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Anticancer effect of supercritical CO2 extract of mango ginger (Curcuma amada Roxb.)
in human breast cancer cells in vitro
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ABSTRACT

KEYWORDS:

Breast cancer is the most common cancer in women accounting for about 1 out of 3 cancer cases in the US
and 41760 deaths. Most of the metastatic breast cancers that are negative for progesterone, estrogen and
HER2/neu are often aggressive and non-curable. Integrative treatment modalities combining
complementary and alternative medicines along with conventional chemotherapeutics would be beneficial
for improving the therapeutic efficiency and quality of life for breast cancer patients. We have investigated
on the anticancer effects of supercritical CO2 extract of mango ginger (Curcuma amada Roxb. - CA) in
breast carcinoma cells (MCF-7) as well as transformed pre-malignant (MCF-10A) cells and analysed the
molecular pathways affected by CA. CA is highly cytotoxic to MCF-7 cells as compared to MCF-10A cells
with significantly lower IC values. CA also inhibited glycolysis by reducing the production of both lactate
and ATP, the rate of inhibition being higher in MCF-7 cells than MCF-10 cells. The anticancer effect of CA
in breast cancer cells is also demonstrated by the induction of apoptosis in MCF-7 cells as compared to
MCF-10A cells. Analysis of biomarkers revealed that CA down regulated anti-apoptotic (p53 and Bcl-2),
pro-metastatic (MMP-2, MMP-9), pro-inflammatory (COX-2) genes and up regulated pro-apoptotic (Bax,
p21 and caspase-3), anti-metastatic (TIMP1) genes in MCF-7 breast cancer cells. These results indicated
the anti-cancer effect of CA which could be further investigated for its use in breast cancer treatment.
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(Ghoncheh et al. 2016; Siegel et al., 2019). After several
decades of preclinical and clinical research, much has
been learned about the heterogeneity of breast cancer and
has evolved a complex and multidisciplinary treatment
approach to the disease. Although several treatment
modalities are available, cure is an unrealized feature for
the most aggressive forms of breast carcinomas such as
triple negative (negative for progesterone, estrogen and
HER2/neu) breast cancer (Jemal et al., 2008; Siegel et al.,
2012; Siegel et al., 2019). Most triple negative breast
cancers (as well as metastatic breast cancers are very
difficult to treat and often non-curable. The main
approaches to cancer management are often ineffective
due to adverse reactions, drug resistance, or inadequate
target specificity of single anti-cancer agents. Integrative
treatment modalities combining complementary and
alternative medicines along with conventional
chemotherapeutics would be beneficial for improving
the therapeutic efficiency and quality of life for breast
cancer patients (Manson 2003; Chai et al., 2010; Prakash
et al. 2013). We have reported on the anticancer and
therapeutic effects of a patented supercritical CO2 extract
of Curcuma amada Roxb. (CA) that demonstrated
substantial therapeutic efficacy against a variety of
human cancers (Ramachandran et al., 2015a, b & c;
Ramachandran et al., 2017). The supercritical CO2
extract of mango ginger (CA) not only demonstrated
significant cytotoxicity alone, but also showed
synergistic cytotoxicity with conventional synthetic
cancer drugs such as temozolomide, etoposide,

INTRODUCTION
The prevalence of cancer continues to grow annually
with approximately 18.1 million cases reported in 2018
with about 9.6 million cancer death (Bray et al., 2018).
Among the most common cancers is breast cancer (about
11.6% of all types of cancer) with 2.1 million new cases
per year and the second most common cancer after lung
cancer in the world (Ferlay et al., 2015; Bray et al. 2018).
However, the incidence of breast cancer is variable
throughout the world with the highest rates occurring in
the more developed countries (IARC and WHO, 2018). It
was estimated that 626,679 cases of deaths (about 6.6%
of all cancer deaths) were due to breast cancer in the
world in 2018. Overall, breast cancer is the second cause
of cancer death, with the standardized mortality rate
(ASMR) of 12.9 (per 100,000), after lung cancer in the
world and it is also the first cause of cancer death in
women in most countries (Fitzmaurice et al., 2015; Bray
et al., 2018). In the United States, excluding skin cancers,
breast cancer is the most common cancer diagnosed
among women accounting for nearly 1 in 3 cancers and
41,760 deaths (American Cancer Society, 2019; Siegel et
al., 2019).
Breast cancer is also the most common cancer in women,
and survivors with this diagnosis account for almost one
fourth of the over 14 million cancer survivors in the US
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vinblastine, etc in glioloblastoma and
rhabdomyosarcoma cell lines (Ramachandran et al.,
2015a, b and 2017). Recently we have demonstrated that
CA has anti-glycolytic effects in cancer cells and can be
combined with synthetic glycolytic inhibitors such as 2deoxy-D-glucose and sodium oxamate (Ramachandran et
al. 2018). Furthermore, CA has shown significant tumor
inhibitory effects and therapeutic efficiency with
irinotecan against glioblastoma nude mice xenografts
(Ramachandran et al., 2017). In co-cultures of breast
carcinoma cells with cancer associated fibroblasts, CA
was shown to inhibit both Warburg and reverse Warburg
effects thereby inhibiting the glycolytic pathway in both
tumor cells and tumor microenvironment resulting
enhanced therapeutic efficiency (Ramachandran et al.,
2019). In the present investigation we report on the
anticancer effects of CA in breast carcinoma cells (MCF7) as well as transformed pre-malignant (MCF-10A) cells
and analyse the molecular pathways affected by
CA.

treatment and the IC50, IC75 as well as IC90 values were
calculated from absorbance readings (Ramachandran et
al., 2015b; 2017).
Apoptosis assay
MCF-7 and MCF-10A cells (103 cells/100 µl) were plated
in 96-wells and treated with increasing concentrations of
CA (0-100 µg/ml) for 24 h. Apoptosis induced by CA was
analyzed using RealTime Glo Annexin V Apoptosis assay
kit (Promega , Madison, WI) according to the
manufacturer's protocol. Assay reagent (100 µl)
containing Annexin-V-LgBiT (1X), Annexin-SmBiT
(1X), CaCl2 (1X) and Annexin V NanoBiT substrate (1X)
was added into each wells and shaken for 30 seconds on a
plate shaker at 500-700 rpm to mix. Aliquots of 150 µl
medium was transferred to an opaque 96-well plate and
luminescence was measured in a Veritas luminometer.
The luminescence readings were subtracted from the
untreated sample and average relative luminescence
readings (RLU) were plotted against CA concentrations.

MATERIALS AND METHODS
ATP inhibition
Cell Culture
3

MCF-7 and MCF-10A cells (5x10 /100 µl medium/well)
were plated in 96-well plates and incubated overnight at
37°C in a CO2 incubator. Co-cultures were also grown by
mixing MCF-7 cells with CAFs, normal fibroblasts or
adipocytes in 1:1 ratio. On the next day, cells were treated
with increasing concentrations of CA for 24 h in the CO2
incubator. The plates were kept for 10 min at room
temperature and 100 l of Cell Titer–Glo reagent (Promega
Corporation, Madison, WI) was added into the wells and
mixed well for 10 times. The plates were shaken on an
orbital shaker for 10 min and kept at room temperature for
another 10 min for stabilization of luminescent signal and
100 l of sample was transferred to a fresh 96-well plate
before the plates were read in the Veritas Luminometer.
The ATP in each well was calculated considering the ATP
level in the control (untreated) as 100%. The experiment
was repeated four times and the average values plotted
(Ramachandran et al., 2019).

Human breast carcinoma (MCF-7) and pre-malignant
breast cell lines (MCF-10A) were purchased from
American Type Culture Collection, Manassas, VA and the
cells were grown in Dulbecco's modified eagle medium
(DMEM) medium supplemented with 10% fetal bovine
serum (FBS) and antibiotics in a humidified 5% CO2
incubator. While MCF-7 has been reported to form
tumors in nude mice, MCF-10A failed to develop tumors
in it (Soule et al., 1990).
Supercritical CO2 extract of mango ginger (Curcuma
amada Roxb.)
Supercritical CO2 extract of mango ginger (CA) was
prepared by Flavex Naturextrakte GmbH, Rehlingen,
Germany. The usual yield of CA extract was 2.5-3% of
dried rhizome. The product has a brownish color and
contains 10.2% of steam volatile components.
Quantitative analysis by HPLC and GC-MS showed the
presence of 61.7% (E)-labda-8(17),12diene-15,16 dial
(LDD), 5.6% beta myrcene, 0.8% beta pinene, 0.3%
ocimene, 0.2% beta cariophyllene besides other essential
oil components in trace amounts. The chemical
fingerprint details of CA have been described in our
earlier publication (Ramachandran et al., 2015a).

Lactate Inhibition
Both MCF-7 and MCF-10A cells (1x105/ 2 ml/well) were
plated in 24-well plates and incubated overnight at 37°C
in a CO2 incubator. After 24 h of plating, cells were treated
with increasing concentrations of CA followed by
incubation at 37°C for another 24 h in a CO2 incubator.
About 0.5 ml medium was collected from each well for
estimation of lactate and 1 ml of 8% perchloric acid was
added into the media. The mixture was vortexed well,
kept at 4°C for 5 min. and centrifuged for 10 min at 1500 x
g. About 25 l of the extract was combined with the 1475 l
of a working solution containing 10 mg nicotinamide
adenine dinucleotide hydrate (NAD), 2 ml glycine buffer,
4 ml water and 100 units of lactate dehydrogenase for 30
min at room temperature. The reaction mix (200 µl) was
transferred to 96-well plate and the plate was read at 340
nm within 10 min. The relative amounts of lactate in the

Cytotoxicity assay
Breast carcinoma (MCF-7), pre-malignant breast cells
(10000 cells/100 µl/well) were treated with increasing
concentrations of CA in DMEM for 72 h in 96 well plates.
MTT [3-(4,5-Dimethyl thiazol-2-yl)-2,5diphenyltetrazolium bromide] assay performed with the
Cell Proliferation Kit I (Roche Biochemicals, IN) was
used to analyze cytotoxicity of CA. The experiments
were repeated four times with three replications for each
http://advancejournals.org/Advances-in-Biology-and-BioMedicine/
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medium was calculated based on the lactate standard
curve and plotted against drug concentrations
(Ramachandran et al., 2018).

Effect of CA on lactate synthesis
Inhibition of lactate production by CA in both MCF-7 and
MCF-10 A cell lines are given in Fig. 2. The inhibitory
effect of CA in MCF-7 cell line is significantly higher than
in MCF-10A cell line. The dose-dependent inhibition of
lactate production in MCF-7 cells is very sharp compared
to MCF-10A cells. CA at 50 µg/ml had a 95% inhibition of
lactate synthesis compared to only 25% inhibition in
MCF-10A cells.

Western blot analysis
MCF-7 (3 x106/5 ml) were treated with increasing
concentrations of CA (0, 10, 20, 50, 100 and 200 µg/ml)
for 72 h and total cellular protein was extracted using 0.5
ml of Invitrogen's protein extraction buffer (Invitrogen
Corporation, Frederick, CA). The protein concentration
was determined and 100 µg protein was separated on 10%
SDS-PAGE. The separated protein was blotted on a
nitrocellulose filter. The filters were hybridized with antihuman monoclonal/polyclonal antibodies specific for
each Warburg effect- associated protein (MCT1, MCT4,
HIF-1, Caveolin-1, and GLUT1 with â-actin control) in a
western blot procedure and detected using the alkaline
phosphatase color detection kit (Bio Rad Laboratories,
Hercules, CA). The relative expression of proteins
compared to untreated control samples were quantified
using UNSCAN-IT gelTM software (Silk Scientific, Inc.,
Orem, UT). The relative increase or decrease in protein
level was calculated based on untreated sample and foldlevel changes were plotted against CA concentrations
(Ramachandran et al., 2015a&b).

CA-induced Apoptosis
In both MCF-7 and MCF-10A cells, CA induced
apoptosis (Fig. 3). The level of apoptosis increased up to
20 µg/ml CA in a dose-dependent manner and then
plateaued afterwards. With further increase in CA
concentration the percentage of cells undergoing necrosis
increased (data not shown), practically destroying all
cells. A clear difference in CA-induced apoptosis was
evident between breast cancer (MCF-7) and premalignant (MCF-10A) cells, with more cells in MCF-7
undergoing apoptosis than MCF-10A cells. This
preferential killing of breast cancer cells compared to premalignant cells is an added advantage of CA.
The induction of apoptosis at four concentrations of CA
(0, 5, 10 and 20 µg/ml) and two time periods (6 h and 24 h)
in both MCF-10A and MCF-7 cell lines are presented in
Fig. 4. MCF-10A cells show significantly lower level of
apoptosis than MCF-7 in both 6 h and 24 h treatment
periods and at all CA concentrations.

Statistical Analysis
Mean and standard deviation estimates were calculated
using Microsoft Excel software using data from three
separate experiments. The dose-dependent trends in
relative protein expression was ascertained with samples
treated with increasing CA concentrations. The relative
protein expression levels (fold change) at different CA
concentrations were plotted against CA concentrations.

Western blot hybridization
Fig. 5 presents the protein expression of apoptosisassociated genes in MCF-7 cells treated with increasing
concentrations of CA in vitro. Western blots were
scanned, quantified and the mean values of fold level
decrease/increase over untreated control cells were
plotted (Fig. 5a). The transcription factor STAT3
(Signaling transducer and activator of transcription 3)
showed a dose-dependent inhibition with CA treatment.
The pro-apoptotic genes p21, BAX and caspase-3 were up
regulated with increasing doses of CA. On the other hand,
the anti-apoptotic genes such as p53 and Bcl-2 were down
regulated with increasing concentrations of CA (Fig. 5b).

RESULTS
Cytotoxicity
The cytotoxicity of CA in both breast carcinoma cells and
pre-malignant cells is presented in Table 1. CA is
significantly more cytotoxic to MCF-7 breast carcinoma
cells than pre-malignant breast cells. The IC50, IC75 and
IC90 values for CA in breast cancer cell line (MCF-7) was
38.3, 41.7 and 47.7 µg/ml compared to 72.5, 131.5 and
191.5 µg/ml for MCF-10A pre-malignant cell line.

Two genes associated with inflammation were also
analyzed in CA treated MCF-7 cells (Fig. 6a & b). While
COX-2(cyclooxygenase 2) showed a decreasing trend
with increasing doses of CA, another marker iNOS
(inducible nitric oxide synthase) were not much affected
by it.
Four biomarkers associated with metastasis were also
analyzed in CA-treated MCF-7 cells and the results are
presented in Fig. 7a and 7b. While CA inhibited the two
metalloproteinase genes (MMP2 and MMP9), it failed to
show any significant change in VEGF-R proteins.
Interestingly, the tumor inhibitor of metalloproteinase 1
(TIMP1) showed a significant upregulation by CA.

Effect of CA on ATP synthesis
The inhibitory effect of CA on ATP synthesis in breast
carcinoma (MCF-7) and pre-malignant transformed cell
lines (MCF-10A) are presented in Fig. 1. Although dosedependent inhibition was noticed in both types of cells,
the inhibitory effect is significantly higher in MCF-7 than
MCF-10A cell line especially at lower doses of CA (<50
µg/ml). Almost complete inhibition of ATP was observed
in both cell lines at 50 µg/ml dose.
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Table 1. Cytotoxicity of supercritical CO2 extract of mango ginger (Curcuma amada Roxb.- CA) in MCF-7 and
MCF-10A cell lines.

Cell line

IC50 (µg/ml)

IC75 (µg/ml)

IC90 (µg/ml)

MCF-7

38.3 ± 1.6

41.7 ± 1.1

47.7 ± 0.1

MCF-10A

72.5 ± 7.8

131.5 ± 6.4

191.5 ± 2.1

Figure 1. Effect of CA on ATP synthesis in MCF-7 and MCF-10A cell lines.

Figure 2. Effect of CA on lactate synthesis in MCF-7and MCF-10A cell lines.

http://advancejournals.org/Advances-in-Biology-and-BioMedicine/

4

Advances in Biology & BioMedicine

Figure 3. Analysis of CA-induced apoptosis in MCF-7 and MCF-10A cells. Cells were treated with increasing
concentrations of CA for 24h and the level of apoptosis analyzed with RealTime Glo Annexin V Apoptosis assay
kit (Promega , Madison, WI).

Figure 4. Apoptosis induced by 6 h and 24h of CA treatment (0-20 µg/ml) in MCF-7 and MCF-10A cells
analyzed by RealTime Glo Annexin V Apoptosis assay kit (Promega , Madison, WI).

http://advancejournals.org/Advances-in-Biology-and-BioMedicine/
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Figure 5a. Analysis of protein expression of apoptotic genes in MCF-7 cells treated with CA (0-200 µg/ml). Western blot
hybridization was used for analysis of protein expression.

Figure 5b. Quantification of protein expression (fold level over untreated cells) of apoptotic proteins in CA-treated MCF-7
cell line. Mean protein expression at each concentration was plotted and the standard deviation values (not included) were less
than 10% of mean values.

http://advancejournals.org/Advances-in-Biology-and-BioMedicine/
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Figure 6a. Analysis of protein expression of two inflammatory genes (COX-2 and iNOS) in CA-treated MCF-7 cell line.

Figure 6b. Quantification of protein expression (fold level over untreated cells) of genes associated with inflammation in CAtreated MCF-7 cell line. Mean protein expression at each concentration was plotted and the standard deviation values (not
included) were less than 10% of mean values.
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Figure 7a. Analysis of protein expression of genes associated with metastasis in CA-treated MCF-7 cell line.

Figure 7b. Quantification of protein expression (fold level over untreated cells) of genes associated with
inflammation in CA-treated MCF-7 cell line. Mean protein expression at each concentration was plotted and the
standard deviation values (not included) were less than 10% of mean values.
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shared biochemical network described as the
“apoptosis-necrosis continuum” (Zeiss, 2003). For
example, two factors that will convert an ongoing
apoptotic process into a necrotic process include a
decrease in the availability of caspases and intracellular
ATP (Leist et al., 1997; Denecker et al., 2001).

DISCUSSION
Many approaches to cancer management are often
ineffective due to adverse reactions, drug resistance, or
inadequate target specificity of single anticancer agents.
There is now emerging interest in developing drugs that
mitigate these problems with compounds that affect
multiple targets with reduced side effects and which are
effective against several cancer types. Natural
compounds from various sources including plants offer
an important opportunity for discovery of novel
therapeutic candidates for the treatment of cancer
(Newman et al., 2003).
Cytotoxicity investigations in the present study
indicated that CA showed exceptionally higher
cytotoxicity against MCF-7 breast cancer cells than premalignant MCF-10A cells. In our previous studies we
have noticed the specificity of CA towards malignant
cells compared to normal cells in vitro (Ramachandran
et al., 2019). We have also reported that CA can be
combined with conventional cancer drugs such as
temozolomide, etoposide, vinblastine, and
cyclophosphamide (Ramachandran et al., 2015a &b).
The major ingredient in CA is a dialdehyde viz., (E)labda-(8,17)-12, diene-15,16-dial (LDD) which is about
61.7% of CA and it appeared to be responsible for the
increased cytotoxity of CA in glioblastoma cells
(Ramachandran et al., 2015a, b and c).

Drug-induced apoptosis in cancer cells follow one of the
two major pathways classified as either intrinsic
mitochondrial or extrinsic death receptor pathways
(Kromer et al., 2007; Amaral et al., 2010; Fulda, 2010;
Millimouno et al., 2014). In the mitochondrial pathway,
death stimuli target mitochondria either directly or
through transduction by pro and anti-apoptotic members
of the Bcl-2 family including Bcl-2 and Bax (Dewson
and Kluck, 2009). The mitochondria then release
apoptogenic proteins, ultimately leading to caspase
activation and apoptotic process. Several naturally
occurring compounds target tumor cells by regulating
cell death pathways such as extrinsic and intrinsic
apoptosis pathways and autophagic pathways (Fulda,
2010).
Effective development of an anti-cancer drug needs to
consider different sets of upregulated, downregulated,
and mutated genes and their regulatory pathways in
cancer cells. Protein expression analysis by western blot
hybridization showed that apoptotic effect of CA in
breast cancer cells correlated with the downregulation of
anti-apoptotic genes like Bcl-2, mutant p53 and
upregulation of pro-apoptotic genes like p21, Bax and
caspase-3. Our previous investigations with CA have
shown similar effects on apoptosis-associated genes in
human rhabdomyosarcoma and glioblastoma cells in
vitro and in vivo (Ramachandran et al., 2015a, b and
2017). CA also inhibited inflammatory biomarker
protein Cox-2 and metastasis-associated proteins like
MMP2 and MMP9 and upregulated TIMP1. This type of
modulatory effects were also noticed earlier in
glioblastoma and rhabdomyosarcoma cell lines
(Ramachandran et al., 2015, 2019). In conclusion, the
anticancer effect of CA in breast carcinoma is
demonstrated and therapeutic use of this molecule can
be further explored for breast cancer treatment.

The cytotoxicity data also correlated with inhibition of
ATP and lactate synthesis by CA, as it showed
significantly higher inhibition of ATP and lactate in
MCF-7 cells than MCF-10A cells.
Cancer cells demonstrate high uptake of glucose and are
more dependent on aerobic glycolysis to produce ATP
for growth and maintenance (Warburg, 1956; Brown,
1962; van der Heiden et al., 2009). Since therapeutic
selectivity or preferential killing of cancer cells without
significant toxicity to normal cells is one of the most
important considerations in cancer chemotherapy,
targeting the metabolic pathway offers the potential for a
selective approach to cancer treatment. In the present
investigation, inhibition of both lactate and ATP in
breast carcinoma cells showed the anti-glycolytic effect
of CA, thereby indicating the preferential targeting of
cancer cells over normal cells (Ramachandran et al.,
2018). Also in a recent report using a model of breast
cancer environment, we described that CA can inhibit
both conventional and reverse Warburg effects in tumor
environment in vitro (Ramachandran et al., 2019).
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Analysis of apoptosis showed that the degree of
apoptosis induced by CA in breast carcinoma cells is
significantly higher than in pre-malignant cells. CA was
able to induce apoptosis in a time and dose-dependent
manner. Breast cancer cells treated with CA at higher
concentrations (>50 µg/ml) induces cell necrosis (data
not shown) and cause complete cell death. Although the
mechanisms and morphologic features of apoptosis and
necrosis differ, there is overlap between these two
processes. Evidence indicates that necrosis and
apoptosis represent morphologic expressions of a
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