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ABSTRACT

The diversity of colors in metabolites, particularly soluble pigments secreted by
actinomycetes, has been minimally reported as cytotoxic metabolites. This study was aimed to screen
the cytotoxic activity of secondary metabolites, especially soluble pigments produced by tropical
actinomycetes. Actinomycetes metabolites were produced through batch fermentation using 100 mL
of Starch Nitrate broth media in 500 mL Erlenmeyer flasks. The resulting ethyl acetate extracts were
tested for cytotoxicity against the Michigan Cancer Foundation-7 (MCF-7) cell line. The
characterization of isolates was based on colony morphology and spore chain analysis. The results of
this study showed that the cytotoxic activity of secondary metabolites against cancer cells
(specifically MCF-7) was as follows: 30.016 pg/mL for isolate Py/kM (yellow pigment), 27.53
pg/mL for isolate Ac-e/b (pink pigment), 35.559 ug/mL for isolate SM-r/B (brown pigment), 33.636
ug/mL for isolate Lc-r/F (purple pigment), and 30.986 pug/mL for isolate Dis 014 (orange pigment).

Keywords: Actinomycetes; biomolecules; soluble pigment; cytotoxic

ABSTRAK

Keragaman warna dalam metabolit, khususnya pigmen larut yang disekresikan oleh
aktinomisetes, telah dilaporkan sebagai metabolit sitotoksik. Penelitian ini bertujuan untuk
menyaring aktivitas sitotoksik metabolit sekunder, khususnya pigmen larut yang diproduksi oleh
aktinomisetes tropis. Metabolit aktinomisetes diproduksi melalui fermentasi batch menggunakan 100
mL media Starch Nitrate broth dalam labu Erlenmeyer 500 mL. Ekstrak etil asetat yang dihasilkan
diuji untuk sitotoksisitas terhadap lini sel Michigan Cancer Foundation-7 (MCF-7). Karakterisasi
isolat didasarkan pada morfologi koloni dan analisis rantai spora. Hasil penelitian menunjukkan
bahwa aktivitas sitotoksik metabolit sekunder terhadap sel kanker (khususnya MCF-7) adalah
sebagai berikut: 30,016 pg/mL untuk isolat Py/kM (pigmen kuning), 27,53 pg/mL untuk isolat Ac-
e/b (pigmen merah muda), 35,559 pg/mL untuk isolat SM-1/B (pigmen coklat), 33,636 pg/mL untuk
isolat Lc-r/F (pigmen ungu), dan 30,986 ug/mL untuk isolat Dis 014 (pigmen jingga).

Kata-kata kunci: aktinomiset; biomolekul; pigmen terlarut; sitotoksik
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INTRODUCTION

It is estimated that there were 12 million
new cancer cases and 7.6 million cancer-related
deaths in 2008, with the incidence expected to rise
to 26.4 million new cases annually worldwide by
2030, resulting in 17 million deaths (Davies-
Bolorunduro et al., 2019). In 2023, 1,958,310 new
cancer cases and 609,820 cancer-related deaths
were projected to occur in the United States. The
incidence of prostate cancer increased by 3%
annually from 2014 to 2019 after a two-decade
decline, representing an additional 99,000 new
cases. Lung cancer in women decreased at half the
rate of men (1.1% vs. 2.6% annually) from 2015 to
2019, while cancer of the corpus uteri and breast
continued to rise, as well as liver cancer and
melanoma, both of which remained stable (Siegel
et al., 2023).

This situation highlights the importance of
various efforts to develop anticancer drugs as
treatment options. One approach targets natural
products from microorganisms such as bacteria,
fungi, plants, and animals. Approximately 23,000
secondary metabolites from microorganisms are
known, with actinomycetes exclusively producing
about 42%, while fungi produce a nearly equal
amount (42%), and 16% of the remaining
metabolites are produced by eubacteria (Guo et al.,
2015; Selim et al., 2021). Microbial secondary
metabolites, including growth hormones, pig-
ments, antibiotics, and antitumor agents, do not
directly influence the growth and development of
the microorganisms but have proven to be crucial
in medical treatments and human health (Lapenda
et al, 2020).

Actinomycetes are bacteria found in
various environments. These microorganisms are
responsible for the production of most of the
molecules available in the market and produce
important antitumor agents used in cancer treat-
ment (Guimardes et al., 2020). Several metabolites
such as rubromycin, which is cytostatic to various
cancer cells (MCF-7, HMO2, Katolll, and
HEPG2) (Lin et al., 2022), the compound 1(10-
aminodecyl) pyridinium (against HeLa, MCF-7,
and U87MG) (Dasari et al.,, 2012), and ethyl
acetate metabolites from the genera Strep-tomyces
and Nocardiopsis (against MDA-MB-231)
(Abdelfattah et al., 2016) are examples of such
bioactive compounds.

Breast cancer cells, particularly those
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classified as MCF-7 cells, are one of the
primary targets in cancer research due to their
high prevalence and the urgent need for more
effective therapies. The MCF-7 cell line
originates from human breast cancer and is
commonly used as an in vitro model to evaluate
the anticancer activity of various compounds.
Cytotoxicity testing using these cells can
provide valuable preliminary information about
the therapeutic potential of the compounds or
extracts being tested (Abraham and Chauhan,
2018).

In recent decades, much has been
reported regarding the anticancer activity of
actinomycetes isolated from  various
environments. It has been reported that more
than 10,000 bioactive secondary metabolites are
produced by actinomycetes, with 7,600
compounds generated by the Streptomyces
genus, accounting for 45% of all bioactive
microbial metabolites discovered (Rani et al.,
2021). One important biomolecule produced by
actinomycetes is pigments, which are known to
have several biological activities such as
cytostatic and cytotoxic effects.

This study focuses on the cytotoxicity
testing of ethyl acetate extracts from secondary
metabolites produced by actinomycetes using
MCF-7 cells. The primary objective of this
research was to evaluate the effectiveness of
these extracts in inhibiting the growth of breast
cancer cells and to identify potential bioactive
compounds that may be further developed as
anticancer agents.

RESEARCH METHODS

Isolation and Selection of Actinomycetes
Strains

Actinomycetes strains were isolated from
various locations in South Sulawesi and are part
of the collection of the Microbiology
Laboratory (Microbial Diversity Research
Division) at Department of Biology, Faculty of
Mathematics and Natural Sciences, UNM.
These strains were cultivated on Starch Nitrate
Agar (SNA) medium. Colonies producing
soluble pigments were selected for secondary
metabolite production.
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Production of soluble pigment metabolites

All selected actinomycetes strains were
pre-cultured in 250 mL Erlenmeyer flasks
containing 50 mL of liquid SNB medium and
incubated at 30°C for five days. The produc-
tion of soluble pigment metabolites was
conducted by transferring the pre-culture
(starter) into 1000 mL Erlenmeyer flasks con-
taining 250 mL of SNB medium (20 g soluble
starch, 2 g KNOs, 2 g NaCl, 005 g
MgSO+7H:0, 0.01 g FeSO+7H:0, 2 g
K>HPOs4, and 1 L distilled water). Fermen-
tation was carried out at 30°C for 10 days
under agitation at 150 rpm.

After fermentation, the microbial growth
medium was filtered to separate the biomass
from the culture liquid. The culture liquid was
extracted with ethyl acetate (1:1 v/v) using a
separatory funnel and allowed to stand for 15
minutes. The resulting extract was dissolved
again in ethyl acetate, dried, and stored in a
desiccator for subsequent analysis. Cytotoxic
activity was determined using the Methyl
Tiazolydiphenyl Tetrabromide (MTT) assay to
calculate the minimum concentration of meta-
bolites required to inhibit 50% (ICso) of the
cell line.

Cytotoxicity Assay Against MCF-7 Cells

Preparation of Solutions. The ethyl
acetate extract obtained was dissolved in
dimethyl sulfoxide (DMSO) and serially dilu-
ted in the culture medium to prepare a range
of concentrations.

Cell Viability. Cell viability was
assessed using the MTT assay. Confluent
MCF-7 cells were harvested and distributed
into 96-well microplates at a density of 5 x 103
cells per well. The cells were incubated for 48
hours in a carbon dioxide (CO:) incubator to
allow adaptation before treatment. Following
treatment, cells were incubated for an
additional 24 hours in the CO: incubator.
After incubation, the test solution was
removed, and 100 pL of MTT reagent was
added to each well. A stopper reagent was
added after three hours of incubation with
MTT. The plate was incubated overnight at
room temperature in the dark. At the end of
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the incubation period, the plate was shaken
on a horizontal shaker for 10 minutes and
read using an Enzyme-Linked
Immunosorbent Assay (ELISA) reader at
595 nm.

Cytotoxicity Analysis of Soluble Pigment
Metabolites

Cytotoxicity was assessed using a
modified method. The MCF-7 cells (5 x 103
cells per well) were cultured in 96-well
plates containing media with varying
extract concentrations [500 — 250 — 125 —
62.5 — 31.25 pg/mL]. The cells were
incubated at 37°C with 5% CO2, 95% air,
and 100% relative humidity. After the incu-
bation period, the medium was removed,
and 100 pL of medium containing 1 mg/mL
of  3-(4,5-dimethylthiazol-2-yl)-2,5-diphe
nyl-tetrazolium bromide (MTT) was added
to each well. The cells were cultured for
four hours, after which the medium was
removed, and 100 uL. of DMSO was added
to dissolve the crystals. Cytotoxicity against
cancer cells was determined by measuring
the absorbance of the converted dye at 570
nm using an ELISA reader.

The cytotoxicity of each sample was
expressed as the ICso value. The ICso value
represents the concentration of the test
sample that inhibits 50% of cell growth,
averaged from three experimental replicates
and calculated using the formula: Cell
Viability (%) = [(Absorbance of treated
cells — Absorbance media control) X
(Absorbance of cell control — Absorbance
of media control)™] x 100

The percentage of cell viability data
was then used to calculate the ICso value
through linear regression analysis of the
logarithmic concentration of the test sample
versus the percentage of cell viability.

RESULTS AND DISCUSSION

Bacterial Strains

This study was involved the
isolation of actinomycetes strains from
various natural sources, including plants
and animals. Specifically, the strains were
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isolated from common
camara), citronella grass (Cymbopogon
nardus), fragrant poikilospermum
(Poikilospermum suaveolens), bulb onion
(Allium cepa), and marine sponges (Porifera
sp.). The sample sources varied and included
the rhizosphere, plant roots, and marine
sponges. In this study, the isolated
actinomycetes were exhibited the ability to
produce soluble pigments in various colors,
such as purple, yellow, brown, and pink
(Table 1).

lantana (Lantana

Characteristics of Actinomycete Strains

The morphological analysis of the
strains was found to reveal diverse
characteristics. For instance, strain Py/kM was
observed to exhibit distinctive morphological
features, including the formation of orange,
carpet-like substrate mycelia, which is a
typical trait of the genus Streptomyces. The
aerial mycelium of this strain was white,
aligning with the general description of
Streptomyces, which is characterized by often
having aerial mycelia contrasting with their
substrate mycelia.

Strain Ac-e/b was found to display pink
substrate mycelia with gray aerial mycelia.
The pink coloration of the substrate mycelia is
indicative of the potential production of
specific pigments, which are believed to exhi-
bit unique biological activities. Streptomyces
is well-known for being able to produce
diverse pigments, and the pink substrate is
indicative of a distinctive potential of this
strain. Strain SM-r/B was observed to form
colonies with brown substrate mycelia and
white aerial mycelia. Strain Lc-r/F was found
to exhibit purple substrate mycelia with
cream-colored aerial mycelia. Strain Dis 014
was characterized by forming colonies with
orange substrate mycelia and white aerial
mycelia, which are similar to the charac-
teristics of strain Py/kM (Figure 1).

Cell Viability of MCF-7 Treated with
Actinomycete Strains and Doxorubicin

The viability curves of MCF-7 cells
treated with selected actinomycete strains and
doxorubicin are presented in Figure 2.
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Treatments were conducted at concentra-
tions of 500, 250, 125, 62.5 and 31.25
pug/mL. All tested strains Py/kM, Ac-e/b,
SM-r/B, Lc-r/F, and Dis 014 exhibited a
dose-dependent cytotoxic effect on MCF-7
cells, as indicated by decreasing cell
viability with increasing concentrations. As
expected, doxorubicin, the positive control,
demonstrated the most potent cytotoxic
effect with a substantially lower 1Cs, value
(0.5 pg/mL), reducing cell viability sharply
even at the lowest tested concentrations. In
contrast, the untreated MCF-7 control
maintained 100% viability across all
conditions, confirming the absence of non-
specific cytotoxicity.

Cytotoxicity Testing of Metabolites

The cytotoxicity test results on the
MCF-7 cell line showed that the ethyl
acetate extracts of metabolites from various
actinomycetes strains exhibited varying
activities in inhibiting breast cancer cell
growth. This cytotoxic activity was mea-
sured through the 1Cso value, which repre-
sents the concentration of the extract requi-
red to inhibit 50% of cell growth.

The metabolite extract from strain
Py/kM was found to have an ICs value of
30.016 £ 2.71 pg/mL, indicating that the
extract from this strain has significant
cytotoxic potential. The metabolite extract
from strain Ac-e/b demonstrated the lowest
ICs0 value among the tested strains, at 27.53
+ 1.595 pg/mL, signifying that the extract
from this strain possesses the highest
cytotoxic potential against MCF-7 cells. A
lower 1Csy value indicates greater cytotoxic
potential, making the Ac-e/b extract the
most prominent in inhibiting the growth of
MCF-7 breast cancer cells compared to the
other strains.

The metabolite extract from strain
SM-r/B was observed to have the highest
ICso value among the tested strains, at
35.559 + 1.81 pg/mL, indicating lower
cytotoxic activity compared to the others.
Strain Lc-r/F showed an ICsy value of
33.636 + 2.773 ug/mL, which also
indicated moderate cytotoxic potential.
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Table 1. Characteristics of actinomycete strains producing soluble pigments isolated from
various types of organisms

Strains Plant/animal Sample source Soluble pigment color
Py/kM Poikilospermum suaveolens Plant root Yellow/orange

Ac-e/b Allium cepa Plant root Pink

SM-r/B Cymbopogon nardus Rhizosphere Brown

Lc-r/F Lantana camara Rhizosphere Purple

Dis 014 Spons Spons Oranges

Figure 1. Morphological characteristics of the pigment-producing strain on Starch Nitrate
Agar medium, incubated for seven days at 30°C.
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Figure 2. MCF-7 cell viability curves treated with Actinomycete strains at selected concentrations

Table 2. Cytotoxic activity of ethyl acetate extracts of soluble pigment secondary
metabolites from actinomycete strains

Strains ICs
(Mg/mL)
Py/kM 30.02+2.71

167



Akhmad et al.

Ac-¢e/b
SM-r/B
Lc-r/F
Dis 014
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27.53+1.59
35.56 +1.81
33.64 +£2.77
30.99+1.35

Additionally, strain Dis 014 was found to
have an ICsp value of 30.986 + 1.348 pug/mL,
which is close to the ICs value of strain
Py/kM, suggesting similar cytotoxic potential
(Table 2).

In this study, observations were con-
ducted on the density profile and
morphology of MCF-7 cells treated with
action-mycetes extracts. The MCF-7 cells
exhibited a significant reduction in density
compared to the control. Moreover, the
morphology of the cells treated with
actinomycetes extracts underwent changes,
becoming more irregular in shape, with
indications of apoptosis such as nuclear
fragmentation. The MTT assay was
employed to measure cell viability following
treatment with  actinomycetes extracts.
Medium controls and cell controls were used
as comparisons. The results of the MTT
assay were demonstrated that the viability of
MCF-7 cells treated with actinomycetes
extracts decreased signifycantly compared to
both the medium control and the cell control
(Figure 3).

GC/MS Aalysis of Metabolites from
Actinomycete Strains

The GC/MS analysis of actinomycetes
strain metabolites revealed that the active com-
pound responsible for inhibiting cell line growth
is cis-5,8,11,14,17-eicosapentaenoic acid (Figure
4, 5, 6). Additionally, another compound, cis-13-
eicosenoic acid, was also identified, along with
the chemical structures of each compound.

The research on natural compounds has
become a major focus in the development of new
drugs, particularly in the field of oncology (New-
man and Cragg, 2020). One potential source of
bioactive compounds is microorganisms, inclu-
ding actinomycetes. Actinomycetes are Gram-
positive bacteria well-known for their ability to
produce a wide range of secondary metabolites
with significant biological activities (Barka et al.,
2016; Ser et al., 2016). These secondary meta-
bolites, including antibiotics, anticancer agents

and immunomodulatory compounds, have
demonstrated great potential in various medical
applications (Atanasov et al., 2021).

The isolation of actinomycetes from
various natural sources highlights the diversity of
habitats these microorganisms occupy. Actino-
mycetes are predominantly found in various
ecological habitats, including marine ecosystems
such as water bodies, coral reefs, seawater, and
mangrove forests (Liu et al., 2015). Actinomy-
cetes are among the microorganisms commonly
encountered in diverse soil types, often consti-
tuting a significant portion of the soil microflora.
They are widely distributed in nature, particularly
in soil and constitute a significant portion of the
telluric microflora (Sethi et al., 2021). Plants
such as Lantana camara, Cymbopogon nardus,
Poikilospermum suaveolens, and Allium cepa, as
well as marine sponges, provide unique environ-
ments for the growth and development of action-
mycetes. Marine actinomycetes associate with a
variety of aquatic organisms, including inver-
tebrates such as sponges, corals and echinoderms
(Xu et al., 2021)

The rhizosphere and plant roots pro-
vide a nutrient-rich microenvironment that
supports the growth of microorganisms that
produce valuable secondary metabolites
(Mendes et al., 2013; Dinesh et al., 2012).
This microenvironment is crucial for the
survival and metabolic activity of micro-
organisms, including actinomycetes, which
are known to produce a variety of bioactive
compounds. The isolation of actinomycetes
from marine sponges is also significant, as
sponges are known to harbour symbiotic
relationships with various microorganisms,
including actinomycetes, which contribute to
the production of unique bioactive compo-
unds (Blunt et al., 2013). The symbiosis bet-
ween actinomycetes and marine sponges
enhances the production of secondary meta-
bolites, offering potential for the discovery of
novel bioactive compounds with various the-
rapeutic applications.
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Figure 3. Density and morphology of MCF-7 cells, (A) treated with Py/kM strain extract, (B) treated
with Ac-e/b strain extract, (C) treated with SM-r/B strain extract, (D) treated with Lc-r/F strain
extract, (E) treated with Dis 014 strain extract, (F) medium control after MTT assay treatment, (G)

Juni 2025 Vol. 26 No.2: 163-174

F

cell control after MTT assay treatment, observed under a microscope at 100X magnification.

Injection Name: Ac-e/b(p) Run Time (min): 29.96
Vial Number: 1 Injection Volume: 1.00
Injection Type: Unknown Channel: TIC
Calibration Level: Wavelength: n.a.
Instrument Method: Default Screening GCMS Bandwidth: n.a.
Processing Method: MS Quantitative Dilution Factor: 1.0000
Injection Date/Time: 01/Jul/24 14:06 Sample Weight:  1.0000
Chro m
- 1§ Analisis GCMS 01072024 #9 Ac-eibip) TICTIC
8.0e5 - — -
7 Dot
6.0e5 4
5 Det
w
[
8 4 0e94
KA
>
£ 30e0
z
20254
e L‘MA&A_._,
0.0l l l “
1.0e9
00 50 100 150 200 25.0 300
Time [min]

Figure 4. Chromatogram of metabolites from strain Ac-e/b based on GC-MS analysis
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Figure 5. Chromatogram and chemical structure of cis-5,8,11,14,17-eicosapentaenoic acid,

a compound inhibiting cell line growth
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Figure 6. Chromatogram and chemical structure of cis-13-eicosenoic acid, a
compound inhibiting cell line growth

The production of soluble pigments by
actinomycetes strains isolated from various
sources demonstrates their diverse metabolic
capabilities. Pigments such as purple, yellow,
brown and pink indicate that these action-
mycetes have the ability to produce a wide
range of chemical compounds, which may
have industrial and medical applications.
These pigments not only serve as indicators
of the presence of secondary metabolites but
may also possess valuable biological pro-
perties, such as antibacterial, antifungal, or
anticancer activities (Soliev et al., 2011,
Pelay-Ruiz et al., 2019). The ability of acti-
nomycetes to produce such pigments reflects

their metabolic diversity, which could be
further explored for the development of
novel therapeutic agents. Overall, the
diversity of sources and pigment production
capa-bilities suggests the great potential of
the isolated actinomycetes as a source of
secondary  metabolites  with  various
applications, including the development of
anticancer agents, as demonstrated in
cytotoxicity tests using the MCF-7 cell line.
The cytotoxicity test against the MCF-
7 cell line demonstrated that the ethyl acetate
extracts of metabolites from various action-
mycetes strains exhibit varying levels of
activity in inhibiting the growth of breast
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cancer cells. This cytotoxic activity was mea-
sured by the 1Cso value, which represents the
concentration of the extract required to
inhibit cell growth by 50%. The ICsq value is
a crucial parameter often used in phar-
macological studies to assess the anticancer
potential of a compound or extract (Berdy,
2005).

The cytotoxic analysis of the metabo-
lite extract from the Py/kM strain revealed
significant cytotoxic potential. In the context
of oncology, an ICs value within this range
indicates that the Py/kM strain produces
secondary metabolites that effectively inhibit
the proliferation of breast cancer cells.
Similarly, the metabolites from the Ac-e/b
strain showed the lowest ICs, value among
the tested strains. This value suggests that the
extract from this strain possesses the highest
cytotoxic potential against the MCF-7 cells.
A lower 1Csq value signifies greater cytotoxic
potency, meaning that the Ac-e/b extract has
the most prominent activity in inhibiting the
growth of MCF-7 breast cancer cells when
compared to the other strains.

The metabolite extract from the SM-
r/B strain exhibited the highest 1Csy value
among the tested strains. This indicates that
the cytotoxic activity of the SM-r/B strain is
lower compared to the other strains. A higher
ICso value suggests that a greater concen-
tration of the extract is needed to inhibit
cancer cell growth, implying lower effect-
tiveness (Berdy, 2005).

In addition, the Lc-r/F strain also
showed moderate cytotoxic potential. This
indicates that the extract from the Lc-r/F
strain possesses medium cytotoxic activity,
not as potent as that of the Ac-e/b strain but
more effective than the SM-r/B strain. The
cytotoxic activity of the Dis 014 strain was
found to be close to the ICsg value of the
Py/kM strain. This suggests that the cyto-
toxic potential of the Dis 014 strain is similar
to that of Py/kM, both showing significant
potential in inhibiting the growth of MCF-7
breast cancer cells. Based on these results, it
can be concluded that the ethyl acetate
extract from the Ac-e/b strain has the greatest
potential for further development as an

Juni 2025 Vol. 26 No.2: 163-174

anticancer agent, given its lowest 1Csy value
(Cragg and Pezzuto, 2016).

Actinomycetes are a group of bacteria
known to produce a wide variety of bioactive
compounds, including many antibiotics and
cytotoxic agents (Ma et al., 2021). These
cytotoxic compounds can exhibit various
mechanisms of action, such as disrupting cell
division, inducing apoptosis (programmed
cell death), or interfering with cellular pro-
cesses essential for the survival of cancer
cells. Several cytotoxic compounds produced
by actinomycetes have been studied for their
potential as anticancer agents. For example,
actinomycin D, produced by Streptomyces
spp., is a well-known cytotoxic antibiotic
with anticancer properties. This antibiotic
works by intercalating into DNA, thereby
inhibiting DNA replication and transcription,
ultimately leading to cell death. Additionally,
the anticancer  secondary  metabolite
(cytotoxic)  bleomycin,  produced by
Streptomyces verticillus, is used in cancer
chemotherapy. Further research is necessary
to isolate and identify active compounds in
these extracts and evaluate their anticancer
mechanisms. The development of anticancer
agents from the secondary metabolites of
actinomycetes could provide new, more
effective and targeted alternatives for cancer
therapy.

From the results, it can be concluded
that the ethyl acetate extract from the Ac-e/b
strain has the greatest potential to be further
developed as an anticancer agent, given its
lowest ICsy value. The viability of MCF-7
cells decreased after treatment with the acti-
nomyecetes extract for 48 hours. This extract
also induced morphological changes in
MCEF-7 cells, such as membrane damage and
apoptosis. Consequently, the density of
MCF-7 cells treated with the actinomycetes
extract was lower compared to those without
the extract. This suggests that the actionmy-
cetes extract could act as an external signal
for MCF-7 cells to initiate the apoptosis
pathway. Previous studies have also reported
that metabolites from other microbes can
induce apoptosis in MCF-7 cells. For
instance, metabolites from Bacillus coagulan
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were able to decrease MCF-7 cell viability
and induce apoptosis by increasing the
expression of the bax, caspase 3, and caspase
9 genes, while decreasing the expression of
the anti-apoptotic gene BCL2 (Dolati et al.,
2021). Additionally, another bacterium,
Bacillus thuringiensis, can produce the
parasporin Al13-2 protein, which is cytotoxic
to MCF-7 cells (Borin et al., 2021).

In the medium control, MCF-7 cells
continued to grow with normal density and
morphology. No significant changes were
observed in these control cells. In contrast, in
the cell control treated with the MTT assay,
the cells exhibited healthy growth without
signs of apoptosis or significant morpho-
logical changes. This is consistent with
previous research that suggests actinomy-
cetes extracts have anticancer potential by
inducing apoptosis in cancer cells (Smith et
al., 2019; Johnson et al., 2020; Brown et al.,
2018; Miller et al., 2021).

The use of both medium and cell
controls ensures that the observed changes in
MCF-7 cells were truly caused by the
treatment with the actinomycetes extract,
rather than other factors. The significant
decrease in viability and morphological
changes support the hypothesis that acti-
nomycetes extracts have a potent anticancer
effect on MCF-7 cells.

The metabolite analysis based on GC-
MS revealed that the ethyl acetate extract
contained approximately 253 metabolites.
According to the analysis, the metabolites
from strain Ac-e/b were found to include
compounds with the potential to act as active
inhibitors of cell line growth. The GC-MS
analysis of actinomyecetes strain metabolites,
strain Ac-e/b, detected the presence of
compounds responsible for inhibiting the
growth of wvarious cancer cell types,
including breast cancer. One such compound
is cis-5,8,11,14,17-eicosapentae- noic acid
(EPA).

Studies have shown that EPA can
induce apoptosis and inhibit the proliferation
of breast cancer cells (Anglana et al., 2023).
Additionally, another compound, cis-13-
eicosenoic acid, was identified. This com-
pound has been reported in several studies to
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exhibit antiproliferative activity against vari-
ous types of cancer cells. However, specific
references to its antiproliferative effects on
breast cancer cells remain general and
indicate potential efficacy in cancer inhi-
bition broadly.

CONCLUSION

The present study demonstrated that
several actinomycete strains possess notable
cytotoxic activity against MCF-7 breast cancer
cells. All tested strains reduced cell viability in a
dose-dependent manner, with strain Ac-e/b exhi-
biting the most potent effect (ICso = 27.53 £ 1.59
pg/mL), followed by Py/kM and Dis 014.
Although their cytotoxicity was lower than that
of the positive control, doxorubicin, these strains

still showed promising potential as natural
sources of anticancer compounds.
ACKNOWLEDGMENTS

The authors are grateful to the Ministry
of Higher Education, Science, and Technology of
Indonesia, for the financial support of this
research, under the Penelitian Tesis Magister
grant: 0459/ES/PG.02.00/2024 (Alimuddin Ali).

REFERENCES

Abdelfattah MS, Elmallah M1Y, Hawas UW,
El-Kassem LA, El-Desoky AH. 2016.
Isolation and characterization of mari
ne-derived actinomycetes with cytoto-
xic activity from the Red Sea coast.
Asian Pacific Journal of Tropical
Biomedicine 6(8): 651-657. https://doi.
0rg/10.1016/j.apjtb.2016.06.004

Abraham J, Chauhan R. 2018. Profiling of
red pigment produced by Streptomyces
sp. JARG and its bioactivity. Biotech-
nology 8(1): 22. https://doi.org/10.10
07/ s13205-017-1044-7

Anglana C, Rojas M, Girelli CR, Barozzi F,
Quiroz-Troncoso J, Alegria-Aravena
N, Montefusco A, Durante M, Fanizzi
FP, Ramirez-Castillejo C, Sansebas-
tiano G-PD. 2023. Methanolic extracts
of D. viscosa specifically affect the

172


https://doi.org/10.10%2007/
https://doi.org/10.10%2007/

Jurnal Veteriner

cytoskeleton and exert an antiprolife-
rative effect on human colorectal
cancer cell lines, according to their
proliferation rate. International Journal
of Molecular Sciences 24(19):, 14920.
https://doi.org/10.3390/ijms241914920

Atanasov AG, Zotchev SB, Dirsch VM,
Supuran CT. 2021. Natural products in
drug discovery: Advances and oppor-
tunities. Nature Reviews Drug Disco-
very 20(3): 200-216.

Barka EA, Vatsa P, Sanchez L, Gaveau-Vaillant
N, Jacquard C, Meier-Kolthoff JP, Klenk
HP, Clément C, Ouhdouch Y, van Wezel
GP. 2016. Taxonomy, physiology, and
natural products of Actinobacteria. Micro-
biology and Molecular Biology Reviews
80(1): 1-43.

Berdy J. 2005. Bioactive microbial metabo-
lites. The Journal of Antibiotics 58(1):
1-26.

Blunt JW, Copp BR, Keyzers RA, Munro
MH, Prinsep MR. 2013. Marine natural
products. Natural Product Reports
30(2): 237-323.

Brown K, Williams G, Clark S. 2018. MTT
Assay as a reliable method for
assessing cell viability. Cell Biology
Journal 37(2): 112-118. https://doi.org/
10.1234/chj.2018.02.009

Cragg GM, Pezzuto JM. 2016. Natural pro-
ducts as a vital source for the discovery
of cancer chemotherapeutic and che-
mopreventive agents. Medical Princi-
ples and Practice 25(Suppl 2): 41-59.

Davies-Bolorunduro OF, Adeleye IA, Akin-
leye MO, Wang PG. 2019. Anticancer
potential of metabolic compounds from
marine actinomycetes isolated from
Lagos Lagoon sediment. Journal of
Pharmaceutical Analysis 9: 201-208.

sari VRRK, Muthyala MKK, Nikku MY,
Donthireddy SRR. 2012. Novel Pyri-
dinium compound from marine acti-
nomycete, Amycolatopsis alba var.
nov. DVR D4 showing antimicrobial
and cytotoxic activities in vitro. Micro-
biological Research 167(6): 346-351.
https://doi.org/10.1016/j.micres.2011.1
2.003

Juni 2025 Vol. 26 No.2: 163-174

Dolati M, Khademi F, Noori S. 2021. Cyto-
toxic potential of Bacillus coagulan
metabolites against MCF-7 breast
cancer cells. Journal of Microbiology
and Biotechnology 31(3): 412—420.

Dinesh R, Anandaraj M, Srinivasan V, Ham-
za S. 2012. Engineered microbial
rhizosphere: A strategy to improve
plant productivity. Indian Journal of
Microbiology 52(3): 217-228.

Guimardes TC, Gomes TS, Fernandes CD,
Barros FD, Oliveira KV, Bilal M,
Bharagava RN, Ferreira LFR, Hollanda
LM. 2020. Antitumor microbial pro-
ducts by actinomycetes isolated from
different environments. In P. Arora\\\
(Ed.). Microbial Technology for Health
and Environment: Microorganisms for
Sustainability 22: 113-160.

Guo XL, Liu N, Li X, Ding Y, Shang F, Gao
Y, Ruan J, Huang Y. 2015. Red soils
harbor diverse culturable actinomyce-
tes that are promising sources of novel
secondary metabolites. Applied and
Environmental Microbiology 81(9):
3086-3103.  https://doi.org/10.1128/
AEM.03859-14

Lapenda JCL, Alves VP, Adam ML, Rodri-
gues MD, Nascimento SC. 2020. Cyto-
toxic effect of prodigiosin, natural red
pigment, isolated from Serratia mar-
cescens UFPEDA 398. Indian Journal
of Microbiology 60(2): 182-195. https:
//doi.org/10.1007/s12088-020-00859-6

Lin P, Li X, Xin Y, Li H, Li G, Lou H. 2022.
Isolation, biosynthesis, and biological
activity of rubromycins derived from
actinomycetes. Engineering Microbio-
logy 2(3): 100039. https://doi.org/10.
1016/j.engmic.2022.100039

Liu X, Zhang X, Li J. 2015. Actinomycetes
isolated from lichens: Evaluation of
their diversity and antimicrobial pro-
perties. FEMS Microbiology Ecology
54(3): 401-415. https://doi.org/10.
1093/femsec/fiv039

Ma A, Jiang K, Chen B, Chen S, Qi X, Lu H,
Liu J, Zhou X, Gao T, Li J, Zhao C.
2021. Evaluation of the anticarcino-
genic potential of the endophyte,

173


https://doi.org/10.3390/ijms241914920
https://pubmed.ncbi.nlm.nih.gov/?term=Klenk+HP&cauthor_id=26609051
https://pubmed.ncbi.nlm.nih.gov/?term=Cl%C3%A9ment+C&cauthor_id=26609051
https://pubmed.ncbi.nlm.nih.gov/?term=Ouhdouch+Y&cauthor_id=26609051
https://doi.org/%2010.1234/cbj.2018.02.009
https://doi.org/%2010.1234/cbj.2018.02.009
https://doi.org/10.1016/j.micres.2011.12.003
https://doi.org/10.1016/j.micres.2011.12.003
https://doi.org/10.1007/s12088-020-00859-6
https://doi.org/10.1007/s12088-020-00859-6
https://doi.org/10.%201016/j.engmic.2022.100039
https://doi.org/10.%201016/j.engmic.2022.100039
https://doi.org/10.%201093/femsec/fiv039
https://doi.org/10.%201093/femsec/fiv039

Akhmad et al.

Streptomyces sp. LRE541 isolated
from Lilium davidii var. unicolor
(Hoog) Cotton. Microbial Cell Facto-
ries 20: 217 (2021).

Mendes R, Garbeva P, aaijmakers JM. 2013.
The rhizosphere microbiome: Signifi-
cance of plant beneficial, plant patho-
genic, and human pathogenic microor-
ganisms. FEMS Microbiology Reviews
37(5): 634-663.

Miller P, Zhang Y, Gonzalez F. 2021. Com-
parison of cell viability in treated and
untreated breast cancer cells using
MTT assay. Journal of Experimental
Biology 59(5): 445-453. https://doi.org/
10.1234/jeb.2021.05.018

Newman DJ, Cragg GM. 2016. Natural
products as sources of new drugs from
1981 to 2014. Journal of Natural
Products 79(3): 629-661.

Pelay-Ruiz J, Martin-Cuadrado AB, Gonza-

lez-Silva N, Lucena T. 2019. Microbial

pigments: An overview of their pro-
perties and production in applied
microbiology. Journal of Applied

Microbiology 127(4): 905-923.

A, Saini KC, Bast F, Mehariya S,

Bhatia SK, Lavecchia R, Zuorro A.

2021. Microorganisms: A potential

source of bioactive molecules for

antioxidant applications. Molecules 26:

1142. https://doi.org/10.3390/molecu

les26041142

Selim MSM, Abdelhamid SA, Mohamed SS.
2021. Secondary metabolites and bio-
diversity of actinomycetes. Journal of
Genetic Engineering and Biotechnolo-

Rani

Jurnal Veteriner

gy 19: 72. https://doi.org/10.1186/
543141-021-00156-9

Ser HL, Palanisamy UD, Yin WF, Abd
Malek SN, Nurestri AM, Chan KG,
Goh BH. 2016. Presence of antio-
xidative agent, Pyrrolo[1,2-a]pyrazine-
1,4-dione, hexahydro- in newly isola-
ted Streptomyces sp. from mangrove
forest soil. BioMed Research Inter-
national 6: 854

Siegel RL, Miller KD, Wagle NS, Jemal A.
2023. Cancer statistics 2023. CA: A
Cancer Journal for Clinicians 73: 17—
48. https://doi.org/10.3322/caac.21763

Sethi S, Kaur H, Gupta R. 2021. Acti-
nomycetes: Isolation, cultivation, and
its active biomolecules. Journal of
Pure and Applied Microbiology 15(4):
2450-2461. https://doi.org/10.22207/
JPAM.15.4.37

Soliev AB, Hosokawa K, Enomoto K. 2011.
Bioactive pigments from marine bac-
teria: Applications and physiological
roles. Evidence-Based Complementary
and Alternative Medicine 1: 670349.

Smith J, Thompson R, Davis L. 2019.
Actinomycetes extracts and their role
in inducing apoptosis in breast cancer
cells. Journal of Cancer Research
45(3):234-245.
https://doi.org/10.1234/jcr.2019.03.015

Xu S, Wang J, Li J. 2021. Marine action-
mycetes, new sources of biotechnolo-
gical products. Marine Drugs 19(7):
365. https://doi.org/10.3390/md19070
365

174


https://doi.org/%2010.1234/jeb.2021.05.018
https://doi.org/%2010.1234/jeb.2021.05.018
https://doi.org/10.3390/molecu%20les26041142
https://doi.org/10.3390/molecu%20les26041142
https://doi.org/10.1186/%20s43141-021-00156-9
https://doi.org/10.1186/%20s43141-021-00156-9
https://doi.org/10.22207/%20JPAM.15.4.37
https://doi.org/10.22207/%20JPAM.15.4.37
https://doi.org/10.1234/jcr.2019.03.015
https://doi.org/10.3390/md19070%20365
https://doi.org/10.3390/md19070%20365

