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Abstract

Breast cancer is one of the cancers with the highest incidence and mortality rate in the
world. Curcuma caesia (Black turmeric) is known to have neuroprotective, anthelmintic,
sunscreen activity, anti-diabetic and also anti-cancer activity. This study aimed to
determine the phytochemical content and possible cytotoxic activity of C. caesia water
extract (EWCC) and C. caesia ethanol extract (EECC) on breast cancer cell lines. Samples
were extracted using two extraction methods, maceration technique using 96% ethanol as
solvent and double boiling using water as a solvent. The phytochemical content, total
phenolic content (TPC), and total flavonoid content (TFC) of each extract were
determined using spectrophotometer method. Cytotoxic activity was measured using MTT
assay on MCF-7 and 4T1 breast cancer cell lines (24 hrs and 48 hrs). Results showed that
EWCC and EECC contained flavonoids, alkaloids, and polyphenols. The values of TPC
and TFC were 106.08 mg GAE/100 g and 4.32 mg QUE/g for EECC, respectively, and
73.29 mg GAE/100 g and 3.40 mg QUE/g for EECC, respectively. Meanwhile, the
cytotoxic activity test found that EWCC did not provide cytotoxic activity on MCF-7 and
4T1 cells. In the MCF-7 cell line, EECC exhibited ICs, values of 212.90 pg/mL at 24 hrs
and 311.91 pg/mL at 48 hrs. Similarly, in the 4T1 cell line, EECC exhibited ICs, values of
161.06 pg/mL at 24 hrs and 150.89 pg/mL at 48 hrs. From these results, it can be
concluded that EECC has cytotoxic activity in MCF-7 and 4T1 breast cancer cell models,
so this extract can be studied more deeply to determine its pathway of action.

1. Introduction

Cancer is

a degenerative

Metastasis is the process by which cancer cells
spread from the primary site to other organs that are
distant from the primary site (Scully ef al., 2012). The

illness that impacts

numerous individuals. Cancer is primarily induced by
genetic mutations and is significantly associated with an
individual's lifestyle (Anand et al., 2008; Wishart, 2015).
Breast cancer is one of the most prevalent cancers. Based
on research conducted by Bray et al. (2018) the
incidence of breast cancer in the world in 2018 reached
2.1 million cases. In the United States, the incidence of
breast cancer is estimated to be approximately 250,000
cases (Ahmad, 2013). While in Malaysia and Indonesia,
cases of breast cancer have reached 31% of cases of
cancer in women (Tan et al, 2018) and 16,7% of all
cancer survivors and cause death until 11% (Baade,
2017). This statistic indicates that breast cancer is a
prevalent type of cancer with a significant mortality rate.
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incidence of Metastatic Breast Cancer (MBC) can be
categorized as stage IV and is the main cause of death in
breast cancer cases. MBC affects about 5% of breast
cancer patients. The prognosis for MBC is known to be
poor; recurrence is common, and MBC patients have a 5-
year survival rate (Donovan, 2013). Furthermore, MBC
therapy is only palliative, reducing symptoms, improving
quality of life, extending survival time, and preventing
cancer progression (O’Shaughnessy, 2005; Park et al.,
2022)

Chemotherapy, hormonal agents, and
immunotherapy agents are all used in systemic treatment
for breast cancer. The use of these three agents will
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initially produce positive results in 90% of breast cancer
cases and 50% of metastases. (Gonzalez-Angulo et al.,
2007). Prolonged usage results in cancer resistance,
thereby requiring the formulation of novel treatments to
tackle this problem. Anticancer pharmaceuticals are
synthesised through various methodologies, one of
which involves the formulation of drugs derived from
natural medicinal compounds. Utilising natural
ingredients for treatment may serve as a less hazardous
alternative with diminished side effects. Moreover, an
alternative paradigm posits that natural ingredients can
be utilised to prevent cancer and to augment cancer
treatment with synthetic pharmaceuticals.

Plants from the Zingiberanceae family are plants that
are known to have many beneficial activities such as
antioxidants, antibacterial, anti-inflammatory, relieving
pain, gastritis, dyspepsia, and anticancer (Chen et al.,
2008; Danciu et al., 2015; Zahara et al., 2018). Black
turmeric (Curcuma caesia) is a plant of the
Zingiberaceae family. This plant has antioxidant activity,
anti-mutagen, smooth muscle relaxant activity,
Haemorrhoids, leprosy, asthma, fever, menstrual
disorder and anti-cancer (Devi et al., 2015; Borah et al.,
2019).

The anticancer activity from ethanol extract of C.
caesia showed direct cytotoxicity on the EAC cell line
with ICsp 90.7 mg/mL. Methanol extract of C. caesia
exhibited a significant decrease in tumour volume,
tumour weight, viable cell count and percentage
increased the lifespan with a value 88.09% of EAC-
treated mice (Karmakar ef al., 2013). Hexan extract of C.
caesia also showed anti-proliferative effects on Hep2
(ICso: 7.8 pug/mL), HepG2 (ICs0: 0.9765 ug/mL), HT29
(ICsp: 7.8125 pg/mL) and Vero (ICsp: 50 pg/mL).
Curcuma caesia exerts an anti-proliferative effect by
increasing the expression of pro-apoptotic proteins such
as p53, Bax, Bim, caspase-9, and caspase-3 (Mukunthan
et al., 2017). Besides anti-cancer activity C. caesia also
showed cancer chemoprevention activity, C. caesia
showed chemopreventive abilities on hepatocellular
carcinoma as indicated by the decrease in the
concentration of carcinogenic markers such as AST,
ALT, ALP, and AChE on diethylnitrosamine induced
BABL/c mice (Hadem et al, 2014). This plant also
reduces genotoxicity and protects the liver and kidney in
cyclophosphamide-induced Swiss albino mice (Devi and
Mazumder, 2016). However, although many studies have
been conducted on the anticancer and cancer
chemoprevention activity of C. caesia, the anticancer
activity of this plant on MCF-7 and 4T1 has never been
explored.

The objective of this study was to investigate the
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potential cytotoxic effects of C. caesia on MCF-7 and
4T1 breast cancer cell lines. MCF-7 is a human breast
cancer cell line that is positive for estrogen receptors,
while 4T1 serves as a model for high metastasis. The
study will examine the composition of secondary
metabolites, total phenolic content, and total flavonoid
content in C. caesia. The assessments to be conducted
encompass phytochemical screening and cytotoxicity
evaluation utilising the MTT assay. This study aims to
elucidate the potential of C. caesia as a natural
therapeutic agent for breast cancer treatment.

2. Materials and methods
2.1 Materials

The rhizome of Curcuma caesia, 96% ethanol,
Roswell Park Memorial Institute (RPMI) medium
(Gibco), Dulbecco's Modified Eagle Medium (DMEM)
high glucose medium (Gibco), MTT reagent (Merck),
trypsin (Gibco), fetal bovine serum (Gibco), gallic acid
PA (Merck), quercetin (Merck), Folin—Ciocalteu reagent
(Merck), sodium carbonate, distilled water, micropipette
(Dragonlab), UV-vis spectrophotometer (Genesys 10s),
rotary evaporator (RV 10), vortex (B-One), elisa reader
(Epoch), glassware (Iwaki), and freeze dryer was used in
this study.

2.2 Sample determination

Sample determination was carried out at the
Laboratory of Ecology and Conservation of Tropical
Forest Biodiversity at the University of Mulawarman.
The validity of the sample was confirmed by letter
number 12/UNI7.4.08/LL/2021, which stated that the
sample used was black turmeric (Curcuma caesia).

2.3 Sample preparation and extraction

The rhizome of Curcuma caesia was obtained from
Johor, Malaysia. The sample was cleaned using a wet
cloth. It was then cut into small pieces for further drying
in an oven at 40°C. The dried sample was subsequently
powdered using a blender and then sieved to obtain a
sample with a size of less than 2 mm. The samples that
were uniform in size were used for extraction. Extraction
was carried out using two solvents, namely, 96% ethanol
and distilled water. The first extraction used the
maceration technique with 96% ethanol as a solvent for 3
days, and the extraction result was concentrated using a
rotary evaporator (Bakar et al, 2020). The second
extraction employed a double boiling technique at 90°C
for 15 mins, utilising distilled water as the solvent, and
the resultant extracts were dehydrated using a freeze
dryer.
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2.4 Phytochemical analysis

Phytochemical analysis was conducted on the
samples to determine the concentrations of secondary
metabolites, including saponins, tannins, alkaloids,
flavonoids, polyphenols, terpenoids, steroids, glycosides,
and quinones. The phytochemical composition was
assessed following standard protocols (Saifudin, 2014).
Following the addition of specific reagents to the
solution, tests were conducted through visual observation
of colour change or precipitate formation.

2.5 Determination of total phenolic content

Total phenolic content (TPC) was determined using
UV-Vis spectrophotometry at a wavelength of 765 nm
(Yamin et al., 2021). Gallic acid with a concentration
range of 3-50 pg/mL was used as standard. Samples
were prepared by weighing 100 mg of samples and
dissolving them with 1 mL 96% methanol (ethanol
extract) and distilled water (water extract). Furthermore,
up to 10 mL of 96% methanol was added in a volumetric
flask. The samples were then vortexed for 10 mins and
centrifuged to obtain the supernatant. Approximately 500
pL of sample and gallic acid solution (5 mg/mL) were
pipetted and added with 0.5 mL of Folin—Ciocalteu
reagent, shaken, and incubated for 8 mins. Next, 3 mL of
10% Na,CO; solution and 10 mL of distilled water were
added. The sample was then incubated for 2 hrs in a dark
condition and read on a UV-vis spectrophotometer at a
wavelength of 765 nm. Each sample was tested three
times, and the results were expressed as mg gallic
acid/100 g extract.

2.6 Determination of total flavonoid content

Total flavonoid content (TFC) was determined using
UV-Vis spectrophotometry at a wavelength of 420 nm
(Yamin et al, 2021). Quercetin with a concentration
range of 5-180 ug/mL was used. Samples were prepared
by weighing 100 mg of samples and dissolving them
with 1 mL of 96% methanol (ethanol extract) and
distilled water (water extract). Furthermore, up to 10 mL
of 96% methanol was added to the volumetric flask. The
samples were then vortexed for 10 mins and centrifuged
to obtain the supernatant. Next, 750 puL of the sample
supernatant and quercetin solution (5 mg/mL) was
pipetted, and 750 pL of AICl; solution (2%) was added.
This mixture was then incubated for 1 hr in the dark, and
the absorbance at a wavelength of 420 nm was read
using methanol as a blank. Each sample was tested three
times, and all the results were expressed as mg quercetin/
g extract.

2.7 Cytotoxic activity using MTT Assay

The MTT assay was carried out based on Mosman
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(1983) with modifications on MCF-7 and 4T1 breast
cancer cell lines. Each cell (~2x10* cells/well) was
grown in 96 well plates. Cell cultures were incubated for
24 hrs in DMEM high glucose and RPMI medium and
incubated at 37°C with a CO, level of 0.5%.
Approximately 100 pL sample solution was put into the
well, then incubated for 24 and 48 hrs. After that, cells
were washed with 100 pL. of PBS from each well, and
then 5 mg/mL of MTT reagent was added to the culture
medium, at each well. Incubate again for 2.5 hrs. After
that, the media containing MTT was stopped by the
addition of a stopper reagent (10% SDS in 0.01 N HCI).
The plates were wrapped in aluminum foil and left
overnight at room temperature. The absorbance was read
using an ELISA reader with a wavelength of 595 nm.
The absorbance data of a single treatment was converted
into percent cell viability to calculate the ICs, value.

3. Results and discussion
3.1 Sample extraction

Curcuma caesia (Black turmeric) is a plant that
originated in India; however, it is also widely cultivated
in China, Nepal, Malaysia, Thailand, and Indonesia
nowadays (Kachura, 2019). In general, the outward
appearance of C. caesia rhizome is not much different
from that of other types of Curcuma. However, if this
plant is cut crosswise, it shows a black circle in the
middle of the rhizome (Figure 1). Traditionally, C.
caesia is widely used for the treatment of various
diseases. This plant is also used as the main ingredient
for making health drinks. However, the prestige of C.
caesia is still inferior and less explored than yellow
turmeric (Curcuma longa).

Figure 1. The appearance of Curcuma caesia rhizome.

In this study, samples were extracted by maceration
method using 96% ethanol (EECC) and double boiling
technique using distilled water (EWCC) as a solvent.
From the extraction process, the yields for EWCC and
EECC were found to be 4.35% and 7.6%, respectively.
Based on appearance, EWCC was light brown in colour
with a nutty smell, while EECC was black and odorless
(Table 1). Another study used water as a solvent but by
using the maceration technique, and the yield was
3.13%. Meanwhile, the use of methanol via the
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maceration technique gave a yield of 1.83% (Yadav and
Saravanan, 2019). Another extraction process, which
was carried out in other studies, used the soxhlet
extraction technique, but the yield value of this
extraction process could not be found (Pakkirisamy et
al., 2014; Jose and Thomas, 2014; Ranemma and Reddy,

Table 1. Results of the extraction process from Curcuma
caesia.

Curcuma caesia

Ethanol Water
Yield (%) 7.60 4.35
Organoleptic
Odor Odorless Nutty
Color Black Light brown
2017).

3.2 Phytochemical analysis

A phytochemical screening test was conducted on
EWCC and EECC to identify the types of secondary
metabolites present in the samples. EWCC exhibited
favorable outcomes for saponins, alkaloids, flavonoids,
and polyphenols, whereas EECC demonstrated positive
results for tannins, alkaloids, flavonoids, and
polyphenols (Table 2). Other results of the aqueous
extract of C. caesia from research conducted by Yadav et
al. (2019) revealed that the aqueous and methanolic
extracts of C. caesia contained secondary metabolites,
such as flavonoids, saponins, carbohydrates, proteins and
diterpenes (Abu Bakar et al, 2015; Yadav and
Saravanan, 2019). Another discovery, utilising the
soxhlet extraction method with methanol as a solvent,
indicated that C. caesia also possessed alkaloids
(Lawand and Gandhi, 2013). GC-MS analysis revealed
that the methanol extract comprised various bioactive
compounds, such as o-santalol, 9-cis-retinal, Ar-

Table 2. The results of phytochemical analysis on water
extract and ethanol extract of Curcuma caesia.

Curcuma caesia
Ethanol Water
Saponin - +

Types of Secondary
Metabolite

Tannin + -
Steroid/Terpenoid - -
Alkaloid

Mayer + +

Dragendorf + +

Buchardat + +
Flavonoids + +
Glycosides - -
Quinone - -
Polyphenol + +

(+): Indicates “Presence”, (-): Indicates “Absence”
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tumerone, and alloaromadendrone. The a-santalol was
anticipated to exhibit cytotoxic activity on C. caesia
(Pakkirisamy et al., 2014).

3.3 Determination of total phenolic content and total
flavanoid content

Phenolic compounds and flavonoids are compounds
that are closely related to the antioxidant activity of a
plant (Abu Bakar et al, 2009; Aryal et al., 2019;
Abuzaid et al., 2020). Consequently, a greater
concentration of phenolic and flavonoid compounds is
anticipated to correlate with enhanced antioxidant
activity. Compounds rich in antioxidants are thought to
inhibit the development of cancer in individuals. This
results from antioxidants' capacity to inhibit damage and
genetic mutations induced by free radicals. The test
results indicated that the TPC values for EWCC and
EECC were 106.08 and 73.29 mg GAE/100 g,
respectively. Simultaneously, the TFC values for EWCC

Table 3. The results of total phenolic content and total
flavonoid content on aqueous extract and ethanol extract of
Curcuma caesia.

Curcuma caesia

Ethanol Water
Total Phenolic Content
(mg GAE/100 g) 73.29 106.08
Total Flavonoid Content 3.40 432

(mg QUE/g sample)

and EECC were 4.32 and 3.40 mg QUE/g, respectively
(Table 3).

3.4 Cytotoxic activity using MTT Assay

Cytotoxic tests were performed on EECC and
EWCC samples in MCF-7 and 4T1 breast cancer cell
models. MCF-7 cells were used as a model of estrogen
receptor-positive human breast cancer cell line, whereas
4T1 is a highly metastatic model of breast cancer cell
line. Breast cancer cell models are divided into estrogen
receptor positive and estrogen receptor negative. Where
it is known, the type of estrogen positive breast cancer
cell model is a cancer cell model that is still responsive
to treatment. While the estrogen negative breast cancer
cell model is a breast cancer cell model that is not
responsive to treatment and leads to the occurrence of
metastases (Amin et al., 2022). Cytotoxic activity test
was performed within 24 hrs and 48 hrs with the results
expressed as Inhibitory Concentration 50% (ICsp) on
each breast cancer cell model used.

The treatment with EWCC samples for 24 hrs
revealed that EWCC had no cytotoxic activity in both
MCF-7 and 4T1 cells (Figure 2 and Figure 3). The graph
indicates that EWCC exhibited no cytotoxic activity until
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the maximum concentration was applied, and the
viability of MCF-7 and 4T1 cells remained between 98-
100%. The EWCC cytotoxic activity test was not
conducted for 48 hrs.

The EECC demonstrated cytotoxic activity in the
MCF-7 and 4T1 breast cancer cell models, in contrast to
EWCC samples. This is indicated by a decrease in cell
viability as sample concentration increases (Figure 2 and
Figure 3). The ICsy values of EECC in MCF-7 cancer
cells for treatment times of 24 hrs and 48 hrs were
21290 ug/mL and 311.91 ug/mL, respectively.
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Figure 2. The cytotoxic activity result of EWCC and EECC on
MCF-7 breast cancer cell line.
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Figure 3. The cytotoxic activity result of EWCC and EECC on
4T1 breast cancer cell line.

Meanwhile, after 24 and 48 hrs in 4T1 cancer cells, the
ICs¢ concentrations were 161.06 ug/mL and 150.89 ug/
mL, respectively.

Curcuma caesia’s cytotoxic activity has received
little attention. We were able to obtain only a few
publications concerning its cytotoxic activity. According
to several published studies, C. caesia has anti-cancer,
anti-metastatic, and cancer chemoprevention properties.
The anticancer activity of C. caesia extract has been
tested on EAC cell lines both in vitro and in vivo.
Secondary metabolites of phenols, tannins, terpenoids,
saponins, alkaloids, flavonoids, and volatile oils are
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thought to be responsible for those anticancer activities
(Karmakar et al., 2013). Curcuma caesia hexan extract
also demonstrated anticancer activity against Hep2,
HepG2, HT, and Vero cell lines by increasing the
expression of pro-apoptotic proteins such as p53, Bax,
Bim, caspase-9, and caspase-3 (Bakar et al., 2010;
Mukunthan et al., 2017). This activity is also supported
by the in silico approach using Auto Dock Vina on some
proteins that involve Mis-Match Repair (MMR) such as
abll, myc, max, myb, pcna top3a, p73, and blm on
Haematologic cancer. The in silico study discovered
three compounds that were suspected of providing this
activity, but the names of these compounds were not
mentioned (Bhattacharya and Patel, 2021). Curcuma
caesia has antimetastatic activity in addition to
anticancer activity. The antimetastatic activity of C.
caesia  chloroform and hexane fractions was
demonstrated by inhibiting MDA-MB-231 movement by
2%, 36%, and 54% at concentrations of 50, 100, and 150
uM, respectively. When compared to the positive
control, the value of this inhibition is quite high.
Curcuzederon, a molecule thought to provide
antimetastatic activity, was also mentioned in this study
(Al-Amin et al., 2021) .

Surprisingly, our findings showed that EECC had
higher cytotoxic activity in non-responsive and highly
metastatic 4T1 breast cancer cells than MCF-7. This
implies that EECC has good activity in breast cancer cell
models that should be resistant to treatment. As a result,
we suspect that EECC has anti-metastatic activity,
though this needs to be investigated further.
Furthermore, we suspected that there was a link between
antioxidant activity and cytotoxic activity at first. In this
study, the total phenol and flavonoid results showed that
EWCC had a higher total phenol and flavonoid value
than EECC. However, EECC demonstrated greater
cytotoxic activity than EWCC. Then, we discovered that
total phenolic and antioxidant activity had no
relationship with cytotoxic activity. (Osman et al., 2020).
Indeed, cancer mortality is closely related to an increase
in intracellular reactive oxygen species (ROS) (Yang et
al., 2018; Perillo et al., 2020), implying that substances
with cytotoxic activity must be pro-oxidants rather than
antioxidants. A plant's antioxidant activity is more
focused on cancer prevention rather than cancer
treatment.

Subsequent to the study's findings, EECC exhibits
anticancer potential due to its comparatively elevated
IC5y value, especially in highly metastatic 4T1 breast
cancer cells. Consequently, forthcoming research may
focus on the anti-metastatic properties of EECC and its
underlying mechanisms of action. The mechanisms of
cytotoxic activity are predominantly associated with the
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apoptotic induction pathway.

4. Conclusion

According to the findings of this study, EWCC had
no cytotoxic activity in the MCF-7 and 4T1 breast cancer
cell models. Meanwhile, EECC showed cytotoxic
activity in MCF-7 and 4T1 cells, with 1Csy values of
21290 g/mL (24 hrs) and 31191 g/mL (48 hrs),
respectively, as well as 161.06 g/mL (24 hrs) and 150.89
g/mL (48 hrs). The EECC's cytotoxic activity was
greater in non-responsive and highly metastatic 4T1
breast cancer cells than in MCF-7. Consequently,
subsequent investigations may concentrate on the anti-
metastatic characteristics of EECC and its cytotoxic
mechanism, particularly within the 4T1 cell line.
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