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Cancer is one of the leading causes of death in the world. Efforts to find and develop cancer drugs from
natural products continue with the exploration of trisindoline, a substance that is isolated from marine
sponges Hyrtios altum. Trisindoline is an indole trimer alkaloid compound that has been successfully syn-
thesized into trisindoline 1, 3 and 4. Trisindoline is cytotoxic in cell lines and in this study, trisindoline
was able to induce apoptosis in the in silico and in vitro tests that were carried out. The in silico test
was carried out through molecular docking using the Autodock Vina method and the Molecular
Dynamics (MD) Simulation QM / MM AMBER. The target proteins used were protein p53 and caspase
�9 which played a role in the apoptotic pathway and cyclin D1 which played a role in cell proliferation.
Meanwhile, cytotoxicity analysis was carried out using the MTT method (3- (4,5-dimethyltiazol �2-yl)
�2,5 -dipenyl tetrazolium bromide). Nevertheless, the ability of trisindoline to induce phagocytosis is still
unrevealed. The phagocytosis assay was carried out by assessing the macrophage capacity and phagocytic
index using the latex-beads model. The in silico results showed that the binding affinity values between
the target protein Cdk-2 and the trisindoline 1, trisindoline 3 and trisindoline 4 ligands were �7.3 kcal /
mol, �7.7 kcal / mol and �6.6 kcal / mol respectively. The binding affinity values between the target pro-
tein p53 and the trisindoline 1, trisindoline 3 and trisindoline 4 ligands were �7.5 kcal / mol, �7.4 kcal /
mol and �7.5 kcal / mol respectively. The binding affinity values between the target protein caspase-9
and the trisindoline 1, trisindoline 3 and trisindoline 4 ligands were �7.5 kcal / mol, �7.1 kcal / mol
and �7.2 kcal / mol respectively. The results of RMSD (Root Mean Square Deviation), RMSF (Root
Mean Square Fluctuation), and hydrogen bonds in the MD (Molecular Dynamics) Simulation showed that
Cdk-2 formed a protein complex with trisindoline 3, protein p53 with trisindoline 1 and caspase-9 with
trisindoline 1. The cytotoxicity assay was carried out in the MCF-7 cell line and the IC50 value obtained
for trisindoline 1 was 2.059 lM, for trisindoline 3 was 3.9759 lM, for trisindoline 4 was 15.46 lM and for
doxorubicin was 9.88 lM. Furthermore, the phagocytosis test was carried out using trisindoline 1, 3 and
4. Our results showed that 6.25 lg mL�1 of trisindoline 1 and trisindoline 3 were able to induce the
phagocytosis capacity of macrophage cells of 38.34; whereas trisindoline 4 at a concentration of
50 lg mL�1 induces a phagocytosis capacity of 32.89. Trisindoline 1, 3 and 4 showed potentials of
immunostimulants at low concentrations but showed potentials of immunosuppressants at high concen-
trations. The overall results demonstrated that trisindoline 1 and 3 are potential anti-cancer candidates
capable of activating the apoptotic pathway.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The development of anti-cancer drugs can be done by utilizing
both the intrinsic and extrinsic pathways of apoptosis. Cancer
drugs generally function to inhibit cell proliferation without killing
normal cells and are multidrug-resistant (MDR) or resistant to var-
ious cancer drugs (Mansoori et al., 2017). For this reason, research
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to find anti-cancer drug candidates is needed. One of the
anti-cancer drug candidates being developed is trisindoline.
Trisindoline was first isolated from Vibrio sp., which is a bacteria
symbiont of sea sponge Hyrtios altum. (Kobayashi et al., 1994).
The extrinsic pathway in apoptosis occurs through the induction
of genes encoding transmembrane proteins, namely: Tumor
Necrosis Factor Receptor (TNF) and Fas. This protein activates the
transducer signal which in turn activates the caspase, p-53 induces
the Fas protein through binding elements on the promoter and
introns and activates TNF in response to DNA damage and
through the caspase complex will trigger cell death. Meanwhile,
the intrinsic pathway occurs through pro-apoptotic proteins,
one of which is cyclin-dependent kinase 2 (CDK2) which
triggers the release of cytochrome C from the mitochondria and
activates caspase 9 which acts as an apoptosis inhibitor (Khan
et al., 2014).

The trisindoline group has been extensively developed in recent
anti-cancer research due to the success of the synthesis method
and its high potential for cytotoxicity. Santoso & Mursyidah
(2010) succeeded in synthesizing and modifying trisindoline into
4 compounds namely trisindoline 1: 50-nitro- [3,3 ’: 30, 3”-
terindoline] �20-one (B), which is the result of the synthesis of
trisindoline with the addition of the nitro group shown in Fig. 1.
A, trisindoline 3: 5,5 ‘‘, 7,700 -tetrabromo- [3,3 ’: 30, 3 ”-
terindoline] �20-one, which is the trisindoline compound with the.

addition of the bromo group shown in Fig. 1.B and trisindoline
4: 50-chloro-1,1 ‘‘-diethyl-1H, 100 H- [3,3 ’: 30, 3 ”-indol] � 2 ’(10H)
-one, which is a trisindoline synthesis compound with the addition
of a chloro group shown in Fig. 1.C. The three compounds have not
yet been tested for cytotoxicity. The success of the synthesis
method and the potential for trisindoline derivative (1a) can be
further developed as a new anti-cancer group that is cytotoxic to
cancer cells but safe for normal cells. Trisindoline compounds have
cytotoxic activity against several cell lines. The trisindoline group
has been widely developed in the latest anti-cancer research due
to the success of the synthesis method and its high cytotoxicity
potential. In particular, shikonin has been shown to exert anti-
cancer properties such as inducing cellular apoptosis through
mitochondria-mediated pathway in some cancer cells.

Trisindoline showed activity against HepG2 liver cancer cells
with an IC50 of 20.3 lM, A549 lung cancer cells with an IC50 of
8.6 lM, SK-N-SH brain cancer cells with an IC50 of 11.3 lM,
MCF-7 breast cancer cells with an IC50 of 49. 8 lM, prostate cancer
cells DU-145 with an IC50 of 8.7 lM (Kamal et al., 2010), uterine
cancer cells MES-SA / DX5 with an IC50 of 3.51 lM and HCT15
colon cancer cells with an IC50 of 6.63 lM (Yoo et al., 2008).
Results from previous studies showed that trisindoline 1 had
higher cytotoxic activity on HepG2 cells compared to Vero cells
with an IC50 value of 2.837 lg / ml and induced apoptosis during
the 24-hour incubation period by activating p53. Based on those
Fig. 1. Chemical Structure of Trisindoline (A) Trisind
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reports of IC50 value that range 1–100 lM, Trisindoline is being
categorized as possessing a high cytotoxicity. However, further
investigation is required to determine whether a high cytotoxicity
possess a necrotic or apoptosis pathway. In addition, anticancer
drugs are investigated recently, whether their pathways are works
through 1) Stimulates apoptosis, 2) Regulates the cell cycle and
controls checkpoints and 3) Inhibits growth factors and the signal
transduction.

Molecular docking is a computational biology and bioinfor-
matic methods for supporting in vivo and in vitro assessment of
natural products as an anti-cancer. This method is used to model
the interaction between natural compounds and the target pro-
teins (Jensen, 2007; Lyskov and Gray, 2008; Sri et al., 2011). The
binding site area between amino acid residues plays an important
role in binding with drugs or ligands (Arwansyah et al., 2014).
Molecular docking integrates the computational and experimental
strategies and has been of great assistance in the identification and
development of promising and novel compounds. Broadly used in
modern drug design, molecular docking methods explore the
ligand conformations adopted within the binding sites of macro-
molecular targets. This approach also estimates the ligand-
receptor binding free energy by evaluating critical phenomena
involved in the intermolecular recognition process (Ferreira
et al., 2015).

Previous research showed that the binding affinity of p53 with
trisindoline 1, 3 and 4 were �5.5; �8.3; and �8.1 kcal mol�1

respectively and is in the form of static molecules (Joerger
et al., 2015). Therefore, Molecular Dynamics (MD) Simulation
which describes the conditions of temperature, pressure, and sol-
vents in the biological system of the human body is required. One
method of MD is the Quantum Mechanics / Molecular Mechanics
(QM / MM) using the Assisted Model Building with Energy Refine-
ment (AMBER) software. The hybrid quantum mechanics/molecu-
lar mechanics (QM / MM) is a molecular simulation method that
combines the QM (accuracy) and MM (velocity) approaches, mak-
ing it possible to study chemical processes in a chemical reaction
of a system. The conventional (‘‘energy mixing”) QM / MM
method (convQM / MM) defines the total energy function for an
entire system consisting of three components namely, a) the
energy of the QM model applied to the atoms in an area, b) the
energy of the MM model applied on atoms that have velocity,
and c) the energy interaction between the two systems (Xu
et al, 2013). For this reason, investigation on whether Trisindoline
works as a cancer adjuvant on apoptotic pathway or not is
required. Furthermore, we employ molecular docking of trisindo-
line 1, trisindoline 3, trisindoline 4 on cdk-2 gen that regulates
cell cycle and growth factor, p53 and caspase �9 genes that reg-
ulate apoptosis. At the same time, we analyse phagocytosis activ-
ity against the induction of phagocytosis in macrophage cells of
mice (M. musculus).
oline 1 (B) Trisindoline 3 and (C) Trisindoline 4.
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2. Experimental

2.1. Research design

The docking process were conducted at the Department of Biol-
ogy and the Department of Chemistry, Institut Teknologi Sepuluh
Nopember, Surabaya, Indonesia and at the Department of Bio-
chemistry, Chulalongkorn University, Bangkok, Thailand. Cytotoxi-
city assay and phagocytosis test were carried out at the Laboratory
of Parasitology and Pharmacology, Faculty of Medicine, Gadjah
Mada University, Yogyakarta, Indonesia. This research was con-
ducted from December 2019 to June 2020.

2.2. Material and methods

2.2.1. In silico analysis
2.2.1.1. Protein preparation. Protein structures were taken from the
RCSB Protein Data Bank database (Burley et al., 2019) with PDB ID:
2UZE for cdk-2 (Richardson et al., 2007), 1TUP for p53 (Cho et al.,
1994), and 1NW9 for caspase-9 (Shiozaki et al., 2003). The ligands,
ions, and carried water were cleaned using VMD and saved in.pdb
file format.

2.2.1.2. Ligand preparation. Structures of the three trisindoline
ligands were drawn using MarvinSketch (https://chemaxon.com/
products/marvin) to obtain 3D molecules from 2D structures and
saved in.pdb file format. The software supported the valence
checking, atom and bond query, stereochemistry, and user-
defined templates.

2.2.1.3. Molecular docking. The blind docking method was used in
this study to demonstrate ligands attachment to all active sites
of the target proteins. The Autodock Vina software (https://vina.
scripps.edu/) from the Laboratory of Molecular Graphics, The
Scripps Research Institute was used for the docking process. The
PDBQT molecular structure file format was used in AutoDock
(Trott and Olson, 2010). The experiment was repeated 100 times
and the protein–ligand complex that had the best binding affinity
(Kcal/mol) was selected.

2.2.1.4. Molecular dynamic simulation. Trisindoline ligands were
optimized using AMBER Tools 18 (https://ambermd.org/GetAm-
ber.php) by removing the hydrogen molecules using GaussView
and saved in.gjf file format. Next, hydrogen was added and opti-
mized using the AMBER Tools software (Case et al., 2018).
Protein-ligand complexes was saved in the.gjf file format. MD
simulations were run using AMBER for 20 ns (Rungnim et al.,
2015).

2.2.1.5. Quantification and Visualization. Visualization of the hydro-
gen bond distances was conducted using Discovery Studio 2019
and VMD. The obtained calculations (RMSD, RMSF, inter and
intramolecular hydrogen bonds) from previous simulations were
displayed in the form of graphs using OriginLab.

Root mean square deviation (RMSD) can be defined for two
structures containing identical numbers and types of atoms. If
the two atomic coordinates become ri and r0 i i ¼ 1;2; � � � ;nð Þ then.

RMSD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n

Xn

n¼1
ri � r0ij j2

r

ri � r0 ij j2 ¼ ri;x � r0 i;x
� �2 þ ri;y � r0 i;y

� �2 þ ri;z � r0 i;z
� �2

where ri and r0 i refer to subsets of the entire molecule, such as Ca
atoms, backbone atoms or heavy atoms. The RMSD value depends
on the exact definition of ri (Kovács and Péter, 2016).
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The root mean square fluctuation (RMSF) is the deviation
between the position of particle i and several reference posi-
tions. If the two atomic coordinates become ri and r0 i
i ¼ 1;2; � � � ; nð Þ, subsequently, to determine whether there is an
H-bond between donor D and acceptor A, then the geometric
criterion is used:
The time of occurrence of hydrogen bonds can be calculated
from the autocorrelation function, using the following equation:

C Tð Þ ¼ hsi tð Þsi t þ Tð Þi
where s(t) = {0,1} is a function of the presence of the H-bond at time
t. The integral of C(s) gives the approximate time of occurrence of
the hydogen bond. MD shows the location of the intra and inter-
molecular hydrogen bonds in the COX bond complex with IBP
(Menéndez et al., 2016).

2.2.2. Cytotoxicity assay
The cytotoxicity test of the three trisindoline compounds

against the MCF-7 cell line (breast cancer cells) was performed
using the MTT (3-(4,5-dimethyltiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide) method. Cell viability was measured using a
microplate reader at a wavelength of 595 nm. The cytotoxicity test
was carried out as an initial process to analyse the potential toxi-
city of the four compounds on the growth of the MCF-7 cell line
(breast cancer cells).

2.2.3. Phagocytosis assay
2.2.3.1. Macrophage culture. The macrophages used were isolated
from 8 weeks old Swiss strain M. musculus having a weight of
25–30 g. Isolation and culture of macrophages was conducted in
accordance with Davies et al. (2001) and Rios et al. (2017). The
macrophage cells density used in this study was 2.5x106 /mL. Cells
were incubated for 24 h in a 5% CO2 incubator at a temperature of
37 �C.

2.2.3.2. Phagocytosis activity. The phagocytic activity test of macro-
phage cells was conducted in accordance to modified protocols
from Davies et al., (2001) and Rios et al., (2017). The concentration
of trisindolines were varied at 6.25; 12.5; 25 and 50 lg/mL. A
200 lL latex suspension was added to each well and incubated
for 60 min. The observation of macrophages was done under a light
microscope with a magnification of 400 x. The observations of
macrophages and latex were carried out in 10 fields of view (a total
of 300 macrophages). The macrophage capacity is the number of
macrophage phagocytic latex particles in 300 macrophages
observed. The phagocytic index was calculated using the follow-
ing formula: phagocytic index = (total number of ingested cells/to-
tal number of counted macrophages) � (number of macrophages
containing ingested cells/total number of counted
macrophages) � 100.

2.2.3.3. Data analysis and design experiment. Phagocytosis index and
macrophage capacity studies were designed using Completely Ran-
domized Design (CRD). The data obtained from the phagocytosis
index and macrophage capacity were then tested with One Way
ANOVA in the SPSS software to determine the effect of trisindoline
compounds on macrophage phagocytosis with a 95% confidence
level.

https://chemaxon.com/products/marvin
https://chemaxon.com/products/marvin
https://vina.scripps.edu/
https://vina.scripps.edu/
https://ambermd.org/GetAmber.php
https://ambermd.org/GetAmber.php
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3. Results and discussion

3.1. In silico analysis

3.1.1. Molecular docking visualization
The potential of a compound can be predicted by comparing

their docking scores to other compounds. The molecule with the
lowest score (minus value) shows good affinity (Purnomo, 2011).
RMSD is a two-pose measurement that compares the atomic posi-
tion between the experimental structure and the docking or pre-
dicted structure (Irina and Ruben, 2012). MSD values < 2.0 Å are
usually used as a criterion for the success of the docking method
(Huang and Zou, 2006; Santos et al., 2020). As the RMSD value
approaches zero, the pose of the original ligand and the copy ligand
becomes similar. The docking scores of trisindolines against cdk2,
p53, and caspace 9 are listed in Table 1, Table 2 and Table 3
respectively.

In the validation evaluation, the parameters that were
observed were RMSD and visual pose.It was observed that the
developed protocol was acceptable and can be further developed
for virtual screening in an effort to discover new compounds (de
Sousa et al., 2020). Visualization of the molecular docking is
needed to determine which amino acids play a role in maintain-
ing the stability of these compounds at their receptors
(Purnomo, 2011). Visualization of the validation pose between
the original ligand and the copy ligand shows that each atom
within the structures of the two molecules have similar positions
and angles. At RMSD > 2.0 Å, it can be seen that the two mole-
cules have significantly different positions and angles, even
though they have the same number of atoms. The protein com-
plex obtained from the molecular docking process is then used
in the MD simulation.

3.1.1.1. Molecular docking Visualization of trisindoline with Cdk-
2. The highest binding affinity value from the molecular docking
between the Cdk-2 target protein and the trisindoline 1, trisindo-
line 3, and trisindoline 4 ligands were �7.3 kcal/mol,�7.7 kcal/mol
and �6.6 kcal/mol respectively. The results of the protein complex
formed in the molecular docking are marked in bold in Table 1 and
shown in Fig. 2.

3.1.1.2. Molecular docking Visualization of trisindoline with p53. The
highest binding affinity value from the molecular docking between
the target protein p53 and the trisindoline 1, trisindoline 3, and
trisindoline 4 ligands were �7.5 kcal / mol, �7.4 kcal / mol and
�7.5 kcal / mol respectively. The results of the protein complex
formed in the molecular docking are marked in bold in Table 2
and shown in Fig. 3.

Based on the visualization and validation of the molecular dock-
ing results of p53 with the three trisindoline compounds, trisindo-
line 1 exhibited the best potential to form protein complexes with
p53 with a binding affinity value of �7.5 kcal / mol with a bond
distance of 2 to 3 Å. The protein complex formed between p53 pro-
tein and trisindoline 1 has an RMSD value between 1.50 Å and 2 Å.
Table 1
Molecular docking scores against Cdk2.

Model Tris 1 Tris

aff dist aff

1 �7.4 0.00 �8.0
2 �7.3 29.54 �7.7
3 �7.2 2.66 �7.5
4 �7.2 2.39 �7.4
5 �7.2 2.25 �7.3

Note: Tris: Trisindoline; aff: Binding affinity (kcal/mol); dist:Distribution of RMSD.
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Therefore, it can be used as one of the criteria for the success of the
docking method (Jensen, 2007).

3.1.1.3. Molecular docking Visualization of trisindoline with Caspase-
9. The highest binding affinity value from the molecular docking
between the target protein caspase-9 and the trisindoline 1, trisin-
doline 3 and trisindoline ligands were �7.5 kcal / mol, �7.1 kcal /
mol and �7.2 kcal / mol respectively. The results of the protein
complex formed in the molecular docking are marked in bold in
Table 3 and shown in Fig. 4.

Based on the visualization and validation of the molecular
docking results of caspase-9 with the three trisindoline com-
pounds, trisindoline 1 has the best potential to form protein
complexes with caspase-9 with a binding affinity value of
�7.5 kcal / mol. Trisindoline 1 also has the highest number of
bonds. The bonds distance is between 3 Å and 10 Å. The protein
complex formed between caspase-9 and trisindoline 4 has an
RMSD value between 1.90 Å and 2 Å. Therefore, it can be used
as one of the criteria for the success of the docking method
(Jensen, 2007).

3.1.2. Molecular dynamics simulation
Molecular docking provides an overview of the interaction,

bonding, and affinity of a ligand (drug) with its receptor, as well
as an enzyme with its substrate or inhibitor. Interaction between
ligands and proteins in molecular docking occurs when there is a
match in shape and volume between the ligand molecule and the
protein binding site (Motiejunas and Wade, 2006). The results
obtained from molecular docking are still in the form of static
molecules, so it is followed by the MD Simulation method which
describes the conditions in which temperature, pressure and sol-
vents correspond to the biological system in the human body.
MD Simulation is a computer simulation method used to analyse
the physical motion of atoms and molecules. Atoms and molecules
that interact over a period of time, provides a picture of the
changes in the dynamic system. The trajectories of atoms and
molecules are determined by Newton’s equations of motion for
the system of interacting particles, where the force between the
particles and the potential energy is calculated using the inter-
atomic potential or molecular mechanical force field (Cruz et al.,
2006).

3.1.2.1. Molecular dynamics simulation complex protein Cdk-2. The
concentration of CDKs is relatively constant during the cell cycle.
CDKs in the free state (unbonded) is inactive because of the cat-
alytic site, where ATP and the substrate bind are blocked by the
C-terminal ends of the CKIs. Cyclin can remove this blockage. CDKs
become active when they bind and form complexes with cyclin
proteins (Manson et al., 2006).

Based on the level of fluctuation of the RMSD results shown in
Fig. 5A, it can be seen that the Cdk-2 protein complex is able to
bind more stably with trisindoline 3 (blue), indicated by the low
peaks and valleys (peaks and valleys) compared to trisindoline 1
(black). While the RMSF in Fig. 5B shows that the level of flexibility
3 Tris 4

dist aff dist

0.00 �6.9 0.00
31.04 �6.6 30.31
5.73 �6.5 8.79

22.34 �6.4 15.07
4.70 �6.3 1.04



Table 2
Molecular docking scores against p53.

Model Tris 1 Tris 3 Tris 4

aff dist Aff dist aff dist

1 �8.3 0.00 �8.1 0.00 �7.5 0.00
2 �7.8 2.76 �7.9 23.96 �7.4 19.12
3 �7.5 2.37 �7.8 25.21 �7.4 2.50
4 �7.5 1.50 �7.8 3.38 �7.4 23.75
5 �7.5 2.10 �7.8 22.79 �7.3 1.07

Note: Tris: Trisindoline; aff: Binding Affinity (kcal/mol); dist: Distribution of RMSD.

Table 3
Molecular docking scores against caspase 9.

Model Tris 1 Tris 3 Tris 4

aff dist aff dist aff dist

1 �7.3 0.00 �7.9 0.00 �7.4 0.00
2 �7.3 36.58 �7.5 2.35 �7.1 1.95
3 �7.2 8.05 �7.5 10.70 �7.1 1.26
4 �7.2 39.66 �7.4 10.55 �6.9 35.55
5 �7.2 40.11 �7.4 34.58 �6.9 1.11

Note: Tris: Trisindoline; aff: Binding Affinity (kcal/mol); dist: distribution of RMSD.

Fig. 2. (A) Visualization of the molecular docking results of Cdk-2 with Trisindoline 1 (a) and the hydrogen bonds formed (b); (B) Visualization of the molecular docking
results of Cdk-2 with Trisindoline 3 (a) and the hydrogen bonds formed (b) and (C) Visualization of the molecular docking results of Cdk-2 with Trisindoline 4 (a) and the
hydrogen bonds formed (b).
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of Cdk-2 is quite high (Roe and Cheatham, 2013). When Cdk-2
forms a protein complex with trisindoline 3, a hydrogen bond is
formed which activates Cdk-2.
1349
Hydrogen bonds are bonds of hydrogen atoms that bridge two
atoms that have large electronegativity. The hydrogen bonds
formed before the MD simulation of the Cdk-2 protein complex



Fig. 3. (A) Visualization of the molecular docking results of P53 with Trisindoline 1 (a) and the hydrogen bonds formed (b); (B) Visualization of the molecular docking results
of P53 with Trisindoline 3 (a) and the hydrogen bonds formed (b) and (C) Visualization of the molecular docking results of P53 with Trisindoline 4 (a) and thehydrogen bonds
formed (b).
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with trisindoline 3 were SER_231 @ H13 (Serine231 with Hydro-
gen13), SER_180 @ O1 (Serine 180 with Oxygen1), SER_180 @
H13 (Serine180 with Hydrogen13) and ASN_271 @ H1 (Asparag-
in271 with Hydrogen1). After 20 ns there was only 1 bond, namely
TYR_178 @ H13 (Tyrosine178 with Hydrogen13). The change in the
formed hydrogen bond can be seen in Fig. 1 (Roe and Cheatham,
2013). When Cdk-2 is active, it will stimulate the downstream pro-
cess by phosphorylating specific proteins. The activated Cdk-2
stimulates the cell cycle continuously by phosphorylating and
therefore activating specific proteins in the cell that are necessary
for the transition to the next stage. For example, at the beginning of
mitotic prophase, the breakdown of the nuclear membrane is initi-
ated by the phosphorylation of lamins, which forms part of the
nuclear framework.

3.1.2.2. Molecular dynamics simulation of the p-53 protein com-
plex. One of the roles of p53 is to monitor cellular stress and induce
apoptosis when DNA lesions are irreversible. Apoptosis is a highly
regulated multilevel process characterized by cell shrinkage, chro-
matin condensation and cell and nuclear fragmentation. In its
development, apoptosis is also often referred to as programmed
cell death, which continues throughout the life process with the
aim of maintaining tissue homeostasis, namely the balance
between proliferation and cell death (Bai and Zhu, 2006;
Miettinen, 2009).

The RMSD results in Fig. 3 shows that trisindoline 1 has the low-
est level of fluctuation with the p53 protein complex. Meanwhile,
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trisindoline 3 experienced high fluctuations at the beginning of
the simulation. For trisindoline 4, there were no results because
the ionic charge of the formed protein complex could not be neu-
tralized (charge 0). Fig. 3 shows that the RMSF of the p53 protein
has high flexibility and fluctuation (b-factor) (Roe and Cheatham,
2013). Based on the results of the fluctuations in the RMSD shown
in Fig. 4 and the RMSF shown in Fig. 3, p53 forms a stable protein
complex with trisindoline 1.

The hydrogen bonds formed before the MD simulation of the
p53 protein complex with trisindoline 1 were ASN_115 @ H13
(Asparagine115 with Hydrogen13), SER_1 @ N1 (Serine1 with
Nitrogen1), ARG_114 @ H1 (Arginine114 with Hydrogen1),
ARG_63 @ N2 (Arginine63 with Nitrogen). After 20 ns, there was
only 1 bond, namely ASP_113 @ H13 (Aspartic Acid113 with
Hydrogen13). Changes in the hydrogen bonds formed can be seen
in Fig. 7 (Roe and Cheatham, 2013).

When p53, a tumor suppressor protein, acts as a master regula-
tor then the various signaling pathways are activated. The role of
the p53 protein as a tumor suppressor includes the ability to hold
the cell cycle, DNA repair, and make apoptosis occur. The activity of
the p53 protein can be stabilized by inhibiting the interaction
between p53 and the ligands (Collavin et al., 2010; Rivlin et al.,
2011).

3.1.2.3. Molecular dynamics simulation complex protein Caspase-
9. Caspase is a family of protease enzymes that play a key role in
cellular processes such as apoptosis and inflammation (Mace



Fig. 4. (A) Visualization of the molecular docking results of Caspase-9 with Trisindoline 1 (a) and the hydrogen bonds formed (b); (B) Visualization of the molecular docking
results of Caspase-9 with Trisindoline 3 (a) and the hydrogen bonds formed (b) and (C) Visualization of the molecular docking results of Caspase-9 with Trisindoline 4 (a) and
the hydrogen bonds formed (b).
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et al., 2014). Caspase, known as the apoptotic executor, is a selec-
tive cysteine protease that controls all stages of apoptosis.
Procaspase-9 is an inactive caspase-9, and when it activates it
becomes caspase-9 (initiator caspase) (Wong, 2011).

Based on the level of fluctuation of the RMSD results shown in
Fig. 8 (A) caspase-9 forms hydrogen bonds and a stable protein
complex with trisindoline 1 (black color) which can be seen in
Fig. 8 (A). The RMSF shown in Fig. 8 (B) demonstrated the high
degree of fluctuation and flexibility of the caspase-9 protein (see
Fig. 9).

The hydrogen bonds formed before the MD simulation of the
caspase-9 protein complex with trisindoline 1 were THR_337 @
O2 (Threonine337 with Oxygen2), PRO_336 @ H1 (Proline336 with
Hydrogen1). After 20 ns, there was only 1 bond, namely PRO_336 @
H1 (Proline336 with Hydrogen1) (Roe and Cheatham, 2013).

In the MD simulation it was concluded that Cdk-2 protein
formed a stable bond with trisindoline 3, p53 formed a stable bond
with trisindoline 1 and caspase-9 formed a stable bond with trisin-
doline 1.

After the MD simulation was carried out on the three trisindo-
lines, it was found that the trisindoline 1 and trisindoline 3 ligands
had the potential to become anti-cancer drugs. Both trisindoline 1
and trisindoline 3 were able to trigger the apotosis process. Apop-
tosis was triggered by multiple signaling pathways and regulated
by complex extrinsic and intrinsic ligands.

When Cdk-2 forms a complex with trisindoline 3, it induces
apoptosis via the intrinsic pathway. Furthermore, it will induce
the activity of BH-3 and continue to activate BAX and the mito-
chondrial outer membrane (MOMP). MOMP will then induce the
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release of cytochrome c from the intermembrane mitochondrial
space (IMS) into the cytosol which in turn activates caspase and
apoptosis (Dewson and Kluck, 2009; Sáez and Villunger, 2016).

Meanwhile, when trisindoline 1 forms a protein complex with
p53, it induces apoptosis via the extrinsic pathway, where the
active p53 induces genes encoding 3 transmembrane proteins,
namely: Tumor Necrosis Factor receptor 1 (TNFR1), Fas, and Death
Receptor-5 (DR- 5). This protein activates the transducer signal
which in turn activates the caspase. p53 induces Fas protein
through binding elements on the promoter and introns. p53 also
activates DR-5 and TNFR1 in response to DNA damage and through
caspase-9, triggers cell death (Elmore, 2007).

Trisindoline 1 was also able to form bonds with caspase-9. The
bonds are formed in the catalytic domain that converts the
procaspase-9 into caspase-9. The activated caspase-9 induces the
procaspase-3 stream. The caspase-3 protein breaks down various
types of substrates, including DNA repair enzymes such as poly-
ADP Ribose Polymerase (PARP) and DNA protein kinases such as
cellular and nuclear structural proteins, including the core mitotic
apparatus, nuclear laminae and actin and endonucleases such as
the Caspase-Activated Deoxyribonuclease (ICAD) inhibitor and
other cellular constituents (Wong, 2011). Caspase-3 is an effector
caspase that carries out the apoptosis process (Wong, 2011).

3.2. Cytotoxicity assay

The results of the cytotoxicity test and the IC50 values obtained
for the three trisindoline compounds against the MCF-7 breast can-
cer cell line are shown in Table 4.



Fig. 5. (A) RMSD of the Cdk-2 protein complex (B) RMSF of the Cdk-2 protein complex (C) Intermolecular hydrogen bonds of the Cdk-2 protein complex with trisindoline 3.

Fig. 6. (A) RMSD of the Cdk-2 protein complex (B) RMSF of the Cdk-2 protein complex.
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Based on Table 4, trisindoline 1 shows an IC50 value in the
range of compounds that have high potential. Trisindoline 3 has
a higher cytotoxicity than trisindoline 4 (Fortes et al., 2016). The
best activity was exhibited by trisindoline 1 with an IC50 value
of 2.059 lM. Based on the results of the cytotoxicity test, trisindo-
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line 1 and trisindoline 3 possess a good cytotoxicity effect and are
more effective at inducing apoptosis in MCF-7 breast cancer cell
line compared to the chemotherapy agent Doxorubicin. Whilst
trisindoline 4 is considered potential but less effective as a
chemotherapy agent when compared to Doxorubicin, a compound



Fig. 7. Intermolecular hydrogen bonds of the p53 protein complex with trisindoline
3.
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commonly used in the treatment of breast cancer. The potency of
Doxorubicin is well known. It is used in the treatment of breast
cancer through two mechanisms, the first is the intercalation of
doxorubicin into DNA and the disruption of topoisomerase-II-
mediated DNA repair and the second is the generation of free rad-
icals and their damage to cellular membranes, DNA and proteins
(de Campos-Nebel et al., 2010; Thorn et al., 2011). However,
according to National Cancer International, the three compounds,
namely trisindoline 1, trisindoline 3 and trisindoline 4 are classi-
fied as compounds that have the potential to be developed as
anti-cancer agents due to the fact that the three compounds has
an IC50 value of<20 lg/mL(Munandar et al., 2015).

The following is a brief comparison between the capabilities of
the trisindoline and doxorubicin mechanisms. Doxorubicin is oxi-
dized into semiquinone, an unstable metabolite, which is con-
verted back to doxorubicin in a process that releases reactive
oxygen species (Zhang et al., 2009). Reactive oxygen species leads
to lipid peroxidation and membrane damage, DNA damage, oxida-
tive stress, and triggers apoptotic pathways of cell death (Quinzii
et al., 2010; Su et al., 2019) whilst trisindoline in oxidureductase
Fig. 8. (A) RMSD Caspase-9 protein complex
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in metabolic pathways results in hydrolysis of the third C of trisin-
doline. This hydrolysis produces 2 indole molecules and 1 isatin
molecule. Isatin and indole condensation forms the indirubin
structure (Yoo et al., 2008). Indirubin induces cytotoxicity by
inhibiting cyclin-dependent kinase (CDK) 2, by attaching its mole-
cule to the phosphorylated Thr-160 CDK2 site to form an inactive
CDK-2 structure, shown in Appendix 6 (Davies et al., 2001). This
results in inhibited cell synthesis and cell death.

The difference in value from the cytotoxicity test results of the
three trisindoline compounds was due to the addition of the differ-
ent groups in each compound. Trisindoline 1, which received the
addition of a nitro group, showed an increase in activity compared
to the other trisindoline compounds that was not added with the
nitro group. In theory, this is in accordance with Elomri et al.
(1999) which stated that the reduction of nitro compounds to
amino compounds increases the toxicity of acronisine compounds
against L1210 leukemia cells.

However, the addition of the nitro group can have a different
effect, depending on the type of cell being treated. Nepali et al.
(2019) and Olender et al. (2018) stated that the aromatic nitro
compound, has a better toxicity than aromatic amino against
P388 leukemia cells. Aromatic amino compounds are known to
be the result of reduction from nitro compounds.

The nitro group affects the reduction of the cyclin E1 protein
expression as an activator of the cyclin kinase-dependent enzyme
(CDK) 2 enzyme by inhibiting the expression of the CCNE1 gene
(Chandarlapaty and Razavi, 2019). If E1 protein expression is inhib-
ited, CDK-2 as a regulatory enzyme at the check point from phase
G1 to phase S becomes inactive. This causes cell growth to stop
(Bertoli et al., 2013; Mazumder et al., 2004). Trisindoline 1, which
has the best IC50 value compared to the other three test com-
pounds proves that the inhibition mechanism of the E1 expression
is the best mechanism of cytotoxicity. This is because MCF-7 cells
overexpress E1 protein (Bertoli et al., 2013; Mazumder et al., 2004).

In addition, trisindoline 3, which has an IC50 value of
3.9759 lM, was also classified as a compound with good activity.
This value is thought to be obtained due to the addition of the
bromo group. When compared to the results of the trisindoline
compound toxicity test against MCF-7 Cell Line, trisindoline 3 is
considered to have better cytotoxicity activity, because trisindoline
compounds have a higher IC50 value, namely 49.8 lM. This result
is inconsistent with the research conducted by Fortes et al. (2016)
which states that the addition of a donor electron group (MeO), one
of which is 5-bromo, to 3-thiocyanato-1H-indole reduces the level
(B) RMSF Caspase-9 protein complex.



Fig. 9. Intermolecular hydrogen bonds of the Caspase-9 protein complex with
trisindoline 3.

Table 4
IC50 Value of Four Test Compounds against Cell Line.

No Compund IC50

1 Trisindoline 1 2.059 lM
2 Trisindoline 3 3.9759 lM
3 Trisindoline 4 15.46 lM
4 Doxorubicin 9.88 Μm
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of toxicity of a compound. The Bromo group itself is one of the
most commonly used anti-cancer compounds, namely cisplatin
(Granchi et al., 2014). The 5-Bromo-deoxyuridin compound in cis-
platin, is a pyruvate halogenization compound that works by
inhibiting hexokinase, a catalytic enzyme in the initial glycolysis
process, which transfers one phosphate from ATP to glucose mole-
cules and produces 6-phosphate, according to Fig. 8 (Granchi et al.,
2014). In addition, 5-Bromo-deoxyuridin also works by inhibiting
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) through its
reaction with the nucleophile –SH site of the enzyme (Granchi
et al., 2014).

Furthermore, the results of the cytotoxicity test for trisindoline
4 yielded an IC50 value of 15.46 lM. This value is still categorized
as a good value of IC50. These results are in accordance with the
theory put forward by Fessenden & Fessenden (1986) which states
that members of the halogen group, one of which is the Chloro (Cl)
compound, is more reactive when bonded to alkyl carbon, for
example ethyl, methyl and butyl. Trisindoline 4, namely trisindo-
line with the addition of a dimethyl-nitro group, is an example of
a bond between members of the halogen group and activated car-
bon. Fortes et al. (2016) also stated that the chloro derivative of the
3-thiocyanato-1H-indole compound showed good cytotoxicity
potential against MCF-7 breast cancer cells as well as other types
of cancer cells.

In addition, the two chloride ligands also become the leaving
group of cisplatin which supports its toxicity mechanism by
cross-linking with purine bases in DNA (Dasari and Tchounwou,
2014).

Based on the results of the cytotoxicity test, it can be concluded
that the best addition of groups to the trisindoline compound is the
addition of the nitro and bromo groups. The addition of a chloro
groupmay cause an increase in the cytotoxicity activity of trisindo-
line, but it was less significant..
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3.3. Phagocytosis assay

3.3.1. Macrophage morphology of Mus musculus
In vitro phagocytosis activity test of macrophage cells is an ini-

tial method for screening active ingredients that affect immune
responses. In this study, an immunomodulatory response is an
increase of the immune system. Increased ability of macrophage
is measured by their activity in phagocytic infectious agents, such
as latex beads or latex particles. Phagocytic activity of macrophage
is expressed by the phagocytosis index and macrophage capacity
(Karavitis and Kovacs, 2011; Tatarczuch et al., 2002). Macrophages
were isolated from the peritoneal cavity (PM). The average macro-
phage cell has a size of 18–28 lm. Analysis of macrophage cell
morphology was carried out using a light microscope at 400x mag-
nification using Optilab assistance and is shown in Fig. 10.

Normal macrophage cells that have not been infected by anti-
gens appear in a state that has not been activated (Fig. 10A). The
morphology of large round cells with eccentric nuclei does not
indicate the presence of pseudopodia macrophages (Nakada
et al., 2014). Histologically the macrophages are round, about
10–30 lm in diameter, and the surface of the cell is uneven and
has finger-like bumps (Zhang et al., 2008). Trisindoline 1, 3 and 4
in macrophage cells activates the recognition receptors of macro-
phage cells towards latex beads thus increasing the ability of
macrophage cells to phagocyte latex beads (Fig. 10B). These active
macrophage cells are characterized by the cytoplasm having a
small / solid vesicles and an oval / eccentric nuclei (Zhang et al.,
2008). Fig. 10A shows macrophage cells that do not phagocyte nor-
mal latex particles. Fig. 10B shows a macrophage cell that phago-
cytes latex particles. The rounded cell shape has pseudopods
which phagocytes latex. (Fig. 10A and 10B). Active macrophages
have large cell sizes (Baranov et al., 2021; Fröhlich, 2015; Murray
and Wynn, 2011). Round cell forms with sizes of around 15–
40 lm, have pseudopods and the p53 nuclei tend to be large. This
study used 2–3 lm polystyrene latex particles as antigens. Accord-
ing to Hirota and Terada (2012) have the ability to phagocyte par-
ticles with sizes between 1 and 10 lm thus the latex used is
considered to be responded well by macrophages.

Normal macrophage cells have not been infected by antigens in
the treatment with a concentration of 0 lg / mL (Fig. 11a). In large
macrophage cells with homogeneous pseudopodia, the cell nucleus
is conspicuous and purple. The macrophages treated with trisindo-
line causes activation (Fig. 11b). Activation of this macrophage
occurs at a low concentration of 6.25 lg / mL, where the cell size
is larger (Fig. 11b), whereas at concentrations of 50 lg / mL
appeared with a larger cell size, a shorter pseudopodia and a smal-
ler nuclei (Fig. 11e). Activated macrophages have a larger cell size
and a widened pseudopodia (Hirota and Terada, 2012). Large
macrophages with a widened pseudopodia are the characteristics
of activated macrophages (Glanz et al., 2019; Sheikh et al., 2015).
The activation of macrophages occurs due to the receptor bonds
on their ligands. After the receptors recognizes the ligands, the
subsequent initiation of the rearrangement of cytoskeleton pro-
teins causes membrane protrusion and remodeling of actin fila-
ments and as a result the cytoskeleton become wider (Fletcher
and Mullins, 2010; Tang and Gerlach, 2017). This bond initiates
changes in the composition of proteins in the cytoskeleton and
causes changes in the shape of the cytoskeleton. In this study the
ligands were trisindoline and latex particles. In the treatment with
doxorubicin, macrophage cells were damaged by morphological
changes. The shape of the cell becomes irregular and some cells
of the macrophage are fragmented into separate smaller parts
(Fig. 11f). This is presumably because doxorubicin rapidly enters
cells and strongly binds to base pairs in DNA. The bond between
doxorubicin and DNA causes damage to the double strand of



Fig. 10. Morphology of macrophage cells in mice (Mus musculus) with a magnification of 400x. A) Normal macrophages, B) macrophages that phagocytes latex particles, C)
Latex particles free. Note: n = nucleus, s = cytoplasm, p = pseudopodia, l = latex.

Fig. 11. The morphology of macrophage cells of mice treated with trisindoline with concentrations of (a) 0 lg/mL, (b) 6.25 lg/mL, (c) 12.5 lg/mL, (d) 25 lg/mL, (e) 50 lg/mL,
and with doxorubicin (f) with a concentration of 12.5 lg/mL. A magnification of 400x was used. Note: m = macrophages n = nucleus, s = cytoplasm, p = pseudopodia, l = latex.
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DNA and triggers cell apoptosis (Gregory and Devitt, 2004; Tacar
et al., 2012; Yang et al., 2014).

3.3.2. Phagocytosis capacity of macrophage
ANOVA test on compound treatment showed significant results

(p < 0.05) and showed significant differences. The subsequent
Tukey test showed that trisindoline 1, 3 and 4 exhibited significant
differences. Trisindoline 1, 3 and 4 were able to increase the phago-
cytosis capacity of the macrophage cells of mice (Table 5). Signifi-
cant increase of the phagocytic capacity in trisindoline 1 and 3
were in a concentration of 6.25 lg/mL. This is in accordance to
the research conducted by (Hubbard et al., 2015) that used alkaloid
compounds and found that the optimal concentration to increase
Table 5
Phagocytosis capacity of macrophage cells of mice induced by trisindoline 1, trisindoline

Compound concentration Phagocytosis capacity

trisindoline 1 tris

0 lg/mL 31.83 ± 4.01c 33.1
6.25 lg/mL 58.33 ± 2.35c 59.0
12.5 lg/mL 21.16 ± 1.18b 16.5
25 lg/mL 9.00 ± 0.94a 13.0
50 lg/mL 11.50 ± 0.24a 10.6

Note: Different superscripts in the same column showed significant differences (p < 0.0
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macrophage activity was 10 lg/mL, which is also a low concentra-
tion (see Table 6).

The optimal trisindoline 4 needed to increase the value of the
phagocytic capacity is 50 lg/mL. In the doxorubicin treatment,
the value of the phagocytic capacity increased at concentrations
of 6.75, 12.5, and 25 lg/mL, then decreased at concentrations of
50 and 100 lg/mL. This is related to the toxicity of trisindoline at
high concentrations.

3.3.3. Phagocytocic index of Macrophage
The phagocytosis index of macrophage cells is calculated based

on percentage of latex particles ingested by active macrophage
cells (Seyrantepe et al., 2010; Wang et al., 2017). The optimal
3, trisindoline 4 and doxorubicin.

indoline 3 trisindoline 4 doxorubicin

7 ± 1.18b 21.33 ± 5.24a 44.17 ± 1.18c

0 ± 0.95b 23.44 ± 7.16a 9.11 ± 2.79ab

0 ± 1.65a 21.89 ± 1.68a 15.64 ± 7.89ab

0 ± 2.36a 17.33 ± 2.90a 17.71 ± 3.44b

7 ± 1.41a 32.89 ± 1.49a 3.53 ± 0.91a

5).



Table 6
Phagocytosis capacity of macrophage cells of mice induced by trisindoline 1, trisindoline 3, trisindoline 4 and doxorubicin.

Compound concentration Phagocytosis capacity

trisindoline 1 trisindoline 3 trisindoline 4 doxorubicin

0 lg/mL 1.94 ± 0.01abc 2.31 ± 0.17b 1.80 ± 0.30b 2.31 ± 0.17b

6.25 lg/mL 2.73 ± 0.23c 2.96 ± 0.59b 1.95 ± 0.18a 0.41 ± 0.40a

12.5 lg/mL 2.52 ± 0.46bc 1.43 ± 0.13a 1.99 ± 0,18a 0.92 ± 0.65a

25 lg/mL 1.59 ± 0.24ab 1.40 ± 0.18a 2.21 ± 0.39a 0.37 ± 0.11a

50 lg/mL 1.27 ± 0.02a 1.22 ± 0.57a 1.92 ± 0.21a 0.07 ± 0.01a

Note: Different superscripts in the same column showed significant differences (p < 0.05).
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phagocytosis index of macrophage cells was found at a concentra-
tion of 6.25 lg/mL.

The lowest index value was at a concentration of 50 lg/mL. The
trisindoline 3 treatment showed the highest index value of 2.96 at
a concentration of 6.25 lg / mL, followed by an index value of 2.31
at the control of 0 lg / mL, 1.43 at a concentration of 12.5 lg/mL,
1.40 at a concentration of 25 lg/mL, and the lowest index value
was 1.22 at a concentration of 50 lg/mL group. There were no sig-
nificant differences for trisindoline 4 at concentrations of 6.25,
12.5, 25 and 50 lg/mL, and was only significantly different at the
control of 0 lg/mL. In the doxorubicin treatment there was no dif-
ference between treatments, even the control showed a high
phagocytic index value. This shows that doxorubicin was not able
to induce the phagocytosis ability of macrophage cells.

Trisindoline 1 is a trisindoline aromatic compound with the
addition of a Nitro (NO2) group or commonly called aromatic nitra-
tion (Fig. 4). The nitro aromatic group in cells has a high reactivity
and as a result easily binds to receptors on macrophages and
causes an increase in NFĸB receptor activity21. NFĸB in macrophage
cells is a transcription factor iNOS which plays a role in increasing
the response of macrophages to antigens. In trisindoline 3 (Fig. 5)
there are additional elements of Br, which belongs to the halogen
group, and it is known that halogenated aromatic ligands increases
affinity or strengthens interactions between ligands and receptors
making the activation more optimal.

Trisindoline 3 can better activate macrophages through the AhR
receptor but only at low concentrations of 6.25 lg / mL. Trisindo-
line 4 is a member of the halogen group, one of which is Kloro (Cl)
compound, and is more reactive if it is bound to alkyl carbon, for
example ethyl, methyl and butyl. Trisindoline 4 (Fig. 6) with the
addition of the dimethyl-nitro group, is an example of the bond
between members of the halogen group and activated carbon22.
Furthermore, the two chloride ligands are the leaving group of cis-
platin which supports its toxicity through the formation of cross-
links with purine bases in DNA (Tacar et al., 2012).

The capacity of macrophages is the number of macrophages
that ingests latex particles in the observed 300 macrophages18. A
concentration of 6.25 lg/mL is the optimum trisindoline concen-
tration to induce macrophage phagocytic capacity. This is related
to the addition of trisindoline which causes the innate immune
system performance to increase when given indole derivative com-
pounds (Hirayama et al., 2018; Wang et al., 2016). Indole com-
pounds such as indirubin and methyl indole isomers are able to
modulate immune cell activity in the gastrointestinal tract. Indol
compounds activates Arylhydrocarbon Receptor (AhR) in macro-
phages and subsequently through secretion of cytokines, increases
the immune system activity (Naga and Rajeshwari, 2014). Active
macrophages experience changes in their morphology and func-
tion thus causing active macrophages to have a higher ability to
do phagocytosis compared to inactive macrophages (Hirayama
et al., 2018). The trisindoline compound itself is an indole com-
pound included in the class of alkaloid compounds (Netz and
Opatz, 2015) which metabolized through oxygenase pathways,
namely oxidation into two indole groups and one isatin group.
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The presence of oxygen condenses indole with isatin and produces
indirubin. Indirubin and indole are known to have the ability to
activate AhR in macrophages (Benson and Shepherd, 2011;
Hubbard et al., 2015). AhR is a transcriptional factor activated by
ligands (Zhang et al., 2015) such as natural materials that include
compounds in food ingredients such as flavonoids and indoles,
tryptophan amino acid derivative metabolites and other com-
pounds with a basic framework in the form of indole structures
(Thelen et al., 2010). Although the mechanism is not yet clearly
known, the activation of AhR can control the secretion of cytokines,
induce anti-inflammatory factors in macrophages and cause mod-
ulated immune cell activity (Zhang et al., 2015).

Higher concentrations of trisindoline may reduce the capacity
of macrophages due to the fact that trisindoline has a fairly high
cytotoxic activity as the concentration of compounds increases
(Munandar et al., 2015) and it is thought to interfere with the per-
formance of immune cells. For this reason, trisindoline 3 com-
pounds are not suitable to be used as immunostimulant
compounds. In the treatment with doxorubicin, macrophages were
still able to ingest latex particles, but the value of their capacity
was far below the control. This is because doxorubicin, when used
as a chemotherapy drug, has side effects in the form of immuno-
suppression and as a result, the components of the immune system
may not work normally. In addition, macrophage cells also experi-
enced apoptosis because doxorubicin binds enzymes associated
with DNA, disturbing the base pairs of DNA causing DNA damage
which leads to cell death (Berraondo et al., 2019; Larionova et al.,
2019; Zhao et al., 2021).

Latex is a protein antigen derived from rubber latex, with a total
BM ± 500 (Nucera et al., 2020). Latex beads are polystyrene micro
particles consisting of water, polymers (polysaccharides / pro-
teins), surfactants and inorganic salts (Hoshino et al., 2014).

Trisindoline 1, 3 and 4 in macrophage cells activates recognition
receptors against latex bead and as a result the ability of macro-
phage cells to ingest latex beads increases (Zhang et al., 2015).
The phagocytosis process of latex beads by macrophages begins
with the introduction of latex particles by the MARCO receptor
located on the surface of macrophage cells. The next process is
the ingestion of latex particles by macrophages. The process of bac-
terial ingestion occurs because phagocytes form pseudopodia pro-
trusions on the plasma membrane (Munandar et al., 2015). Then
phagosomes enter the cytoplasm, they will fuse with lysosomes
and form phagolisosomes.

Nonopsonized latex can be recognized by the MARCO receptor
on macrophages, namely one member of the Scavenger Receptor
(SR) - AI / II (Arredouani et al., 2006) which is a family of ligand
recognition receptors, including lipoprotein and protein,
apolipoprotein AI and E, collagen, asbestos, silica, fukoidan, car-
rageenan, lipopolysaccharide (LPS), apoptotic cells, etc (Zhang
et al., 2015). Phagocytic particles via the MARCO receptor caused
the expression of immunoregulatory cytokines such as IL-10 and
TGF-b. Both cytokines are known to cause polarized macrophages
to become anti-inflammatory macrophages (M2) which have parti-
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cle elimination activities that impacts the increasing in phagocytic
activity (Hirayama et al., 2018; Murray and Wynn, 2011).

4. Conclusion

Based on research on the anti-cancer potency of trisindoline
compounds 1, 3 and 4 against the anti-cancer mechanism through
the apoptotic pathway, it can be concluded that the best RMSD for
the Cdk-2 protein complex was with trisindoline 3, the best RMSD
for the p53 protein complex was with trisindoline 1 and the best
RMSD for the caspase-9 protein complex was with trisindoline.
The ligands that have the potential to become anti-cancer drug
candidates are trisindoline 1 and trisindoline 3. Trisindoline 1,3
and 4 are immunostimulants at low concentrations but are
immunosuppressants at high concentrations. The RMSD of the
Cdk-2 protein complex with trisindoline 3 was the best, indicated
by the lowest level of fluctuation. The RMSF showed that Cdk-2 has
a high degree of flexibility. The number of intramolecular hydrogen
bonds ranged from 1 to 5. The RMSD of the p53 protein complex
with trisindoline 1 was the best. The RMSF showed that p53 has
a high degree of flexibility. The number of intramolecular hydrogen
bonds ranged from 1 to 5. The results of the cytotoxicity test that
was carried out showed the potential for cytotoxicity against
MCF-7 breast cancer cell line of all three trisindolines. Trisindoline
1 had an IC50 value of 2.059 lM, trisindoline 3 had an IC50 value of
3,9759 lM and trisindoline 4 had an IC50 value of 15.46 lM. The
trisindoline 1 and trisindoline 3 compounds at a concentration of
6.25 lg/mL were able to induce phagocytosis capacity of macro-
phage cells by 38.34; whereas trisindoline 4 was able to induce
phagocytosis capacity of 32.89 at a concentration of 50 lg/mL.
Trisindoline 1, 3 and 4 are immunostimulant at low concentrations
and are immunosuppressant at higher concentration.
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