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ABSTRACT

While various drugs are available for the treatment of cancer, many of them are associated with side effects such
as high blood pressure, liver damage, and erectile dysfunction. In the search for safer treatment options, some
dibenzo derivatives have shown potential against cancer. However, conflicting reports indicate that certain
dibenzo compounds might worsen the disease. This inconsistency could be due to structural differences among
the dibenzo derivatives. To clarify this, the present study investigated the potential interactions of 15 dibenzo
derivatives (compounds 1-15) with biomolecular targets linked to prostate cancer—specifically, the androgen
receptor and the Sa-reductase enzyme. Molecular docking analysis was performed using known reference drugs,
including flutamide, dutasteride, and finasteride. The findings showed that compounds 9, 11, and 15 may bind to
the androgen receptor, while compounds 2, 5, and 13 showed potential interactions with the Sa-reductase enzyme.
These results suggest that certain dibenzo derivatives could serve as promising candidates for the development of
novel prostate cancer therapies.
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Introduction

Prostate cancer remains one of the leading causes of death among men globally. Its incidence has been rising in
recent years, closely linked to the aging male population [1]. Current treatment strategies include drugs targeting
the androgen receptor—such as flutamide [2], nilutamide [3], bicalutamide [4], enzalutamide [5], and apalutamide
[6]—as well as Sa-reductase inhibitors like finasteride [7] and dutasteride [8]. However, many of these drugs are
associated with adverse side effects, including hot flashes [9], hypertension [10], liver damage [11], and erectile
dysfunction [12].

In the ongoing search for safer and more effective alternatives, several novel compounds have been developed.
For example, ERGi-USU-6, derived from ERGi-USU, has been proposed as an ERG protein inhibitor for prostate
cancer therapy [13]. Other promising candidates include Y08060, a BRD4 inhibitor [14], and a range of 1,4-
substituted triazoles with antiandrogenic activity [15]. Additional research has explored quercetin-based
phosphatidylinositol-3-kinase inhibitors like LY294002, as well as the Mu-LEHSSKLQL peptide, both of which
induce apoptosis in C4-2 prostate cancer cells [16]. Trioxane dimers have also shown potential, causing GO/G1
phase cell cycle arrest in LNCaP prostate cancer cells [17]. More recently, AKRIC3 inhibitors such as
carboxamide derivatives [ 18] and proteasome inhibitors like FPA-137, a quinolone thiosemicarbazone [19], have
demonstrated activity against prostate cancer.
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Several studies have highlighted the role of androgen receptor inhibition in reducing prostate cancer cell growth.
For instance, lupeol has been identified as a natural androgen receptor antagonist [20], and certain curcumin
analogs have shown similar antiandrogenic effects [21]. Moreover, JNJ-63576253 has been developed as a
promising drug for treating castration-resistant prostate cancer through androgen receptor inhibition [22].
Hydroxylated dibenzo[b;d]pyran-6-one derivatives, known as urolithins, have also demonstrated antiproliferative
activity against LNCaP cells, comparable to standard antiandrogen drugs [23].

These diverse findings suggest that multiple compounds can influence prostate cancer progression via distinct
mechanisms, likely due to structural variations between molecules.

Therefore, the objective of this study was to evaluate the potential interaction of various dibenzo derivatives with
key molecular targets involved in prostate cancer—the androgen receptor and the Sa-reductase enzyme—through
molecular docking simulations using flutamide, dutasteride, and finasteride as reference drugs.

Materials and Methods

A total of fifteen dibenzo derivatives (Figure 1) were selected for this study to evaluate their potential interactions
with two key biomolecular targets involved in prostate cancer: the androgen receptor and the So-reductase
enzyme. The assessment was carried out using the following computational approach:
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Figure 1. The chemical structures of dibenzo derivatives: 1) Dibenzo[b,d]furan-2-carboxylic acid [24], 2)
10H-Dibenzo[a,h]anthracen-7-ylamine [25], 3) 10H-Dibenzo[b,e]Thiopyran [26], 4) In-
Dibenzo[a,h]anthracen-7-yl-Butamide [27], 5) 1n-Dibenzo[a,h]fluoren-13-one oxime [28], 6) 1n-
Dibenzo[b,d]Thiophen-2-0l [29], 7) 1n-Dibenzo[b,d]furan-2-ol [30], 8) In-Dibenzo[b,d]furan-3-amine [31],
9) 5,11-Dihydro-6H-dibenzo[b,e]azepin-6-one [32], 10) S-acetyl-SH-dibenzo[b,f]azepine [33], 11) 6-imino-
6,7-dihydo-5H-dibenzo[a,c]cycloheptene-5-carbonitrile [34], 12) 7H-Dibenzo[c,g]carbazole [35], 13)
Dibenzo[a,j]Anthracene-7,14-dione [36], 14) Dibenzo[b,d]thiophene-4-carbaldehyde [37], and 15)
Dibenzo[b,e]thiepin-11(6H)-one [38].

Figure 1 shows the chemical structures of 15 dibenzo derivatives.
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ligand-protein interaction

The binding interactions between the dibenzo derivatives and the androgen receptor as well as the Sa-reductase
enzyme were examined using 4fdh [39] and 7bw1 [40] proteins as models. To identify the types of binding
energies involved, the DockingServer software was employed for simulation and analysis [41].

Pharmacokinetic parameters
The pharmacokinetic properties of the compounds were analyzed using the SwissADME platform [42].

Toxicity assessment
The potential toxicity of Dibenzo[b,e]thiophen-11(6H)-one was evaluated using the GUSAR toxicity prediction
tool [43].

Results and Discussion

Many studies have highlighted the anti-cancer potential of Dibenzo derivatives [44]. However, other research
suggests that some Dibenzo derivatives may exhibit mutagenic effects in certain biological models [45]. This
contradiction might stem from several factors, including:

1. Variations in the chemical structures of the Dibenzo derivatives.

2. The differing sites where these compounds act.

3. Disparities in concentrations and methods of administration.

Considering both the conflicting results and additional evidence, this study focused on how certain dibenzo-p-
dioxins might increase prostate cancer risk through androgen receptor interaction [20-22]. The interaction of the
15 dibenzo derivatives with the androgen receptor was assessed using the 4fdh protein [39] and flutamide (a
known androgen receptor inhibitor) [2] in a docking simulation model [41].

Table 1. Aminoacid residues are involved in the coupling of dibenzo derivatives (compounds 1-5) with the 4fdh
protein surface.
Leuro1; Leuros; Asnzos; Glnzii; Trprai; Metras; Valzas; Metrao; Pheres;Metrso; Metrs7; Leusrs; Phesrs; Thrsy7;

Flutamide Metsos
1 Leuros; Asnzos; Glnzi1; Metras; Metrao; Argrsa; Pheres; Metsos
) Leuro1; Leusos; Asnzos; Leu 707; Glngi1; Metraz; Metras; Valras; Metrao; Argrsz; Pherss; Metrso; Leusrs;
Phesgrs; Thrs77
3 Asnzos; Leuror; Glnzii; Metra2; Metras; Metrao; Argrsz: Pheres; Metsos
4 Leuro1; Leuros; Asnzos; Leu 707; Trpra1; Metras; Valzas; Metrao; Phersa; Metrso; Metrsz; Leusrs; Pheszes; Thrs77;
Leusso; Metsos
5 Leuro1; Leuzos; Asnzos; Leu 707; Glnzi1; Metra2; Valzas; Metrao; Argrsz; Phersa; Metrso; Leusrs; Phesrs; Thrsz7;
Leusso
6 Asn7os; Metras; Valyas; Met7ao; Pherea; Metrg7; Metgos
7 Leu7o1; Leuros; Asnzos; Leu 707; Pheres; Metrso; Leusrs; Phesze; Thrs77
8 Leuro4; Leu 707; Gln711; Metras; Valzas; Metrao; Argrsz; Pheres; Leusrs
9 Leuros; Asnzos; Leuzoz; Gln7i1; Trprai; Metrao; Metras; Valyas,; Metrao; Phersa; Thrsr7; Metsos
10 Leu7os; Leuro7; Glnzir; Trprar; Metraz; Metras; Valras; Metrag; Argrsa; Pheres; Metrso; Metrs7; Leusrs
11 Leu7o4; Leuro7; Glnzii; Metrao; Metras; Valzas; Metrao; Pheres; Metrso; Metrs7; Leusrs
12 Leu7o4; Asnros; Leuror; Glnzi1; Valyas; Metrao; Pherss; Metrso; Metrs7; Leusrs; Thrs77, Metgos
13 Asnzos; Leuroz; Glnzii; Metraz; Metrao; Argrsz; Pheres; Metrso; Leusrs; Phesze; Thrs77; Metsos
14 Asnros; Leuror; Glngii; Valzas; Metrao; Argrsz; Pheres; Metrs7; Metsos
15 Leuro4; Asnzos; Leuzoz; Glnzii; Metraz; Metras; Valras; Metrao; Argrsz; Pheres

The results (Table 1; Figure 2) indicate that flutamide interacts with various amino acid residues on the 4fdh
protein surface, in contrast to the interaction observed with the dibenzo derivatives (1 to 15). This suggests that
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the variation in interaction is likely due to the different functional groups present in the chemical structures of
each dibenzo derivative (Tables 1-3; Figure 2).
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Figure 2. The diagram illustrates the binding sites of amino acid residues involved in the interaction of
dibenzo derivatives (9, 11, and 15) with the 4fdh protein surface; additionally, compounds 11, 13, and 15
show potential interaction with the 7bw1 protein surface; visualization was done using GLmol viewer and

DockingServer.

It is important to note that several studies highlight the significance of energy levels in protein-ligand interactions
for determining the stability of the resulting protein-ligand complex. In this regard, several key factors should be
taken into account: i) the free energy of binding, which quantifies the energy needed for a molecule to bind to a
protein in an aqueous environment; ii) electrostatic energy, which is the result of the interaction between charges
and electrostatic potential within the system; iii) the total intermolecular energy; and iv) van der Waals
interactions, hydrogen bonds, and desolvation energy, which influence the behavior of water molecules within the
protein-ligand system. In this study, we analyzed various thermodynamic parameters involved in the binding of
Dibenzo derivatives to the 4fdh protein surface, using flutamide as a control androgen receptor inhibitor. The
results (Table 2) revealed that compounds 9, 11, and 14 exhibited lower inhibition constants than flutamide and
other derivatives (compounds 1-8, 10, and 12-14), suggesting they may interact more strongly with the 4fdh
protein surface. This enhanced interaction could lead to modifications in androgen receptor activity, potentially
reducing prostate cancer progression.

Table 2. Thermodynamic parameters involved in the interaction of dibenzo derivatives (1-15) and flutamide with
the 4fdh-protein surface

Compound A B C D E F
Flutamide -71.35 4.09 -8.51 -0.01 -8.51 443.01
1 -6.89 8.95 -6.87 -0.32 -7.19 410.76
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2 -10.81 11.86 -11.09 -0.02 -11.11 530.21
3 -7.11 6.14 -7.11 +0.00 -7.11 400.69
4 -7.07 6.55 7.98 +0.01 -1.97 589.60
5 -9.77 68.60 -9.73 -0.34 -10.07 528.70
6 -6.55 15.79 -6.78 -0.07 -6.85 390.97
7 -5.83 53.23 -6.07 -0.06 -6.13 382.26
8 -6.83 9.71 -7.06 -0.07 -7.13 391.66
9 -7.65 247 -7.63 -0.02 -7.65 415.67
10 -8.27 859.79 -8.28 +0.01 -8.27 450.91
11 -8.03 1.29 -8.19 -0.14 -8.33 454.20
12 -10.10 39.73 -10.10 +0.00 -10.10 490.81
13 -8.48 612.25 -8.50 +0.02 -8.48 525.38
14 -7.14 5.89 -7.45 +0.01 -7.43 406.69
15 -8.03 1.31 -8.03 +0.00 -8.03 423.60

A =Est: free energy of binding (kcal/mol), B = Est. inhibition constant, Ki (mM), C = vdW + Hbond + desolv Energy (kcal/mol), D = electrostatic
energy (kcal/mol), E = total Intermolec. energy (kcal/mol), and F = interact. surface

It is also crucial to highlight the involvement of other biomolecules, such as the Sa-reductase enzyme, in the
development of prostate cancer. Research has suggested that certain dibenzo derivatives may affect the levels of
the Sa-reductase enzyme in human prostate cancer cell lines. In this study, the potential effects of dibenzo
derivatives were evaluated using the 7bw1 protein along with the drugs dutasteride and finasteride, which are
known inhibitors of the Sa-reductase enzyme. The analysis, conducted with the DockingServer software, showed
variations in the amino acid residues interacting with the dibenzo derivatives (compounds 1 to 15) in comparison
to those involved in the interactions with dutasteride and finasteride (Table 3; Figure 2).

Table 3. Aminoacid residues involved in the coupling of dibenzo derivatives (compounds 1-15) with 7bw1
protein surface.

Dutasteride Argiss; Leuis; Leuisz; Ile2oz; Alazos; Leuzos; Trp2o9; Leuzis
Finasteride Tyri29; lle202; Alazos; Leuaos; Trp2oo; Leuain; Leuzis
1 Alazos; Leuzos; Trpaoo; Leuair; Leuais
2 Ile202; Alazos; Leuzos; Trp2oo; Leuzia
3 Alazos; Leuzos; Trpaoo; Leuair; Leuais
4 Ile202; Alazos; Leuzos; Trp2oo; Leuzii; Leuais
5 Ile202; Leuzos; Trpaoo; Leuaia
6 Alazos; Trp2oo; Leuzis
7 Alazos; Leuzos; Trp2oo; Leuzis
8 Ile202; Alazos; Leuzos; Trp2oo; Leuzia
9 Ile202; Alazos; Leuzos; Trpaoo
10 Alazos; Leuzos; Trp2oo; Leuzis
11 Ile202; Alazos; Leuzos; Trp2oo; Leuzia
12 Alazos; Leuzos; Trp2oo; Serzio; Leuzis
13 Alazos; Leuzos; Trp2oo; Leuzis
14 Ile202; Alazos; Leuzos; Trp2oo; Leuzia
15 Tyri20; Alaiz4; Tyri3ze; Proi37; Trpiao; Trpaoo

In conclusion, the thermodynamic analysis of the dibenzo derivatives (Table 4) revealed that compound 13
exhibited a lower inhibition constant than finasteride. Additionally, compounds 2, 5, and 13 demonstrated distinct
inhibition constant values when compared to dutasteride. These findings suggest that compounds 2, 5, and 13 may
have a stronger affinity for the 7bw1 protein surface, potentially leading to enhanced inhibition of the 5a-reductase
enzyme and, consequently, a reduction in prostate cancer progression.

e
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Table 4. Thermodynamic parameters involved in the interaction of dibenzo derivatives (1-15), finasteride, and
dutasteride with the 7bw1-protein surface.

Compound A B C D E F

Dutasteride -9.81 64.59 -10.48 -0.03 -10.51 702.17

Finasteride -7.48 3.30 -8.04 0.02 -8.02 639.91
1 -5.68 68.99 -5.95 -0.03 -5.98 450.84
2 -7.30 4.44 -7.60 -0.00 -7.60 533.59
3 -5.95 43.16 -5.97 0.01 -5.95 44485
4 -6.92 8.40 -7.40 -0.00 -7.40 570.32
5 -7.39 3.84 -7.83 0.15 -7.69 539.21
6 -5.70 66.20 -6.00 0.01 -6.00 427.17
7 -4.99 218.52 -5.33 0.03 -5.29 424.95
8 -5.33 88.66 -5.83 0.01 -5.83 442.09
9 -5.98 41.23 -5.97 -0.01 -5.98 460.19
10 -6.11 33.33 -6.10 -0.00 -6.11 463.63
11 -5.05 200.14 -5.48 0.14 -5.35 463.14
12 -6.96 7.93 -6.94 -0.02 -6.96 470.67
13 -7.52 3.08 -7.52 0.01 -7.52 503.48
14 -5.97 42.33 -6.26 -0.01 -6.26 451.99
15 -6.44 19.10 -6.39 -0.05 -6.44 454.90

A =Est: free energy of binding (kcal/mol), B = Est. inhibition constant, Ki (mM), C = vdW + Hbond + desolv energy (kcal/mol), D = electrostatic
energy (kcal/mol), E = total Intermolec. energy (kcal/mol), F = Interact. surface

Pharmacokinetic assessment

Various protocols have been employed over the years to predict pharmacokinetic parameters, including PKQuest
[46, 47], PharmPK [48], and SwissADME [49, 50]. In this study, the pharmacokinetic properties of Dibenzo
derivatives were evaluated using SwissADME software (Table 5).

Table 5. Pharmacokinetic parameters involved in the chemical structure of dibenzo derivatives

Parameter 2 5 9 11 13 15
GI absorption High High High High High High
BBB permeant No Yes Yes Yes Yes Yes
P-GP substrate No Yes Yes Yes No No
CYP1A2 inhibitor Yes Yes Yes Yes Yes Yes
CYP2C19 inhibitor Yes No No No Yes Yes
CYP2C9 inhibitor No No No No No No
CYP2D6 inhibitor No No No No No No
CYP3A4 inhibitor No No No No No No

Pharmacokinetic evaluation

Various protocols have been used over the years to predict pharmacokinetic parameters, such as PKQuest,
PharmPK, and SwissADME. In this study, we assessed the pharmacokinetic characteristics of Dibenzo derivatives
using the SwissADME software (Table 5). The analysis revealed differences in gastrointestinal absorption and
metabolism, which may depend on the chemical structure of each Dibenzo derivative and its interaction with
different cytochrome P450 systems.

Toxicity Evaluation
Some literature sources suggest that certain Dibenzo derivatives may exhibit toxicity in biological models. To
assess this potential, the toxicity of Dibenzo derivatives (2, 5, 9, 11, 13, and 15) was evaluated using GUSAR
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software. The results indicated that compound 5 required a higher dose to cause toxicity (LD50) through oral
(2182 mg/kg) and intravenous (110.10 mg/kg) administration compared to other compounds. For example,
compound 2 had an oral dose of 66.17 mg/kg and an intravenous dose of 1086 mg/kg, while compounds 9, 11,
13, and 15 exhibited varying levels of toxicity depending on the dose and route of administration. These findings
suggest that toxicity is both dose- and route-dependent for these derivatives.

Conclusion

Theoretical assessments of dibenzo derivatives’ interactions with the 4fdh protein suggest that derivatives 9, 11,
and 15 may show a stronger affinity for the protein, which could enhance androgen receptor inhibition and
potentially reduce prostate cancer levels. Additionally, compounds 2, 5, and 13 may act as Sa-reductase inhibitors,
further contributing to prostate cancer inhibition.
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