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Abstract

Anisomelic acid (AA), one of the major compounds in Anisomeles malabarica,
was tested for its cytotoxicity and apoptosis-inducing potential in breast and
cervical cancer cells. The MTT assay for cell viability indicated that AA is
cytotoxic to all of the four cell lines tested in a dose- and duration-dependent
manner. Acridine Orange & Ethidium Bromide (AO & EB) and Hoechst 33258
staining of AA-treated cells revealed typical apoptotic morphology such as
condensed chromatin and formation of apoptotic bodies. The comet assay
revealed DNA strand break(s), indicating that AA induces DNA damage which
culminates in apoptosis. Thus, the study revealed the anti-proliferative and
apoptosis-inducing properties of AA in both breast and cervical cancer cells.
Therefore, anisomelic acid offers potential for application in breast and cervical
cancer therapy.
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Introduction

Throughout history, natural products have offered a rich source of compounds that have
found many applications in the fields of medicine, pharmacy, and biology. With special
reference to cancer, several promising anti-cancer molecules have been discovered
through screening natural products from plants, animals, marine organisms, and
microorganisms. Since an ensured therapy for cancer is yet to emerge, interest in finding
newer anti-cancer molecules among natural products is sustained. Vincristine, irinotecan,
etoposide, and paclitaxel are examples of plant-derived anticancer compounds [1]. Plants
contain different types of secondary metabolites, out of which terpenoids are involved in a
multitude of ecological and physiological functions. Their major function in plants is
chemical defense against insects and environmental stress, but they are also involved in
the repair of wounds and injuries. Plant-derived terpenoids possess antioxidative activities,
but they also possess a variety of specific properties since they undergo distinct
interactions with several regulatory proteins. Taxol is a complex polyoxygenated
diterpenoid which has been used clinically to combat several cancer diseases with the
generic name of paclitaxel with excellent activity against breast and ovarian cancers [2].

Anisomelic acid, one of the major compounds in Anisomeles malabarica (L.) R. Br., is a
cembrane-type diterpenoid, which can be synthesized chemically [3]. Anisomelic acid has
also been previously isolated from A. malabarica [4] and A. indica and it has been shown
to be cytotoxic to KB cells [5, 6]. A. malabarica has been shown to possess many other
compounds viz., Anisomelolide, Malabaric Acid, 2-Acetoxymalabaric Acid, Anisomelyl
Acetate, Anisomelol, etc. [7, 8]. However, to date, anisomelic acid (AA) has not been
tested against estrogen receptor (ER)-negative and -positive breast cancer cells or HPV-
positive cervical cancer cells, the types of cancers that are still challenging in terms of
treatment. Therefore, developing upon the ethno-medical and scientific information so far
available, the present study was undertaken to evaluate the cytotoxic property of AA in the
breast and cervical cancer cell lines.

Results and Discussion

AA was isolated as a colorless, crystalline compound, and was confirmed based on
existing literature [4] adopting UV, FT-IR, and *H NMR, *3C. Its molecular formula is
C20H2604 and molecular weight 330 (Fig 1a). The compound appeared as a single band
on HPTCL (Fig 1b) and as a single peak on RPHPLC (Fig 1c). The presence of the
compound in the methanol, n-hexane, and chloroform extracts was also confirmed by RP-
HPLC where the compound showed a retention time of 17.5 min (Fig. 1c).

The MTT assay was conducted as an indirect measure to determine the viability of cells
treated with AA. Anisomelic acid was found to be cytotoxic to the cells. The ICsy of the
compound for all of the four cell lines is given in the Table 1. As shown in Figure 2, AA
affected the viability of cells in a dose- and duration-dependent manner. The efficacy of AA
against the four cell lines tested was in the order ME>MCF7>SiHa>MDA-MB-231. AA did
not elicit apoptosis in non-cancerous cells (Data presented elsewhere).
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Fig. 1. (a) Structure of anisomelic acid. (b) HPTLC chromatogram showing the bands
of the crude methanolic extract of A. malabarica and AA. (c) HPLC
chromatogram of AA, and crude methanolic, n-hexane and chloroform extracts

of A. malabarica. AA shows as a single peak with retention time of 17.5 min,
and the peak is found in all the three crude extracts.

Tab. 1. IC5 values of anisomelic acid on cancer cell lines

MDA-MB-231 (uM) MCF-7 (UM) SiHa (uM) ME-180 (uM)
24 h 43.56 £ 2.4 2756+1.4 33.4+36 2223+4.3
48 h 41.23 + 4.4 25.34+23 2956+21 18.34%2.6

AO & EB and Hoechst staining were adopted to infer if the cells responded to the
treatment of AA with apoptosis and/or necrosis. Staining of cells with AO & EB indicated
typical apoptotic morphology such as chromatin condensation, nuclear fragmentation, and
apoptotic body formation (Fig. 3 a, b). Hoechst 33258 staining revealed shrinkage of cells,
fragmentation of nuclei, and formation of apoptotic bodies (Fig. 3 c, d).

We adopted the single cell gel electrophoresis technique that detects DNA damage in
individual cells [10]. The control cells showed little, if any, comets. But the treatments
produced a high percentage of damaged cells forming comets (Fig. 3 e, f). From one
perspective, DNA strand breaks as revealed by the comet assay is taken to indicate geno-
toxicity. However, the from cancer perspective, the outcome of the testing should be loss
of viability, cell cycle arrest and/or death of the cancer cells. DNA damage, if not repaired,
will lead to cell cycle arrest and cell death, which is invariably apoptosis. Thus, DNA
damage and apoptosis are closely linked [9]. Our aim in conducting the comet assay was
essentially to assess DNA damage, as induced by AA, and the corollary viz., apoptosis.
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Fig. 2. Cytotoxicity of AA on the four cell lines. Cytotoxicity was determined by the MTT
assay and calculated as a percentage of inhibition on cell proliferation.
b ¥
..
Fig. 3. Photomicrographs showing untreated MDA-MB-231cells (a, c, €) and AA (48 h)

treated cells (b, d, f) stained with AO & EB (a, b), Hoechst 33258 (c, d) and
tested by the comet assay and stained with EB (e, f).

Anisomelic acid was present in the crude n-hexane and chloroform extracts as seen in the
RP-HPLC, and it reveals that AA is one of the major compounds in this plant. Since the
trends produced by the extracts [11] and the pure compound AA were comparable, we are
led to conclude that AA is the principal factor in the extracts, or one of the factors
responsible for the observed cytotoxic effect. AA is a terpenoid, and a broad range of the
biological properties of terpenoids is described, including cancer chemopreventive effects,
antimicrobial, antifungal, and antiviral [2]. This study shows that AA is cytotoxic to the
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cancer cells. There are many studies showing that terpenoids elicit significant bioactivity in
the similar concentration range or higher than the range of anisomelic acid we tested (10—
50 uM or 3.25-16.25 pyg/mL). For example, Geraniol (50—-400 pmol/L), Andrographolide
(3—100 pmol/L), Excisanin A (1-32 pmol), and Escin (10-60 pg/mL) showed bioactivity in
vitro at concentrations closer to or higher than in our study [12]. The above compounds
have also been tested for in vivo activity, deriving the dose from the in vitro assays, and
have been found to exert both antiproliferative and cytotoxic effects. In fact, there is always
the approach of in vitro to in vivo extrapolation [13]. Thus, the effective in vivo dose of AA,
to be derived from in vitro data, will be appropriate and practicable.

Thus, in conclusion, we could demonstrate that anisomelic acid of A. malabarica affects
the viability of and induces cell death in ER-positive and —negative breast cancer cells and
HPV16-positive cervical cancer cells, irrespective of the variable genetic property
underlying the malignancy, but the extent of response appears to have a bearing on the
genetic constitution of the cells. The molecular mechanism behind the action of AA is
currently under investigation.

Experimental
Isolation of the active compound

AA was isolated from A. malabarica according to the protocol by Purushothamam et al.,
[4], with the slight modification of adopting Medium Pressure Liquid Chromatography
(MPLC). The shade-dried plants were powdered and 2 kg powder was extracted thrice in
MeOH with intermittent stirring, and the extract was pooled and evaporated under reduced
pressure in a rotary evaporator. The yield of the MeOH extract was 120g. The methanolic
extract was partitioned between n-hexane and MeOH (1:1) to give n-hexane extract (89)
and MeOH (859) extract. The partitioned MeOH extract was chromatographed on silica gel
(230—-400 mesh) and eluted on Medium Pressure-Liquid Chromatography (MPLC) with
100% n-hexane to yield a mixture of oil fractions. This was followed by successive elutions
with a gradient of n-hexane, CHCI3, and MeOH which resulted in 140 fractions. Each
fraction was spotted on a pre-coated silica gel (Merk-60 F254, 0.25mm thick) and eluted in
n-hexane : ethyl acetate : MeOH (8:1.5:0.5), sprayed with p-anisaldehyde, and observed
under UV light. Fractions with similar color and Rf values in HPTLC were pooled and this
culminated in six fractions, and fraction 4 yielded a single major band. This fraction was
recrystallized from methanol and a colourless crystalline compound was obtained.

Chromatographic analysis of AA and identification of the compound

The crude methanolic, n-hexane, and chloroform extracts were subjected to RP-HPLC,
and the purity and presence of the isolated compound in the extracts were confirmed by
HPTLC and RP-HPLC. The RP-HPLC was performed on a Shimadzu HPLC system
equipped with a reverse phase C18 column and a photodiode array detector. The
separation was carried out on a Phenomenox column (5, 4.6 x 250 mm) using water
(solvent A) and acetonitrile (solvent B) as solvents. Gradient elution started with 33.7%
solvent B for 0.01 min, was changed to 33.7% solvent B for 5 min, then to 50% solvent B
for 8 min, then to 70% solvent B for 12 min, and finally changed to 100% solvent B for 20
min. The flow rate was 1.0 ml/min and the detection was done at 220 nm. The compound
was identified using UV, FT-IR, CHNO elemental analysis, *H and *C NMR, and by
comparison of the spectral data with that reported in the literature.
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Determination of the cytotoxic property of AA by MTT assay

To evaluate the cytotoxic property of anisomelic acid, the MTT colorimetric assay was
performed. AA was dissolved in DMSO (Sigma Chemical Co., St. Louis, MO, USA). The
cells were seeded in 96-well plates at a density of 5 x 10* cells/well and treated with AA at
the concentration range 0-50 uM, at 10 uM interval, at 37°C, for 24 and 48 h. Cisplatin
(Getwell Pharmaceuticals, India), was included in the assay as a reference anticancer
agent. At the end of the exposure period, the cells were subjected to assessment of
viability by adopting the MTT assay. The percentage inhibition was calculated from this
data, using the formula:

Mean OD of untreated cells (control) — Mean OD of treated cells
Mean OD of untreated cells (control)

The 1Cso concentration was determined as the dose that would be required to kill 50% of
the cells with the respective preparation and duration.

Fluorescent staining for morphological assessment of cells

For further studies, only the cell line with the highest ICsy concentration, MDA-MB-231,
was selected to assess the mode of cell death induced by AA. MDA-MB-231 cells were
seeded in 12-well plates and allowed to reach 70% confluence. The cells were then
treated with the ICso concentration of AA (which produced the best results as revealed in
the MTT assay) and incubated for 48 h. After incubation, the cells were stained with AO &
EB and Hoechst 33258 as given in 3.3.3 and analyzed in a fluorescent microscope (Carl
Zeiss, Jena, Germany).

Comet assay

DNA damage was quantified adopting the comet assay and CASP software. The images
were used to estimate the DNA content of individual nuclei and to evaluate the degree of
DNA damage representing the fraction of total DNA in the tail. The cells were assigned to
five classes: 0 (<7% of the DNA in the tail damaged), 1 (7—15%), 2 (15-22%), 3 (22—-30%),
and 4 (>30%, maximally damaged).

Acknowledgement

We thank Mr. Rajendran and Mr. Vijayaraghavan of GreenChem Herbal Extracts and
Formulations, Bangalore, India, for help in the isolation of anisomelic acid. The authors
thank the Indian Institute of Science, Bangalore, for the NMR facility. The DST-FIST and
UGC-SAP support at the Animal Science Department of Bharathidasan University is
heartily acknowledged. Preethy Paul acknowledges the UGC-JRF. Mohammad A.
Akbarsha thanks King Saud University, Riyadh, Kingdom of Saudi Arabia, for the Visiting
Professorship

Authors’ Statement
Competing Interests
The authors declare no conflict of interest.

Sci Pharm. 2013; 81: 559-566



Analysis of the Cytotoxic Potential of Anisomelic Acid Isolated from Anisomeles malabarica 565

References

(1]

(2]

(3]

[4]

[5]

(6]

(7]

(8]

&l

(10]

(11]

Gordaliza M.

Natural products as leads to anticancer drugs.
Clin Transl Oncol. 2007; 9: 767-776.
http://dx.doi.org/10.1007/s12094-007-0138-9

Salminen A, Lehtonen M, Suuronen T, Kaarniranta K, Huuskonen J.

Terpenoids: natural inhibitors of NF-kB signaling with anti-inflammatory and anticancer potential.
Cell Mol Life Sci. 2008; 65. 2979-2999.

http://dx.doi.org/10.1007/s00018-008-8103-5

Marshall JA, DeHoff BS.

Cembranolide total synthesis. Anisomelic Acid.
Tetrahedron. 1987; 43: 4849-4860.
http://dx.doi.org/10.1016/S0040-4020(01)87668-7

Purushothaman KK, Rao RB, Kalyani K.
Ovatodiolide & anisomelic acid, two diterpenoid lactones from Anisomeles malabarica R. Br.
Ind J Chem. 1975; 13: 1357-1358.

Arisawa M, Nimura M, lkeda A, Hayashi T, Morita N, Momose Y., Takeda R, Nakanishi S.
Biologically active macrocyclic diterpenoids from Chinese drug" Fang Féng Cao ". I. Isolation and
structure 1.

Planta Med. 1986; 52: 38—41.

http://dx.doi.org/10.1055/s-2007-969063

Arisawa M, Nimura M, Fujita A, Hayashi T, Morita N, Koshimura S.

Biologically active macrocyclic diterpenoids from Chinese drug "Fang Féng Céo". |l. Derivatives of
ovatodiolids and their cytotoxity 2.

Planta Med. 1986, 52: 297—299.

http://dx.doi.org/10.1055/s-2007-969157

Anjaneyulu B, Babu R, Ganguly A, Govindachari K, Joshi T, Kamat S, Manamde V, Mohamad A,
Rahimtula P, Saksena A, Varde DS, Viswanathan N.

Chemical investigation of some Indian plants.

Ind J Chem. 1965; 3: 237-238.

Devi G, Kapil R, Popli P.

Chemical Investigation of Anisomeles malabarica: Part | — Structures of Macrocyclic Diterpenes,
Anisomelolide, Malabaric Acid, 2-Acetoxymalabaric Acid, Anisomelyl Acetate & Anisomelol.

Ind J Chem. 1977, 16: 441-445.

Lukas J, Lukas C, Bartek J.

Mammalian cell cycle checkpoints: signalling pathways and their organization in space and time.
DNA Repair. 2004; 3: 997-1007.

http://dx.doi.org/10.1016/j.dnarep.2004.03.006

Kumar MN, Janani S, Prabhu PK, Kumar PR, Jeevanram RK.

DNA damage and integrity of UV-induced DNA repair in lymphocytes of smokers analysed by the
comet assay.

Mutat Res. 2002; 520: 179-187.

http://dx.doi.org/10.1016/S1383-5718(02)00201-2

Preethy CP, Padmapriya R, Periasamy VS, Riyasdeen A, Srinag S, Krishnamurthy H, Alshatwi AA,
Akbarsha MA.

Antiproliferative property of n-hexane and chloroform extracts of Anisomeles malabarica (L). R. Br. in
HPV16 positive human cervical cancer cells.

J Pharmacol Pharmacother. 2012; 3: 26-34.

http://dx.doi.org/10.4103/0976-500X.92500

Sci Pharm. 2013; 81: 559-566


http://dx.doi.org/10.1007/s12094-007-0138-9
http://dx.doi.org/10.1007/s00018-008-8103-5
http://dx.doi.org/10.1016/S0040-4020(01)87668-7
http://dx.doi.org/10.1055/s-2007-969063
http://dx.doi.org/10.1055/s-2007-969157
http://dx.doi.org/10.1016/j.dnarep.2004.03.006
http://dx.doi.org/10.1016/S1383-5718(02)00201-2
http://dx.doi.org/10.4103/0976-500X.92500

566 C. P. Preethy et al.:

[12] Thoppil RJ, Bishayee A.
Terpenoids as potential chemopreventive and therapeutic agents in liver cancer.
World J Hepatol. 2011; 3: 228-249.
http://dx.doi.org/10.4254/wjh.v3.i9.228

[13] Yoon M, Jerry L. Campbell JL, Andersen ME, Clewell HJ.
Quantitative in vitro to in vivo extrapolation of cell-based toxicity assay results.
Critical Rev Toxicol. 2012; 42: 633—652.
http://dx.doi.org/10.3109/10408444.2012.692115

Sci Pharm. 2013; 81: 559-566


http://dx.doi.org/10.4254/wjh.v3.i9.228
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Yoon%2C+Miyoung%29
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Yoon%2C+Miyoung%29
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Andersen%2C+Melvin+E.%29
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Andersen%2C+Melvin+E.%29
http://dx.doi.org/10.3109/10408444.2012.692115

