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Abstract: Steroid 5a-reductase 2 (SRD5A2) is an enzyme that catalyzes the reduction of testosterone
to dihydrotestosterone. Due to its influence on steroidogenesis, it has been proposed as an interesting
pharmacological target for androgen-related diseases such as benign prostatic hyperplasia, androgenic
alopecia, and prostate cancer. Nevertheless, current commercially available drugs lack specificity and
cause side effects. This work aims to identify potential new commercially available drugs as SRD5A2
inhibitors. Molecular docking using Glide was performed with SRD5A2 crystal structure and 9213
compounds downloaded from the DrugBank database. Lipinksi, Ghose, and VVeber's rules were applied,
and energetic and spatial analyses were made. Eleven compounds fulfilled the criteria of being oral
drugs and had better binding coupling energy than testosterone. From these, only four were positioned
within the SRD5A2 binding site and interacted with its key residues E57 and R114: mestranol,
lorcaserin, phenindamine, and stiripentol. However, it was found that only the last one could be a
repositioned drug for the SRD5A2 target and, consequently, for androgen-related human diseases.
Stiripentol could be a suitable candidate for SRD5A2 inhibition; nevertheless, it did not interact directly
with the R114 side chain, and consequently, in vivo trials are required. The other drugs positioned in
the SRD5AZ2 binding site should be studied deeply to evaluate their repositioning potential.

Keywords: steroid 5a-reductase 2 inhibitors; molecular docking; drug repositioning; SRD5A2;
DrugBank.

List of Abbreviations: SRD5A2 = Human steroid Sa-reductase 2; T = Testosterone; DHT =
Dihydrotestosterone; DTD = Dutasteride; FTD = Finasteride; PDB = Protein Data Bank; RSMD =
Root-mean-square deviation of atomic positions; ATC = Anatomical Therapeutic Chemical; DDD =
Defined Daily Dose; BCE = Binding Coupling Energy; FDA = Food and Drug Administration.
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1. Introduction

Human steroid Sa-reductase isoform 2 (SRD5AZ2) is a highly expressed protein in the
male reproductive system. It catalyzes the reduction of the A4 bond of testosterone (T) to
synthesize dihydrotestosterone (DHT), the main circulating androgen in humans [1,2]. Among
all SRD5A2 isoforms, types 1 and 2 play important roles in DHT biosynthesis. Meanwhile,
isoform 3 is implicated in the N-glycosylation of proteins via the formation of dolichol
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phosphate [3,4]. Altered expression of steroid Sa-reductases, particularly overexpression of
SRD5A2, has been related to the progression of several diseases such as benign prostatic
hyperplasia [5-7], alopecia [8-10] and prostate cancer [11,12]. For the latter disease, it has been
suggested that treatment with SRD5A2 inhibitors could benefit patients [13,14]. Due to the key
role of SRD5A2 in developing serious medical illnesses, it has emerged as an important
pharmacological target. Additionally, the scarce efficacy and adverse reactions of the SRD5A2
inhibitors dutasteride (DTD) and finasteride (FTD) have been reported in multiple
investigations [15-17]. These two drugs appear to show similar effects on sexual dysfunction.

Adverse effects of FTD may be related to unspecific binding to phenylethanolamine-
N-methyltransferase and its action mechanism through SRD5A2 [18]. Because of this, there is
a necessity for new selective drugs targeting SRD5A2. Conventionally, developing new drugs
represents a costly and time-consuming process [19-21]. As a result, drug repositioning studies
have successfully optimized the preclinical process of developing novel drugs [22,23]. The
advantage of this scientific strategy is that these drugs have already been approved in clinical
trials. Therefore, their side effects are usually known, resulting in reduced time and expense
for their adoption in other therapeutic uses [24,25]. This study describes the identification of
commercially available drugs as potential inhibitors of SRD5A2, thus suggesting that they
could be of interest for the treatment of multiple SRD5A2-related diseases such as benign
prostatic hyperplasia, alopecia, and prostate cancer.

2. Materials and Methods

2.1. Protein and drug database preparation.

The crystal structure of the target in complex with NADPH and finasteride was obtained
from RCSB Protein Databank [26] (PBD ID: 7BW1 [27]) and prepared as was previously
reported [28] in Schrddinger suite [29]. The list of drugs was obtained from Drug Bank [30]
containing 9213 molecular structures that were prepared in the Ligprep module [28,29]. The
DTD and FDT were taken as endogen ligands references and are commercially available as
SRD5A2 inhibitors [31].

2.2. Molecular docking.

The molecular coupling was realized in Schrodinger glide [32] using a protocol
previously reported [28], and shortly illustrated in figure 1. Redocking with FTD vyielded an
RSMD value of 0.998 A. The 2D and 3D analyses were realized in Maestro [33], BIOVIA
Discovery Studio [34], and Pymol [35].

d I @RUGBANK
PDB ID: TWBI  List of drugs: 9213

L
i Schrodinger

Molecular docking Pharmacological rules
Drugs after docking: 4989 Drugs meeting the criteria: 290

2
Energetic and spatial analysis

Drugs for spatial analysis: 11

Figure 1. Diagram applied for drug repositioning for SRD5A2 inhibitors.
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3. Results and Discussion

3.1. Prediction of drug-similarity and ATC codes.

After molecular docking was performed using Glide, and tautomeric, protonated forms
and conformers were filtered, 2310 molecular structures remained. Lipinski, Ghose, and
Veber's rules were applied, and structures with one or more violations of any of these rules
were discarded for further analysis. Lipinski's rule of five was used to evaluate if a molecule
could be orally active, taking into consideration four parameters: [36] (1) molecular weight
must be less than 500, (2) octanol/water partition coefficient (log P) must be less than 5, (3)
No more than 5 hydrogen bond donors should have a drug, and (4) A limit of 10 hydrogen
bond acceptors is suitable. Furthermore, Ghose's rules evaluate drug-likeness considering other
descriptors such as: (1) molecular weight range between 180-480, (2) calculated log P between
-0.4-5.6, (3) molar refractivity value must be between 40-130, and (4) the total number of atoms
must be between 20-70 [37]. After evaluating drugs according to Lipinski, Ghose, and VVeber's
rules, a total of 290 structures remained. Anatomical Therapeutic Chemical (ATC)
Classification System codes were examined in the ATC/DDD index 2022 of the World Health
Organization's Collaborative Center for Drug Statistics Methodology [38-40] and shown in
Table 1 and the best drug for each group as an example.

Table 1. Percentage of analyzed drugs and meaning of Anatomical Therapeutic Chemical (ATC) codes of
analyzed drugs.

Letter Bioactivity Analyzed Example
drugs (%)
A Alimentary tract and metabolism 12 (4) Ondansetron
B Blood and blood-forming organs 5(2) Menadione
C Cardiovascular system 14 (5) Ephedrine
D Dermatological 14 (5) Dimetindene
G Genito-urinary system and sex hormones 18 (6) Norgestrel
J Anti-infective for systemic use 4 (1) Efavirenz
L Antineoplastic and immune-modulating agent 3(1) Abiraterone
M Musculoskeletal system 4 (1) Flurbiprofen
N Nervous system 106 (37) Donepezil
P Antiparasitic products, insecticides, and repellents 8 (3) Chloroquine
R Respiratory system 33 (11) Azelastine
S Sensory organs 4(1) Aceclidine
NA Not Assigned 65 (22) Mestranol

Thirty-seven percent of structures correlate to classification N, meaning they have
expected effects on the central nervous system. The second t-frequent classification was R
(eleven percent), corresponding to drugs influencing the respiratory system. Twenty-two
percent of the structures had no ATC category, meaning they could be discontinued drugs,
tinction agents, or substances used as cosmetics. Only one percent could be classified as
antineoplastic and immunomodulating agents. Drug repositioning in the same ATC
classification is desired but considering different diseases.

3.2. Molecular docking.

The binding coupling energy (BCE, kcal/mol) of the 288 structures were compared to
those of the reference ligands: DTD (-7.338 kcal/mol), FTD (-6.799 kcal/mol), and T (-6.756
kcal/mol). These results are consistent with their reported inhibitor activity as their BCE is
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more important than that offered by T, meaning that the ligand-protein complex with inhibitors
is thermodynamically more favored than that produced by T.

Binding coupling energy distribution
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Figure 2. (A) BCE distribution. (B) Expanded region from -8.0 to -6.6 kcal/mol. Reference ligands: testosterone
(red); finasteride (yellow), and dutasteride (green).

Figure 2 shows the BCE dispersion values. According to BCE, the following
classification was established:

Structures having higher BCE than T but lower than FTD.

Structures showing higher BCE than FTD but lower than DTD.

Structures with higher BCE than DTD.

For the first group, only progesterone (-6.789 kcal/mol) is selected as an endogenous
ligand, but it can also be used as a drug in hormone replacement therapy. The second group
includes 22 drugs, described in Table 2. For many therapeutic purposes, oral drugs are desirable
since oral administration is non-invasive, painless, easy to apply, and accepted by all patients.
From this group, only 18 drugs met these criteria; they are commercially available and do not
act as endogenous ligands.

Table 2. Description of drugs in the second group.

Name BCE (kcal/mol) Name BCE (kcal/mol)

Efavirenz -7.326 Pregnenolone o -6.913
Pentazocine -7.283 Brexanolone -6.890
Mesoridazine -7.165 Palonosetron A -6.861
Mestranol -7.096 Phenindamine -6.857
Norethynodrel -7.088 Flibanserin -6.850
Vortioxetine -7.034 Perphenazine -6.849
Lorpiprazole -7.031 Amitriptylinoxide -6.838
Stiripentol -6.977 Nomifensive m -6.836
Lynestrenol -6.965 Duloxetine -6.830
Fluoxetine -6.960 Pergolide -6.817
Lorcaserin -6.930 Rotigotine A -6.801

Endogenous substrates 0O; intravenous drugs A ; drugs removed from the market m and transdermal drugs A.
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Finally, group three comprises four structures: ondansetron, norgestrel, donepezil, and
azelastine. No further analysis was made for the latter because its pharmaceutical presentation
is as a spray. The last step before 2D and 3D analysis was to eliminate those drugs that attack
targets related to the central nervous system. Consequently, the remaining structures were
ondansetron, norgestrel, efavirenz, pentazocine, mestranol, norethynodrel, stiripentol,
lynestrenol, lorcaserin, phenindamine, and flibanserin.

The next step was to analyze the protein-ligand complex interactions since BCE is
closely related to these interactions. Figure 3 shows the noncovalent protein-ligand interactions
between SRD5A2 and DTD or FTD. In both cases, residues E57 and R114 play an important
role in stabilizing protein-ligand complexes by establishing hydrogen bonds and hydrophobic
interactions.

Dutasteride
Figure 3. Molecular interactions of FTD and DTD at the SRD5A2 binding site.

The lactam N-H acts in both structures as a hydrogen bond donor showing a hydrogen
bond length of 2.2 A for DTD and 2.3 A for FTD. According to our results, the carbonyl group
of N-tert-butoxycarbonyl moiety of FTD serves twice as a hydrogen bond acceptor with R114;
meanwhile, in DTD, this same residue establishes just one hydrogen bond with the amide
carbonyl group. It is useful to determine if an SRD5A2 inhibitor is embedded in a hydrophobic
pocket in proximity with helices 2, 4, and 5 and interacting with residues W53, F118, L111,
and F223 in the case of DTD, and W53, F118, F223, and L111 for FTD. On the other hand,
side chains are next to helix 1.

The docking scores are shown in Table 3 for the selected drugs and ranged from -7.807
to -6.850 kcal/mol. All structures fit well at the binding site and share a rigid and flat carbon
skeleton containing aromatic rings, a structural feature that seems to be important to facilitate
that binding.
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Table 3. List of interactions between SRD5A2 and evaluated drugs.
Name BCE Interactions
kcal/mol
Ondansetron -7.807 H-bond: E57, S31; Charged (positive): E57; Pi-Pi Stacked: F118; Alkyl, Pi-Alkyl:
F118, L20, F219, A24.

Norgestrel -7.359 H-bond: E57, S31, Y91; Alkyl, Pi-Alkyl: F118, F223, F216, F219, L224.
Efavirenz -7.326 H-bond: E57, S220, Y91, C119; Alkyl, Pi-Alkyl: F194, W53, L224, F223, L:118,
P219; Halogen: E197; Pi-anion: E197.
Pentazocine -7.283 H-bond: E57, Y91; Pi-cation: F223, F118; Alkyl, Pi-Alkyl: A24, .20, F219, W53,
Y33, F118, F223.
Mestranol -7.096 H-bond: E57, Y91; Pi-Pi stacked: Y33, F223; Alkyl, Pi-Alkyl: R114, L111, W53,
C119, F118, L224.
Norethynodrel -7.088 H-bond: E57, Y:91; Alkyl, Pi-Alkyl: F223, P118, L224, F219, C119, W53.
Stiripentol -6.977 H-bond: E57, Y91, Q56; Amide-Pi Stacked: R114
Lynestrenol -6.965 H-bond: E57, Y91; Alkyl, Pi-Alkyl: Y33, L111, F223, L224, F216, F118, C119
Lorcaserin -6.930 Salt bridge: E57; Alkyl, Pi-Alkyl: L20, F118, F223; Amide-Pi Stacked: R114,
F118

Phenindamine -6.857 Salt bridge: E57; Pi-Alkyl: L20; Amide-Pi Stacked: R114, F118; Pi-Pi T-shaped:
F219; Pi-Sigma: F118

Flibanserin -6.850 H-bond: S31, Y91, E197; Pi-Pi Stacked: F223, W53; Alkyl, Pi-Alkyl: A24, F223,
L20, F118, L224

Finasteride -6.850 H-bond: E57, R114; Alkyl, Pi-Alkyl: L111, F223, F118, W53, R114

Dutasteride -6.850 H-bond: E57, R114; Alkyl, Pi-Alkyl: L23, F223, A24, L111, F118, W53

Testosterone -6.756 H-bond: E197, Y91; Alkyl, Pi-Alkyl: F223, F118, F219, Y33

Flibanserin produced an H-bond with E57, like the one established by FDT and DTD.
Mestranol, stiripentol, lorcaserin, and phenindamine presented interactions with R114, but no
H-bond with this residue was found. In the case of mestranol, as shown in Figure 4a, the
hydroxyl group at C-17 serves as both donor and acceptor of hydrogen bonds with Y91 and
E57, favoring a ligand-protein complex. The disposition of the aromatic ring A of mestranol in
the binding site allows residues P223 and Y33 to be oriented towards a Pi-Pi stacked
interaction. As shown in Figures 4b and 4c, mestranol is superimposed with DTD; the steroid
nucleus is in the hydrophobic region of the binding site.

@ = Interactions
PHE ;201 A224
, aw

[ van der Waals

[ Conventional Hydrogen Bond
awv ] Carbon Hydrogen Bond
AT [ Amide-Pi Stacked

[_JAlkyl

[ pi-Alkyl

Figure 4. Mestranol drug in the binding site of SRD5A2. (A) Interactions with important residues in the binding
site; (B) Mestranol superimposed with DTD; (C) Hydrophobic residues surrounding mestranol drug.

In contrast, the trimethyl moiety of stiripentol is surrounded by hydrophobic residues
such as F118, F219, F216, F223, and L224, as shown in Figure 5. The hydroxyl group
establishes a hydrogen bond with Y91.

https://biointerfaceresearch.com/ 6 of 12


https://doi.org/10.33263/BRIAC136.532
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC136.532

@ @ Interactions

[ van der Waals

@ @ @ [ Conventional Hydrogen Bond

[ Carbon Hydrogen Bond
[ Amide-Pi Stacked
Alkyl
Pi-Alkyl

Figure 5. Stiripentol in the binding site of SRD5A2. (A) interactions with important residues in the binding site;
(B) superposition with DTD; (C) residues surrounding stiripentol drug.

In Figure 6a, the amide-pi stacked interaction with R114 is not with the guanidine group
but with a pi system of the carbonyl group in the peptide bond. This must be considered since
direct interaction with the guanidine group seems important to inhibit SRD5A2. Lorcaserin and
stiripentol interact with R114 via amide-pi stacked interaction and not with the side chain
(Figure 6Db). In the binding pocket, the ring system is superimposed with the steroid nucleus of
DTD.

Figure 6. n-electron interactions between residue R114 of SRD5A2, and (A) stiripentol, and (B) lorcaserin.

Meanwhile, E57 establishes a salt bridge with the N-H of the seven-membered ring of
lorcaserin, as shown in figure 7. In comparison to the previous two drugs, fewer hydrophobic
interactions are observed, indicating that these are important to stabilize the ligand-protein
complex. The drug with these interactions had the greater BCE.
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Figure 7. Lorcaserin in the binding site of SRD5A2. (A) Interactions with key residues in binding site; (B)
Overlap of lorcaserin with DTD; (C) Residues surrounding lorcaserin drug.

Lastly, phenindamine also interacts with the carbonyl group in the peptide bond of
R114. Its former positive charge in the six-membered ring allows interaction with E57 (Figure
8). These interactions are different from those established by DTD and FTD, and no inhibitory
activity is expected for this drug. Only mestranol interacts with the R114 side chain and with
E57 via H-bond. Nevertheless, stiripentol and lorcaserin should not be discarded since they
occupy the binding site and are located near R114 and E57. Therefore, an inhibitory activity
could be expected from these drugs, but in vitro assays are necessary.

@ LEU Interactions
A20 2

\ [ van der Waals

& [ Attractive Charge
B Pi-Sigma
[ Pi-Pi Stacked
Amide-Pi Stacked
CJPi-Alkyl

-~ of @

Figure 8. Phenindamine in the binding site of SRD5A2. (A) interactions with important residues in the binding
site; (B) superposition with DTD;(C) residues surrounding stiripentol drug.

As shown in Table 4, mestranol is a drug used as an oral contraceptive and for
dysmenorrhea, and its use in patients with hormone-dependent cancers has not been
recommended yet. On the other hand, in February 2020, the FDA reported a higher incidence
of cancer in patients treated with lorcaserin compared with those with no treatment. However,
more trials are necessary [41]. Only stiripentol lacks restrictions for use in patients with cancer.
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Table 4. Side and adverse effects of mestranol, stiripentol, and lorcaserin.

Name Current use Side and adverse effects References
Mestranol | Contraceptive | Proliferative atypia, hypertension, intrahepatic cholestasis, | [42-45]
cerebrovascular occlusion.

Stiripentol Treating Bone structure abnormalities, sedation, anorexia, weight loss, [46-49]
seizures unsteadiness and tiredness, somnolence.

Lorcaserin | Treatment of | Hypoglycemia and headache, nausea, vomiting, dizziness, and an [50-53]
obesity increase in heart rate.

Although drugs like ondansetron, norgestrel, efavirenz, and pentazocine did not meet
the criteria for interacting with R114, a biological action should not be discarded due to their
high BCE towards the enzyme. These drugs could inhibit SRD5A2 by displacing T from the
binding site because, according to this in silico analysis, the produced protein-ligand complex
is thermodynamically more favorable.

4. Conclusions

This study evaluated 9213 molecular structures from the Drugbank database as
inhibitors of SRD5A2. Molecular coupling studies and interactional analysis of the
physiological conditions of the ligands and the enzyme allow us to propose 11 candidates for
repositioning. Considering the dosage and adverse effects of the candidates, only stiripentol
turned out to be a potential drug that could be used to treat benign prostatic hyperplasia,
alopecia, and prostate cancer. Stiripentol does not directly interact with the side chain of the
enzyme R114 but establishes a hydrogen bond with E57, which is essential for the inhibition
of SRD5AZ2. In addition, it shows the mildest known side effects compared to the other tested
drugs. However, to corroborate this in silico analysis, in vivo tests must be performed.

Funding

This project was funded by CONACYT-PRONACES-317580, and D.F.M.L. was supported
by CONACYT-797532 Scholarship.

Conflicts of Interest

The authors declare no conflict of interest.

References

1. Xiao, Q.; Wang, L.; Supekar, S.; Shen, T.; Liu, H.; Ye, F.; Huang, J.; Fan, H.; Wei, Z.; Zhang, C. Structure of
human steroid 5a-reductase 2 with the anti-androgen drug finasteride. Nat Commun. 2020, 11, 5430,
https://doi.org/10.1038/s41467-020-19249-z.

2. Mosher, L.J.; Godar, S.C.; Morissette, M.; McFarlin, M.K; Scheggi, S.; Gambarana, C.; Fowler, S.C.; Di
Paolo, T.; Bortolato, M. Steroid 5a-reductase 2 deficiency leads to reduced dominance-related and impulse-
control behaviors. Psychoneuroendocrinology 2018, 91, 95-104,
https://doi.org/10.1016/j.psyneuen.2018.02.007.

3. Kousal, B.; Honzik, T.; Hansikova, H.; Ondruskova, N.; Cechova, A.; Tesafova, M.; Stranecky, V.; Meliska,
M.; Michaelides, M.; Liskova, P. Review of SRD5A3 disease-causing sequence variants and ocular findings
in steroid Sa-reductase type 3 congenital disorder of glycosylation, and a detailed new case. Folia Biol (Praha)
2019, 65, 134-14, https://pubmed.ncbi.nIm.nih.gov/31638560/.

4. Yazawa, T.; Inaba, H.; Imamichi, Y.; Sekiguchi, T.; Uwada, J.; Islam, M. S.; Orisaka, M.; Mikami, D.; lda,
T.; Sato, T.; Miyashiro, Y.; Takahashi, S.; Khan, M.; Suzuki, N.; Umezawa, A.; Kitano, T. Profiles of 5a-
reduced androgens in humans and eels: 5a-dihydrotestosterone and 11-ketodihydrotestosterone are active
androgens produced in eel gonads frontiers in endocrinology. Front Endocrinol (Lausanne) 2021, 12, 657360,
https://doi.org/10.3389/fendo.2021.657360.

https://biointerfaceresearch.com/ 9 of 12


https://doi.org/10.33263/BRIAC136.532
https://biointerfaceresearch.com/
https://doi.org/10.1038/s41467-020-19249-z
https://doi.org/10.1016/j.psyneuen.2018.02.007
https://pubmed.ncbi.nlm.nih.gov/31638560/
https://doi.org/10.3389/fendo.2021.657360

https://doi.org/10.33263/BRIAC136.532

5. Fang, Q.; Chen, P.; Du, N.; Nandakumar, K. S. Analysis of data from breast diseases treated with 5-alpha
reductase inhibitors for benign prostatic hyperplasia. Clin Breast Cancer 2019, 19, e624-e636,
https://doi.org/10.1016/j.clbc.2019.04.006.

6. Zitoun, O.A; Farha,t A.M.; Mohamed, M.A.; Hamad, M.R.; Aramini, B.; Haider, K.H. Management of benign
prostate hyperplasia (BPH) by combinatorial approach using alpha-1-adrenergic antagonists and 5-alpha-
reductase inhibitors. Eur J Pharmacol. 2020, 883, 173301, https://doi.org/10.1016/j.ejphar.2020.173301.

7. Zhang, H.; Frendl, D.M.; Wang, Z.; Olumi, A.F. High real-world medication adherence and durable clinical
benefit in medicare patients treated with 5-alpha reductase inhibitors for benign prostatic hyperplasia. J Urol.
2020, 204, 325-331, https://doi.org/10.1097/JU.0000000000001014.

8. Gupta, A.K.; Venkataraman, M.; Talukder, M.; Bamimore, M.A. Relative efficacy of minoxidil and the 5-a
reductase inhibitors in androgenetic alopecia treatment of male patients: a network meta-analysis. JAMA
Dermatol. 2022, 158, 266-274, https://doi.org/10.1001/jamadermatol.2021.5743.

9. lamsumang, W.; Leerunyakul, K.; Suchonwanit, P. Finasteride and its potential for the treatment of female
pattern  hair loss: evidence to date. Drug Des Devel Ther. 2020, 14, 951-959,
https://doi.org/10.2147/DDDT.S240615.

10. Motofei, I.G.; Rowland, D.L.; Tampa, M.; Sarbu, M. I.; Mitran, M. |.; Mitran, C. I.; Stoian, A. P.; Diaconu,
C. C.; Paunica, S.; Georgescu, S. R. Finasteride and androgenic alopecia; from therapeutic options to medical
implications. J Dermatolog Treat. 2020, 31, 415-421, https://doi.org/10.1080/09546634.2019.1595507.

11. Azizi, A.; Mumin, N.H.; Shafgat, N. Phytochemicals with anti 5-alpha-reductase activity: a prospective for
prostate cancer treatment. F1000Res 2021, 10, https://doi.org/10.12688/f1000research.51066.3.

12. Ashrafi, A. N.; Shin, T.; Marien, A.; Clifford, T.; Shoji, S.; lwata, T.; Iwata, A.; Oishi, M.; Chopra, S.; Cai,
J.; Ukimura, O.; Bahn, D.; Gill, I. S.; Abreu, A. L. Five-alpha reductase inhibitors in men undergoing active
surveillance for prostate cancer: impact on treatment and reclassification after 6 years follow-up. World J Urol.
2021, 39, 3295-3307, https://doi.org/10.1007/s00345-021-03644-2.

13.Deng, T.; Lin, X.; Duan, X.; He, Z.; Zhao, Z.; Zeng, G. Prostate cancer patients can benefit from 5-alpha-
reductase inhibitor treatment: a meta-analysis. Peer J. 2020, 8, https://doi.org/10.7717/peerj.9282.

14. Finelli, A.; Komisarenko, M.; Martin, L. J.; Timilshina, N.; Jain, K.; Morris, J.; Zlotta, A.; Kulkarni, G.; Perlis,
N.: van der Kwast, T.; Evans, A.; Ghai, S.; Fleshner, N.; Alibhai, S.; Hamilton, R. J. Long-term use of 5-alpha-
reductase inhibitors is safe and effective in men on active surveillance for prostate cancer. Prostate Cancer
Prostatic Dis. 2021, 24, 69-76, https://doi.org/10.1038/s41391-020-0218-2.

15. Zhou Z.; Cui Y.; Wu J.; Jin H. Efficacy and safety of dutasteride compared with finasteride in treating males
with benign prostatic hyperplasia: A meta-analysis of randomized controlled trials. Exp Ther Med. 2020, 20,
1566-1574, https://doi.org/10.3892/etm.2020.8851.

16. Saceda-Corralo, D.; Moustafa F.; Moreno-Arrones, O.; Jaén-Olasolo, P.; Vafid-Galvan, S.; Camacho, F.
Mesotherapy with dutasteride for androgenetic alopecia: a retrospective study in real clinical practice. J Drugs
Dermatol. 2022, 21, 742-747, https://pubmed.ncbi.nIm.nih.gov/35816059/.

17. Piraccini, B.M.; Blume-Peytavi, U.; Scarci, F.; Jansat, J.M.; Falqués, M.; Otero, R.; Tamarit, M.L.; Galvan J.;
Tebbs V.; Massana E. Topical finasteride study group. efficacy and safety of topical finasteride spray solution
for male androgenetic alopecia: a phase Ill, randomized, controlled clinical trial. J Eur Acad Dermatol
Venereol. 2022,36,286-294, https://doi.org/10.1111/jdv.17738.

18. Giatti, S.; Di Domizio, A.; Diviccaro, S.; Falvo, E.; Caruso, D.; Contini, A.; Cosimo, R. Three-dimensional
proteome-wide scale screening for the 5-alpha reductase inhibitor finasteride: identification of a novel off-
target. J Med Chem. 2021, 64, 4553-4566, https://doi.org/10.1021/acs.jmedchem.0c02039.

19.Low, Z.Y.; Farouk, L.A.; Lal, S.K. Drug repositioning: new approaches and future prospects for life-
debilitating diseases and the COVID-19 pandemic outbreak. Viruses 2020, 12, 1058,
https://doi.org/10.3390/v12091058.

20. Sorum, P.; Stein, C.; Wales, D.; Pratt, D. A proposal to increase value and equity in the development and
distribution  of new  pharmaceuticals. Int J Health Serv. 2022, 52, 363-371,
https://doi.org/10.1177/00207314221100647.

21. Stewart, D.J.; Bradford, J.P.; Batist, G. Treatment access, health economics, and the wave of a magic wand.
Curr Oncol. 2022, 29,1176-1189, https://doi.org/10.3390/curroncol29020100.

22.Jarada, T.N.; Rokne, J.G.; Alhajj, R. A review of computational drug repositioning: strategies, approaches,
opportunities, challenges, and directions. J Cheminform. 2020, 12, https://doi.org/10.1186/513321-020-00450-
7.

https://biointerfaceresearch.com/ 10 of 12


https://doi.org/10.33263/BRIAC136.532
https://biointerfaceresearch.com/
https://doi.org/10.1016/j.clbc.2019.04.006
https://doi.org/10.1016/j.ejphar.2020.173301
https://doi.org/10.1097/JU.0000000000001014
https://doi.org/10.1001/jamadermatol.2021.5743
https://doi.org/10.2147/DDDT.S240615
https://doi.org/10.1080/09546634.2019.1595507
https://doi.org/10.12688/f1000research.51066.3
https://doi.org/10.1007/s00345-021-03644-2
https://doi.org/10.7717/peerj.9282
https://doi.org/10.1038/s41391-020-0218-2
https://doi.org/10.3892/etm.2020.8851
https://pubmed.ncbi.nlm.nih.gov/35816059/
https://doi.org/10.1111/jdv.17738
https://doi.org/10.1021/acs.jmedchem.0c02039
https://doi.org/10.3390/v12091058
https://doi.org/10.1177/00207314221100647
https://doi.org/10.3390/curroncol29020100
https://doi.org/10.1186/s13321-020-00450-7
https://doi.org/10.1186/s13321-020-00450-7

https://doi.org/10.33263/BRIAC136.532

23.Van de Wiele, V.L; Hammer, M.; Parikh, R.; Feldman, W.B.; Sarpatwari, A.; Kesselheim, A.S. Competition
law and pricing among biologic drugs: the case of VEGF therapy for retinal diseases. J Law Biosci. 2022, 9,
Isac001, https://doi.org/10.1093/jlb/Isac001.

24. Grahl, M.; Alcara, A. M.; Perin, A.; Moro, C. F.; Pinto, E.; Feltes, B. C.; Ghilardi, I. M.; Rodrigues, F.; Dorn,
M.; da Costa, J. C.; Norberto de Souza, O.; Ligabue-Braun, R. Evaluation of drug repositioning by molecular
docking of pharmaceutical resources available in the Brazilian healthcare system against SARS-CoV-2. Inform
Med Unlocked 2021, 23, 100539, https://doi.org/10.1016/j.imu.2021.100539.

25. Ballard, C.; Aarsland, D.; Cummings, J.; O'Brien, J.; Mills, R.; Molinuevo, J.L.; Fladby, T.; Williams, G.;
Doherty, P.; Corbett, A.; Sultana, J. Drug repositioning and repurposing for Alzheimer disease. Nat Rev
Neurol. 2020, 16, 661-673, https://doi.org/10.1038/s41582-020-0397-4.

26.Berman, H. M.; Westbrook, J.; Feng, Z.; Gilliland, G.; Bhat, T. N.; Weissig, H.; Shindyalov, I. N.; Bourne, P.
E. The Protein Data Bank. Nucleic Acids Res. 2000, 28, 235-242, https://doi.org/10.1093/nar/28.1.235.

27.Xiao, Q.; Wang, L.; Supekar, S.; Shen, T.; Liu, H.; Ye, F.; Huang, J.; Fan, H.; Wei, Z.; Zhang, C. Structure of
human steroid Sa-reductase 2 with the anti-androgen drug finasteride. Nat Commun. 2020, 11, 5430,
https://doi.org/10.1038/s41467-020-19249-z.

28. Carrasco, A.; Mendoza, D. F.; Rojas, J. A.; Alatriste, V.; Merino, P.; Luna, F.; Sandoval, J. In silico study of
coumarins derivatives with potential use in systemic diseases. Biointerface Res Appl Chem. 2023, 13, 240,
doi: https://doi.org/10.33263/BRIAC133.240.

29. Hosseini, M.; Chen, W.; Xiao, D.; Wang, C. Computational molecular docking and virtual screening revealed
promising SARS-CoV-2 drugs. Precis Clin Med. 2021, 4, 1-16, https://doi.org/10.1093/pcmedi/pbab001.

30. Cuesta, S.A.; Mora, J.R.; Marquez, E.A. In Silico Screening of the DrugBank Database to Search for Possible
Drugs against SARS-CoV-2. Molecules 2021, 26, 1100, https://doi.org/10.3390/molecules26041100.

31.Yu, ZJ.; Yan, H.L.; Xu, F.H.; Chao, H.C.; Deng, L.H.; Xu, X.D., Huang, J.B.; Zeng, T. Efficacy and Side
Effects of Drugs Commonly Used for the Treatment of Lower Urinary Tract Symptoms Associated With
Benign Prostatic Hyperplasia. Front Pharmacol. 2020, 11, 658, https://doi.org/10.3389/fphar.2020.00658.

32. Schrodinger Release 2022-3: Glide, Schrddinger, LLC, New York, NY, 2021.

33. Schrédinger Release 2022-2: Maestro, Schrodinger, LLC, New York, NY, 2021.

34.BIOVIA, Dassault Systemes, Discovery Studio Visualizer, v21.1.0.20298, San Diego: Dassault Systémes,
2022.

35. The PyMOL Molecular Graphics System, Version 2.0 Schrodinger, LLC.

36. Srivastava, R. Theoretical studies on the molecular properties, toxicity, and biological efficacy of 21 new
chemical entities. ACS Omega 2021, 6, 24891-24901, https://doi.org/10.1021/acsomega.1c03736.

37.Kralj, S.; Juki¢, M.; Bren, U. Comparative analyses of medicinal chemistry and cheminformatics filters with
accessible implementation in Konstanz Information Miner (KNIME). Int J Mol Sci. 2022, 23, 5727,
https://doi.org/10.3390/ijms23105727.

38. WHO Caollaborating Centre for Drug Statistics Methodology.: https://www.whocc.no/.

39.Yan, C.; Suo Z.; Wang, J.; Zhang, G.; Luo, H. DACPGTN: Drug ATC Code Prediction Method Based on
Graph Transformer Network for Drug Discovery. Front Pharmacol. 2022, 13, 907676,
https://doi.org/10.3389/fphar.2022.907676. ,

40.Olson, T.; Singh R. Predicting anatomic therapeutic chemical classification codes using tiered learning. BMC
Bioinformatics 2017, 18, 266, https://doi.org/10.1186/s12859-017-1660-6.

41.de Andrade Mesquita, L., Fagundes Piccoli, G., Richter da Natividade, G., Frison Spiazzi, B., Colpani, V., &
Gerchman, F. Is lorcaserin really associated with increased risk of cancer? A systematic review and meta-
analysis. Obes Rev. 2021, 22, €13170, https://doi.org/10.1111/0br.13170.

42.. Concas, A.; Serra, M.; Porcu, P. How hormonal contraceptives shape brain and behavior: A review of
preclinical studies. Front Neuroendocrinol. 2022, 66, 101017, https://doi.org/10.1016/j.yfrne.2022.101017.

43. Abas, N.; Koivunen, D.G.; Johnson, J.A. Arterial sodium concentration in rats with hypertension induced by
mestranol. Contraception 1993, 48, 71-79, https://doi.org/10.1016/0010-7824(93)90067-h.

44, Halawi, A.; lbrahim, N.; Bitar, R. Triggers of benign recurrent intrahepatic cholestasis and its
pathophysiology: a review of literature. Acta Gastroenterol Belg. 2021, 84, 477-486.
https://doi.org/10.51821/84.3.013.

45.de Marinis M.; Arnett E.N. Cerebrovascular occlusion in a transsexual man taking mestranol. Arch Intern
Med. 1978, 138, 1732-1733, https://pubmed.nchi.nlm.nih.gov/718332/.

46. Matuszewska, A.; Nowak, B.; Nikodem, A.; Merwid-Lad, A.; Wiatrak, B.; Tomkalski, T.; Jedrzejuk, D.;
Szelag, E.; Sozanski, T.; Danielewski, M.; Jawien, P.; Ceremuga, |.; Szandruk-Bender, M.; Bolanowski, M.;

https://biointerfaceresearch.com/ 11 of 12


https://doi.org/10.33263/BRIAC136.532
https://biointerfaceresearch.com/
https://doi.org/10.1093/jlb/lsac001
https://doi.org/10.1016/j.imu.2021.100539
https://doi.org/10.1038/s41582-020-0397-4
https://doi.org/10.1093/nar/28.1.235
https://doi.org/10.1038/s41467-020-19249-z
https://doi.org/10.33263/BRIAC133.240
https://doi.org/10.1093/pcmedi/pbab001
https://doi.org/10.3390/molecules26041100
https://doi.org/10.3389/fphar.2020.00658
https://doi.org/10.1021/acsomega.1c03736
https://doi.org/10.3390/ijms23105727
https://www.whocc.no/
https://doi.org/10.3389/fphar.2022.907676
https://doi.org/10.1186/s12859-017-1660-6
https://doi.org/10.1111/obr.13170
https://doi.org/10.1016/j.yfrne.2022.101017
https://doi.org/10.1016/0010-7824(93)90067-h
https://doi.org/10.51821/84.3.013
https://pubmed.ncbi.nlm.nih.gov/718332/

https://doi.org/10.33263/BRIAC136.532

Filipiak, J.; Szelag A. Antiepileptic Stiripentol May Influence Bones. Int J Mol Sci. 2021, 22, 7162,
https://doi.org/10.3390/ijms22137162.

47. Balestrini, S.; Doccini, V.; Boncristiano, A.; Lenge, M.; De Masi, S.; Guerrini, R. Efficacy and Safety of Long-
Term Treatment with Stiripentol in Children and Adults with Drug-Resistant Epilepsies: A Retrospective
Cohort Study of 196 Patients. Drugs Real World Outcomes. 2022, 9, 451-461, https://doi.org/10.1007/s40801-
022-00305-7.

48. Balestrini, S.; Sisodiya, S.M. Audit of use of stiripentol in adults with Dravet syndrome. Acta Neurol Scand.
2017, 135, 73-79, https://doi.org/10.1111/ane.12611.

49.Buck, M.L.; Goodkin, H.P. Stiripentol: A novel antiseizure medication for the management of dravet
syndrome. Ann Pharmacother 2019, 53, 1136-1144, https://doi.org/10.1177/1060028019856008.

50.Hoy, S.M. Lorcaserin: a review of its use in chronic weight management. Drugs 2013, 73, 463-73,
https://doi.org/10.1007/s40265-013-0035-1.

51.Tak, Y.J.; Lee, S.Y. Long-Term Efficacy and Safety of Anti-Obesity Treatment: Where Do We Stand?. Curr
Obes Rep. 2021, 10, 14-30, https://doi.org/10.1007/s13679-020-00422-w.

52.Tak, Y.J.; Lee, S.Y. Anti-Obesity Drugs: Long-Term Efficacy and Safety: An Updated Review. World J Mens
Health. 2021, 39, 208-221, https://doi.org/10.5534/wjmh.200010.

53. Pirtle, J.L.; Hickman, M.D.; Boinpelly, V.C.; Surineni, K.; Thakur, H.K.; Grasing, K.W. The serotonin-2C
agonist Lorcaserin delays intravenous choice and modifies the subjective and cardiovascular effects of
cocaine: A randomized, controlled human laboratory study. Pharmacol Biochem Behavior 2019, 180, 52-59,
https://doi.org/10.1016/j.pbb.2019.02.010.

https://biointerfaceresearch.com/ 12 of 12


https://doi.org/10.33263/BRIAC136.532
https://biointerfaceresearch.com/
https://doi.org/10.3390/ijms22137162
https://doi.org/10.1007/s40801-022-00305-7
https://doi.org/10.1007/s40801-022-00305-7
https://doi.org/10.1111/ane.12611
https://doi.org/10.1177/1060028019856008
https://doi.org/10.1007/s40265-013-0035-1
https://doi.org/10.1007/s13679-020-00422-w
https://doi.org/10.5534/wjmh.200010
https://doi.org/10.1016/j.pbb.2019.02.010

