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ABSTRACT

In Silico Prediction of Competitive Inhibitory Activities

of Terpenes against Sa-Reductase Type 2

Ryun-Hee Kim
Department of Food and Nutrition

The Graduate School

Seoul National University

Sa-Reductase type 2 (5aR2) catalyzes the reduction of testosterone to
dihydrotestosterone (DHT) in scalp hair follicles. Increased intracellular DHT is
responsible for development of androgenetic alopecia (AGA), or male-pattern hair
loss. Thus, nhibition of 5aR2 activity is important to retard progression of AGA.
Terpenes, metabolites produced by diverse plant sources, have been suggested to
have enhancing effects on hair growth. The aims of the present study were to
predict 3D structure of SaR2, which has not been yet reported, and to determine
which terpene could have competitive inhibitory activity against NADPH or
testosterone binding site of S5aR2 by in silico approaches.

Prior to performing molecular docking of terpenes to SaR2, 3D structure of
I



50R2 was predicted by I-TASSER server. Discrimination ability of a docking
protocol was validated by receiver operating characteristic curve analysis. By
molecular docking of 577 terpenes from NuBBE database to the predicted 3D
structure of SaR2 using AutoDock Vina, 18 triterpenoids were predicted to have
lower binding energies than NADPH against SaR2. 247 out of 577 terpenes were
predicted to have lower binding energies than testosterone against SaR2. Among
these 247 terpenes, 3 triterpenoids were predicted to have lower binding energies
than finasteride and dutasteride, well-known competitive inhibitors of SaR2. In
conclusion, triterpenoids having a steroid ring or pentacyclic ring in backbone were
predicted to have the highest competitive nhibitory activities than monoterpenoids,

ridoids, sesquiterpenoids, diterpenoids, and steroids against SaR2.

Keywords: 5a-Reductase type 2; Androgenetic alopecia; Molecular docking;
Competitive inhibitory activity; Triterpenoid
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INTRODUCTION

5a-Reductase type 2 (5aR2) is an NADPH-dependent enzyme catalyzing
conversion of testosterone to dihydrotestosterone (DHT) in androgen-sensitive
tissues such as dermal papilla cells in scalp hair follicles.** Increased intracellular
DHT level has been suggested to induce miniaturization of hair follicles and
shortened duration of growth phase in hair follicle cycle, which eventually causes
androgenetic alopecia (AGA) or male-pattern hair loss.*® In addition, it was
reported that men who are genetically deficient in 5aR2 do not have receding
hairlines at temporal scalp regions.® Hence, in order to prevent or delay progression
of AGA, it is crucial to decrease intracellular DHT level via inhibition of 5aR2
activity.

Currently, two synthetic 4-azasteroidal compounds, finasteride and dutasteride,
have been known as competitive inhibitors of 5aR2.7# Finasteride, sold under the
brand names Proscar and Propecia, has been approved by US Food and Drug
Administration (FDA) for use in AGA treatment.® Dutasteride, sold under the
brand name of Avodart, was originally approved by US FDA for treatment of
benign prostatic hyperplasia (BPH)° and previous clinical studies demonstrated
that administration of dutasteride was effective in increasing the number of hair in
men with AGA.**"13 Nevertheless, it has been reported that long-term
administration of finasteride and dutasteride could cause some side effects such as
decreased libido, ejaculatory dysfunction, and erectile dysfunction.*

Whether non-synthetic substances from plant sources can have treatment effects

on AGA has been studied as well. For example, extracts of Eclipta alba,*® leaves of
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Acanthopanax koreanum,* red ginseng,!” and Lycopersicon esculentum*® were
reported to be effective in enhancing hair growth. All these four extracts contain
eclalbatin, acankoreoside J, ginsenoside R, and Rgs, and lycopene, respectively,
which belong to terpenes. Given these facts, it could be hypothesized that other
terpenes would have promoting effects on hair growth as well, and their effects
would be quantitatively different depending on their distinct structural
characteristics such as the number of isoprene unit in backbone and types of side-
chains.

Molecular docking is a widely used computational approach that simulates
binding of ligands to a target protein. It characterizes bound conformations of the
ligands within a binding site and binding affinities of the ligands toward the
protein.'” In order to virtually screen which structural classes of terpenes are most
likely to inhibit SaR2 activity, molecular docking was employed in this study.
Especially, competitive inhibitory activities of terpenes against SaR2 were
predicted in this study, in which it could be elucidated which individual terpene had
higher binding affinity than NADPH or testosterone for the same binding sites via
molecular docking. Since three-dimensional (3D) structure of SaR2 has not been
yet reported, it is essential to predict its 3D structure to perform molecular docking.
Thus, the 3D structure of SaR2 was predicted by in silico modeling prior to the
virtual screening (VS) in the present study. The overall purpose of this study was to
quantitatively predict competitive inhibitory activities of different structural classes
of terpenes against SaR2 by molecular docking based on the predicted 3D structure

of 5aR2.



METHODS

1. Prediction of 3D Structure of SaR2

Sequence identity of 5aR2 was analyzed by PSI-BLAST search,’® by which it
was figured out that SaR2 had a sequence identity below 30% with proteins in
Protein Data Bank (PDB).?! However, it was not enough to be informative to
identify template proteins likely to come from a common evolutionary origin as
50R2. Accordingly, a 3D structure of 5aR2 was predicted by fold recognition and
ab initio modeling approaches regardless of evolutionary relationships between
50R2 and other proteins in PDB.

Based on amino acid sequence of 5aR2 provided by UniProt (UniProt ID:
P31213),2? the 3D structure of 5aR2 was predicted by iterative threading assembly
refmement (I-TASSER) server, a suite containing several programs for structural
prediction based on fold recognition and ab initio modeling approaches.?*2*
Sequence alignments were conducted by PSI-BLAST search embedded in I-
TASSER server,** by which 5aR2 sequence was divided into aligned and unaligned
regions. It was determined by whether the region had the same fold as a part of any
other proteins in PDB. LOMETS, a set of fold recognition programs embedded in
I-TASSER server, was applied in recognizing template proteins to be used for
modeling aligned regions in 5SaR2 sequence.?* From PDB, chain A of A'#-sterol
reductase (PDB ID:4QUV)? and isoprenylcysteine carboxyl methyltransferase
(PDB ID: 5V7P)*¢ were selected as template proteins which were recognized to
have most likely the same fold as 5aR2 regardless of how closely they have

evolutionary relationships with SaR2. Structures of unaligned regions in SaR2



sequence were built by ab initio modeling. By reassembling structures of the
template proteins identified by fold recognition and structures produced by ab
initio modeling, a predicted 3D structure of 5SaR2 was generated, which was named
as apo-5aR2 in this study.
2. Construction of a Binary Complex of the Apo-SaR2 with NADPH

Structural file of NADPH was downloaded from PubChem (PubChem CID:
5884)%” and converted to PDBQT format required for molecular docking by Open
Babel.?® Since NADPH binding site of 5aR2 has not been clear, a blind docking
was performed to predict NADPH binding site in the apo-5aR2 without
designating specific residues. Center of the docking box was set to x= 63.1734, y=
62.4446, and z= 62.8212; and size of the docking box was setto 60 A *66 A * 60
A, which was large enough to cover whole structures of the apo-50R2.

Consequently, 9 different binding poses (binding modes) of NADPH were
predicted. Among 9 binding modes of NADPH, only one was selected by the
criteria of whether it had the lowest binding energy and whether surrounding
regions of NADPH binding site formed a pocket-like structure. From the selected
binding mode of NADPH, amino acids involved in binding with NADPH were
characterized, and surrounding regions of these amino acids were considered as
predicted NADPH binding site. At the predicted NADPH binding site, 3D structure
of NADPH was combined with the apo-5aR2 as a single enzyme model in PDB
format using copy/combine function of UCSF Chimera.?® This binary complex was
named as holo-5aR2 in this study.
3. Structural Validation of the Apo-5aR2

Reliability of the apo-5aR2 was assessed using web-servers (PROCHECK,
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ProSA, and ERRAT) that computed any potential structural errors based on
structural information of proteins whose structures have already been
experimentally determined. Ramachandran plot of the apo-5aR2 provided by
PROCHECK?® was used to examine whether backbone dihedral angles (phi and psi
angles) in a polypeptide chain of the apo-5aR2 were stereochemically possible.
ProSA3! was used to evaluate conformation and corresponding potential energy of
the apo-5aR2. ProSA calculated z-score which measures deviation of the potential
energy of the apo-5aR2 with respect to potential energy distribution of all possible
conformations of 5aR2.>! ERRAT?? was used to assess non-covalently bonded
atomic interactions between amino acids in the apo-5aR2. ERRAT calculated an
error value for every amino acid and overall quality factor of the apo-5aR2.3?
Overall quality factor of the apo-5aR2 was expressed as a percentage of amino
acids whose error values were below 95% confidence limit out of total amino acids
in the apo-5aR2.

4. Validation of a Docking Protocol by Receiver Operating

Characteristic (ROC) Curve Analysis

Discriminability of the docking protocol of this study was validated by ROC
curve analysis® using SPSS 23.0 software (SPSS Inc., Chicago, IL, USA). The
docking protocol referred to a workflow of predicting binding affinities of
compounds toward the predicted 3D structure of 5aR2 using AutoDock Vina.3*

In order to plot the ROC curve, active and inactive ligand data sets were
obtained from ChEMBL database** and DUD-E server,*® respectively. In detail,
470 molecules with ICs, values for 5aR2 were provided by ChEMBL database
(ChEMBL ID: ChEMBL1856). Among these 470 molecules, 202 molecules with
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ICs values below 7 nM were selected. This ICs, value was the same as that of
dutasteride, which was used as a reference molecule of this study.3”-** Tanimoto
coefficients were calculated using Open Babel. Structural similarities between
these 202 molecules were judged by the Tanimoto coefficients. The active ligand
data set was shortlisted on the basis of the Tanimoto coefficient cut-off value (0.5).
Consequently, 149 molecules were selected and considered as active molecules.
Based on these 149 active molecules, 669 decoys as inactive molecules were
generated by DUD-E server. These 669 decoys were computed to have similar
physical properties with those of active molecules in molecular weight, the number
of hydrogen bond donors and acceptors, octanol-water partition coefficient, the
number of rotatable bonds, and net molecular charge.*® These decoys were
presumed not to inhibit SaR2 activity since they had dissimilar topologies with
active molecules.>® 149 active molecules and 669 decoys were docked to the holo-
5aR2 using AutoDock Vina. Structural files in SDF format of 818 ligands were
converted to PDBQT format by Open Babel. Center of the docking box was set to
x =75, y =61, and z =75; and size of the docking box was setto33 A * 32 A * 31
A, which was large enough to cover the predicted testosterone binding site and
surrounding residues. Docking parameters of AutoDock Vina were kept default.
Consequently, 9 different binding modes per active molecule or decoy were
predicted. Only one binding mode of each active molecule or decoy was selected
by the criteria of whether it had the lowest binding energy and whether its location
was similar to that of testosterone. According to docking results (binding energies)
of these 818 molecules (149 active molecules and 669 decoys), the ROC curve of

the docking protocol was drawn based on sensitivity (true positive rate) and (1-



specificity) (false positive rate) of the docking protocol.
5. Preparation of Enzyme Models and Ligands

The apo-5aR2 and the holo-5aR2 were used as enzyme models for molecular
docking. 577 structural files of terpenes isolated from plant sources
(monoterpenoids, iridoids, sesquiterpenoids, diterpenoids, steroids, and
triterpenoids) as target ligands were obtained from NuBBE database.** AutoDock
Tools** was employed to convert the enzyme models in PDB format to PDBQT
format. Open Babel was used to convert not only terpene structural files in MOL2
format to PDBQT format, but also structural files in SDF format of NADPH,
testosterone (PubChem CID: 6013), finasteride (PubChem CID: 57363), and
dutasteride (PubChem CID: 6918296) to PDBQT format.
6. Molecular Docking-Based VS of Competitive Inhibitory Activities of
Terpenes against SaR2

Two competitive inhibition mechanisms against SaR2 were applied to molecular
docking-based VS. One was competitive inhibition against NADPH binding site of
50R2, which was designated as type A inhibition. The other was against
testosterone binding site of 5aR2, which was designated as type B inhibition.
AutoDock Vina was used to simulate molecular docking. Docking parameters of
AutoDock Vina were kept default.

In order to virtually screen type A inhibitory activities of terpenes, 577 terpenes
were docked to the predicted NADPH binding site in the apo-5aR2. The binding
affinities of terpenes toward the apo-5a4R2 were compared with that of NADPH.
Center of the docking box for VS of type A inhibitory activities of terpenes was set

to x= 67, y= 60, and z=64; and size of the docking box was setto 33 A * 25 A * 24
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A, which was large enough to cover the predicted NADPH binding site and
surrounding residues.

Since testosterone binding site of SaR2 has not been clear, the blind docking was
performed to predict testosterone binding site in the holo-5aR2 without designating
specific residues, prior to performing VS of type B inhibitory activities of terpenes.
Testosterone was docked to the holo-5aR2 by blind docking via AutoDock Vina.
Center of the docking box was set to x= 63.1734, y= 62.4446, and z= 62.8212; and
size of the docking box was setto 60 A * 66 A * 60 A, which was large enough to
cover the whole structures of the holo-5aR2.

Consequently, 9 different binding modes of testosterone were predicted. Among
9 binding modes of testosterone, only one was selected by the criteria of whether it
had the lowest binding energy, whether testosterone bound near the predicted
NADPH binding site, and whether surrounding regions of testosterone binding site
formed a pocket-like structure. From the selected binding mode of testosterone,
amino acids involved in binding with testosterone were characterized, and
surrounding regions of these amino acids were considered as predicted testosterone
binding site.

577 terpenes were docked to the predicted testosterone binding site in the holo-
5aR2. Finasteride and dutasteride were also docked to the same binding site as the
reference molecules. The binding affinities of terpenes toward the holo-5aR2 were
compared with those of testosterone, finasteride, and dutasteride. Center of the
docking box for VS of type B inhibitory activities of terpenes was set to x =75, y
=61, and z =75; and size of the docking box was setto 33 A * 32 A * 31 A, which

was large enough to cover the predicted testosterone binding site and surrounding
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RESULTS AND DISCUSSION

1. Prediction of 3D Structure of SaR2

In order to perform molecular docking, 3D structure of 5SaR2 was needed.
However, a crystal structure of SaR2 is not experimentally determined so far, since
5aR2, an integral protein, is not stable enough to be purified.! Thus, a 3D structural
model of 5aR2 was prepared by [-TASSER server. Initially, five 3D structural
models of SaR2 were predicted by I-TASSER server based on 5aR2 amino acid
sequence. Among them, the model with the highest c-score (-0.64) was selected.
The selected model was considered to have the most correct fold among the five
models.*! The selected predicted 3D structure of 5aR2 was named as apo-5aR2.
The apo-5aR2 was predicted to be composed of 10 a-helix segments and 11
random coil segments (Figure 1). This result is consistent with that of a previous
study in which hydrophobic transmembrane regions of integral membrane proteins
mainly consist of a-helixes.*?
2. Construction of a Binary Complex of the Apo-SaR2 with NADPH

The binary complex of 5aR2 with NADPH (holo-5aR2) was also constructed
based on the fact that 5aR2 cannot be activated to convert testosterone to DHT
until NADPH first binds to 5aR2.4* By the blind docking, NADPH was predicted
to be located inside the apo-5aR2 and close to c-terminal part of the apo-5aR2
(Figure 1). This result is consistent with those of other studies in which the c-
terminal half of 5aR2 appears to be a NADPH-binding domain.'* Also, 21 amino
acids of 5aR2 (Trp53, GIn56, Tyr91, Arg94, Val97, Tyr98, Ser99, Leul00, Leul0l1,

Leulll, Argll4, Glyl15, Cys119, Asnl160, Aspl64, Argl68, Asnl93, Glul97,
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Trp201, Phe223, and Arg227) were predicted to be involved in binding with
NADPH. Surrounding regions of these amino acids were considered as predicted
NADPH binding site. Among these 21 amino acids predicted to be involved in
binding with NADPH, 6 amino acids (Tyr91, Leul00, Leulll, Argl14, Asnl60,
and Arg227) were identified to bind with NADPH via hydrogen bonding using
UCSF Chimera.
3. Structural Validation of the Apo-5aR2

In Ramachandran plot of the apo-50R2 provided by PROCHECK, 79.1% and
2.4% of 254 amino acids in the apo-5aR2 belonged to the most favored regions and
disallowed regions, respectively (Figure 2). 79.1% of the amino acids in the apo-
5aR2 are judged to have stable or highly stereochemically allowed conformations
based on the fact that atoms of amino acids in the most favored regions do not have
steric collisions between adjacent atoms.*> Among 254 amino acids in the apo-
50R2, 5 amino acids (2.4%) are considered to have stereochemically unfavorable
conformations based on the fact that atoms of amino acids in disallowed regions
are disrupted by adjacent atoms.*> However, since these 5 amino acids (Arg46,
Ser74, Asp138, Leul70, and Ile176) were not in the region involved in binding
with NADPH or testosterone, their conformations would not affect binding of
ligands to the apo-5aR2 in a docking simulation. Also, it has been reported that
Ser, Asp, and Arg have tendencies to adopt disallowed backbone
conformations.***” The z-score of the apo-5aR2 calculated by ProSA was -2.81,
which was within the z-score range of native proteins having similar size with
5aR2 in PDB library (Figure 2). It has been known that z-score of any erroneous

structural model would be outside the range of native proteins reported so far.!
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Also, the z-score of the apo-5aR2 fulfilled that stable folds composed of 100-300
amino acids mostly have the negative values of z-scores.*® Overall quality factor of
the apo-5aR2 calculated by ERRAT was 85.772 (Figure 2). Amino acids with error
values over 95% confidence limit have high probabilities that corresponding atoms
would be misplaced.?? Thus, the lower the number of amino acids with error values
over 95% confidence limit, the higher overall quality factor of the model, which
means that 85.772% of 254 amino acids of the apo-50R2 are placed in appropriate
regions based on their non-covalently bonded atomic interactions.*? Collectively,
these results of the structural validation indicate that the apo-5aR2 canbe considered
as an acceptable structural model of 5aR2 to be used in molecular docking. However,
local conformations of the apo-5aR2 which have structural errors computed by
PROCHECK and ERRAT would be further needed to be refined using molecular
dynamics simulation.
4. Validation of the Docking Protocol by ROC Curve Analysis

The ROC curve analysis is used to assess discrimination ability of a diagnostic
test, which has been also applied to evaluation of a VS workflow.334° Accordingly,
based on docking results of 149 active molecules and 669 decoys, the ROC curve
of the docking protocol of this study was drawn (Figure 3). The ROC curve was
above diagonal line, and the area under the ROC curve (AUC) was 0.781 (95%
confidence interval, 0.744-0.817; p<0.0005), indicating 78.1% of probability that
the docking protocol could select active molecules and discard decoys.*® Also, the
AUC of 0.7 to 0.8 implies that the docking protocol has an acceptable level of

discrimination ability.°
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5. Molecular Docking-Based VS of Competitive Inhibitory Activities of
Terpenes against SaR2

Following molecular docking-based VS using AutoDock Vina, the binding
energy (AG, kcal/mol) of individual terpene was able to be compared with those of
NADPH and testosterone as well as finasteride and dutasteride, well-known
competitive mnhibitors of 5aR2. The binding energies of ligands are inversely
proportional to their binding affinities toward SaR2, implying that the lower
binding energies against SaR2 ligands have, the stronger ligands are likely to bind
to 5aR2, blocking other ligands not to bind to 5aR2.5° Accordingly, it was able to
be quantitatively determined which terpene could have competitive inhibitory
activities against NADPH (type A) and testosterone (type B) binding sites of SaR2,
based on the calculated binding energies against SaR2. Among 577 terpenes
(monoterpenoids, iridoids, sesquiterpenoids, diterpenoids, steroids, and
triterpenoids), 18 triterpenoids were calculated to have lower binding energies than
NADPH (-10 kcal/mol) against its predicted binding site (Table 1). Namely, these
18 triterpenoids would be likely to have type A inhibitory activities, while
monoterpenoids, iridoids, sesquiterpenoids, diterpenoids, and steroids would not.
Among these 18 triterpenoids, 7 triterpenoids (21- and 23-hydroxycedrelonelide,
cabraleone, nilocetin, nimbolin, shidasterone, and melianone) were noticed to have
a steroid skeleton with a side-chain at C-16 or C-17 position. This result is
supported by many synthetic steroidal inhibitors of 5aR2, including finasteride and
dutasteride, having a bulky or lipophilic group at C-17.3!°2 In this regard, several
quantitative structure-activity relationship studies on inhibitors of 5aR2 have

reported that bulky side-chain substituted at C-17 of steroids can increase their
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Table 1. Predicted binding energies (AG) and structural formulas of 18

triterpenoids predicted to have inhibitory activities against NADPH binding site of

So-reductase type 2

NuBBE AG
Rank Compound D (kealimol) Structural formula
21-
1 Hydroxycedreloneli 1181 -11.5
de
2 Celastrol 407 -11.1
22- i
3 Hydroxymaytenin 381 109
4 Netzahualcoyone 384 -10.6
23-
5 Hydroxycedreloneli 1183 -10.5
de
6 Cabraleone 1727 -10.5
7 Nilocetin 1149 -10.4
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inhibitory potencies by interacting with a hydrophobic binding pocket of SaR2.33-53
Besides, ganoderic acid TR and DM from Ganoderma lucidum were reported to
have inhibitory activities against SaR2, and all these triterpenoids had a steroid ring
skeleton with different side-chains at C-17.%¢

In the holo-5aR2, 5 amino acids (Tyr98, Leul00, Asn102, Argl68, and Argl71)
were predicted to be involved in binding with testosterone. Surrounding regions of
these amino acids were considered as predicted testosterone binding site. Among
these 5 amino acids, Asn102 was identified to bind with testosterone via hydrogen
bonding using UCSF Chimera. 247 out of 577 terpenes were calculated to have
lower binding energies than testosterone (-6.3 kcal/mol) against its predicted
binding site (Table 2). Namely, these 247 terpenes except monoterpenoids would
be likely to have type B inhibitory activities. As the number of isoprene unit in
backbone of terpenes increased, the proportion of terpenes predicted to have type B
mhibitory activities within each terpene class tended to rise (Table 2). In addition,
the binding energies of the two reference molecules, finasteride and dutasteride,
against the predicted testosterone binding site were -6.2 kcal/mol and -8.1
kcal/mol, respectively. As compared with binding energies of testosterone,
finasteride, and dutasteride, only 3 triterpenoids were calculated to have lower
binding energies than testosterone, finasteride, and dutasteride against testosterone
binding site of SaR2 (Table 3). In this study, these 3 triterpenoids were named as
compound T31900, compound T34389, and compound T3710, respectively.
Compound T31900 and T34389 were also predicted to have both type A and B
mhibitory activities. Interestingly, compound T31900, T34389, and T3710 were
noticed to have a pentacyclic ring skeleton in common. So far, pentacyclic

triterpenes have been reported to have various therapeutic effects including
3 I
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Table 2. Characteristics of 247 terpenes predicted to have lower binding energies

than testosterone (-6.3 kcal/mol) against Sa-reductase type 2

Terpene class Number of Structu_ral_ Backbone structure
compounds characteristics
Monoterpenoids 0/31 - 2 isoprene units
- Bicyclic ring or ==
Iricoids 7144 tricyclic ring ;@
Sesquiterpenoids 2/112 Cyclopentapyranoid 3 isoprene units
Diterpenoids 38/124 Tricyclic ring or 4 isoprene units

tetracyclic ring

e
Steroids 18/29 Steroid ring Q\A]{D/TH>

Steroid ring or

Triterpenoids 182/237 pentacyclic ring

6 isoprene units
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Table 3. Predicted binding energies (AG) and common structure of 3 triterpenoids

predicted to have higher binding affinities than testosterone, finasteride, and

dutasteride toward Sa-reductase type 2 (5aR2)

Compound  Compound T31900 Compound T34389  Compound T3710

Common
structure

Predicted binding affinities toward NADPH binding site of 5aR2

AG
(kcalimol) -10.2 -10.4 -8.2
Predicted binding affinities toward testosterone binding site of 5aR2
AG
(kcalimol) -8.7 -8.3 -8.2
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inhibition of 5aR2 activity.’’-° For example, ursolic acid, a pentacyclic triterpenoid
acid, and bark extract of Pygeum africanum containing ursolic acid derivatives
were reported to be effective in treatment of BPH by inhibiting 50R2 activity.’”->
To the best of our knowledge, while several studies on developing plant extracts
which contain terpenes and promote hair growth have been reported,'*!8 there is a
lack of studies focusing on the inhibitory effect of an individual terpene, especially
a pentacyclic triterpenoid, on 5aR2 activity, except the study on the inhibitory
activity of ginsenoside R, against 5aR2.!7 Thus, it seems that predicted competitive
mhibitory activities of compound T31900, T34389, and T3710 against SaR2 are
further needed to be validated by in vitro and in vivo assays. Moreover, since it is
necessary to consider possibilities of terpenes to bind and inhibit other enzymes
expressed in scalp in order to determine whether terpenes would have competitive
nhibitory activities specific to SaR2, additional docking simulations of terpenes to

other enzymes in scalp would be needed.
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CONCLUSION

In the present study, comparison of competitive inhibitory activities of individual
compounds within the same terpene classes as well as between different terpene
classes were conducted using molecular docking based on the predicted 3D
structure of SaR2. Among 577 terpenes of 6 classes, triterpenoids having a steroid
ring or a pentacyclic ring skeleton with a side-chain at C-16 or C-17 were predicted
to have competitive inhibitory activities against NADPH binding site of SaR2.
Notably, certain triterpenoids with a pentacyclic ring in backbone were predicted to
have even higher competitive inhibitory activities than finasteride and dutasteride,
active ingredients of medicines for AGA treatment, against testosterone binding
site of SaR2. The present study would provide basic quantitative data about the
potent competitive inhibitory activities of terpenes, especially triterpenoids, against

SaR2.
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