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Introduction

Breast cancer is the most commonly diagnosed cancer 
among women worldwide, accounting for approximately 
25% of all reported cancers (Wu & Lee, 2019). The World 
Health Organization (WHO) reported in 2021 that over 2.3 
million women worldwide had breast cancer, and 685,000 
were deceased in the year 2020. In 2012, a total of more 
than 600,000 new reported cases of breast cancer in Asia 
were accountable for 39% of the entire global incidence of 
breast cancer. According to these statistics, breast cancer 
is indeed one of the major threats among Asian women, 
making up for 21.2% of all cancer records in women 
(GLOBOCAN, 2012). According to the Philippine Cancer 
Society (PCS) breast cancer is the third leading cause of 
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cancer among Filipinos, with 20,267 new cases reported 
in 2015 and an estimated 7,384 deaths (Laudico et al., 
2015). The development of breast cancer occurs when 
there is a growth of unregulated cells within any part of 
the breast. Around 70% of patients with breast cancer 
are estrogen receptor (ER) positive and benefit from 
chemoprevention drugs that are endocrine therapies such 
as Tamoxifen. However, Tamoxifen has posed potential 
risks and concerns regarding its efficiency as it elevates 
various side effects such as endometrial cancer (Fisher 
et al., 2001a). Tamoxifen is an ER antagonist and an 
aromatase inhibitor, which blocks estrogen production 
(Zhu et al., 2018; Ma et al.,2009). It is a selective estrogen 
receptor modulator (SERM) drug used to reduce the 
development of breast cancer (Winters et al., 2017). 
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Tamoxifen is a triphenylethylenic antiestrogen with a high 
affinity for the ER and a binding affinity comparable to 
the microsomal antiestrogen binding site and inhibiting 
micromolar efficiency, protein kinase C calmodulin-
dependent enzymes, and acyl-coenzyme A: Cholesterol 
acyltransferase (Medina et al., 2004).

Cocus nucifera, commonly known as coconut, is 
the fruit of a palm tree described as the tree of life. The 
Philippines is considered the second-largest producer of 
coconut worldwide since it is the most prominent harvest 
in the country. The oil produced from the coconut fruit 
has been a topic of interest for most researchers, and 
several studies have proven its benefits and applications 
in the pharmaceutical industry (Castillo & Ani, 2019; 
Ignacio & Miguel, 2021). Oil bodies (OBs), also known 
as oleosomes, are found in almost all plant tissues and are 
primarily triacylglycerols (Nikiforidis, 2019). An OB’s 
core consists of hydrophobic triglycerides surrounded by a 
single layer of phospholipids containing three amphiphilic 
proteins: Oleosin, caleosin, and steroleosin.

Furthermore, OBs mainly consist of Oleosins, which 
are about 90% of the structural proteins that participate 
in the stability and function of OBs (Chen et al., 2019; 
Maurer et al., 2013). Oleosin are small proteins that 
consist of amphipathic N- and C- terminal sequences and 
a preserved central hydrophobic domain. The horizontally 
arranged amino acid sequence of Oleosin’s C- terminal 
on the surface of OBs can induce alpha (α) helices. At 
the same time, the central domain comprises 72 nonpolar 
amino acids. These 33 amino acid residues of the said 
terminal end are likely to produce an attraction with 
charged species such as phosphate and choline on OBs.

Moreover, the length of the central hydrophobic 
domain of Oleosin is sufficient to form a hairpin structure 
that extends to the phospholipid layer until the matrix of 
the OBs, thereby stabilizing the entire OB. The hairpin 
structure has a single serine and three proline amino acid 
residues. It also contains two arms, both possessing 30 
amino acids that interact with the highly conserved Pro 
knot, which holds 12 residues of PX5SPX3P, X being a 
very nonpolar residue, P as a proline amino acid, and S 
as a serine amino acid (Huang et al., 2013; Huang, C. & 
Huang A., 2017). Overall, it is presented that Oleosin 
performs a significant role in providing the stability that 
is important to the structure and function of OBs.

Due to the safety and stability of Oleosin from OBs, 
it may be a potential protein drug carrier of Tamoxifen. 
However, its capability as a drug carrier has not been 
extensively studied. Several studies, nonetheless, 
investigated the efficiency of Oleosin as a drug carrier, 
where it enhanced skin absorption among wounded 
rodents (Cai et al., 2018). A study also revealed that 
regeneration of tissues and wound healing had been 
improved through transdermal drug delivery due to 
the hEGF linked to an OB (Qiang et al., 2018).   OBs 
have been investigated to determine their efficiency as 
a drug delivery system encapsulating various anticancer 
drugs (Acevedo et al., 2014; Aliman et al., 2021). 
However, utilizing and investigating Oleosin from OBs 
as a protein drug carrier for breast chemotherapeutics 
is not yet extensively studied. In addition, silico studies 

investigating the effectiveness of Oleosin as a potential 
drug carrier have yet to be reported and explored.   Thus, 
the aim of this in silico study was to assess the feasibility 
and application of Oleosin as a potential protein carrier 
of Tamoxifen by evaluating the pharmacokinetic and 
pharmacological properties of Tamoxifen and determine 
its intermolecular interactions with Oleosin through 
predictive software such as SwissADME, PaccMann, and 
Way2Drug, as well as AutoDock 4 for molecular docking. 
Moreover, this study did not focus on drug release and cell 
penetration mechanisms.

Materials and Methods

In Silico Screening of Tamoxifen 1
The assessment of the drug’s bioactivity was executed 

by introducing the Simplified Molecular-Input Line-
Entry System (SMILES) sequence of Tamoxifen through 
online software, SwissADME® (https://swissadme.ch). 
The findings such as the Brain or IntestinaL estimated 
permeation method (BOILED-Egg) model, absorption, 
distribution, metabolism, and excretion (ADME) results, 
as well as the bioavailability radar were analyzed to 
determine the pharmacokinetics of Tamoxifen. Way2Drug 
(http://www.way2drug.com/passonline/), on the other 
hand, along with its embedded services such as Cell-Line 
Cytotoxicity Predictor (CLC-Pred), acute rat toxicity, and 
Prediction of Activity Spectra for Substances (PASS) 
Targets, were manipulated to predict the interaction with 
tumor and non-tumor cell lines, acute rat toxicity for four 
administration routes (intraperitoneal, intravenous, oral 
and subcutaneous), and projection of interaction with 
molecular targets, respectively. The SMILES sequence 
or Two-Dimensional (2D) structure of Tamoxifen taken 
from PubChem was introduced into the software for each 
service and immediately proceeded to the predictions. 
Afterward, a table of results for every service was 
generated, and each finding was taken into account by 
considering the Probability of Activeness (Pa), level 
of toxicity, and confidence scores. Also, Tamoxifen 
underwent a prediction through a web service called 
PaccMann (https://ibm.biz/paccmann-aas). Tamoxifen 
was selected in the drop-down drug list of the web service, 
and its corresponding SMILES sequence was shown on 
the interface. After proceeding to the prediction, model 
decipherability and evaluation were made possible through 
the generated attention heatmap, which displayed the 
intensities of the parts of the compound through a color 
map.

Molecular Docking 2.0
Preparation of Receptor and Ligand 2.1

Up until this date, there is no existence of Three-
Dimensional (3D)/crystal structures and Protein Data 
Bank (PDB) entry for Oleosin from coconut OBs; only 
primary and secondary structures were discovered, 
formulated, and studied. Herewith, the preparation of 
the receptor was executed through structure prediction in 
the form of homology modeling to visualize and match 
the protein sequence of Oleosin from Cocos nucifera 
(Accession no.: AZZ09171.1) that was obtained from 
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Results

Pharmacokinetics of Tamoxifen 1
The SwissADME predictions showed the BOILED-

Egg model (Figure 1), ADME results (Figures 2 and 3), 
and bioavailability radar (Figure 3) of Tamoxifen. It can 
be observed that Tamoxifen is situated outside the model 
of the BOILED-Egg, denoting that it is not permeable 
and is poorly absorbed in the Blood-Brain Barrier 
(BBB) and the gastrointestinal tract (GIT). Based on the 
blue dot representing Tamoxifen, it is a substrate and is 
actively effluxed by P-glycoprotein (Pgp). Moreover, 
the topological polar surface area (TPSA) (Figure 2A), 
a physicochemical property, revealed that Tamoxifen 
only acquired 12.47 square angstrom (Å2). While the 
lipophilicity outputs (Figure 2B) had positive logP values, 
indicating that the drug is lipophilic. It was also shown 
that Tamoxifen is poorly soluble (Figure 2C) since it 
obtained numerical values ranging from -10 to -6. This 
then confirms that Tamoxifen is certainly a lipophilic 
drug as it has low water solubility and poor BBB and 
GIT penetration. On the other hand, the pharmacokinetic 
findings (Figure 2D) reported that Tamoxifen is a 
P-gp substrate and is not adequately absorbed in GIT 
and BBB, confirming the generated BOILED-Egg 
model. Additionally, the drug is an inhibitor of the two 
cytochrome P450 enzymes. The Druglikeness output 
(Figure 2E) of Tamoxifen revealed that it only violated 
one of Lipinski’s five rules. The bioavailability of the 
drug is at 0.55, meaning it meets Lipinski’s rule and is 
considered an excellent oral medicine according to the 
Abbot bioavailability score. The medicinal chemistry 
(Figure 2F) demonstrated that Tamoxifen did not satisfy 
lead likeness since it had three violations based on the 
software’s criteria. Further, the bioavailability radar 
(Figure 3) disclosed that Tamoxifen acquired optimal 
results except for lipophilicity. Nevertheless, it is still 
considered a good orally bioavailable drug.  

Pharmacological Properties of Tamoxifen 2
Cancer Cell Line Prediction 2.1

The cancer cell line prediction by Way2Drug 
(Table 1) revealed different cancer cell lines that may 
form an interaction with Tamoxifen. The drug has the 
highest activity in MCF-7 breast cancer cell lines with 

the National Center for Biotechnology Information 
(NCBI). The Fast-All (FASTA) sequence of Oleosin was 
submitted in SWISS-MODEL (https://swissmodel.expasy.
org/) to construct a series of model results with various 
characteristics. Once the inspection of the individual 
results was performed, the 3D structure model with the 
highest sequence identity (>25%), ideal molecule size 
(< 2 (Å) Angstroms), and favored Ramachandran plots 
were chosen and downloaded as a PDB file format. On 
the other hand, the ligand preparation was done by taking 
the SDF format of Tamoxifen (PubChem ID: 2733526) 
from PubChem, incorporating it in BIOVIA Discovery 
Studio, and finally saving it as a PDB file. Prior to 
molecular docking, the energy of Oleosin and Tamoxifen 
was reduced via loading their PDB structures to the 
University of California, San Francisco (UCSF) Chimera 
(ver 1.15) and setting the steps of energy minimization to 
one thousand (1,000), whereas other parameters remained 
in default.

Docking 2.2
Following the energy minimization step, the PDB 

structures of Oleosin and Tamoxifen were converted to 
a Protein Data Bank with partial charges’ Q’, AutoDock 
4 atom types, T (PDBQT) file and were imported into 
the AutoDock 4.0 interface for molecular docking. 
Considering that there is no previous knowledge regarding 
the location of the binding site of Oleosin, blind docking 
was operated, and the grid box was set in a way that it 
surrounded the entire protein to calculate its target site. 
The parameters of the grid box were set into 0.719 Å 
for spacing, 50 points for x-dimension, 60 points for 
y-dimension, and 40 points for z-dimension. The criteria 
were then fixed in Grid Parameter File format, and the 
AutoGrid program was launched. The ligand docking 
parameters were settled in default condition to prepare for 
the docking procedure, while the search parameter was 
determined as a Genetic Algorithm (GA). The number of 
GA runs was 200, and other docking criteria were fixed via 
default setting. The AutoDock program was then initiated 
after the output was set as Lamarickian GA and saved as 
Dynamic Process Format. After the docking process, the 
binding affinities and conformations and several other 
vital results were analyzed and visualized by subjecting 
the docked compounds in BIOVIA Discovery Studio.

Pa Cell Line Cell Line Full Name  Tissue Tumor Type
0.811 MCF-7 Breast carcinoma Breast Carcinoma
0.573 SK-OV-3 Ovarian carcinoma Ovarium Carcinoma
0.469 T47D Breast carcinoma Breast Carcinoma
0.374 HOP-92 Non-small cell lung carcinoma Lung Carcinoma
0.333 MCF7S Breast carcinoma Breast Carcinoma
0.332 SNB-75 Glioblastoma Nervous system Glioblastoma
0.327 RPMI-8226 Multiple myeloma Haematopoietic and lymphoid tissue Myeloma

† Pa, probability of activeness; High Pa values indicate that a substance is highly active in a specific cell line; MCF - 7, Michigan cancer foundation-7; 
SK-OV-3, ascites-derived ovarian cancer cell line from a 64-year old Caucasian female with an ovarian serous cystadenocarcinoma; T47D, Human 
breast cancer cells; HOP-92, Hopkins-92; MCF7S, parent MCF-7 subline; SNB-75, Surgical Neurology Branch-75; RPMI-8226, human B cells 
from a 61-year old male patient with myeloma/plasmacytoma

Table 1. CLC-Prediction Results of Tamoxifen from Way2Drug
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a probability of activeness (Pa) value of 0.811. While 
other predicted tumor cell lines, namely SK-OV-3 ovarian 
carcinoma, T47D breast carcinoma, HOP-92 non-small 

cell lung carcinoma, MCF7S breast carcinoma, SNB-75 
glioblastoma, RPMI-8226 multiple myeloma, possessed 
Pa values lower than 0.5. With this, if the selected group 

Figure 1. BOILED-Egg Model of Tamoxifen. The yellow or the yolk represents the Blood-Brain Barrier. The white 
area represents human gastrointestinal absorption (HIA).

Rat IP LD50 Classification Rat IV LD50 Classification Rat Oral LD50 Classification Rat SC LD50 Classification
Class 4 in AD Class 3 in AD Class 5 in AD  Class 5 in AD

Table 2. Acute Rat Toxicity results of Tamoxifen*

† IP, intraperitoneal route of administration; IV, intravenous route of administration; Oral, oral route of administration; SC, subcutaneous route of 
administration; in AD, compound falls in applicability domain of models; *Tabulated results are based on Organisation for Economic Co-operation 
and Development (OECD) project from Way2Drug.

Figure 2. The ADME Results of Tamoxifen. This includes the (A) Physicochemical properties, (B) Lipophilicity, (C) 
Water Solubility, (D) Pharmacokinetics, (E) Druglikeness, and (F) Medicinal Chemistry.
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of compounds has a more excellent value of Pa, acquiring 
inaccurate results from biological testing is reduced 
(Basanagouda et al., 2011).

Acute Rat Toxicity Prediction 2.2
The acute rat toxicity results are based on the 

categories or classes set by Globally Harmonized 

Figure 3. The Bioavailability Radar of Tamoxifen.

Target Name Confidence ChEMBL id 
Cytochrome P450 3A5 0.9031 CHEMBL3019
Cytochrome P450 2B6 0.833 CHEMBL4729
Proteasome component C5 0.5848 CHEMBL4208
Cytochrome P450 2J2 0.4877 CHEMBL3491
Proteasome Macropain subunit 0.4632 CHEMBL3492

Table 3. PASS Target (Direct interaction) Results of 
Tamoxifen from Way2Drug.

†, Highest confidence values indicate that a substance is highly 
interactive in a certain molecule.

Target name Confidence ChEMBL id 

Tyrosine-protein kinase FYN 0.9774 CHEMBL1841

Estrogen receptor 0.8846 CHEMBL2093866

Estrogen receptor alpha 0.7329 CHEMBL206

Sphingomyelin phosphodiesterase 0.5505 CHEMBL2760

Alpha-2b adrenergic receptor 0.4839 CHEMBL1942

Table 4. PASS Targets (Mediated interaction) Results of 
Tamoxifen from Way2Drug 

†, Highest confidence values indicate that a substance is highly 
interactive in a certain molecule.

Figure 4. Results of Homology Modeling from SWISS-MODEL. (A) 3D/Crystal structure of Oleosin. (B) Information 
about the structure of the generated model. (C) and (D) Ramachandran plots of the model. The 3D model of Oleosin 
from chain B of Epstein-Barr viral Bcl-2 protein was selected as it produced an acceptable value of sequence identity, 
sequence similarity, molecule size, and is Ramachandran favored. 
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System for chemical substances and mixtures which 
cause acute toxicity established by the United Nations 
and Organisation for Economic Co-operation and 
Development (OECD). Based on the findings in Table 
2, in terms of delivery route, Tamoxifen was determined 
to be practically nontoxic (class 4) for intraperitoneal 
administration, slightly toxic (class 3) for intravenous 
administration, and relatively harmless (class 5) for oral 
administration as well as for subcutaneous administration.

Molecular Targets Prediction 2.3
Tamoxifen is a competitor of estrogen for binding 

sites and directly inhibits the ER. However, the results 
of PASS Targets (Table 3 & 4) revealed that cytochrome 
P450 enzymes, specifically cytochrome P450 3A5 and 
cytochrome P450 2B6, are the direct targets of Tamoxifen, 
while the ER and Estrogen Receptor Alpha (ERα) were 
only in the list of possible targets. Based on the PASS 
Targets for mediated interactions of Tamoxifen (Table 
4), the tyrosine-protein kinase FYN has the highest 
confidence level among the targets, with a value of 
0.9774. In contrast, other mediated interactions such as 
estrogen receptor, estrogen receptor alpha, sphingomyelin 
phosphodiesterase, and alpha-2b adrenergic receptor 
acquired lower confidence values.

Model Structure of Oleosin 3
In the results generated by the homology modeling of 

Oleosin in SWISS-MODEL (Figure 4), the model with the 
highest and most favorable sequence identity of 33.3%, 
the sequence similarity of 36%, and molecule size of 1.80 

Å (Figure 4B) among the templates was from the B chain 
of computationally designed inhibitor of an Epstein-Barr 
viral Bcl-2-protein. The model (Figure 4A) only converted 
34% of the Oleosin sequence with 41 residues(ALVWIYN
YVMGKHPPGADRLDAARAAMARKAKDYGRYVQ
TKS), ranging from amino acids in 76-117 positions. The 
model is also Ramachandran favored and has no outliers, 
bad angles, and bad bonds (Figures 4C & 4D).

Predicted Moieties for the Interaction of Tamoxifen 4
The in silico screening of Tamoxifen using PaccMann 

revealed the heat map wherein the functional groups of 
Tamoxifen (Figure 5A) were shown in a certain intensity 
of heat or red color. The moieties involved in interacting 
with other compounds were the drug’s phenyl, ether, 
amine, and alkenyl functional groups.

Molecular Docking of Tamoxifen and Oleosin 5
The calculated binding affinity and interactions formed 

by the Tamoxifen-Oleosin complex were determined 
using a molecular docking simulation. The docked 
complex structure (Figures 5B and 5C) of Tamoxifen 
and Oleosin and the formation of different interactions 
(Figure 5D) were shown. Based on the docking results, 
the best docking pose had low binding energy of -5.26 
kcal/mol. The 3D and 2D diagrams of the receptor-ligand 
interactions revealed that the involved amino acids were 
mostly hydrophobic and electrically charged in nature. 
Moreover, the docking pose identified the amino acids 
that were capable of interacting with Oleosin were alanine 
(106), leucine (77), isoleucine (80), and valine (84), 

Figure 5. Predicted Molecular Interactions of Tamoxifen with Oleosin based on PaccMann Webserver and AutoDock 
4.0 software.(A) Heatmap of Tamoxifen from PaccMann. Results showed the most and least interactive functional 
groups of Tamoxifen based on the intensity of the colors. Docking results from AutoDock 4 and BIOVIA Discovery 
Studio. (B) the best docking pose of Tamoxifen. (C) Close-up 3D visualization of Tamoxifen and Oleosin interaction. 
(D) 2D diagram of the receptor-ligand interaction with the formed bonds. Oleosin and Tamoxifen were successfully 
docked with -5.26 kcal/mol binding energy.
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tyrosine (81), lysine (107), and aspartic acid (108).

Discussion

Tamoxifen, an FDA-approved drug, is currently 
facing controversies regarding its treatment for patients 
with breast cancer due to its adverse side effects, induced 
drug resistance, and endometrial cancer (EBCTCG, 
2011; Fisher et al., 2001b). To date, the intermolecular 
interactions of Oleosin with other molecules and its 
efficiency as a drug carrier system have not yet been 
fully explored. The present study used several in silico 
techniques to screen and assess the pharmacokinetic 
and pharmacological properties of Tamoxifen, which 
confirmed the challenges of Tamoxifen treatment against 
breast cancer. Through molecular docking, Oleosin was 
also evaluated as a potential drug carrier by determining 
its intermolecular interactions with Tamoxifen. 

The pharmacokinetics of Tamoxifen were investigated 
through SwissADME. The absorption of Tamoxifen into 
the BBB and human intestine (HI) was demonstrated 
by the BOILED-Egg model. The BBB and HI are the 
common areas of absorption for a drug will be able to 
perform its function in the body. The model also evaluates 
a drug according to its property to be a substrate or 
inhibitor of Pgp. This membrane protein is responsible 
for managing the efflux of substances in cells. The 
bioavailability and retention time of a drug is affected 
by its decreased permeability as it is more extruded in 
the intestine and BBB, leading to drug resistance (Amin, 
2013). In addition, chemotherapy is also disrupted 
due to the efflux of chemotherapeutic drugs due to 
overexpression of Pgp in cancer cells (Martins et al., 
2010). Concerning this, the BOILED-Egg model results 
showed that Tamoxifen is a substrate of Pgp, which then 
depicts that it is effluxed by the cells. This then verifies 
the result of Tamoxifen that it is not within the range of 
the model; thus, it is not absorbed in BBB and HI. This 
also validates the Tamoxifen resistance as it is actively 
effluxed in cells. Furthermore, Lipinski’s rule of five was 
used to evaluate the drug-likeness of Tamoxifen, as this 
parameter determines the physicochemical and drug-like 
properties of a compound (Lipinski et al., 1997). The 
ADME results showed that Tamoxifen only violated one 
rule from Lipinski’s rule of five, making it an excellent 
oral drug. Moreover, the bioavailability radar (Figure 3) 
revealed that the lipophilicity of Tamoxifen did not meet 
the optimal range. The toxicity of a drug is due to its high 
lipophilicity, leading to low absorption and solubility (Gao 
et al., 2017). These findings depict that prolonged intake 
of Tamoxifen may impose adverse effects despite being 
an FDA-approved drug.

The prediction services of Way2Drug determined the 
pharmacological properties of Tamoxifen. The cancer cell 
line prediction (Table 1) revealed that Tamoxifen has the 
highest activity in MCF-7 breast cancer cell lines with 
a probability of activeness (Pa) value of 0.811. The rest 
of the predicted tumor cell lines have Pa values below 
0.5, indicating that the drug has insignificant interactions 
with the cell lines. Generally, the mechanism of action of 
Tamoxifen is that it acts as an antagonist and blocks the 

signaling pathway of positive alpha ER in breast cancer 
cells (Hu et al., 2015). However, Tamoxifen can also 
be an agonist and proestrogenic, activating the ER on 
endometrial cells, hence the rising concerns regarding 
the efficiency of the drug for cancer therapeutics (Sporn 
& Lippman, 2003). Due to its different effects on ER, 
Tamoxifen is appropriately labeled as a selective estrogen 
receptor modulator. The differences observed in Pa of 
the predicted breast carcinoma models such as MCF-7, 
T47D, and MCF-7S are likely due to the specific receptors 
contained in these cancer cells. MCF-7 cancer cell lines are 
susceptible and reliant on estrogen to multiply (Comşa et 
al., 2015). On the other hand, the T47D are progesterone-
sensitive breast carcinoma models (Yu et al., 2017) and 
most MCF-7S cancer cell lines are Tamoxifen-resistant 
(Leung et al., 2014). With this, Tamoxifen is indeed highly 
active on MCF-7 cell lines as its primary role is to treat 
ER-positive breast cancer cells. Further, the categories/
classes of the acute rat toxicity results are divided into five, 
where class 1 represents the most severe toxicity, and class 
5 represents substances with low acute toxicity hazards 
but may present a danger to vulnerable populations (GHS, 
2015; OECD, 2002). Tamoxifen presented class 4 toxicity 
through the intraperitoneal route of administration, class 3 
toxicity through the intravenous route of administration, 
and class 5 toxicity to both oral and subcutaneous routes 
of administration. This indicates that Tamoxifen can 
be hazardous when injected into veins and may induce 
severe adverse effects. The administration through the 
abdominal cavity only possesses light toxicity, and the 
usual administration of the drug (oral) only has low acute 
toxicity and the subcutaneous route. This indicates that 
the drug may be relatively nontoxic when taken through 
the mouth and under or beneath the entire skin layers. 
According to the DrugBank, the acute rat toxicity of 
Tamoxifen is 1.9882 mol/kg LD50, which indicates and 
confirms that the drug has low toxicity based on the GHS 
classifications of hazardous materials (DrugBank Online 
Database, 2022).

The acquired results from PASS Target (Tables 3 
and 4) indicate that the cytochrome enzymes metabolize 
Tamoxifen to its active form to promote its antiestrogenic 
effects (Singh et al., 2011). This then explains why the ER 
and ERα are predicted to have only a mediated interaction 
with Tamoxifen and are not necessarily regarded as 
ineffective. Tamoxifen undergoes oxidative metabolism to 
turn into its active metabolites, 4-hydroxytamoxifen and 
4-hydroxy-N-desmethyl-tamoxifen, commonly known 
as afimoxifen and endoxifen, respectively (Serrano et al., 
2011). Since they are the active metabolites, it has a higher 
affinity for ER rather than Tamoxifen itself. Moreover, 
endoxifen obtains a steadier plasma concentration state 
than afimoxifen. Thus it is commonly considered in 
investigating Tamoxifen’s efficiency in clinical trials 
(Stearns et al., 2003; Wu et al., 2009). In addition to 
this, upon the metabolism of Tamoxifen in the liver, the 
active metabolite like 4-hydroxytamoxifen binds to the 
ER and makes a complex. The complex then activates 
corepressor proteins involved in regulating various genes 
in cancer (Ali et al., 2016; Wong et al., 2014; Shang et 
al., 2000). The anticancer effects of Tamoxifen are also 
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aided by Paired Box 2 (PAX2) protein to inactivate Erb-B2 
Receptor Tyrosine Kinase 2 (ERBB2), a protein that 
promotes proliferation (Hurtado et al., 2008). Furthermore, 
tyrosine-protein kinase FYN was found to have the highest 
confidence level in the PASS Targets mediated interactions 
because tyrosine kinases play a role in many cellular 
pathways and signal transduction to induce cell growth 
and differentiation and apoptosis (Azevedo et al., 2019). 
It selectively phosphorylates tyrosine residues of various 
protein substrates, resulting in a change in activity and 
function in biological responses. The results specifically 
state that Tamoxifen possibly targets tyrosine-protein 
kinase FYN, wherein FYN is a part of the non-receptor 
tyrosine kinases (NRTKs) under the Src family (Nygaard 
et al., 2014). NRTKs are located in the cytoplasm of the 
cells and transduce intracellular signals for the FYN gene. 
The FYN gene’s function depends on the interactions 
inside the cell, which includes the phosphorylation of 
tyrosine and is involved in cell adhesion and proliferation 
(Siveen et al., 2018). This then supports the predicted 
results for the direct and possible targets of Tamoxifen, 
as all the biomolecules involved have a vital role in cell 
proliferation in breast tissues. The PASS Target results also 
support the mechanism of action of Tamoxifen.

The structure of Oleosin contains amphipathic peptides 
in both amino-terminal and carboxyl-terminal sequences 
(Barre et al., 2018). The length of the terminal domains 
is dependent on the type of Oleosin isoforms, and the 
main domain is highly conserved (Huang et al., 2013). 
In addition, an alpha-helical structure is also formed by 
the carboxyl-terminal sequence, which interacts with the 
molecules present in the phospholipid layer of the OBs in 
plants. The central domain of Oleosin consists of a proline 
knot that contains 12 residues in total, which creates a 
loop and consists of PX5SPX3P, wherein P is a Proline 
residue, S is a Serine residue, and X is a nonpolar residue 
(Fang, 2014). The primary domain creates two alpha-
helical structures with turn regions (Nikiforidis, 2019). 
Based on the results presented in Figure 4, Oleosin’s 
established secondary structure, wherein the N- and C- 
terminal sequences contain amino acids with amphipathic 
side chains, and both formed alpha-helix structures. 
However, the central domain did not have a proline knot. 
The structure is only a model for Oleosin and did not 
come from other Oleosin isoforms yet created two alpha-
helical structures separated by turn regions. Nevertheless, 
the selected model is Ramachandran favored and has no 
outliers, bad angles, and bad bonds.

The docking results showed hydrophobic and 
electrically charged amino acids present in the interaction 
of the Tamoxifen-Oleosin complex. The 2D diagram 
(Figure 5D) of the receptor-ligand interactions depicted 
that there were different interactions formed. There were 
two electrically charged amino acids, namely, aspartic 
acid, which has an attractive charge interaction with the 
amine functional group of Tamoxifen, and lysine, which 
formed a conventional hydrogen (H) bond with the 
ether functional group and the H atom from the amine 
functional group. Furthermore, the following amino 
acids formed hydrophobic interactions: leucine, which 
formed a pi-sigma bond with the phenyl functional 

group, and alanine, isoleucine, and valine, which formed 
a pi-alkyl bond with the other phenyl functional groups. 
Additionally, similar amino acids also formed van der 
Waals (vdW) with Tamoxifen. Lastly, tyrosine formed a 
pi-alkyl bond with Tamoxifen’s alkyl functional group. 
The interactions involved with the receptor-ligand were 
able to support the generated heat map of Tamoxifen from 
PaccMann. The notable interactions between Tamoxifen 
and Oleosin were vdW, pi-alkyl, and conventional H-bond. 
vdW was the most prominent interaction observed in the 
docked Tamoxifen-Oleosin complex, with five amino 
acids, namely, Ala103, Lys105, Met102, Tyr109, and 
Val78. Even though vdW is considered the weakest type 
of intermolecular force, its abundance may produce a 
strong force (Than, 2020). The formation of vdW is caused 
by fluctuations in the polarizations of two molecules 
adjacent to each other. With this, the formation of vdW 
in Met102 may be caused by its polarizable sulfur atom 
and hydrophobicity. On the other hand, the evident 
interactions formed by pi-alkyl with several amino acids, 
such as Val84, Tyr81, Ile80, and Ala106, add to the 
ligand’s conformational stability as well as improve its 
hydrophobic interaction in the binding pocket of a receptor 
(Arthur & Uzairu, 2019; Arthur et al., 2021). Pi-alkyl 
bonds between the aromatic group and charged species of 
a molecule contribute to multiple protein functions such 
as folding and its structural and biological role (Ribas 
et al., 2002). According to Tsuzuki et al. (2008), the 
attraction in conventional H-bonds is due to electrostatic 
interactions. Lys107 is one of the amino acids that formed 
a conventional H-bond because of the positively charged 
ε-amino group, which induces electrostatic force found 
in binding sites of protein (Betts et al., 2003). Moreover, 
the conventional H-bond provides structural rigidity and 
specificity due to its intermolecular interactions. Since 
conventional H-bond formation is considered the most 
vital type of interaction, the Tamoxifen-Oleosin complex 
may consider when constructing its optimal structure. 
Pi-sigma and attractive charge interactions were also 
observed between Tamoxifen and Oleosin. Determining 
the interactions of the protein and the drug is essential 
in investigating the ligand affinity associated with the 
protein’s structural features (de Azevedo et al., 2009).

In conclusion, the study assessed the pharmacokinetics 
and pharmacological properties of Tamoxifen using 
various online prediction services. The application of 
Oleosin as a potential drug carrier was demonstrated 
by assessing the intermolecular interactions between 
the Tamoxifen and Oleosin through molecular docking. 
Furthermore, the properties of Tamoxifen revealed that 
the molecular targets have an impact on the efficiency 
and the mechanism of action of the drug. This can also 
be the basis for investigating and determining the serious 
adverse effects induced by the drug, along with molecular 
docking, additional in silico experiments such as 
molecular dynamics simulations to investigate the stable 
conformations of the Tamoxifen-Oleosin complex as well 
as its cell-penetrating and drug-release mechanisms could 
be performed for the future directions of the study. With 
the current findings and additional in silico experiments, 
in vitro and in vivo studies involving nanoencapsulation 
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using Oleosin could also be performed to improve further 
the drug carrier system design of the Tamoxifen-Oleosin 
complex as an alternative leads for breast cancer treatment.
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