[ ¢ Original Article

Theoretical evaluation of interaction of some dibenzo derivatives on both
androgen receptor and 5a-reductase enzyme

Abstract

There are several drugs to treat cancer; nevertheless, some can produce adverse effects, such as
hypertension, hepatic injury, and erectile dysfunction. In the search for new therapeutic alternatives,
some Dibenzo derivatives have been used for treating cancer; however, other data suggest that Dibenzo
derivatives can increase this clinical pathology. All these data are confusing; perhaps this phenomenon
is due to the different chemical structures of each Dibenzo-derivative. Analyzing this data, this research
aimed to evaluate the possible interaction of some Dibenzo derivatives (compounds 1 to 15) on some
biomolecules involved in prostate cancer, such as androgen receptor and 5a-reductase enzyme using
flutamide, dutasteride, and finasteride drugs as theoretical tools in a Docking model. The results
showed that some Dibenzo derivatives (9, 11, and 15) could interact with the androgen receptor
surface. Besides, the Dibenzo derivatives 2, 5, and 13 may interact with the 5a-reductase enzyme
surface. In conclusion, these data suggest that some Dibenzo derivatives could be good candidates for

the treatment of prostate cancer.
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Introduction

Prostate cancer is one of the leading causes
of death among men worldwide; this
clinical pathology has been increasing in
recent years and has been directly related to
aging in men.[ There are several drugs for
treating prostate cancer, such as androgen
receptor inhibitors (flutamide,™
nilutamide, bicalutamide,™!
enzalutamide,™ and apalutamidel®!) and 5-
alpha-reductase inhibitors (finasteridel"
and dutasteridel®). However, some drugs
can produce some secondary effects, such
as hot flashes,®! hypertension,i* hepatic
injury,i*¥ and erectile dysfunction.i*? In the
search for new alternative therapeutics for
treating prostate cancer, some compounds
have been prepared; in this way, ERGi-
USU-6 was developed from ERGi-USU as
an ERG protein inhibitor to treat prostate
cancer.'¥1  Another study showed the
synthesis of Y08060 drug as bromodomain-
containing protein 4 (BRD4) inhibitors for
the treatment of prostate cancer.**! Besides,
a series of 1,4-substituted triazoles were
prepared with antiandrogenic activity as
possible prostate cancer inhibitors.[*3]
Another study showed the preparation of a
phosphatidylinositol-3-kinase inhibitor
from a quercetin derivative (LY294002)
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and peptide Mu-LEHSSKLQL that induce
apoptosis in C4-2 cells translated as prostate
cancer inhibition.!¢! Another report showed
the biological activity of three trioxane
dimers on human prostate cancer (LNCaP)
cell lines through GO/G1 cell cycle arrest.[]
Recently, a study showed the preparation of
a carboxamide derivative as AKR1C3
inhibitors (type 5 17p-hydroxysteroid
dehydrogenase/ prostaglandin F synthase)
to treat castration-resistant  prostate
cancer.'!  In  addition,  quinolone
thiosemicarbazone (FPA-137) was reported
as a proteasome inhibitor in human prostate
cancer cells.[*]

On the other hand, some studies indicate
that several compounds may decrease
prostate cancer through androgen receptor
inhibition; for example, a study showed that
lupeol acts as an androgen receptor
antagonist, which could be used as a
prostate cancer agent.’ In addition, a
report showed that some curcumin analogs
act as androgen receptor antagonists,
translated as prostate cancer agents.”?! It is
noteworthy that recently has been
developed the JNJ-63576253 drug for
castration-resistant prostate cancer through
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receptor androgen inhibition.[?? Besides, a report showed that
urolithins,  hydroxylated  derivatives of 6  H-
dibenzo[b;d]pyran-6-one, reduce LNCaP cell proliferation
compared with some antiandrogens drugs.?! All this data
suggests that several drugs produce effects on prostate cancer;
however, the effect produced by these compounds involves
different mechanisms of action; this phenomenon could be due
to the different chemical structures of each drug.

The objective of this investigation was to evaluate the possible
interaction of some Dibenzo derivatives on both androgen
receptor and 5a-reductase enzyme using flutamide,
dutasteride, and finasteride drugs as theoretical tools in a
Docking model through the analysis of this data.

Materials and Methods

Fifteen Dibenzo derivatives (Figure 1) were used to evaluate
the possible interaction with both the androgen receptor and
5a-reductase enzyme as follows:
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1 = Dibenzo[b,d]furan-2-carboxylic acid®4

2 = 10H-Dibenzo[a,h]anthracen-7-ylamine®!

3 = 10H-Dibenzo[b,e] Thiopyran?¢l

4 = 1n-Dibenzo[a,h]anthracen-7-yl-Butamidel?”!

5 = 1n-Dibenzola,h]fluoren-13-one oximel®!

6 = 1n-Dibenzo[b,d]Thiophen-2-0l?°

7 = 1n-Dibenzo[b,d]furan-2-ol*%

8 = 1n-Dibenzol[b,d]furan-3-aminel*

9 = 5,11-Dihydro-6H-dibenzo[b,e]azepin-6-onel*
10 = 5-acetyl-5H-dibenzo[b,flazepinel*

11 = 6-imino-6,7-dihydo-5H-dibenzo[a,c]cycloheptene-5-carbonitrile®]
12 = 7H-Dibenzo[c,g]carbazolel®®!

13 = Dibenzol[a,j]JAnthracene-7,14-dionel®

14 = Dibenzo[b,d]thiophene-4-carbaldehydel®”
15 = Dibenzol[b,e]thiepin-11(6H)-one!*®
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Figure 1. Chemical structure of Dibenzo derivatives.

Ligand-protein interaction

The interaction of Dibenzo derivatives with both androgen
receptor and 5o-reductase enzyme surface was evaluated
using either 4fdh or 7bw1 proteins as theoretical models.
In addition, to evaluate the types of binding energy involved

in the interaction of Dibenzo derivatives with either 4fdh or
7bwl proteins surface, the DockingServer software was
used.[*4

Pharmacokinetics parameter
Pharmacokinetic parameters were determined using the
SwissADME software.[*?]

Toxicity evaluation
Possible toxicity produced by either Dibenzo[b,e]thiophen-
11(6H)-one was determined using GUSAR software.[**]

Results and Discussion

It is important to mention that several reports in the literature
indicate that Dibenzo derivatives can exert anti-cancerogenic
activity;*! however, contrary to this data, some studies
indicate that different Dibenzo derivatives may produce
mutagenic effects using some biological models.[*3! All these
data are confusing; perhaps this phenomenon is due to i)
differences in the chemical structure of each Dibenzo
derivative, ii) different sites of its action, or iii) different
concentrations and routes of administration. Analyzing all
these data and other studies which indicates that some dibenzo-
p-dioxins may increase the incidence of prostate cancer by
interacting with the androgen receptor.12>-221 For this reason, in
this study, the interaction of fifteen Dibenzo derivatives on
androgen receptors was evaluated using 4fdh protein®% and
flutamide (Androgen receptor inhibitor)® as a theoretical tool
in a Docking model.[*4

Table 1. Aminoacid residues involved in the coupling of
Dibenzo derivatives (compounds 1-5) with 4fdh protein

surface.
Flutamide Leuror; Leuroa; ASNzes; GlIngay, Trprar; Metyas; Valzag, Métzag;
Phezes;Metzgo; Metzer; LeUsrs; Phegzs; Threrr; Metggs
1 Leusos; Asnyes; GIngiy; Metygs; Metyag; Argrsz; Pheges;
Metggs
2 Leuror; Leuros; Asnygs; Leu 7o7; GIngug; Metzaz; Metyss;
Valzss; Metrao; ArQrsy; Pheres; Metrgo; Leusrs; Phegrs; Thrgr
3 AsNzos; LeUzor; GIngus; Metraz; Metras; Metyag; Argrss!
Phezes; Metggs
Leuzo; Leuros; ASnzos; Leu 7o7; Trprar; Metyss; Valyge,
4 Metz; Phezes; Metzgo; Metzgr. LeUgzs; Phegzg; Thrgrr;
L euggo;
Metgos
Leuyor; Leuros; Asnygs; Leu 7o7; GIngag; Metyaz; Valygs;
5 Metyrag; Argzss; Phezes; Metzso; Leusrs; Phegre; Threrr;
Leuggo
6 AsNzos; Metzas; Valzas; Metrag; Phezes; Metzgr; Metges
Leuyor; Leuros; Asnygs; Leu 7o7; Pheres; Metygo; Leugrs;
7 !
Phegre; Threr,
8 Leuros; Leu 7o7; GIngiy; Metygs; Valzag; Metrag; Argrss;

Phezss; Leugrs
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Leuos; AsNzos; Leuror; GIngay; Trprar; Metrsz; Metyss;

9 Valzs6; Metrag; Phezes; Thrsrz; Metgos
10 Leuzos; Leuror; Glngag; Trprar; Metraz; Metras; Valogs;
Metrag; Argrsz; Pheses; Metrso; Metrgr; Leusrs
11 Leuros; Leuror; GIngiz; Metray; Metyas; Valzse, Metrag;
Phezes; Metzgo; Metrgr; LeUgrs
12 Leuzos; ASNzes; Leuzor; GInguy; Valuas; Metzag; Phees;
Metzgo; Metzg7; LeUgrs; Threrr, Metggs
13 Asnyos; Leuror; GInguy; Metyso; Metrag; Argrs; Phees;
Metzgo; Leusrs; Phegrs; Threrz, Metgos
AsNygs; Leuror; GInguy; Valygs; Metyag; Argrsz; Phezes;
14 )
Metzgr;, Metgos
15 Leusos; AsNzes; Leuror; GIngy; Metys,; Metyas; Valygs,

Metz9; Argrsz; Pheres

The results (Table 1 and Figure 2) showed that flutamide
interacts with different amino acid residues involved in the
4fdh protein surface compared with Dibenzo derivatives (1 to
15); this data suggest that this interaction is due to different
functional groups involved in the chemical structure of each
Dibenzo derivatives (Tables 1-3 and Figure 2).
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Figure 2. The scheme showed the binding site of amino acid residues
involved in the interaction of Dibenzo derivatives (9, 11, and 15) with the
4fdh protein surface and compounds 11, 13 and 15 which could interact
with 7bw1l protein surface. Visualized with GL mol viewer, docking
server

However, it is important to mention that several reports
suggest that the energy levels involved in the interaction
protein-ligand must be considered to determine the stability of
the protein-ligand complex.*!! In this way, some studies
indicate that i) free energy of binding, which determines the
energy value that requires a molecule to interact with a protein
in a water environment; ii) Electrostatic energy is the product
of electrical charge and electrostatic potential, which are
involved in the ligand-protein system; iii) total intermolecular
energy; and iv) van der Waals (vdwW) + hydrogen bond (H-
bond) + desolvation energy (which have an influence on the
movement of water molecules into or out of the ligand-protein
system).l  This  research  determined  different
thermodynamic factors involved in the interaction of Dibenzo-
derivatives with 4fdh protein surface using an androgen
receptor inhibitor (flutamide) as control. The results (Table 2)
showed that the inhibition constant for compounds 9, 11, and
14 was lower compared to flutamide, compounds 1-8, 10, and
12-14, which may result in greater interaction with the 4fdh
protein surface. This phenomenon could produce changes in
the biological activity of androgen receptors, translating into a
possible decrease in prostate cancer levels.

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 -7.35 4.09 -8.51 -0.01 -8.51 443.01
1 -6.89 8.95 -6.87 -0.32 -7.19 410.76
2 -10.81 1186 -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 -7.97 589.60
5 -9.77 68.60 -9.73 -0.34 -10.07 528.70
6 -6.55 1579 -6.78 -0.07 -6.85  390.97
7 -5.83 5323 -6.07 -0.06 -6.13  382.26
8 -6.83 9.77 -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)

F = Interact. Surface

However, it is important to mention that other biomolecules,
such as the 5(-reductase enzyme, are involved in the
development of prostate cancer. In this way, a study showed
that some Dibenzo derivatives could modulate the 5a-
reductase enzyme levels in a human prostatic carcinoma cell
line.*8] In this research, the theoretical activity of Dibenzo
derivatives was determined using 7bwl protein,%
dutasteride, and finasteride drugs (5o-reductase enzyme
inhibitors)[”) as a theoretical tool on DockingSever software.
The results show different amino acid residues involved in the
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interaction between Dibenzo derivatives (compound 1 to 15)
with 7bwl protein surface compared with dutasteride and
finasteride (Table 3 and Figure 2).

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

. Arguss; Leuss; Leussy; Heans; Alaggs; LeUsgs; TrPaoo;
DUtaSterlde 9145 14 152 202 205 206 p209

Leuzis
Finasteride Tyrizo; llea02; Alazes; LeUaos; Trpage; LeUas; LeUais
1 Alaggs; LeUzos; TrPaog; LeUz1; LeUis
2 Ilez02; Alazos; LeUaos; Trpaos; LeUzis
3 Alagos; Leuaos; Trpaog; LeUais; Leuais
4 llez02; Alagos; LeUzos; Trpzoe; LeUzis; LeUars
5 1le202; LeUzos; Trpzoe; LeU214
6 Alaggs; Trpaog; LeUais
7 Alaggs; LeUzos; TrPaog; LeUais
8 lle202; Alagos; LeUsos; Trpaoe; LeUzia
9 llezo2; Alazos; Leuaos; Trpzoe
10 Alaggs; LeUzos; TrPaog; LeUais
11 llea2; Alages; Leuzos; Trpaos; LeUzia
12 Alaggs; LeUaos; Trpaos; Seraso; LeUais
13 Alaggs; LeUaos; Trpaog; LeUsis
14 llezoz; Alazes; Leuzos; Trpaos; LeUzis
15 Tyriz0; Alagas; Tyrize; Progsr; Trpiao; Trpaoe

Finally, the thermodynamic analysis of Dibenzo derivatives
(Table 4) showed that the inhibition constant of compound 13
was lower compared with finasteride. In addition, compounds
2, 5 and 13 showed differences in constant inhibition levels
compared with dutasteride. All these data suggest that 2, 5, and
13 could have higher affinity by 7bw1 protein surface, which
may translate as 5a-reductase enzyme inhibition resulting in
decreasing prostate cancer levels.

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

Compound A B C D E F

Dutasteride  -9.81 6459 -1048 -0.03 -1051 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  444.85
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 -499 21852 -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 -1.52 0.01 -7.52  503.48
14 -5.97 4233  -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 evaluation

For several years, different protocols have been used to predict
some pharmacokinetic parameters, such as PKQuest,“"]
PharmPK, 1 and SwissADME.*! In this study, some
pharmacokinetic factors involved in Dibenzo derivatives were
analyzed usingSwissADME software (Table 5).

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

Parameter 2 5 9 11 13 15
Gl absorption High High High High High High
BBB permeant No Yes Yes Yes Yes Yes
P-GP substrate No Yes Yes Yes No No

CYP1AZ2 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

The results displayed differences in gastrointestinal absorption
and metabolism (involving different types of cytochrome P450
systems). This phenomenon could depend on the chemical
structure of each Dibenzo derivative.

Toxicity analysis

Some data in the literature indicate that some Dibenzo
derivatives can produce toxicity in different biological
models.[5% Analyzing this data, the possible toxicity produced
by some Dinenzo derivatives (2, 5, 9, 11, 13, and 15) was
evaluated using the GUSAR software.“’l The results showed
that compound 5 require higher dose to produce toxicity
(LD50) via oral (2182 mg/kg) and intravenous (110.10 mg/kg)
compared with compounds 2 (oral, 66.17 mg/kg; intravenous
1086 mg/kg), 9 (oral, 1621 mg/kg; intravenous 61.34 mg/kg),
11(oral, 1496 mg/kg; intravenous 88.69 mg/kg), 13 (oral, 1496
mg/kg; intravenous 89.69 mg/kg) and 15 (oral, 305.20 mg/kg;
intravenous 73.18 mg/kg). This data suggest that toxicity
could be dose-dependent and the routes of administration for
each Dibenzo derivative.

Conclusion

Theoretical analyzes on the interaction of Dibenzo derivatives
with the 4fdh protein surface suggest that Dibenzo derivatives
9, 11, and 15 might have a higher affinity for 4fdh translated
as greater androgen receptor inhibition, possibly resulting in
the decrease of prostate cancer levels. Besides, other studies
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suggest that Dibenzo derivatives such as 2, 5, and 13 could act
as Sa-reductase inhibitors in prostate cancer.
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