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Purpose: The study was conducted to investigate the effectivity and the cytotoxicity of fractions 14 and 36K of metabolite extract of 
Streptomyces hygroscopicus subsp. Hygroscopicus as an antimalarial compounds against Plasmodium berghei in vitro.
Methods: Fractions 14 and 36K of metabolite extract of Streptomyces hygroscopicus subsp. Hygroscopicus produced by the 
fractionation process utilizing the Flash Column Chromatography (FCC) BUCHI Reveleris® PREP. Plasmodium berghei culture 
was used to assess the antimalarial activity of fractions 14 and 36K. Parasite densities and the ability of parasite growth were 
determined under microscopic. The cytotoxicity of the fractions was assessed using MTT assays on the MCF-7 cell line.
Results: Streptomyces hygroscopicus subsp. Hygroscopicus fractions 14 and 36K have antimalarial activity against Plasmodium 
berghei, with fraction 14 having the more potent activity. The percentage of Plasmodium berghei-infected erythrocytes was decreased 
as well as the increase of fraction concentration. Fraction 14 has the highest inhibition of parasite growth at a concentration of 156,25 
μg/mL, with an inhibition percentage of 67.73% (R2 = 0.953, p = 0.000). IC50 of fractions 14 and 36K were found at 10.63 μg/mL and 
135,91 μg/mL, respectively. The fractions caused morphological damage in almost all asexual stages of the parasite. Both fractions 
were not toxic against MCF-7, indicating that the fractions have a safe active metabolite.
Conclusion: Fractions 14 and 36K of metabolite extract Streptomyces hygroscopicus subsp. Hygroscopicus contains non-toxic 
compounds that could damage the morphology and inhibit the growth of Plasmodium berghei in vitro.
Keywords: antimalarial, cytotoxicity, fraction 14 and 36K, Streptomyces hygroscopicus, Plasmodium berghei

Introduction
Malaria is an endemic disease that affects many developing nations worldwide. The World Malaria Report estimates that 
there were 241 million cases of malaria worldwide in 2020, causing 672,000 deaths.1 Limitations in malaria detection, 
treatment, and prevention, especially during this pandemic of coronavirus disease (COVID-19), are a major factor in 
many deaths brought on by the disease.2–4 Early diagnosis and appropriate therapy with effective antimalarial drugs are 
two key components in controlling and eliminating malaria.5 Currently, artemisinin-based combination therapy (ACT) is 
the first-line therapy advised by the WHO for P. falciparum parasite infection.1 However, the development and spread of 
artemisinin-resistant malaria have become a major problem hindering malaria control.6 The high morbidity and mortality 
caused by malaria, the lack of drugs that are safely administered to children and pregnant women, the limitation of 
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a licensed vaccine, together with widespread artemisinin partial resistance, highlight the real problems of the urgency to 
find new antimalarial drugs.1,7–9

Numerous studies on biological control agents have been conducted over the past several years, and Actinomycetes 
are recognized as the biggest source of bioactive metabolites with antibacterial, antifungal, anticancer, antioxidant, 
antiparasitic, and anti-inflammatory properties.10,11 Streptomyces is the largest genus of Actinomycetes that has been 
identified as a promising microbe for the development of novel antimalarial therapeutics for Plasmodium infection.12–15 

A previous study found that Streptomyces hygroscopicus subsp. Hygroscopicus possesses antimalarial effects, in silico, 
in vitro, and in vivo.13,15,16 S. hygroscopicus subsp. Hygroscopicus crude extract can alter the morphology of 
P. falciparum 3D7 in vitro studies.13 This extract can also decrease the density of P. falciparum 3D7 DNA and the 
proportion of P. falciparum 3D7 infected erythrocytes.13 The results of in silico, in vitro, and in vivo studies showed that 
there was an inhibition of Plasmodium growth in the sexual and asexual phases through inhibition of purine base 
formation, changing the Plasmodium epigenome through histone lysine hyperacetylation, and blocking the protein turn 
over the system of Plasmodium via the UPS route.16

In previous study, we extracted and fractionated secondary metabolites from the fermentation of S. hygroscopicus, 
then their profiles were identified by thin-layer chromatography (TLC) which produced 47 spots in TLC fractionation I 
and 60 spots in TLC fractionation II.17 The effectiveness of some fractions as antimalarial agents has been profiled and 
investigated. The active fractions 15 and 16 from the ethyl acetate extract of S. hygroscopicus subsp. Hygroscopicus have 
been shown to have antimalarial activity by inhibiting more than 50% of the growth of P. falciparum 3D7 via 
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a mitochondrial membrane enzyme, Plasmodium L-malate: quinone oxidoreductase (PfMQO), and non-toxic to human 
cells.18 Furthermore, fractions numbers 41 and 44 extracts contain tryptanthrin, a weak alkaloid group molecule with 
antimalarial properties that reduce Plasmodium berghei density.15

Due to the urgency in antimalarial drug development, screen and identify of the antimalarial and cytotoxicity effect of 
other fractions of S. hygroscopicus subsp. Hygroscopicus are needed, therefore in this study, we explored two other 
fractions, there are fractions 14 and 36K. In previous research, we have shown that both fractions contain monoterpene, 
triterpene, and steroid chemicals (fraction I), as well as coumarins, scopoletin, and alkaloids (fraction II), which may 
have antimalarial activity.17 Monoterpene and triterpene compounds are included in the class of terpenoid compounds. 
Terpenoid compounds and their derivatives have a structure that allows them to cross the lipid bilayer of the erythrocyte 
membrane and prevent parasite cells from the synthesis of proteins.19 Terpenes may also compete with several enzymes 
that use isoprenic compounds as substrates, preventing the formation of isoprenoid compounds, such as the isoprenic 
chain of the benzoquinone ring of ubiquinones in the schizont stage.20,21

Previous TLC results found alkaloid compounds in the fraction 36K,17 this is in accordance with the discovery of 
tryptanthrin, a weak alkaloid compound in another fraction of S. hygroscopicus subsp. Hygroscopicus extract.15 

Tryptanthrin blocks the binding of ligands and proteins during P. falciparum invasion because it has a high affinity for 
the target P. falciparum Aminopeptidase M1 (PfA-M1), Falcipain 2 Protease, and P. falciparum Chloroquine Resistance 
Transporter (PfCRT) proteins.15 Tryptanthrin’s antimalarial activity was based on its ability to disrupt the Plasmodium 
glycolysis enzyme pathway, impede the heme detoxification, and cause hematin crytallization through interactions with 
heme and hematin.22 Tryptanthrin also inhibits the maturation of adult-stage gametocytes.22 It is crucial for the transfer 
of exflagellation microgametocytes from humans to mosquitoes.23

The most popular approach for predicting the hazardous effects of novel drug is in vitro cytotoxicity testing.24 

Cytotoxicity tests can be carried out on many different types of cells, including cancer cells. Cancer cells are unique cells 
because they have regressed to a stage that is much simpler, more primitive, in contrast to the normal parent, and divide 
constantly.25 Since most cancer cells are actively dividing as a result, they grow in cell culture more quickly than healthy 
cells do.26 Other studies have been using breast cancer cell MCF-7 in antimalarial toxicity test.27–32 In addition, cancer 
cell lines and normal cell lines exhibited relatively uniform toxicity results.24 So, the purpose of this study is to evaluate 
the antimalarial effectiveness of fractions 14 and 36K against Plasmodium berghei and their toxicity on MCF-7 cells as 
a novel prospective antimalarial drug candidate in vitro.

Materials and Methods
Research Design
This study uses a true experimental laboratory with a posttest-only controlled group design using in vitro method. This 
study was conducted to investigate the effectivity of fractions 14 and 36K of metabolite extract S. hygroscopicus subsp. 
Hygroscopicus as antimalarial against P. berghei and its cytotoxicity in vitro. In the antimalarial effectivity test, the 
fractions 14 and 36K of S. hygroscopicus subsp. Hygroscopicus, with five concentrations of 0.25, 1.25, 6.25, 31.25, 
156.25 μg/mL, were administrated to P. berghei culture and then the densities and the growth of P. berghei   were 
observed using a light microscope. For cytotoxicity test of the fractions 14 and 36K of S. hygroscopicus subsp. 
Hygroscopicus, we used MTT assay for five concentrations of 0.25, 2.5, 25, 250, 2500 μg/mL that were exposed to 
MCF-7. This study was conducted in accordance with the Declaration of Helsinki and has been approved by the Ethics 
Committee of the Faculty of Medicine Universitas Brawijaya with Ethic No. 13/EC/KEPK/01/2022.

Preparation of Streptomyces hygroscopicus subsp. Hygroscopicus
Streptomyces hygroscopicus subsp. Hygroscopicus was collected from LIPI Microbial Collection, Cibinong, Indonesia. 
Then, S. hygroscopicus subsp. Hygroscopicus was subcultured in the Laboratory of Parasitology, Faculty of Medicine, 
Universitas Brawijaya using analytic International Streptomyces Project 4 (ISP4) culture media. One liter of medium 
ISP4 was composed of 10 g soluble starch, 1 g MgSO4.7H2O, 1g K2HPO4, 1g NaCl, 2 g (NH4)2SO4, 2 g CaCO3, 20 
g agar, 1 g trace salt solution (0.1 g Fe2SO4.7H2O, ZnSO4.7H2O, MnCl2.4H2O 0.1 g, distilled water 1 mL), and one liter 
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distilled water with pH 7.0 to 7.4.33 The solution was autoclaved for 15 min at 121°C, and then S. hygroscopicus subsp. 
Hygroscopicus isolates were inoculated and fermented on the medium at 28°C shaking incubator.34 The bacteria were 
characterized macroscopically for its colony morphology and microscopically for its specific morphology based on Gram 
staining.

Fermentation and Extraction of Streptomyces hygroscopicus subsp. Hygroscopicus
In our previous study,17,18 S. hygroscopicus subsp. Hygroscopicus inoculation was carried out using 1000 mL ISP4 liquid 
media with a pH 7.0–7.4 in aseptic conditions. Bacterial colonies were scraped and homogenized in ISP4 medium, in 
a ratio between media and inoculum 10:1 (v/v). The media was closed with cotton and aluminum foil to prevent the 
presence of air in the erlenmeyer, and then incubated in a shaking incubator at 28°C and 150 rpm for 5 days. After 5 
days, fermented bacteria were centrifuged at 3000 rpm for 10 minutes to separate the cells from the debris and the 
supernatant was taken for the extraction process.34 The filtrate was mixed with ethyl acetate in a 1:1 comparison (v/v), 
followed by 1 hour shaking. Then, the filtrate was left for 1–2 hours in a separatory funnel to form two layers (solvent 
phase and water phase). The bacterial metabolite transported to the solvent in the ethyl acetate phase. The solvent phase 
containing secondary metabolites of S. hygroscopicus subsp. Hygroscopicus bacteria were then separated from the water 
phase and then the solvent phase (ethyl acetate) was evaporated using a rotary evaporator at a temperature of 40–50°C 
until the liquid turns into a paste.18

Fractionation of Streptomyces hygroscopicus subsp. Hygroscopicus Metabolite Extract
In our previous study,17 fractionation of metabolite extracts of S. hygroscopicus subsp. Hygroscopicus was conducted 
using the BUCHI Reveleris® PREP Purification System flash column with silica gel 60 eluted by n-hexane and ethyl 
acetate in a ratio of 1:1 (v/v). The process used UV detectors with 254, 365, and 366 nm wavelengths as well as an 
evaporative light scattering detector (ELSD) to acquire all compounds detected at this wavelength. A running process set 
in gradient mode at a flow rate of 5 mL per minute, then the collected samples were evaporated. All fractions were stored 
in 4°C for maintaining its stability.

Preparation of the Donor Animals
For animal donors, we used male albino Balb/c strain mice, 6–8 weeks of age with an average body weight of 20–25 
grams, which was obtained from the Laboratory of Parasitology, Faculty of Medicine, Universitas Brawijaya. The mice 
were kept in 30×30 cm cages, and fed with sufficient quantities of a standard meal once a day per cage to avoid food 
competition among mice. Drinking boiled water was changed daily. For the welfare of laboratory animals, we follow 
Government Regulation of the Republic of Indonesia No.95 year 2012 concerning Veterinary Public Health and Animal 
Welfare.

P. berghei was obtained from Laboratory of Parasitology, Faculty of Medicine, Universitas Brawijaya. P. berghei- 
infected erythrocyte which was reserved in a liquid nitrogen tank at −135°C were thawed and centrifugated at 2000 rpm 
for 5 minutes. The pellet was washed twice with Roswell Park Memorial Institute 1640 (RPMI 1640) medium (Gibco, 
USA) supplemented with 20% FBS and 0.5% gelatin, then diluted as needed for inoculation to mice. All procedures 
related with isolation of P. berghei were conducted in an aseptic laminar airflow. Each mouse was injected intra- 
peritoneal with 200 μL P. berghei-infected erythrocyte. Observation of the degree of parasitemia in mice was carried out 
every 2 days using blood smears obtained from the tails of mice, with the assumption that there was a two-fold increase 
in parasitemia on the blood smear.35 After the degree of parasitemia reaches at least 5%, the infected erythrocytes is 
taken entirely from the blood through the heart of the mouse.36

Anti-Malaria Activity Assay
Fractions 14 and 36K of metabolite extract S. hygroscopicus subsp. Hygroscopicus, divided into concentrations of 0.25; 1.25; 
6.25; 31.25; 156.25 μg/mL and were added into each well in 24-microplate containing 25 μL P. berghei infected-erythrocytes 
in 1 mL complete medium. The positive control group was exposed to artemisinin 0.01 mM and the negative control group 
was 1% DMSO. The culture was incubated for 48 hours at 32°C with 5% CO2. Then, the culture was taken and centrifuged. 
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Pellets from the culture were used to make blood smears. Thin smears of blood from the mouse tails were made on the object 
glass, then fixed with methanol. The smears were stained with 20% Giemsa and its buffer in a comparison of 1:9, for 30 
minutes, then washed with water and dried. The densities of parasite was observed with a light microscope at 1000x 
magnification with immersion oil. Parasite density was calculated based on the number of infected red blood cells (IRBC) for 
an average of 5000 erythrocytes. The percentage of parasite density (%) was calculated by the formula below:37

While inhibition of parasite growth is expressed as a percentage, and calculated using the formula below.37

Xs is the parasite density of sample and Xc is the parasite density of negative control. The inhibitory concentration 50 
(IC50) was evaluated using probit analysis SPSS.37

Human Breast Cancer Cells (MCF-7) Cultured
Human breast cancer cells (MCF-7) is a commercial cell line that were obtained from the American Type Culture 
Collection (HTB-22-ATCC) (Bioresource Center, Manassas, VA, USA). MCF-7 cells were cultured in flasks containing 
RPMI 1640 medium (Gibco, USA) supplemented with 10% fetal bovine serum (FBS), 10 μL Amphotericin B, and 10 μL 
Penicillin-Streptomycin. The cells were incubated in a 5% CO2 incubator at 37°C and the media was changed every two 
days. MCF-7 cells were observed under an inverted microscope. When the cells reached a high density about 80%, the 
cells could experiment by passing through their logarithmic growth phase.37

Cytotoxic Assay
The cytotoxic effect of fractions 14 and 36K of metabolite extract S. hygroscopicus subsp. Hygroscopicus on MCF-7 was 
measured using MTT assay. Ten thousand MCF-7 cells, calculated by hemocytometer, were added into each well in a 96- 
well microtitre plate and were cultured in RPMI medium supplemented with 10% fetal bovine serum (FBS) and 1% 
antibiotic (penicillin-G and streptomycin), then incubated at 37oC with 5% CO2 for 24h. Fraction 14 and 36K S. 
hygroscopicus subsp. Hygroscopicus cytotoxicity measurement were performed in vitro using five different concentra
tions (0.25; 2.5; 25; 250; 2500 μg/mL) that were prepared by serial dilution. 10 μL of fractions solution was added to 
each well. A negative control experiment was conducted using only MCF-7 cells and a medium control experiment was 
also set up. Triplicate experiments were performed. The microplate was incubated in a 5% CO2 humidified incubator at 
37°C for 48 hours. One hundred microliters of MTT solution was added to each well then incubated for 4 hours. After 4 
hours, the medium was decanted and dissolved in 100 μL of DMSO, before incubating the plate for thirty minutes. The 
MTT assay measures the purple-colored formazan resulting from the reduction of the yellow tetrazolium salt by cells 
with metabolically active. The absorbance of cytotoxicity was read using a microplate reader (Zenix-320) at the 
wavelength of 630 nm. The percentage cytotoxicity was calculated using the formula: (OD of control – OD of 
sample/OD of control) x 100%.38

Data Analysis
Morphology of parasite, after exposed to the fractions, was analyzed by comparing the treatment and control groups, 
descriptively. The inhibition of parasite growth and absorbance of cytotoxicity were analyzed with SPSS 25, using a one- 
way ANOVA test, posthoc Tukey’s test, Pearson correlation test, and linear regression test with p<0.05.

Result
Fractionation of Streptomyces hygroscopicus subsp. Hygroscopicus Metabolite Extract
According to the fractionation carried out in an earlier study,17,18 there were a total of 47 fractions from fractionation I 
(Sepacore® Flash Chromatography) and 60 fractions from fractionation II (Reveleris® PREP Purification System 
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Chromatography), and in each tube, a different weight of fraction was produced during fractionation. The fractionation 
was done using column chromatography with hexane and ethyl acetate solvents to simplify the extract samples 
containing various components. Column chromatography with hexane and ethyl acetate solvents was used to fractionate 
the extract samples containing various components.

In our previous study,17 fractionation I showed spots on fractions 14 and 36K when exposed to UV light at 254 and 
366 nm with retardation factors of 0.24 and 0.41, respectively. These spots, which showed gray or purple fluorescence 
(UV 254 nm) and blue fluorescence (UV 366 nm) in fraction 14 and dark gray spots (UV light 254 nm) in fraction 36K, 
were considered to be monoterpenes, triterpenes, or steroids. On fractionation II, due to black spots on UV 254 nm and 
blue stain when irradiated with UV 366 nm with retardation factor values of 0.24, it showed that fractions 36K have 
derivatives compound of coumarin, scopoletin, or alkaloids.

Parasite Morphology
Evaluation of the effects on the morphology of the intra-erythrocyte stages of the parasite was carried out by microscopic 
visualization of blood smears. Parasite morphology was observed after 48 hours of incubation as shown in Figure 1. At 
0.25 μg/mL fraction 14 concentration, parasites showed irregular amoeboid-form (A1) and immature schizonts as the 
dominant stage (A2), whereas at the same dose of fraction 36K showed immature schizont with pigment (A3) and 
ruptured schizont with many merozoites released (A4) in almost all of the field of view. At 1.25 μg/mL fraction 14 
concentration, parasites displayed mature trophozoite with irregular cytoplasm (B1, B2), similar to fraction 36K, which 
showed mature trophozoite with irregular cytoplasm (B3) and dominating matured schizont with thick cytoplasm 
contained a large number of merozoites (B4). At 6.25 μg/mL fraction 14 concentration, trophozoites with irregular 
and damaged cytoplasm (C1) and trophozoites in crisis form (C2) were seen. At fraction 36K, parasites displayed 
trophozoite with irregular shape and damage of the cytoplasm (C3) and schizont with shrinked cytoplasm (C4). At 31.25 
μg/mL fraction 14 concentration, parasites showed trophozoite with big vacuole, the nucleus was pulled over to the edge 
of parasite cytoplasm, and begin to damage (D1), and schizont with shrinked cytoplasm (D2), while at fraction 36K 
showed young schizont failed to grow with enlargement of the erythrocyte, the presence of vacuole, and damage of the 
cytoplasm (D3) and trophozoite in crisis form (D4). At 156,25 μg/mL fraction 14 concentration, trophozoites with 
irregular and damaged cytoplasm (E1) and crisis form (E2) were seen. At similar dose of fraction 36K, parasite revealed 
ruptured schizont with a few merozoites and cytoplasm damage (E3), and crisis forms (E4) were found frequently. The 
negative control group showed growing schizont (F1) and mature trophozoite (F2). Many crisis forms of parasites were 
identified under positive control group (F3, 4).

Parasite Inhibition
The inhibitory effect of fraction intervention is measured using a light microscope to determine the percentage of 
erythrocytes infected with parasites. Figure 2A displays the inhibition effect of fraction 14 and 36K of S. hygroscopicus 
subsp. Hygroscopicus in significant (p<0.05) of parasite growth. In comparison to the negative control, each treatment 
group had a significant reduction in parasite-infected cells. The negative control group used in this study did not receive 
any intervention, had a parasite density percentage value of 4.75±0.14 and had zero percent parasite inhibition. The 
positive control group used Artemisinin 0.01 mM with a parasite density percentage value of 2.35±0.19 and a parasite 
growth inhibition percentage value of 50.61±4.10.

Fraction 14 showed the largest percentage of inhibition at concentration 156.25 µg/mL with a parasite inhibition 
percentage value of 67.73±3.80. This was followed by fraction 31.25 µg/mL, which showed a parasite inhibition 
percentage value of 63.20 ± 2.74. Both concentrations are higher than the positive control percentage of inhibition. 
Following treatment, a one-way ANOVA test of the percentage of parasite growth inhibition revealed a significant 
difference among the intervention groups with a value of p = 0.000 (p<0.05). The relationship between concentrations of 
fraction and the percentage of parasite growth inhibition was significant with P-value = 0.000 and r = 0.976 (Pearson 
correlation test), indicated a positive correlation; R2 = 0.953 from a linear regression analysis revealed that the 
administration of treatment was responsible for 95.3% of the parasite growth inhibition.
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Fraction 36K also showed the greatest percentage of inhibition at a concentration of 156.25 µg/mL, but it was still 
lower than that of positive control. A one-way ANOVA test of the percentage of parasite growth inhibition revealed 
a significant difference among the intervention groups with a value of p = 0.000 (p<0.05). Pearson correlation test 
showed P-value = 0.000 and r = 0.914 indicated a significant positive relationship between fraction concentrations and 
percentage of parasite growth inhibition. R2 = 0.835 from a linear regression analysis revealed that the administration of 
treatment was responsible for 83.5% of the parasite growth inhibition.

Inhibition Concentration 50 (IC50) of Fraction 14 and 36K
In this study, the parasite growth inhibition probit analysis was used to calculate the IC50, followed by a linear regression 
analysis using SPSS. The probit analysis of fraction 14 produced the equation y = 0.486x - 0.498 with R2 = 0.971. The 
IC50 for fraction 14 is calculated from this equation to be 10.63 µg/mL. While y = 0.570x - 1.217 and R2 = 0.743 were 
used to compute the I IC50 of fraction 36K. The IC50 for fraction 36K was determined by this equation to be at 
a concentration of 135,913 µg/mL (Figure 2B).

Figure 1 Morphological alteration of Plasmodium berghei after 48 hours incubation with fraction 14 and 36K S. hygroscopicus subsp. Hygroscopicus, consisted treatment and 
control group. (A-F) Fractions 14 and 36K of metabolite extract S. hygroscopicus subsp. Hygroscopicus 0.25 µg/ml (A), 1.25 µg/ml (B), 6.25 µg/ml (C), 31.25 µg/ml (D), and 
156.25 µg/ml (E). F1-2 as the negative control. F3-4 as the positive control. Except F, (1-2) mean fraction 14, (3-4) mean fraction 36K. * Show a crisis form of P. berghei.
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The Cytotoxicity of Fraction 14 and 36K
The cytotoxicity test was performed on MCF-7 cell lines with an MTT assay. Figure 3 depicts the cytotoxicity degree 
effect of S. hygroscopicus subsp. Hygroscopicus extract fractions 14 and 36K. All concentrations of fractions 14 and 36K 
had toxicity values that were lower than 50%. Because fractions 14 and 36K with the highest concentration of 2500 µg/ 
mL have percentages of cell death 18.21% and 23.28% that did not reach 50% of cell death, the fraction LC50 cannot be 
determined in this study. Then, a result of p = 0.000 (p<0.05) for fraction 14 and p = 0.000 (p<0.05) for fraction 36K, the 
one-way ANOVA test of cytotoxicity of the degree of cell death revealed a significant difference between the interven
tion groups.

Discussion
The emergence of resistance to antimalarial drugs has become an urgent need to develop potent new antimalarial 
compounds. Streptomyces sp. is Gram-positive bacteria that have been known for its wide activity as an antimicrobial, 
antifungal, anticancer, and antiparasite, such as malaria.39 Therefore, this study was conducted to evaluate the effectivity 
of fractions 14 and 36K of metabolite extract S. hygroscopicus subsp. Hygroscopicus as antimalarial and its cytotoxicity. 
Fractionation was aimed to simplify the extract samples containing various components. From the previous study,17 49 
samples of fractions were collected. Fraction numbers 14 and 36K were selected because previous studies have shown 

Figure 2 Antimalarial activity test of fractions 14 and 36K of metabolite extract S. hygroscopicus subsp. Hygroscopicus, against P. berghei after 48 hours. (A) Percentage of 
inhibition P. berghei growth. (B) Analysis of IC 50 of Fractions 14 (1) and 36K (2) using linear regression analysis of concentration logs and probit parasite inhibition. y = 
0.486x - 0.498 with R2 = 0.971 is the equation for the fraction 14, while y = 0.570x – 1.217 with R2 = 0.743 is the equation for the fraction 36K. 
Notes: Sign (*) showed a significant difference compared to the negative control, and sign (^) showed a significant difference compared to the positive control in the post 
hoc test.
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that the fraction contains secondary metabolite which has antimalarial activities.17 P berghei was used in this study since 
it is an appropriate parasite that is most commonly used because of its higher accessibility.40 P. berghei commonly was 
used in assessing the antiplasmodial activity of the new agent because all life cycle stages of the parasite are seen on 
smears due to the nonadherence of the species with endothelial cells.41 Studying in vitro is more rapid and accurate for 
observing parasite’s fragility due to antimalarial agents, without any disruption from the host factor.42

The antimalarial effectiveness of fractions 14 and 36K of metabolite extract S. hygroscopicus subsp. Hygroscopicus 
against P. berghei in vitro was investigated in this research. Both fractions disrupted the development of the parasite 
stage. This suggests that the antimalarial activity of the fraction is the result of the additive or synergistic interaction of 
various components in the fractions. This result was similar to a previous study that the metabolite extract of 
S. hygroscopicus can damage the parasite morphology. Schizonts and trophozoites failed to develop and appear 
morphologically damaged with loss of cytoplasmic content and pycnotic nuclei that call crisis form. Crisis forms were 
marked by the disappearance of the cytoplasm, the nucleus was pulled over to the edge of the parasite cytoplasm, and the 
chromatin was thick, compact, and dark.13,36

Parasite inhibition is the inhibitory effect caused by the treatment given. The Inhibitory Concentration 50 (IC50) is 
a concentration of S. hygroscopicus subsp. Hygroscopicus which is capable of causing 50% parasite inhibition. Based on 
the result of this study, fractions 14 and 36K of metabolite extract S. hygroscopicus subsp. Hygroscopicus can inhibit 
P. berghei in vitro. These results indicated that the higher the fraction concentration, the higher the percentage of 
inhibition of parasite will be obtained. Fraction 14 showed greater potency in inhibiting parasite than fraction 36, with the 
largest inhibition until 67% at concentration 156,25 μg/mL. This study showed that S. hygroscopicus have antimalarial 
properties against Plasmodium sp. A previous study about methanol extracts of the secondary metabolite of Streptomyces 
sp. against P. falciparum showed that a concentration of 100 µg/mL could suppress 0.66% average growth of 
P. falciparum with 95.20% average inhibition value.43 Another study showed that the highest effect percentage inhibition 
of secondary metabolite extract of S. hygroscopicus against P. falciparum-infected erythrocytes was 2.6 mg/mL and 
13 mg/mL with 69.8% and 67.3% inhibition, respectively.13 Our previous study stated that other fractions namely 
fractions 15 and 16 of S. hygroscopicus metabolite showed inhibition of parasite growth more than 50% using lactate 
dehydrogenase (PfLDH) enzyme assay with a significant difference, against P. falciparum culture.18

Figure 3 A diagrammatic analysis of the cytotoxicity levels of fractions 14 and 36K of metabolite extract S. hygroscopicus subsp. Hygroscopicus shows that all concentration 
percentages of cell death were lower than 50%. The analysis compared to the negative control which is considered to have a value of zero percentage of cell death. 
Note: Sign (*) showed a significant difference compared to the negative control.
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In this study, the inhibitory concentration 50 (IC50) was obtained using a probit analysis of log concentrations 
converted from inhibition percentage in SPSS. IC50 value means the ability of the fractions 14 and 36K of metabolite 
extract of S. hygroscopicus subsp. Hygroscopicus in inhibiting the growth of P. berghei in erythrocytes in vitro by 50%. 
The greater the effectiveness of the inhibition on the growth of P. berghei, the smaller the IC50 value. The results of IC50 

analysis of fraction 14 and 36K against P. berghei were 10.63 μg/mL and 135,91 μg/mL, respectively. Previous data 
classified antiplasmodial activity as high (IC50<5 μg/mL), promising (5< IC50<15 μg/mL), moderate (15< IC50<50 μg/ 
mL), and inactive (IC50>50 μg/mL).44,45 Fraction 14 in this study showed promising activity, indicating that it contains 
the main active compound, while fraction 36K showed inactive activity. A previous study showed that the IC50 value of 
crude extract of Streptomyces sp. AB8 against P. falciparum 3D7 in vitro was 17.56 μg/mL.46 Another study stated that 
parasite inhibition of S. hygroscopicus subsp. Hygroscopicus strain i18 towards P. falciparum in vitro as measured using 
probit analysis was 11.07 μg/mL.37

For the development of novel drugs, it is crucial to test the cytotoxicity of new compounds. Preclinical cytotoxicity 
experiments on numerous biological systems demonstrate the hazardous effects of the items under study at species-, 
organ-, and dose-specific levels.47 In this study, the cytotoxicity test was conducted on MCF-7 cell line, which is one of 
the breast cancer cells. MCF-7 cell line has been used for examining the cytotoxic effect of antimalarial drugs in several 
previous studies.27–32 Cancer cells are more susceptible to toxic drugs than the majority of normal cells because they 
actively divide at considerably greater rates, and this is related to mitotic spindles and DNA replication in cancer 
cells.25,48 Other study showed relatively uniform toxicity results of cell lines and normal cell lines.24 As a result, this 
study attempted to carry out a cytotoxicity test experiment on MCF-7 cells, which have excellent qualities and are 
adherent cell types with the monolayer culture method, making them easier to examine than normal cells.49

The cytotoxicity of the MCF-7 cell line was examined using the MTT assay at five different concentrations with 
exponential increases. The MTT assay is a colorimetric testing system that measures the amount of reduction of the 
yellow MTT salt to violet-blue formazan by succinate tetrazolium reductase, which is included in the respiration chain in 
the mitochondria of living cells. The results are read by a microplate reader as the form of an optical density unit.50 

According to Clarkson’s toxicity index,51 LC50 < 1000 µg/mL is toxic, while LC50 > 1000 µg/mL is non-toxic. Fractions 
14 and 36K showed an LC50 value of < 1000 µg/mL. This suggests that both fractions 14 and 36K have a safe dosage 
range and are not toxic to the MCF-7 cell. This result was similar with previous study,18 stated that fraction 15 and 16 of 
S. hygroscopicus subsp. Hygroscopicus has been shown to have no hazardous effects on the colorectal cancer DLD-1 cell 
line.18

In earlier research, it was known that fractions 14 and 36K both have many compounds that may have an antimalarial 
activity that make a change in morphology and decrease the activity of Plasmodium growth. The compounds known in 
fractions 14 and 36K are monoterpene, triterpene, and steroid chemicals, as well as coumarins, scopoletin, and 
alkaloids.17 Terpenoid chemicals and their derivatives have a structure that can pass through the lipid bilayer of the 
erythrocyte membrane and inhibit protein synthesis in parasite cells.19 Erythrocyte membrane shape changes towards 
stomatocytes or echinocytes depending on their hydrogen bonding capabilities; both types of erythrocyte changes can 
invade and inhibit Plasmodium falciparum growth.19 Terpenes may prevent isoprenyl diphosphate synthases from 
condensing molecules of IPP and other isoprenic substrates into isoprene chains, preventing the parasite from producing 
polyisoprenoid biomolecules.21 Terpenes may also compete with a number of enzymes that utilize isoprenic compounds 
as substrates, preventing the production of isoprenoid compounds, such as the isoprenic chain of the benzoquinone ring 
of ubiquinones in the schizont stage.20,21

Another substance discovered in S. hygroscopicus metabolite extracts fraction 36K called coumarin is widely 
recognized for its antiplasmodial effects.52–56 According to other studies, daphetin or 7,8-dihydroxycoumarin as one of 
the coumarin compound can inhibit P. falciparum activity in vitro by preventing DNA synthesis.57 The reduction in DNA 
synthesis inhibits parasite replication, which causes the parasites to die from a lack of proteins that are essential for the 
parasite’s metabolic functions.52,57 Daphnetin revealed a suppression of DNA synthesis at the trophozoite stage during 
P. falciparum’s distinct development phases.57 One of the coumarin derivatives, scopoletin, is also present in fraction 
36K.17 However, scopoletin (7-hydroxy,6-methoxycoumarin) does not appear to have any antiplasmodial activity in vitro 
due to the absence of a hydroxyl group at position C-8.58
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Other compound in S. hygroscopicus metabolite extracts is alkaloid. On previous research, a weak alkaloid namely 
tryptanthrin has a strong affinity for the target proteins Plasmodium falciparum Aminopeptidase M1 (PfA-M1), Falcipain 
2 Protease, and P. falciparum Chloroquine Resistance Transporter (PfCRT) has been demonstrated to be present in 
fractions 41 and 44 in both in vivo and in silico studies.15

Conclusion
In this study, it can be concluded that fractions 14 and 36K of metabolite extract of S. hygroscopicus subsp. 
Hygroscopicus were able to inhibit more than 50% growth of P. berghei in vitro and cause morphological damage 
to P. berghei. It was also proven that the two fractions were non-toxic to human cells in the cytotoxicity test. Although 
only fraction 14 showed promising activity as its antiplasmodial capacity classified as high (IC50<5 μg/mL).
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