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Abstract. Cancer stem cells (CSCs) are a subset of cancer cells that have the abilities of 

normal stem cells. CSCs are cancer cell pioneers with self-renewal abilities that can cause 

CSCs to differentiate into several cancer cells. Because CSCs are resistant to conventional 

therapies, killing CSCs necessitates the use of a compound with powerful anticancer properties. 

Trisindoline has been shown to have powerful anticancer properties. Trisindoline has been 

synthesized into several modifications, the most recent of which is Trisindoline-5. The goal of 

this study is to find out what the IC50 value of Trisindoline-5 is. The cytotoxicity assay using 

Microculture Tetrazolium Technique Assay (MTT Assay) is used to determine IC50. The IC50 

value of the Trisindoline-5 compound is 24.683 μM at 24 hours incubation, which classifies it 

as a medium cytotoxic compound, 17.067 μM at 48 hours incubation, which classifies it as a 

highly toxic compound, and 6497 μM at 72 hours incubation, which classifies it as a compound 

with no toxicity. While the IC50 value of doxorubicin is 1.611 μM after 24 hours, 2.334 μM 

after 48 hours, and 5.324 μM after 72 hours, it is classified as a compound with highly toxic 

activity. 
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1. Introduction 

Cancer stem cells (CSCs) or known as tumor-initiating cells (TICs) are a very small proportion of 

the cancer cell population that has the ability of normal stem cells [1]. CSCs are embryonic in nature 

which through both symmetric and asymmetric division can slowly maintain its population with the 

ability to self-renewal for a long period of time [2]. CSCs are also pioneers for cancer cells where this 

self-renewal ability will cause undifferentiated CSCs to differentiate into various types of cancer cells 

[3][4]. CSCs play a role not only in cancer formation but also metastasis, and recurrence [3]. CSCs 

metastasize by breaking away from the tumor mass and entering the bloodstream and circulating to 

parts of the body where they can invade other tissues and initiate the process of tumor formation. This 

metastatic ability is a major cause of cancer death [5][6]. 

A significant difference of cancer stem cells (CSCs) is their ability to be resistant to conventional 
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therapies [7]. Current therapies tend to center on killing rapidly dividing cells in the tumor mass. 

However, such therapies will spare the slower-dividing cancer stem cells (CSCs) that survive and can 

cause recurrence and regrowth of the tumor mass [8]. Therefore, CSCs are widely researched as the 

main target cells in cancer treatment [9]. 

Many cancer treatment strategies have been developed including surgery, radiotherapy, 

chemotherapy, and targeted therapy [10]. Surgery and radiotherapy are effective cancer treatments for 

non-metastatic cancers. As for metastatic cancer that attacks many organs of the body, the use of 

chemotherapy is more effective [8]. Besides being expensive, these treatments sometimes have side 

effects. So that treatment is developed that utilizes natural materials. The natural material used in 

previous studies is trisindoline. Trisindoline is a derivative compound of indole isolated from several 

natural sources including bacteria, sponges and plants. Indole compounds are widely used in the 

pharmaceutical world because they are highly toxic to microorganisms, mutagens and carcinogens 

[11]. 

Trisindoline-1 was first isolated from a culture of marine bacteria Vibrio sp. obtained from the 

Okinawan sea sponge Hyrtios altum [12]. Trisindoline itself has been synthesized into several 

modifications that have different toxic properties [13]. Previous research showed that trisindolina 1 

has the highest cytotoxicity activity against MCF cancer cells with an IC50 value of 2.059 μM 

compared to other modifications [14]. After that, [15] revealed that the activity of Trisindolina 1 

against CSCs had an IC50 value of 57.72 µM and correlated very strongly negatively with CSC 

viability. Then, [16] has synthesized the latest modification of trisindolina 5-floro-3,3-di((methyl 

indol-5- carboxylate)-3-yl)-2-indolone which has quite good cytotoxicity activity in DU-145 and A549 

and is not toxic to h9c2 normal cells so it is very good to be used as an alternative anticancer drug 

compared to trisindoline-1 which is very toxic. Thus, further research was conducted to evaluate the 

cytotoxicity and determine the IC50 value of Trisindoline 5 against cancer stem cells (CSC) which are 

the initiation of various types of cancer. 

2. Materials and Methods 

2.1 Time and Place 

This study was conducted during March 2022-June 2022. The research location was at the Stem 

Cell and Cancer Research (SCCR) Laboratory, Faculty of Medicine, Sultan Agung Islamic University 

Semarang, Semarang, Central Java. 

2.2 Tools and Materials 

The tools used were conical tube, 96-well plate, micropipette, tip, microtube, cryotube, flask, 

centrifuge, haemocytometer, CO2 incubator, Biological Safety Cabinet (BSC), ELISA reader, inverted 

microscope and liquid nitrogen tank. The materials used were Cancer Stem Cell (CSC) cultures, 

trisindoline compound powder, doxorubicin compound stock solution, Dulbecco's Modified Eagle's 

Medium (DMEM) F12, supplemental medium for mammosphere (MammoCult) 20%, fungizone 

(Amphotericin B) 0.25%, penicillin-streptomycin 1.24%, phosphate buffered saline (PBS), fetal 

bovine serum (FBS) 20%, glutamine 1.02%, trypsin-EDTA (ethylenediaminetetraacetic acid) 0.25%, 

dimethyl sulfoxide (DMSO) solvent, MTT (3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium 

bromide) solution, sodium dodecyl sulfate (SDS-stopper) reagent, and 70% alcohol. 

2.3 Methods 

2.3.1 Preparation of Culture Medium 

Preparation of complete culture medium was carried out in a biological safety cabinet (BSC) 

aseptically. Complete culture medium was prepared from a mixture of 20 ml 20% FBS, 20 ml 20% 

supplemented medium for mammosphere (MammoCult), 1.24 ml Penicillin-streptomycin 1.24% and 

250 μl Amphotericin B 0.25% in a conical tube. DMEM F12 was added until the final volume in the 

conical tube was 100 ml. Then, the conical tube was labeled and stored at 2-8°C. 

2.3.2 CSC Culture Preparation and Growth 
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Frozen cancer stem cell (CSC) cultures in cryotubes were taken from a liquid nitrogen tank at - 

80°C. Then thawing was done at room temperature. The thawed cell culture was then transferred into a 

sterile conical tube containing 3 ml of complete culture medium. Then, a centrifuge was performed on 

the cell suspension at 1000 rpm for 1-3 minutes, then the supernatant formed was discarded. Then in 

BSC cell culture, 4 ml of new complete medium was added and resuspended until homogeneous. Then 

added medium to a total of 7-10 ml and homogenized. Then grown to 80% confluence in a CO2 

incubator at 37oC for 2-3 days. Every 24 hours of incubation the medium was replaced. 

2.3.3 CSC Harvesting 

The flask containing the cell culture is observed under an inverted microscope to see if it has 

reached 80% confluence. Cell culture that is 80% confluent indicates that harvesting can be done. The 

complete medium from the 80% confluent cell culture was removed from the flask using a 

micropipette. The remaining cell culture was washed with PBS twice. Then trypsin-EDTA 0.25% as 

much as 2-5 ml was added and incubated for 30 seconds in BSC followed by incubation for 3 minutes 

in a CO2 incubator at 37˚C to release cells from the flask wall and become single cells. Then 5-7 ml of 

trypsin inactivation medium was added to the flask and the cells were resuspended until the cells were 

detached from the flask wall. To ensure that the cells were completely detached and not clumped, the 

cells were observed again with an inverted microscope. If the cells were still clumped then 

resuspension was done again. If the cells were detached and not clumped then the cells were 

transferred into a sterile conical tube and labeled. 

2.3.4 CSC Counting 

The harvested cells in the conical tube were taken as 10 μl cell harvest to count the number of cells 

using a haemocytometer. Cells were transferred into the haemocytometer using a micropipette and 

counted with a counter under an inverted microscope. 

Calculations were carried out in four counting rooms (Room W) with the stipulated conditions, 

namely dark cells (dead) and cells on the left and upper outer boundaries were not counted, while cells 

on the right and lower outer boundaries were counted. Then totaled using the following formula: 

 

Σ cell/ml =((Σ cell in chamber W)/4) x 104 ..................... (1) 

 

The total number of cells required was calculated, for a 96-well plate, the total number of cells 

required was 5x103 cells/well x 100 wells, resulting in 5x105 cells. Then the required volume of 

harvested cells (in ml) is calculated with the following calculation formula: 

 

Harvested cells volume = (total number of cells required)/(number of cells counted/ml) .............. (2) 

 

The cell harvest volume is transferred to a new conical tube and culture medium is added until the 

total volume required. The calculation of the required volume is that each well will be filled with 100 

µL of culture medium containing cells, so the total volume needed to plant cells in 96-well plates is 

100 µL x 100 wells resulting in 10 ml. 

2.3.5 Compound Preparation 

As much as 5 mg of trisindoline powder was mixed with DMSO in a microtube to obtain a 

trisindoline stock solution with a concentration of 100,000 μM. Furthermore, dilutions were made with 

concentration series of 1 μg/mL, 2.5 μg/mL, 5 μg/mL, 10 μg/mL, 25 μg/mL, 50 μg/mL, and 100 

μg/mL. 

Doxorubicin stock solution was made with a concentration of 100,000 μM. Furthermore, dilutions 

were made with concentration series of 0.5 μg/mL, 1 μg/mL, 2.5 μg/mL, 5 μg/mL, 10 μg/mL, 25 

μg/mL, and 50 μg/mL. 

For each concentration series made will be placed in a separate microtube and replicated twice. 

Each microtube series of trisindolina compound solution is used for 3 wells so that if there are two 
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replications, the number of wells filled is 6 wells for each concentration. 

2.3.6 Cytotoxicity Assay 

The cytotoxicity assay was performed using the MTT assays method. The cell culture was 

distributed to 96-well plates with 5x103 cells/100 μL in each well, then incubated for 24 hours at 37°C 

in a CO2 incubator until confluent. After confluent (ready to be treated), the plate was taken from the 

CO2 incubator to be taken to the BSC. The culture medium was discarded then with 100 μL PBS all 

wells filled with cells were washed then PBS was discarded and the remaining liquid was drained with 

a tissue. The concentration series of samples were put into the wells and incubated in a CO2 incubator 

with different incubation times of 24 hours, 48 hours, and 72 hours. 

After incubation, cell conditions were observed and documented for each treatment group, except 

media control. MTT powder as much as 50 mg was weighed and dissolved in 10 ml PBS, then stored 

in a freezer covered with aluminum foil. Then 1 ml of MTT stock was taken and diluted with culture 

medium to 10 ml (for each 96-well plate). The culture medium was discarded and then washed with 

PBS and 100 μL of MTT reagent was added to each well, including control media. Then incubated 

again in a CO2 incubator for 2-4 hours. Cell conditions were examined with an inverted microscope. If 

formazan formed, 100 μl of stopper in the form of 10% SDS solution in 0.01 N HCl was added to each 

well to dissolve the formazan crystals. The plate was then wrapped with aluminum foil and incubated 

in a dark place at room temperature overnight. 

The ELISA reader was turned on and waited until the progressing process was complete. The 

wrapper and plate lid were opened and inserted into the ELISA reader at a light wave of 595 nm. Then 

the start button was pressed and the absorbance results of each well appeared. After completion, the 

ELISA reader is turned off and the results are stored. Furthermore, the percentage of cell viability was 

calculated and then the IC50 value was analyzed by probit regression analysis of SPSS Statistic 25 

software. 

3. Results and Discussion 

3.1 Morphological Observation of CSC 

Observations of Cancer Stem Cell (CSC) morphology after treatment with Trisindolina 5, 

Doxorubicin, and untreated control cells were observed using an inverted microscope presented in 

Figure 4.1. 

 
Figure 1. Morphology of CSCs treated with (A) cell control, (B) Trisindolina 5, and (C) 

Doxorubicin, (D) formation of formazan crystals (Phase contrast, x40) 

Observations showed morphological changes in treated cells compared to untreated control cells. In 
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normal cells, Figure 1.A shows a spindle morphology and strong intercellular adhesion. Adhesion 

between cells causes CSCs to adhere to each other and form a tight collection of cells. Normal CSCs 

are classified as adherent or grow attached to the surface of the culture container. Cells treated with 

Trisindolina 5 in Figure 1.B and Doxorubicin treatment in Figure 1.C show changes in cell 

morphology where cells look round. This indicates the occurrence of apoptosis where chromatin 

condensation and nucleus fragmentation occurs so that cell morphology appears round and 

experiences shrinkage/reduction of cellular volume or pycnosis [17]. In addition, intercellular 

adhesion is also drastically reduced when compared to control cells. When the compound can damage 

cell adhesion, the cells will be spherical/circular. This is due to damage to the extracellular matrix 

(ECM) where the ECM is what provides elastic properties, span, and cell compaction [18]. 

Meanwhile, Figure 1.D shows the formation of a purplish blue formazan crystal structure that 

indicates the reduction of MTT by succinate dehydrogenase contained in the mitochondria of living 

cells [19]. 

3.2 Trisindoline 5 Cytotoxicity Assay 

The cytotoxicity assay of Trisindoline 5 was performed using the MTT method with varying 

incubation times of 24, 48, and 72 hours. The incubation time variation was used because the cell 

cycle length varies from 22 to 36 hours and is usually 24 hours in human cells. The absorbance values 

of cells treated with the test compound Trisindolina 5 are shown in Table 1, Table 2, and Table 3. 

These values were then used to determine the percentage of live cells (viability). Furthermore, probit 

analysis was conducted using SPSS Statistic 25 application to determine the IC50 value. 

 

Table 1. Trisindoline 5 cytotoxicity assay for 24 hours of incubation 

Concentration 
  Absorbance  % 

Viability 

% 

Inhibition Average 

2,5 0,141 124 0 

5 0,131 66 34 

25 0,130 65 35 

50 0,127 44 56 

100 0,119 5 95 

Control Cell 0,137 -  

Control 

Medium 
0,118 - 

 

IC50 SPSS 24,683 μM   

Table 2. Trisindoline 5 cytotoxicity assay for 48 hours of incubation 

Concentration 
 Absorbance  % 

Viability 

% 

Inhibition Average 

2,5 0,113 100 0 

5 0,107 68 32 

25 0,101 34 66 

50 0,100 28 72 

100 0,097 13 87 

Control Cell 0,113 -  

Control 

Medium 
0,095 - 

 

IC50 SPSS 17,067 μM   

Table 3. Trisindoline 5 cytotoxicity assay for 72 hours of incubation 

Concentration Absorbance % % 
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 Average Viability Inhibition 

2,5 0,093 97 3 

5 0,099 183 0 

25 0,092 87 13 

50 0,102 225 0 

100 0,092 83 17 

Control Cell 0,093 -  

Control 

Medium 
0,086 - 

 

IC50 SPSS 6497 μM   

The IC50 value of Trisindoline 5 at the 24-hour incubation time was 24.683 μM which according to 

the National Cancer Institute (NCI) criteria included moderate cytotoxic criteria. The IC50 value of 

Trisindoline 5 at an incubation time of 48 hours amounted to 17.067 μM which according to the 

National Cancer Institute (NCI) criteria included highly toxic criteria. Meanwhile, the IC50 value of 

Trisindoline 5 at 72 hours incubation time was 6497 μM which according to the National Cancer 

Institute (NCI) criteria included non-toxic criteria. The IC50 value at each time on Trisindoline 5 

showed a decrease in IC50 at 48 hours and an increase in IC50 at 72 hours. The increase in IC50 at 72 

hours indicates a decrease in the cytotoxicity activity of the Trisindoline 5 compound and indicates 

that the effectiveness of Trisindoline 5 decreases when the CSC incubation incubation is prolonged. 

Based on the data of cancer stem cell (CSC) live cell percentage with the treatment of the test 

compound Trisindolina 5, the probit curves are shown in Figure 2, Figure 3, and Figure 4. 
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Figure 2. Probit results of Trisindoline 5 cytotoxicity against CSC after 24 hours of incubation 

1 

0.5 

0 

-0.5 
0 1 2 3 

-1y = -1.177x + 1.292 
R² = 0.9823 

-1.5 
Log of Concentration 

 

 

 

Figure 3. Probit results of Trisindoline 5 cytotoxicity against CSC after 48 hours of incubation 
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Figure 4. Probit results of Trisindoline 5 cytotoxicity against CSC after 72 hours of incubation 

Furthermore, regression analysis through graphs and the coefficient of determination (R2) showed 

different values for each variation of incubation time. The negative sign in each equation indicates that 

the movement of the values of variables X and Y is not in the same direction, meaning that the higher 

the concentration of Trisindoline 5 given, the lower the percentage of live cells. The coefficient of 

determination can be seen through the R-square (R2) value which shows the extent to which the 

contribution of the independent variables in the regression model is able to explain the variation of the 

dependent variable. When the independent variables are combined with the dependent variable, the 

coefficient of determination (R2) is used to determine and predict the magnitude or significance of the 

influence provided by the independent variables. The coefficient of determination can vary from 0 to 

1. If the value is close to one, the independent variables provide almost all of the information required 

to estimate the dependent variable. However, as the R2 value decreases, it indicates that the ability of 

the independent variables to explain the dependent variable becomes more limited [20]. 

The decrease in cytotoxicity activity and effectiveness of Trisindoline 5 is because CSCs have a 

relatively weak sensitivity to Trisindoline 5. The weak sensitivity of CSCs to anticancer compounds is 

due to the characteristics of CSCs which are known to have therapeutic resistance capabilities 

[1][21][22]. This is because CSCs express transmembrane transporters, such as the ABC (ATP- 

binding cassette) transporter family, which are able to actively pump drug molecules out of the cell. 

CSCs also have enzymes, such as aldehyde dehydrogenase (ALDH), and glutathione transferase 

(GST), which are able to metabolize and inactivate anticancer agents. In addition, CSCs also have 

increased expression of anti-apoptotic proteins, such as Bcl-2 and Bcl-X. CSCs are also able to 

promote DNA damage repair by activation of DNA damage checkpoints such as CHK1 and CHK2, as 

well as activation of pro-survival signaling molecules [1][23]. In addition, several signaling pathways 

in CSCs are also known to be associated with therapeutic resistance, for example the WnT, Notch, and 

Hedgedog signaling pathways that regulate self-renewal and differentiation in CSCs [24][25]. 

Trisindoline 5 is a compound that has an indole molecule with the modification of adding a side 

group in the form of a fluorine group that serves to increase its potential as an anticancer compound 

[26]. The fluorine group is on carbon number 5 of the isatin molecule [16]. The isatin molecule is an 

oxidized derivative of the indole molecule which is able to induce cell death in the form of both 

apoptosis and necrosis [27]. Isatin is known to inhibit cancer cell proliferation through interaction with 

extracellulear signal-related protein kinases (ERK) so as to trigger apoptosis. ERK is able to activate 

apoptosis, both extrinsic and intrinsic pathways [28]. The mechanism of cytotoxicity of fluorine 

groups in Trisindolina 5 compounds is still unknown. However, many additions of fluorine groups to 

medicinal compounds have proven cytotoxicity mechanisms, for example, the antitumor drug 5- 

fluorouracil (5-FU) which works by converting to active metabolites that inhibit the enzyme 

thymidylate synthase, an enzyme that converts 20-deoxyuridine-50-monophosphate (dUMP) into 20- 

deoxythymidine-50 monophosphate (dTMP) and causes a decrease in thymidine formation so that it 
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will reduce DNA synthesis [29][30]. Therefore, the presence of isatin molecules and fluorine groups in 

the Trisindoline 5 compound allows this compound to be toxic to cancer cells. 

3.3 Doxorubicin Cytotoxicity Assay 

Doxorubicin cytotoxicity assay was conducted using MTT method with variation of incubation time 

of 24, 48, and 72 hours as positive control. The absorbance value of cells treated with Doxorubicin test 

compound is shown in Table 4, Table 5, and Table 6. The value was then used to determine the 

percentage of living cells (viability). Furthermore, probit analysis was conducted using SPSS Statistic 

25 software to determine the IC50 value. 
Table 4. Doxorubicin cytotoxicity assay results for 24 hours incubation 

Concentration 
  Absorbance 

 % % 
 Average Viability Inhibition 

0,5 0,361 83 17 

1 0,322 38 62 

5 0,312 25 75 

25 0,307 20 80 

50 0,319 34 66 

Control Cell 0,375 -  

Control 0,290 -  

Medium    

IC50 SPSS 1,611 μM 
 

Table 5. Doxorubicin cytotoxicity assay results for 48 hours incubation 

Concentration 
  Absorbance 

 % % 
 Average Viability Inhibition 

0,5 0,395 128 0 

1 0,286 15 85 

5 0,316 46 54 

25 0,312 42 58 

50 0,278 7 93 

Control Cell 0,271 -  

Control 0,368 -  

Medium    

IC50 SPSS 2,335 μM 
 

Table 6. Doxorubicin cytotoxicity assay results for 72 hours incubation 

Concentration 
  Absorbance 

 % % 
 Average Viability Inhibition 

0,5 0,318 159 0 

1 0,296 140 0 

5 0,167 26 73 

25 0,155 15 85 

50 0,146 7 93 

Control cell 0,251 -  

Control 0,138 -  

Medium    

IC50 SPSS 5,324 μM 
 

 

The IC50 value of Doxorubicin at the 24-hour incubation time was 1.611 μM, at the 48-hour 

incubation time was 2.335 μM and at the 72-hour incubation time was 5.324 μM which according to 

the National Cancer Institute (NCI) criteria includes highly toxic criteria. The IC50 value of the 

Doxorubicin compound is smaller than the IC50 value of Trisindoline 5. Indicates that the activity and 
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effectiveness of Doxorubicin is better than Trisindoline 5. So it is proven that Doxorubicin as a 

commercial drug has stable effectiveness and its cytotoxic activity is still very toxic even though the 

incubation is prolonged. 

Based on the data of cancer stem cell (CSC) live cell percentage with the treatment of Doxorubicin 

test compound, the probit curves are shown in Figure 5, Figure 6, and Figure 7. 

 

 

 

 

 

 

 

 

 

 

Figure 5. Doxorubicin cytotoxicity probit results against CSC after 24 hours of incubation 
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Figure 6. Doxorubicin cytotoxicity probit results against CSC after 48 hours of incubation 
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Figure 7. Doxorubicin cytotoxicity probit results against CSC after 72 hours of incubation 

Furthermore, regression analysis through graphs and the coefficient of determination (R2) showed 

different values for each variation of incubation time. The negative sign in each equation indicates that 

the movement of the values of the X and Y variables is not in the same direction, meaning that the 

higher the concentration of Doxorubicin given, the lower the percentage of living cells. 

The anticancer activity of Doxorubicin is known to intercalate with DNA and inhibit topoisomerase 

II (TOP2) of cancer cells resulting in inhibition of DNA and RNA synthesis, thus activating p53 to 

perform cell cycle arrest and if it cannot be repaired it will stimulate apoptosis [31][32]. In addition, 

Doxorubicin also forms semiquinone free radicals and reactive oxygen species (ROS). ROS can cause 

adverse effects in the form of lipid peroxidation and membrane damage, DNA damage, oxidative 

stress and cause cells to undergo apoptosis [31]. 
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4. Conclusion 

From the research that has been carried out, it can be concluded that the IC50 value of Trisindolina 5 at 

the 24-hour incubation time of 24.683 μM includes moderate cytotoxic criteria, at the 48-hour 

incubation time of 17.067 μM including highly toxic criteria, at the 72-hour incubation time of 6497 

μM including non-toxic criteria. The IC50 value of doxorubicin is 1.611 μM at 24 hours incubation, 
2.335 μM at 48 hours incubation, and 5.324 μM at 72 hours incubation so it is classified as a 
compound with highly toxic activity. 
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