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Abstract: Breast cancer cases continue to increase every year. One plant that potentially has the anti-
breast-cancer activity is soursop. Some compounds in soursop (Annona muricata Linn) have been
reported to inhibit COX-2 enzyme (PDB code: 3LN1) activity. However, each of these test compounds'
inhibition potential has not been known really well and still needs to be explored. In this research, the
molecular docking simulation and the physicochemical and pharmacochemical descriptor analysis
(using SwissADME server) were used to explore the potential of compounds contained in soursop as a
COX-2 inhibitor for an anti-breast cancer agent. The results have shown that xylopine can inhibit the
COX-2 enzyme activity with a binding energy of -11.9 kcal/mol. Its physicochemical and
pharmacochemical descriptors are still within the range of oral drug bioavailability. Molecular
interaction analysis has also revealed Val335, Leu338, Ser339, Trp373, Phe504, Val509, Gly512,
Ala513, Ser516 amino acids always appear in ligand-COX-2 interaction and predicted to play an
important role in the COX-2 inhibition mechanism.
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1. Introduction

Breast cancer is the most common cancer in women and affecting about one in ten
women worldwide. Based on data by the World Health Organization (WHO) in 2019 [1], the
number of deaths from breast cancer cases worldwide has reached 2,088,849 (11.6%). Based
on these data, the number of cancer patients in developing countries is bigger than in developed
countries, by around 58%. According to data from the Globocan, the number of breast cancer
cases in Indonesia in 2018 is 13,380 (13.1%) [2].

Cyclooxygenase-2 (COX-2) is an enzyme that causes cancer by catalyzing
prostaglandins' biosynthesis from arachidonic acid. The overexpression of COX-2 can cause
an increase in prostaglandin E2 (PGE2) as a major metabolite product that promotes
proliferation, inhibition of apoptosis, and angiogenesis [3, 4]. Excessive expression of COX-2
has been detected in several cases of tumors, one of them in the breast [5, 6]. Excessive
expression of COX-2 in the human breast causes a larger tumor size, high degree of
differentiation, and high proliferation [7-9]. The inhibition of COX-2 by a specific inhibitor
will suppress the overexpression and delay the progression of cancers [10, 11]. Another
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mechanism for cancer suppression is a dual inhibition of COX-2 and Epidermal Growth Factor
Receptor (EGFR), as shown by Ref [12].

Some COX-2 inhibitor compounds are available in the market, such as celecoxib,
rofecoxib, and valdecoxib. Therefore, a new inhibitor that does not cause side effects are still
needed. Some candidates for COX-2 inhibitors are found in soursop. Annonaceous acetogenin
is a natural compound widely studied for its inhibitory activity against COX-2 [13]. Its toxicity
mainly characterizes the biological activity of annonaceous acetogenin compounds to cancer
cells and inhibitory effects on the mitochondrial complex I, which can reduce the production
of ATP in cancer cells and eventually kill the cancer cells [14].

Soursop plants can be a drug for various diseases, e.g., anti-parasitic, anti-arthritic, anti-
convulsant, anti-diabetic, anti-inflammatory, antioxidant, anti-hypertensive, gastro-protective,
anti-hepatitis, anti-malaria, anti-hemorrhoids, and others [15-22]. In vitro studies show that
active soursop compounds have anti-cancer activity against various cancer cell cultures  [13,
23-31]. Anti-tumor effects on soursop leaves are also reported in the in vivo study in 712-
dimethylbenzene anthracene (DMBA), which induced cell proliferation in rat’s breast tissue.
The protective effect against DNA damage caused by DMBA shows that oral administration
of soursop leaves has a protective effect on the development of breast carcinogenesis and
reduce the tumor mass [23, 32]. This case is not only limited to in vitro and in vivo
investigations. A case study of a 66-year-old woman with metastatic breast cancer reports that
consumption of leaves boiled in water and Xeloda (a chemotherapy agent) results in the
stabilization of the disease [33]. However, the side effects that occur due to chemotherapy are
nausea, vomiting, diarrhea, stomatitis, alopecia, susceptibility to infection, thrombocytopenia,
neuropathy, and myalgia are still exist [34, 35].

This research simulates the molecular interactions between active compounds of
soursop and the COX-2 enzyme using molecular docking simulation. The docking performance
or soursop’s active compounds (Annonaceous acetogenin) will be compared to the docking
performance of celecoxib as the standard ligand/comparative ligand to define their potential as
an anti-breast cancer agent. The additional physicochemical and pharmacochemical analysis
was also performed by utilizing the free web servers, such as molinspiration.com and
SwissADME, to evaluate the compounds' drug-likeness to be developed into anti-breast-cancer
agents. This research has limited our study by only performing a molecular docking simulation
and physicochemical analysis. A further step, such as molecular dynamics simulation, to check
the complex's binding integrity is our ongoing project.

2. Materials and Methods
2.1. Preparation of receptor and ligand.

The preparation of receptor and ligand structures is the first step to simulating molecular
docking. The receptor used in this research is COX-2 from Protein Data Bank (PDB), deposited
by [36] on the website https://www.rcsb.org/ with code 3LN1. The location of celecoxib can
be used as a docking coordinate for test ligands on the targeted docking approach. The three-
dimensional structure of COX-2 was downloaded in PDB format, the added polar hydrogen
atoms, and the addition of charge using AutoDock Tools software and saved in PDBQT format.

There are two types of ligand, the test ligand and the comparative or control ligand (a
patented drug). Test ligands were active compounds of soursop, and the control ligand is
celecoxib (see Figure 1). The reason for using celecoxib as a control ligand is because it is a
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COX-2 inhibitor that has been marketed in several countries and has been found attached in
the active sites of COX-2 in the PDB database. The three-dimensional structure of test ligands
was downloaded from the PubChem website at https://pubchem.ncbi.nlm.nih.gov/ in SDF
format and converted into PDB format using Chimera 1.9 [37] before converted into PDBQT
format using AutoDock Tools. The same step goes for the control ligand. After being separated
from COX-2, celecoxib was saved in PDB format then converted to PDBQT format.
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Figure 1. The chemical structure of the active compounds of soursop, including the control ligand (celecoxib)
and the target protein (COX-2). Ligand structures were downloaded from https://pubchem.ncbi.nlm.nih.gov/,
while the COX-2 structure was downloaded from https://www.rcsb.org/ with PDB code 3LN1. Note that figures
are not to scale.

2.2. Celecoxib validation as control ligand.

Molecular docking simulation was performed by using Autodock Vina [38]. The
validity of the docking program can be checked by performing the redocking procedure. This
was done by redocking the celecoxib compound separated from COX-2 to the COX-2 enzyme
itself in its active sites. As reported by [39], the active (binding) sites of COX-2 enzyme
involved in the celecoxib-COX-2 complex are His75, Arg499, Ala502, 11e503, GInl78,
Phe504, Trp373, Met508, Leu370, Gly512, and Ala513 [21]. Our validation (redocking) results
showed the value of Gibbs free energy, AG = -12.2 kcal/mol. The occurrence of two
interactions of the hydrogen atom of celecoxib with COX-2 and the amino acids involved in
the redocking simulation are His75, Vall102, Argl106, GIn178, Val335, Leu338, Ser339,
Gly340, Tyr341, Trp373, Arg499, Ala502, 11e503, Met504, Val509, Gly512, Ala513, Ser516,
Leu517. Those lists of amino acids will be used in defining the Similarity of active sites (SAS)
of the tested ligands.

The results obtained after matching the location of the amino acids according to the
literature [39] will form a new grid box with the coordinates center at x = 28.8269, y = -23.4389,
Z = -15.0943; and with the grid box size of x = 28.8383, y =28.6639, and z=31.2173 A. These
coordinates correspond to the location of the celecoxib that already exists in the COX-2 protein
and will be used as a grid box reference in the docking simulation of the test ligand. This
technique of selecting a specific site is commonly known as a targeted docking method.

2.3. Molecular docking simulation and data analysis.

Molecular docking is an effective computational approach to evaluating a ligand
(compound) binding on a particular enzyme. A thermodynamics-based model complemented
with optimization and statistical method produces the score function, which helps us determine
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a ligand's potential in inhibiting protein or enzyme for a particular purpose (inhibitor or
regulator of a specific biochemistry pathway). Molecular docking of the active compounds of
soursop was performed on the active sites of the COX-2 enzyme, as mentioned above. Each of
the test ligand (the active compounds of soursop) was docked 20 times to get the best Gibbs
free energy (AG). The molecular docking simulation was carried out using AutoDock Vina
software. The final results in the form of the binding energy value/Gibbs free energy and the
list of amino acids involved in that binding. The binding energy is evaluated intramolecularly
from a non-bound state to a boundary conformation for each molecule separately (a protein
first, then continued with the ligand), and then evaluated intermolecularly, bringing the two
molecules together into bound complexes (protein and ligand). Analysis and visualization of
the molecular interactions were done by using Chimera 1.9 software.

3. Results and Discussion

The Gibbs free energy indicates whether or not the ligand-enzyme complex is formed
spontancously. The more negative the value of AG, the stronger the ligand-enzyme binding
that is formed. The molecular docking result is shown in Table 1. As the standard/control
ligand, Celecoxib has a binding affinity (AG) of -12.20 kcal/mol. For the active compound of
soursop, xylopine has the lowest Gibbs free energy as compared to other test ligands with AG
=-11.2 kcal/mol and followed by annonamine (-9.9 kcal/mol) and epicatechin (-9.8 kcal/mol).
This shows that in terms of Gibbs free energy, xylopine has the most potential to be developed
as an anti-breast-cancer agent compared to other active compounds of soursop.

Table 1. Docking results.

Label Ligand AG Total Similarity of active
(kcal/mol) sites SAS (Percentage)
LC Celecoxib (Control ligand) -12.2 100%
L1 Annoionol A -7.1 70%
L2 Annoionol B -7.1 74%
L3 Annonamine -9.9 78%
L4 Epicatechin -9.8 83%
L5 Isolaureline -9.5 74%
L6 Loliolide -6.8 52%
L7 Muricatacin -7.1 74%
L8 Quercetin -9.7 78%
L9 Vomifoliol -7.3 65%
L10 Xylopine -11.2 78%

| | ‘ b
Figure 2. Comparison of docking sites of celecoxib (structure in magenta color) and the selected active
compounds of soursop (structures in gold color) for (a) xylopine (b) annonamine (c) epicatechin.
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Even though its AG is a bit weaker than celecoxib, but based on the ratio of binding
energy to molecular size (molecular weight of celecoxib is 381.4 g/mol, and xylopine is 295.3
g/mol), xylopine has a better ratio (0.038 kcal/g ) than celecoxib (0.032 kcal/g). This ratio
shows that xylopine is more effective in inhibiting the active sites of COX-2 compares to
celecoxib.

The comparison of binding sites of celecoxib and the selected ligands of soursop are
depicted in Figure 2. The Similarity of the active site (SAS) illustrates how similar the test
ligands' interaction to the control ligand. The comparison of each tested ligand's binding sites
compared to the control ligand is shown in Figure 3. The yellow color indicates the amino acid
involved in the ligand-receptor complex. The majority of test ligands are docked with a SAS
percentage greater than 70%. The highest SAS is shown by epicatechin with 19/23 residues or
around 83%, followed by annonamine, quercetin, and xylopine, which all have 78%. Residues
Val335, Leu338, Ser339, Trp373, Phe504, Val509, Gly512, Ala513, Ser516 always appear in
ligand interactions with receptor so that these residues are predicted to play an important role
in the binding site of COX-2.

LC L1 12 L3 L4 L5 L6 L7 L8 L9 L10

His75
Argl06
GIn178
Val335
Leu338
Ser339
Gly340
Tyr341
Leu345
Phe367
Leu370
Tyr371
Trp373
Argd99
Ala502
1le503
Phe504
Met508
Val509
Gly512
Ala513
Ser516
Leu517

Figure 3. Comparison of the binding sites of each tested ligand as compared to the control ligand. The yellow
color indicates the amino acid involved in the ligand-receptor complex. The label LC through L10 denotes the
ligand’s name following the first column of Table 1.

Xylopine, the best ligand performer based on the Gibbs free energy, has the SAS value
of 78%. This illustrates that xylopine is very easy to bind strongly to COX-2, but in a pocket
that slightly off from the active sites of celecoxib. The active compound of soursop with the
highest SAS is epicatechin (83%), which has Gibbs free energy of -9.8 kcal/mol and the binding
effectivity of 0.034 kcal/g (still below xylopine but slightly better than celecoxib). Epicatechin
has also been found to have potential as an anti-obesity agent, as reported by [40]. The worst
performer of the active compound of soursop is loliolide. Its low Gibbs energy of -6.8 kcal/mol
and SAS value of 52%.

The molecular property evaluation of the selected ligands is shown in Figure 4. In
Figure 4, the molecular lipophilicity potential reveals that celecoxib is dominated by the
hydrophobic potential as indicated by a blue-violet surface potential. Xylopine is also
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dominated by blue-violet surface potential. The domination of hydrophobic interaction
explains why celecoxib and xylopine are deeply buried in the pocket of interaction with strong
binding affinities compared to annonamine and epicatechin. The potential of xylopine and other
annonacin and acetogenin compounds in inhibiting cancer progression has also been
emphasized by Ref [41, 42]. Anonamine and epicatechin, on the other hand, are dominated by
the yellow-orange surface potential, which indicates the domination of hydrophilic potential
and tends to interact with the water molecule outside the binding pocket of the COX-2 enzyme.

The physicochemical and pharmacochemical evaluation of the selected ligands is very
important in deciding the drug-likeness of a particular chemical compound to be developed
into a potential drug. The physicochemical descriptor of ligands was computed by an online
web server (SwissADME) [43]. Six properties must be evaluated, as shown in Table 2. The
drug-likeness of the selected ligands is shown in a radar-like presentation in Figure 5. The
physicochemical and pharmacochemical values of an ideal drug must lie within the hexagonal
boundary region. All selected ligands have those properties mostly within the range of drug-
likeness values, except for epicatechin and celecoxib, which has saturation values below the
limit of 0.25 (0.12 for celecoxib, and 0.20 for epicatechin). The solubility value, xylopine,
annonamine, and epicatechin are classified as a soluble compound due to their value of Log S
(ESOL) between -4.0 to -2.0. Interestingly, celecoxib, which is the standard drug for COX-2
inhibition, is only classified as a moderately soluble compound with the value of Log S (ESOL)
of -4.49. The strong binding of celecoxib on COX-2 enzyme might come from the ligand
flexibility, where celecoxib has four rotational bonds. In contrast, the rest (xylopine,
annonamine, and epicatechin) only have one rotational bond.

Celecoxib

Epicatechin

Annonamine

Figure 4. The molecular lipophilicity potential (MLP) of the best-tested ligands. The hydrophobic surface is
shown in blue-violet color, while the hydrophilic surface is indicated by yellow-orange color. Pictures were
generated by Molinspiration Galaxy 3D Structure Generator v2018.01 beta (www.molinspiration.com).

Table 2. The Physicochemical descriptor of drug-likeness of the tested ligands.

Properties Drug-likeness values Celecoxib Xylopine Annonamine | Epicatechin
Lipophilicity -0.7 < XLOGP3 < +5.0 3.40 2.80 3.12 0.36

Size 150 g/mol < MV < 500 g/mol 381.37 g/mol | 295.33 g/mol | 296.38 g/mol | 290.27 g/mol
Polarity 20 A2 < TPSA < 130 A? 89.36 A2 39.72 A2 29.46 A2 110.38 A?
Solubility 0<LogS(ESOL)<6 -4.57 -3.77 -3.98 -2.22
Saturation 0.25 < Fraction Csp3 < 1 0.12 0.33 0.37 0.20
Flexibility 0 < Num rotatable bonds < 9 4 1 1 1
https://biointerfaceresearch.com/ 11385
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In general, the efficacy potential of the active compounds of soursop in combating the
progression of cancer (especially breast cancer) as discussed in various References [23, 25-27,
29-31, 41, 44] have been confirmed in this research, with xylopine turns out to be the most
potent compound for an anti-breast-cancer agent. The drug-likeness of the active compounds
of soursop, as reflected in the physicochemical descriptor in Table 2, shows safe and tolerable
compounds for oral drug application and agrees with other researchers' results [45]. Further
proof through the in vitro and in vivo research still needs to be done to validate this finding.

LIPO LIPO
FLEX SIZE FLEX SIZE
INSATU POLAR INSATU POLAR
. Xylopine
Celecoxib yiop
INSOLU INSOLU
LIPO
LIPO
FLEX SIZE FLEX SIZE
INSATU POLAR INSATU POLAR
INSoLU Annonamine wow  Epicatechin

Figure 5. The radar-like representation of the drug-likeness of the tested ligands calculated by SwissADME, the
online server database.

4. Conclusions

Molecular interaction and the physicochemical/pharmacochemical analysis of the
active compounds of soursop (Annona muricata Linn) have been carried out in this research.
The results show that the active compounds in soursop could play a role in inhibiting the work
of the COX-2 enzyme. Based on that analysis, out of ten compounds tested, xylopine turns out
to be the most potent inhibitors of COX-2 enzyme for an anti-breast-cancer agent, followed by
annonamine, and epicatechin. A stronger binding affinity and better profile in the
physicochemical/pharmacochemical descriptors compared to other tested ligands make
xylopine a strong candidate to be developed as an anti-breast-cancer agent.
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