-epi sclareol and percentage viability was determined with trypan blue

cell viability assay (n=9, P<0.05, two-tailed student’ s t-test).

14



Phytother Res.( 2007);21(11),1105-8

150+ _
—=— 13-epi sclareol
—— Taxol
)
= 100
Es
=
>
2
° a0
I:I T T T T 1
0 5 10 15 20 25

Cooncentrations (pM)

Figure 6: 13-epi sclareol does not show cytotoxic effect in normal cell line (vero). Cells
were incubated 12 hours with 10 and 20 uM of 13-epi sclareol and percentage viability

was determined with MTT assay (n=9, P<0.05, two-tailed student’ s t-test).
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Figure 7: 13-epi sclareol does not have cytotoxic effect in primary osteoblasts. The
osteoblasts were culture from d1 rat calvaria and incubated for 12 hours with 10 and 20
UM of 13-epi sclareol and percentage viability was determined with MTT assay (n=9,
P<0.05, two-tailed student’ s t-test).
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Apoptotic nuclei

Figure 8: 13-epi sclareol induces apoptosis in MCF-7 cells. Cells were treated with
different concentration of 13-epi sclareol and stained with Hoechst-3347 as described in
materials and method (a- untreated control, b-10uM 13-epi sclareol and c-20uM 13-epi

sclareol).
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