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Abstract

Prostate carcinoma (PCA) is amongst the most prevalent types of cancer and the
underlying cause of death in males across the globe. Despite various restorative
advancements, cancer remains an incurable disease. Recent research has
emphasized the chemo-preventive effects of phytonutrients and their ability to
prevent malignancy. This study aims to identify the potential antagonistic
affinity of phytochemicals present in Morinda citrifolia against PCA. Six
inhibitory phytochemicals were analyzed against human androgen receptors
(PDB: 3RLJ], 5T8], 5V04) and prostate-specific antigens (PDB: 2ZCH, 2ZCK,
2ZCL). The ADME/T analysis showed that most phytochemicals had suitable
pharmacokinetic properties. Although damnacanthal, morindone, and oleic acid
had high gastrointestinal absorption potentials, all tested molecules failed the
oral bioavailability test. The ligands' affinity for a targeted protein was predicted
via molecular docking simulation. Docking results showed that among the six
small molecules, oleic acid had the strongest binding affinity with prostate-
specific antigen (PSA) enzymes with active site chain A (auth P) (2ZCH: AG = -
7.59 KkJ/mol, 2ZCK: AG = -8.41 k]J/mol, and 2ZCL: AG = -8.27 k]J/mol). On the
other hand, alizarin, lauric acid, and morindone resulted in more stable

complexes with androgen receptor (AR) active site chain A. This data hints that
further studies can be conducted to validate the potent anticancer effects of
these molecules against prostatic carcinoma.

1. Introduction

Traditional medicinal systems all over the world have long been reliant on plants and their natural components.
Throughout time, plants have provided humankind with new methods of healing. Potent drugs can be synthesized
straight from natural products by following their synthesis protocol [1].

The rapid growth of chronic diseases such as cancer has been escalating over the past few years and is the most
challenging situation for epidemiology in developed and underdeveloped nations. Although various therapeutic
advances have been made, cancer remains a treatable but not curable disease [2]. Prostate therapy involves several
pharmacological strategies across different target types, but the search for effective strategies is imperative [3].

Prostatic carcinoma (PCA) is one of the most prevalent types of cancer. Early stage detection can significantly increase
survival rates, although treatment in its advanced stages is ineffective. New estimates reveal PCA as the leading cause
of death in men in 2022 [4]. According to the world health organization, the statistical data on PCA states that it is
among the 4th most ubiquitous types of carcinoma globally [5]. Recently, the National Cancer Institute's SEER
program has estimated 268,490 new cases and 34,500 deaths related to PCA, representing 14% of all the new cancer
cases and 5.7% of all cancer deaths [6]. PCA is commonly diagnosed in males above 60, and the number of PCA cases is
higher in western countries, Africa, America, and European Caucasians than in Asian countries. The American Cancer
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Society (ACS) estimates that one in nine men will be diagnosed with PCA over their lives, and one in forty-one men
will die from PCA [7]. The underlying factor for PCA is linked to the type of food consumed. Fat stimulates the
testosterone level and other hormones. High testosterone levels activate the dormant cells of PCA, which act as an
initial onset of adenocarcinoma [8].

One of the best therapeutic approaches for preventing the growth of PCA is the alteration of the androgen receptor
(AR) [9]. A variety of biological effects are associated with AR activation. Understanding the DNA binding-dependent
and independent functions of the androgen receptors (AR) in normal physiology and pathological circumstances is
critical to develop targeted therapeutics for a wide range of AR-related clinical disorders. For instance, it is crucial to
comprehend the ligand-binding domain (LBD) of the AR's structure and function, as well as how it interacts with co-
regulators when creating effective AR antagonists and agonists. However, it must be emphasised that aside from
males with classic hypogonadism caused by organic hypothalamic-pituitary-gonadal disease, the efficacy or safety of
treatment with testosterone or other AR modulators has not been shown in other populations, especially in men
whose testosterone level drops with age [10].

The Prostate Specific Antigen (PSA) (also known as Y-seminoprotein) is a 33-kilodalton serine-endopeptidase of the
tissue kallikrein family and was recognized in prostatic extracts in the 1970s [11]. [12] Discovered PSA in human
serum and [13] isolated it from prostate tissue. PSA is secreted in seminal fluid and is predominantly produced by
prostatic epithelial cells (ductal and acinar) in addition to the male periurethral gland. The physiological role of PSA is
to cleave semenogelins in the seminal coagulum produced for ejaculation. PSA also serves as a serum marker for PCA
as it binds to proteinase inhibitors (PI's), namely SERPINA3 and az-macroglobulin. Normal, hyperplastic, and
neoplastic prostate tissue all produce PSA. However, the highest concentration is recorded in the prostate transition
zone (PTZ) of patients with prostate gland enlargement and is commonly observed in older men [14]. When
physiological barriers are disrupted and basement membrane permeability is raised within the prostate, the release of
PSA into the bloodstream increases. These processes include inflammation, hyper-genesis, and the presence of tumors
or carcinocytes [15]. For PCA, PSA is the most widely used and divisive biomarker [16].

Medicinal plants provide a consistent and ongoing source of new therapeutic leads [17][18]. Bioactive compounds
extracted from medicinal herbs have structural diversity and complexity. In addition, numerous phytochemicals that
have been analyzed are reported to possess cytostatic properties and can be used to combat cancer. For example,
paclitaxel (Taxol), which emanated from the Western yew tree (Taxus brevifolia), was reported as a successful
antineoplastic drug for the medicament of squamous cell carcinomas (SCCs) [18][19]. In fact, most of the natural
compounds reported in interventional studies are considered anticancer agents to treat malignancy [20]. Additionally,
various phytochemicals have been proposed to be prophylactically beneficial in PCA therapy [21][22]. Therefore, a
reverse pharmacological approach is necessary to develop an effective PCA treatment [23].

The Polynesian herbal medicinal plant Morinda citrifolia, known as noni, has a long history of therapeutic use. As per
the past research report, the medicinal plant is widely known for its antagonistic effects on cancer, diabetes I&II, and
viral flu, among other diseases. It is also well-known for its antibiotic, probiotic, antioxidant, antibacterial, anti-
inflammatory, anticancer, and anti-diabetic activities. Each part of the plant has different phytochemical constituents
with respective pharmacological activities [24]. Alizarin, damnacanthal, lauric acid, morindone, oleic acid, and
scopoletin are among the most famous phytochemicals found in noni, all of which have received FDA approval and are
characterized by anticancer properties [24-26], and [24].

In parallel to the rapid advancement of computer tangible and intangible components, the application of mathematical
models in medicine is growing as the mathematical sciences continue to advance. Pharmacokinetics
(PK)/pharmacodynamics (PD) models and innovative clinical trial designs can be formulated using computational
oncology to refine drug dosing and scheduling. Treatment planning and adaptation can be enhanced by using
mathematical strategies to predict tumor response, effectiveness, and toxicity. Multiscale modeling and PK/PD
modeling can improve the provision of precision medicine by ensuring an optimal efficacy-toxicity balance. Oncology
drug regimens can be rationally designed with dedicated models to improve potency and reduce toxicity effects [27].
Therefore, and considering the previous points, this research aimed to assess the potential antagonistic affinity of M.
citrifolia phytochemicals against PCA.

84



DYSONA - Life Science 3 (2022) 83-96 Patil and Shah

2. Methodology

2.1. Ligands and receptor proteins

The list of phytochemicals with anticancer properties present in Morinda citrifolia was obtained from previously
published scientific literature [24-26]. Six compounds were selected for the molecular docking studies. These
compounds were Alizarin, Damnacanthal, Lauric acid, Morindone, Oleic acid, and Scopoletin. PubChem (3D
conformer) database was used to retrieve ligands' 3D conformers in SDF and mol2 file formats.

PCA antagonists include androgen receptors (AR) at active site chain A and prostate-specific antigens (PSA) at active
site chain A (auth P) [28][29]. KEGG Database [30-32] was used to select the enzymes from the prostate cancer
pathway. Then, the target proteins for prostate cancer were retrieved from the Worldwide Protein Data Bank (PDB)
[33]:

- AR (Androgen receptors) active site chain A; PDB codes: 3RL]J, 5T8], 5V04
- PSA (Prostate-specific antigen) active site chain A (auth P); PDB codes: 2ZCH, 2ZCK, 2ZCL
2.2. Molecular-docking

The AR and PSA proteins were docked with the selected ligands (phytochemicals) using the SwissDock [34] docking
software. Protein PDB files and ligands mol2 files were used in docking process. The docking results were then
obtained and visualized using the UCSF Chimera [35] software. The visualizing software provides the affinity value in
the form of delta G for the respective docked molecule.

3. Results and Discussion

3.1. Pharmacokinetics and toxicological predictions

The physicochemical, pharmacokinetic, and toxicological parameters of the selected phytochemicals were predicted
using the SwissADME server [36]. The server-based tools provide essential information such as molecular weight,
general properties, polarity, topological polar surface area (TPSA), the number of hydrogen bonds acceptors/donors,
lipophilicity, flexibility, water solubility, pharmacokinetic properties, drug-likeness, and medicinal chemistry
(Supplementary Tables 1-7).

The molecular weight of the selected phytochemicals ranged from 192.17 to 282.5 g/mol (Supplementary Tablel).
The fraction of CsP3 hybridization ranged between 0 and 0.92. The number of rotatable bonds was between 0 and 15.
The number of hydrogen bond acceptors and donors was less than 5 in all molecules. Molar refractivity ranged
between 51 and 89.94, while topological polar surface area ranged between 37.3 and 94.83 A2 (Supplementary Table
2). All these values were within the recommended ranges for oral bioavailability according to [36], where the ranges
should be from 150 to 500 for molecular weight, 40 to 130 for molar refractivity, and 20 to 130 A2 for topological
polar surface area. Additionally, all molecules fulfilled the condition of having hydrogen bond acceptors and donors
less than 10 and 5, respectively. However, only lauric acid and oleic acid fulfilled the condition of CsP3 hybridization
fraction (0.25 < Fraction CsP3 < 1). On the other hand, these two molecules failed to fulfill the flexibility condition
(The number of rotatable bonds) since both had more than 9 rotatable bonds. Oleic acid has the highest consensus Log
Po/w value (5.71), while scopoletin has the lowest (1.52) (Supplementary Table 3).

As for solubility, all the investigated phytochemicals were soluble in water except for oleic acid, which is poorly
soluble (-5.41), whereas scopoletin displays a good solubility result (-2.46) (Supplementary Table 4). Calculating the
projected values (log S) of molar solubility in water is based on the decimal log of the solubility. A qualitative solubility
class is also available through SwissADME, and solubility can be expressed in mol/l and mg/ml. A value below -10 is
considered insoluble, whereas a value above -4 is considered soluble according to SwissADME solubility
measurements (log S). [36]. In fact, a soluble molecule simplifies many aspects of drug development, particularly
handling and formulation. When it comes to oral administration, researchers have found that solubility plays a vital
role in determining absorption [37]. When a drug is planned for non-oral means of administration, high water
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solubility is required to deliver an adequate amount of active ingredients, especially when administrating it at small
doses [38].

In the pharmacokinetics section of the report (Supplementary Table 5), various ADME characteristics of the substance
under study are assessed using specialized models. The skin permeability coefficient (Kp) is predicted by a multiple
linear regression model (MLR). This coefficient is linearly related to molecule size and lipophilicity (R2= 0.67) [39].
Log Kp (cm/s) measures how permeable a molecule is to the skin. The higher the -ve value of Log Kp, the less the
chance of the molecules permeating the skin [36]. Among the phytochemicals mentioned above, scopoletin (-6.39
cm/s) is the least skin permeant, whereas oleic acid (-2.60 cm/s) has high skin permeability. Compounds with high
skin permeability are not good candidates for oral medication but are suitable for transdermic treatments and
maquillage.

It is possible to classify small molecules based on their propensity to be substrates or inhibition of key
pharmacokinetic proteins [40]. Most cancer cells over-express P-gp leading to multidrug-resistant tumors [41]. Drug
metabolism is influenced by the activity of CYP450 enzymes (CYPs: 1A2, 2C9, 2C19, 2D6, and 3A4), which metabolize
the bulk of small molecules or phytochemicals. Computer-based methods can make a vital contribution to estimating
the metabolomic properties of phytochemicals, especially during the early phase of drug discovery [42]. The studied
phytochemicals have high gastrointestinal absorption. Phytochemicals such as alizarin, lauric acid, and scopoletin are
blood-brain barrier permeants, whereas damnacanthal, morindone, and oleic acid are non-BBB permeants
(Supplementary Table 5). All the phytonutrients mentioned above can be contemplated to target specified enzymes
for their curative effects without P-glycoprotein binding. Alizarin, damnacanthal, morindone, oleic acid, and scopoletin
were also CYP1A2 inhibitors. Only oleic acid was a CYP2C9 inhibitor. Alizarin, damnacanthal, and morindone were
also found to be CYP3A4 inhibitors. In contrast, none of the studied phytochemicals was CYP2C19 or CYP2D6
inhibitor.

Oleic acid failed all drug-likeness filters, scopoletin failed the Muegge filter, while the rest of the studied molecules
passed all drug-likeness filters [43] (Supplementary Table 6). Medicinal chemistry results (Supplementary Table 7)
showed that lauric acid, oleic acid, and scopoletin have 0 alert PAIN signal, whereas damnacanthal has 1, and each of
alizarin and morindone has 2.

Based on the previous results, bioavailability radar visualization (Supplementary Fig. 1) was used to predict the oral
bioavailability of the investigated ligands. The results showed that all phytochemicals failed the oral bioavailability
test. Alizarin, damnacanthal, morindone, and scopoletin were not orally bioavailable due to high insaturation. Oleic
acid was not orally bioavailable due to high flexibility and lipophilicity, while the high flexibility of Lauric acid
rendered it non-bioavailable orally. On the other hand, boiled egg visualization (Supplementary Fig. 2) showed that
damnacanthal, morindone, and oleic acid have high gastrointestinal absorption since these molecules were observed
more in the white zone of the egg.

3.2. Molecular docking

Molecular docking coordinates were estimated using PyRx. The grid box was set to 50 A x 50 A x 50 A centered at the
docking coordinates of each PDB structure (Table 1), and the exhaustiveness value was set to 8. Docking simulations
were performed using Swiss Dock (blind docking). Among the six small molecules, oleic acid showed the highest
binding affinity with LBD of PSA structures (2ZCH: AG = -7.59 k]/mol, 2ZCK: AG = -8.41 k]/mol, and 2ZCL: AG = -8.27
kJ/mol), while having the weakest complexes with AR (3RL]J: AG = -6.38 k] /mol and 5V04: AG = -6.94 k]/mol). On the
other hand, alizarin, lauric acid, and morindone showed higher affinities with LBD of AR structures (Table 2) (Figs 1-
6). Oleic acid is well known for its value in traditional medicine and its potent anticancer effects [44]. Furthermore,
various anticancerous effects were reported for alizarin [45], lauric acid [46], and morindone [47]. Therefore, the
current computational results may encourage testing these compounds in vivo to confirm the suitability of these
bioactive molecules in PCA treatment.
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Table 1. Docking coordinates on the selected prostate cancer-related proteins

docking coordinates

Protein PDB Grid box size

X y Z
3RL) 209657  5.6448 10.2248

AR 5T8) 197692 51343 10.7631
5V04 10136 24393 9.7675
azcn | P0AXSOAXSOA Taoa79 45293 1384636

PSA 27CK 79105  -49.517 413415
27CL 7251  -52.0715  -41.1865

PSA: Protein specific antigen
AR: Androgen receptor

Table 2. Molecular docking of the investigated Morinda citrifolia phytochemicals against
target proteins using SwissDock

Androgen receptor (AR) Protein specific antigen (PSA)
Ligand 3RL] AG 5T8] AG 5V04 AG | 2ZCH AG 2ZCKAG 2ZCL AG

(kJ]/mol) (kJ/mol) (k]J/mol) (kJ/mol) (kJ/mol)  (kJ/mol)
Alizarin -7.92 -7.77 -7.79 -6.45 -6.46 -6.51
Damnacanthal | -7.6 -7.52 -7.56 -7.16 -6.48 -6.82
Lauric acid -7.95 -7.71 -7.13 -7.27 -6.99 -6.97
Morindone -7.9 -7.73 -7.66 -7.12 -6.45 -7.7
Oleic acid -6.38 -7.74 -6.94 -7.59 -8.41 -8.27
Scopoletin -7.55 -7.48 -7.48 -6.78 -6.29 -6.5

87



DYSONA - Life Science 3 (2022) 83-96 Patil and Shah

Figure 1. Molecular docking of alizarin with androgen receptor (AR) PDB codes: 3RL] (A), 5T8] (B), 5V04 (C),
and protein specific antigen (PSA) PDB codes: 2ZCH (D), 2ZCK (E), 2ZCL (F)
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Figure 2. Molecular docking of damnacanthal with androgen receptor (AR) PDB codes: 3RL]J (A), 5T8] (B),
5V04 (C), and protein specific antigen (PSA) PDB codes: 2ZCH (D), 2ZCK (E), 2ZCL (F)
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Figure 3. Molecular docking of lauric acid with androgen receptor (AR) PDB codes: 3RL] (A), 5T8] (B), 5V04
(C), and protein specific antigen (PSA) PDB codes: 2ZCH (D), 2ZCK (E), 2ZCL (F)
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Figure 4. Molecular docking of morindone with androgen receptor (AR) PDB codes: 3RL] (A), 5T8]J (B), 5V04
(C), and protein specific antigen (PSA) PDB codes: 2ZCH (D), 2ZCK (E), 2ZCL (F)
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Figure 5. Molecular docking of oleic acid with androgen receptor (AR) PDB codes: 3RL] (A), 5T8] (B), 5V04 (C),
and protein specific antigen (PSA) PDB codes: 2ZCH (D), 2ZCK (E), 2ZCL (F)
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Figure 6. Molecular docking of scopoletin with androgen receptor (AR) PDB codes: 3RL] (A), 5T8] (B), 5VO04
(C), and protein specific antigen (PSA) PDB codes: 2ZCH (D), 2ZCK (E), 2ZCL (F)

4. Conclusions

The study aimed to use friendly in silico studies for free ADME/T and target prediction of small bioactive molecules
derived from Morinda citrifolia Linn. Most of the tested compounds exhibited suitable pharmacokinetics and drug-
likeness. Damnacanthal, morindone, and oleic acid have high gastrointestinal absorption. However, all tested
molecules triggered oral administration screening tests. Therefore, more research is needed to investigate better
methods of administration. Molecular docking results showed that oleic acid formed more stable complexes with PSA
structures, while alizarin, lauric acid, and morindone formed more stable complexes with AR structures. Due to the
previous reports of anticancerous effects of these phytochemicals in a broad spectrum of cancerous cells, the current
results encourage conducting in vivo tests to evaluate the effectiveness of these compounds against prostatic
carcinoma.
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