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ABSTRACT

Aim: To determine the effect of analogy and dimerization of bioactive compounds at the molecular
level on the biological functions.

Methodology: This work was carried out on a model set of bioactive compounds which consisted of
resveratrol, piceatannol, isorhapontigenin, scirpusin A and scirpusin B, using computational
methods which include target prediction, pharmacokinetics prediction, and molecular docking.
Results: It was observed that the increase in structural complexity reduces the solubility and
gastrointestinal absorption but it does not affect the bioavailability score. The probability of target

*Corresponding author: E-mail: hezekiahfatoki@gmail.com;
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decreases with increasing structural complexity. In most of the targets, different molecular
parameters were observed which exists between compound resveratrol and piceatannol as well as
between scirpusin A and scirpusin B, while resveratrol, isorhapontigenin, and scirpusin B showed
the related mode of molecular modulation in most of the targets.

Conclusion: The model of this study showed that natural bioactive dimer compounds have high
binding affinity than its monomer in most cases and that usually with a different mechanism of

action.

Keywords: Analogy; dimerization; resveratrol; piceatannol; scirpusin.

1. INTRODUCTION

Clustering of compounds by structural or
property similarity can be a powerful approach to
correlating compound features with biological
activity and it has been widely utilised to identify
structural redundancies and other biases in
compound libraries [1]. Dimerization is an
addition reaction in which two molecules of the
same compound or analogue, react with each
other to give adduct which has more efficacy or
new functional properties. Dimerization may be
homodimerization or heterodimerization, which is
strongly dependent on the nature of the subunits
and the attachment site of the subunits.
Dimerization could result from condensation and
reduction of functional groups. Although
dimerization of biomolecules such as proteins
(enzymes and receptors), carbohydrates and
polyenes, have received much attention. There is
no model study on the impact of analogy and
Dimerization of bioactive compounds of microbial
and plant sources. Dimerization occurs in nature
by enzymatic and non-enzymatic oxidation [2].
The analogy and dimerization process could
have great effect on the activity and stability of
bioactive compounds, and it should Ilead
scientists to the study and synthesis of dimeric

compounds with therapeutic potentials on
dimeric targets or multi-target of numerous
diseases.

The existence of most of the targets in
quaternary structure provides the basis for the

functional potential of dimeric bioactive
compounds. Wright and Usher [3], have
extensively reviewed the approaches for
designing multivalent binding bioactive
compound dimers. Clustering analysis and
similarity searching combined with target

prediction is a recent approach for rational drug
design of analogues of bioactive compounds [1].
It has been reported that many of the approved
drugs have bioactive analogues with different
targets [4], and they could be developed for
clinical use through repurposing strategy.

Therefore, there is an urgent need for studies on
molecular evaluation of how analogous and
Dimerization can affect the activities of
therapeutant in the biological space, toward
productive in silico drug design project. In this
study, effects of analogous and Dimerization
were evaluated computationally using a set of
compounds which consisted of resveratrol (1),
piceatannol (2), isorhapontigenin (3), scirpusin A
(4) and scirpusin B (5), as a model as shown in
Fig. 1.

Piceatannol (3,5,4',3'-trans-trihydroxystilbene), a
natural polyphenolic stilbene phytochemical
which was first isolated from the seeds of
Euphorbia lagascae (Euphorbiaceae), is a
naturally occurring hydroxylated analogue of
resveratrol and has been also identified as a
resveratrol metabolite  [5,6]. Resveratrol
(3,5,4'-trans-trihydroxystilbene) is found in
plants such as peanuts, mulberries, blueberries,
raspberries and grapes [7] and it has attracted
increasing attention due to its multiple beneficial
properties, including anti-cancer, anti-
inflammatory and antioxidant activities [5,8].
Also, piceatannol shows activity similar to
resveratrol [6] and its levels in plants such as
grapes and wines are significantly lower than
those of resveratrol [9] but much higher activity
than resveratrol has been reported in few studies
[10,11].

Scirpusin A, a hydroxystilbene dimer with anti-
obesity and anti-adipogenic activity and inhibitory
effects on amyloid-B aggregation [12]. Studies
have shown that passion fruit (Passiflora edulis)
seeds have a high piceatannol and scirpusin B
content [10,13]. Piceatannol has various
properties, such as sirtuin 1 (SIRT1) induction
activity, a vasorelaxant effect, upregulation of
endothelial nitric oxide synthase (eNOS)
expression, promotion of collagen synthesis,
inhibition of melanogenesis, and protection of the
skin from ultraviolet B (UVB) irradiation [13,14],
while Scirpusin B functional properties include
vasorelaxing and anti-HIV effects [15].
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Fig. 1. Schematic of the model bioactive compounds

The previous study has shown that dimerization
of the structure of the antimicrobial peptide Ctx-
Ha lead to decrease in biological activity [16],
while  malyngolide dimer from  marine
Cyanobacterium Lyngbya majuscule, showed
moderate in vitro antimalarial activity against
chloroquine-resistant  Plasmodium  falciparum
(W2) but roughly equivalent toxicity against H-
460 human lung cell lines [17] as an antitumor
agent. Antiviral activity of sets of novel bioactive
hydroanthraquinones and anthraquinone dimers
from a soft coral-derived Alternaria sp. The
fungus has been reported [18]. These findings
from pre-clinical studies have created high
expectations for the therapeutic value of these
bioactive compounds for the treatment of chronic
diseases. The translational steps of clinical
reports from cell and animal studies towards
humans have turned out to be less than
straightforward [19]. Therefore, dimerization is a
new parameter that needs to be studied. These

computational studies aimed to investigate the
crucial impact of analogy and dimerization of
bioactive compounds on biological functions in
relevance to the discovery and development of
novel therapeutants for unresolved diseases in
our natural world.

2. MATERIALS AND METHODS

2.1 In silico Preparation of Ligands

The chemical structure of resveratrol,
piceatannol, isorhapontigenin, scirpusin A and
scirpusin B, were obtained from the PubChem
Compound Database in sdf and canonical
SMILES (Simplified Molecular Input Line
Entry Specification) format. Ligand structures
were constructed from SMILES for
schematic (Fig. 1) using Chem Sketch software
(http://www.acdlabs.com).
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Table 1. Binding site residues and grid box parameters selected for the target proteins

Protein targets Coverage Center grid box (points) Size (points) Spacing (A)  Predicted binding site residues

Aldo-keto reductase All -24.356 x -29.766 x -1.971 120 x 110 x 120 0.375 Gly19, Thr20, Trp21, Lys22, Asp44, Tyr49, Lys78, His111, Ser160,

family 1 member B10 Asn161, GIn184, Tyr210, Ser211, Pro212, Leu213, Gly214, Ser215,

(PDB: 4JIH) Pro216, Asp217, Leu229, Ala246, lle261, Pro262, Lys263, Ser264,
Val265, Thr266, Arg269, Glu272, Asn273

Aldose reductase All 2.934 x 0.779 x 2.339 110 x 110 x 116 0.375 Gly18, Thr19, Trp20, Lys21, Asp43, Tyr48, Lys77, His110, Trp111,

(PDB: 1IEI) Ser159, Asn160, GIn183, Tyr209, Ser210, Pro211, Leu212, Gly213,
Ser214, Pro215, Asp216, Leu228, Ala245, 1le260, Pro261, Lys262,
Ser263, Val264, Thr265, Arg268, Glu271, Asn272, Cys298

Prostaglandin G/H A 41.057 x 42.955 x 237.574 120 x 120 x 120 0.375 Tyrd02, GIn406, Asn410, Ser412, lle413, Glu416, His417

synthase 2 B 43.119 x 14.352 x 241.783 120 x 120 x 120 0.375

(Cyclooxygenase 2)

(PDB: 5F1A)

Carbonic anhydrase All -0.326 x -18.839 x 0.002 120 x 120 x 110 0.375 His91, His93, Glu104, His117, Thr198

12

(PDB: 4Q0L)

Estrogen receptor All -32.312 x 16.761 x -22.633 110 x 120 x 120 0.375 Met343, Leu346, Thr347, Leu349, Ala350, Glu353, Trp383,

(PDB: 6BOF) Leu384, Leu387, Met388, Leu391, Arg394, Phe404, His524,
Leub525

FAD-linked sulfhydryl  All 6.822 x 19.626 x 10.979 110 x 100 x 90 0.375 Arg99, Glu100, Gly103, Arg104, Ser106, Trp107, His111, Tyr140,

oxidase ALR Glu144, Cys145, Leu149, Cys171, His174, Asn175, Val177,

(PDB: 3U2L) Asn178, Lys180, Leu181, Lys183, Phe186, Arg194, Trp195

Tyrosine-protein All 15.130 x 12.764 x 46.336 110 x 110 x 120 0.375 Leu251, Val259, Ala271, Lys273, Glu288, Thr316, Glu317, Tyr318,

kinase Lck Met319, Gly322, Ser323, Asp326, Ala368, Leu371, Asp382,

(PDB: 3MPM) Tyr394, Thr395, Arg397

Lysine-tRNA ligase A 65.590 x 24.262 x -6.634 122 x 120 x 120 0.375 Arg323, Glu325, Thr330, His331, Asn332, Phe335, Thr337,

(PDB: 6CHD) B 73.705 x -21.733 x -5.742 120 x 120 x 120 0.375 Glu494, 11e495, Asn497, Gly550, Arg553, lle564

Tyrosyl-DNA All 11.056 x 96.666 x 151.862 120 x 110 x 120 0.375 Phe202, Asn203, Tyr204, Cys205, Phe206, His228, Gly229,

phosphodiesterase 1 Ala253, Lys254, Leu255, Thr261, His262, His263, Thr264, Lys265,

(PDB: 1QZQ) Ser265, Ser282, Asn283, Leu284, Tyr330, Thr358, Pro359, Ser536,

Tyr537




2.2 Pharmacokinetic Prediction

The in silico ADME (Absorption, Distribution,
Metabolism and Excretion) of the ligands
were carried out using SwissADME server
(http://www.swissadme.ch) and ADME screening
was performed at default parameters [20].

2.3 Target Prediction

The identification of potential targets for
the prepared ligands was carried out
using the Swiss Target Prediction server

(http://www.swisstargetprediction.ch). Homo
sapiens were selected as the target organism
[21]. The most probable targets were selected for
molecular docking studies.

2.4 Molecular Docking Studies

The molecular docking studies were carried out
according to the method of Sanni et al. [22]. The
available crystal structure of the selected targets
of the ligands (Table 1) were retrieved from
the RCSB Protein Data Bank (PDB)
(www.rcsb.org/pdb). All water molecules and
heteroatoms were removed from the crystal
structures using PyMOL molecular graphic
system, version 2.0.7 (www.pymol.org). The 3D
Ligand Site [23], was used to predict the active
site amino acid residues of the novel targets. All
file conversions required for the docking study
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were performed using the open source chemical
toolbox Open Babel version 2.4.1 [24]. The
Gasteiger charge calculation method was used
and partial charges were added to the ligand
atoms prior to docking [25]. The pose and
binding energy of each ligand on the targets
were evaluated by blind docking parameters
(Table 1) using AutoDock Tools (ADT) version
1.5.6 [26] and molecular docking program
AutoDock Vina version 1.1.2 [27], was employed
to perform the docking experiment from the
command line. After docking, the ligands were
ranked according to their binding energy and
close interactions of binding of the target wit
h the ligands were analysed and visualised using
Auto Dock Tools.

3. RESULTS

The predicted ADME parameter for the model
compounds used in this study (Table 2), showed
that resveratrol and isorhapontigenin can cross
the blood-brain barrier. It was observed that the
increase in structural complexity of the
compound reduces the solubilty and
gastrointestinal absorption but it does not affect
the bioavailability score. The predicted active site
cavity of these targets (Table 1) revealed the
structure-activity relationship. It was observed
from the model that the probability on target
decreases with increasing structural complexity
as shown in Table 3.

Table 2. Predicted pharmacokinetics parameters of the model compounds

Parameters Bioactive compounds

1 2 3 4 5
Molecular Weight 228.24 244.24 258.27 470.47 486.47
Molar Refractivity 67.88 69.90 74.37 132.27 134.29
Total Polar Surface Area 60.69 80.92 69.92 130.61 150.84
Consensus LogP 2.38 214 2.63 3.69 3.26
ESOL Class Soluble Soluble Soluble Poorly Soluble Poorly Soluble
Gastrointestinal Absorption High High High Low Low
Blood Brain Barrier Permeant Yes No Yes No No
P-glycoprotein Substrate No No No No No
Lipinski Violations 0 0 0 1 1
Bioavailability Score 0.55 0.55 0.55 0.55 0.55
Synthetic Accessibility 2.02 2.09 2.22 4.53 4.57

1: Resveratrol; 2: Piceatannol; 3:
obtained from SwissADME server.
Resveratrol: C1=CC(=CC=C1C=CC2=CC(=CC(=C2)0)0)0

Piceatannol: C1=CC(=C(C=C1C=CC2=CC(=CC(=C2)0)0)0)0O

Isorhapontigenin: COC1=C(0O)C=CC(C=CC2=CC(0)=CC(0)=C2)=C1

Scirpusin A: C1=CC(=CC=C1C=CC2=CC(=CC3=C2C(C(03)C4=CC(=C(C=C4)0)0)C5=CC(=CC(=C5)0)0)0)0
Scirpusin B: C1=CC(=C(C=C1C=CC2=CC(=CC3=C2C(C(03)C4=CC(=C(C=C4)0)0)C5=CC(=CC(=C5)0)0)0)0)0O

Isorhapontigenin; 4: Scirpusin A; 5: Scirpusin B. Predicted parameters
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Table 3. Targets of the analogue and dimeric model compounds

Predicted targets Target uniprot ID Model bioactive compounds
1 2 3 4 5

Aldo-keto reductase family 1 member B10, B15 060218, C9JRZ8 ** *

Aldose reductase P15121 * *

Prostaglandin G/H synthase 1 P23219, e b il ** **

Prostaglandin G/H synthase 2 P35354 b el ** b

Carbonic anhydrase 1, 2, 3, 12 P00915, P00918, P07451, 043570 i >

Carbonic anhydrase 4, 6 P22748, P23280 bl

Estrogen receptor P03372 ool ol b

Cytochrome P450 1A2, 3A4, 2C9 P05177, P08684, P11712 i

Cytochrome P450 1A2, 1B1 P05177, Q16678 x

Microtubule-associated protein tau P10636 e e

Ribosyldihydronicotinamide dehydrogenase [quinone] P16083 il

Amine oxidase [flavin-containing] A P21397 e

Sodium-dependent noradrenaline transporter P23975 ool

FAD-linked sulfhydryl oxidase ALR P55789 e b

Carbonic anhydrase 5A, 5B, 7, 9, 13, 14 P35218, Q9Y2D0, P43166, Q16790, Q8N1Q1, QOULX7 >

Tyrosine-protein kinase Lck, HCK, Lyn, Blk P06239, P08631, P07948, P51451 ek

Lysine--tRNA ligase Q15046 i

Tyrosyl-DNA phosphodiesterase 1 QINUWS8 b

Dual specificity tyrosine-phosphorylation-regulated kinase 1A Q13627 i

1: Resveratrol; 2: Piceatannol; 3: Isorhapontigenin; 4: Scirpusin A; 5: Scirpusin B. *(60-60%), **(60-70%), ***(70-80%), ****(80-90%), *****(90-100) Probability on Target. Predicted parameters
obtained from SwissTargetPrediction server. Probabilities have been computed based on a cross-validation. They may therefore not represent the actual probability of success for any new molecule
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Table 4. Predicted binding free energies (docking scores) and detailed interactions observed between the ligands and the targets

Protein targets Coverage Novel targets with predicted binding energy (kcal/mol) and near binding residues
1 2 3 4 5
Aldo-keto reductase All -9.1 =71 -7.2 -8.9 -7.6
family 1 member B10 Gly19, Trp21, Thr30, Trp21, Val48, His111, Trp80, His111, Trp112,  Trp21, Trp80, His111, Ser163, Phe165,
(PDB: 4JIH) Aspd4, Tyr48, Phe123, Asn161 Phe123, Leu302 Phe123, Lys125, Trp220, GIn166, Lys169,
His111, Trp112, Val301, Leu302, Ser305, Asp313
Tyr210, Ser211
Aldose reductase All -8.2 -7.5 -6.9 -8.8 -8.6
(PDB: 1IEI) Trp20, Tyr48, Lys77, Trp20, Val47, Trp20, Val47 Tyr48, Trp20, Val47, Tyr48, Trp20, Val47, Tyr48,
His110, Tyr209, Tyr48, His110 Trp111,  Phe122 Trp79, Trp111, Phe122, Trp111, Phe122,
Trp219, Cys298, Cys298 Pro218, Trp219, Leu300 Trp219, Leu300
Leu300
Prostaglandin G/H A -6.4 -8.4 -7.5 -1.7 -7.9
synthase 2 GIn203, Leu391, Cys36, His39, Cys47, His39, Cys47, Gly136, Phe187, Pro189, Pro392, Asn87, His90, Tyr91,
(Cyclooxygenase 2) Phe395, Tyrd04, Pro153, GIn461, Pro153, Pro154, Thr394, GIn396, Lys401, Tyr475, Glu479,
(PDB: 5F1A) 1le408, Val444 Glu465 Pro156, GIn461, GIn429, 11e430, Gly483, Ly511,
Pro514, Glu520,
B -6.4 -8.2 -8.0 -8.2 -8.3
Phe200, GIn203, Ala202, GIn203, Ala199, His207, His207, Lys211, Thr212, His207, Phe210,
Val295, His388, His207, Phe210, Thr212, Ala202, His214, Lys215, Asn222, Lys211, Thr212,
Leu391, Tyr404, Thr212, Asn382, GIn203, His207, Met273, lle274, GIn289, His214, Asn222,
11e408, Val444, Trp387, His388 Asn382, His386, Glu290 lle274, Glu290,
His388 Val291,
Carbonic anhydrase 12 All -6.1 -7.1 -6.4 -8.6 -8.0
(PDB: 4Q0L) Thr5, Tyr6, Phe7, GIn89, His91, His117,  Asn13, GIn27, Arg247,  Trp4, Asn64, His66, Asn13, Gly23, Leu26,
Arg240, lle243, Val119, Ala129, GIn250, Lys251, Lys69, GIn89, His91, GIn27, GIn250,
Asn244 Ser130, Ser133, Arg255 Val119, Val141, Thr196, Lys251, Asp253,
Leu197, Thr199 Leu197, Thr199, Trp208 Arg255
Estrogen receptor All -5.8 -71 -7.8 -7.6 -6.7
(PDB: 6BOF) Pro325, 11e326, Glu323, Pro324, Thr347, Ala350, Ala340, Met343, Leu525, Ser309, Leu310,
Trp393, Arg394, lle326, Glu353, Trp383, Leu384, Tyr526, Asn532, Val533 Glu314, Ala318,
Phed45, Lys449, Met357, Leu387, Leu387, Ley525, Lys362, Arg363,
Trp393, Arg394, Tyr526, Asn532, Pro365, Gly366,
Lys449 Val533
FAD-linked sulfhydryl All -5.9 -6.2 -6.0 -7.4 -7.6

oxidase ALR
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Protein targets Coverage Novel targets with predicted binding energy (kcal/mol) and near binding residues
1 2 3 4 5
(PDB: 3U2L) His134, Pro156, Arg99, Glu100, lle133, His134, GIn126, Ala130, His157, GIn126, Ala130,
His157, Arg150, Gly103, Arg104, Arg150, Lys151, Pro158, Thr160 Leu153, His157,
Leu153 Trp107, His174, Leu153, His157, Pro158, Thr160
Lys183, Trp195, Pro158
Tyrosine-protein kinase All -7.9 -6.2 -7.9 -7.0 -8.3
Lck Ala271, Lys273, Arg299, Asn339, Val259, Lys273, Glu458, Tyr489, Ser492, Leu251, Ala271,
(PDB: 3MPM) Met319, Leu371, Leu342, Asp343, Met319, Asp382, Val493, Phe497 Tyr318, Met319
Asp391, Tyr394 GIn347, Glu350, Asp391, Tyr394, Ser323, Leu371
Glu495 Thr395
Lysine-tRNA ligase A -5.8 -1.7 -7.0 -8.0 -8.8
(PDB: 6CHD) Thr330, Met491, Gly277, Arg323, Gly277, Ala278, Tyr95, Arg131, lle181, Arg420, Pro437,
Lys492, Lys493 Phe335, Asn497, Arg323, His331, Ser207, Cys209, Leu210, Arg438, Thr439,
Gly548, Gly550, Phe335, Met469, His211, Tyr231 Thr440, 1le468, Ala518
Arg553 Arg553
B -6.1 -6.9 -7.6 -7.9 -8.1
Lys98, Phe99, Gly277, Arg323, Arg323, His331, Tyr95, Arg131, lle181, Thr330, His331,
Ala129, Leu206 Phe335, Asn497, Asn332, Phe335, Ser207, Cys209, Leu210, Lys446, Gly449,
Arg553 Arg485, His211, Tyr231 Glu450, Glu453,
Arg553 Glu594, Arg553
Tyrosyl-DNA All -6.9 -7.3 -7.0 -9.0 9.4
phosphodiesterase 1 Ser385, Asn388, Arg586, Tyr594, Ser385, Ala389, Val444, Glu446, Asp585, Tyr204, His263,
(PDB: 1QZQ) Glu390, Leu423, Lys596 Ala597 Glu390 Thr422, Arg586, Tyr594, Lys596, Ser399, Pro441,

Glu426, Lys428,

Glu426, Ser433,

Ala597

Ser463, Thr466,
His493, Ser518,
Ala521

1: Resveratrol; 2: Piceatannol; 3: Isorhapontigenin; 4: Scirpusin A; 5: Scirpusin B. Predicted parameters generated from AutoDock Vina and AutoDock Tools
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Fig. 2. Binding pose and score of resveratrol with 4JIH (-9.1 kcal/mol); Piceatannol with 5F1A (-8.4 kcal/mol); Scirpusin A with 4Q0L (-8.6 kcal/mol)
and Scirpusin B with 1QZQ (-9.4 kcal/mol), generated from autodock tools



All the compounds in the model showed an
affinity for prostaglandin G/H synthase 1
(cyclooxygenase 1, COX-1), with the highest
probability of inhibition by resveratrol, while
resveratrol was not found as a probable inhibitor
of COX-2. Some of the targets in Table 3 were
selected for docking analysis as shown in Table
4. The criterium used for selection of the target
was the presence of two or more compounds of
the model acting on the same target, and focus
was on piceatannol rather than resveratrol. This
help in the evaluation of the structural differences
which might have been the critical factor. It was
observed from the model that binding affinity to
the targets varies, and this showed the critical
impact of the analogue components and dimer
components, on the biological function (Table 4).

Comparison of near binding residues from
docking poses in Table 4 to the predicted binding
residues of the active site of the targets in Table
1, showed that model compounds 1-4 bind to the
active site of aldo-keto reductase family 1
member B10 (PDB: 4JIH) while compound 5
binds to its allosteric site; compounds 1-5 bind to
the active site of aldose reductase (PDB: 1IEl);
compounds 1-5 bind to the allosteric site of
Prostaglandin G/H synthase 2 (PDB: 5F1A);
compounds 2 and 4 binds to the active site of
carbonic anhydrase 12 (PDB: 4QOL) while
compound 1, 3 and 5 binds to its allosteric site;
compounds 2-4 binds to the active site of
estrogen receptor (PDB: 6B0OF) while compounds
1 and 5 binds to its allosteric site; compound 2
binds to the active site of FAD-linked sulfhydryl
oxidase ALR (PDB: 3U2L) while compounds 1,
3-5 binds to its allosteric site; compounds 1, 3
and 5 binds to the active site of tyrosine-protein
kinase Lck (PDB: 3MPM) while compounds 2
and 4 binds to its allosteric site; compounds 2
and 3 binds to the active site of lysine-tRNA
ligase (PDB: 6CHD) while compounds 1, 4 and 5
binds to its allosteric site; and compound 5
bind to the active site of tyrosyl-DNA
phosphodiesterase 1 (PDB: 1QZQ) while
compounds 1-4 binds to its allosteric sites.

The interaction of the near binding residues of
the compounds of the model on selected targets
were shown in Fig. 2. Varied impact of the
group that make up the analogue monomer or
dimer was observed. In most of the targets,
different molecular parameters were observed
between compound 1 (resveratrol) and
compound 2 (piceatannol) as well as between
compound 4 (scirpusin A) and compound 5
(scirpusin B).
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4. DISCUSSION

The partition coefficient (LogP) and solubility
coefficient (LogS) interplay to define the
bioavailability score (BS). The synthetic
accessibility score (S) ranges between 1 (easy to
make) and 10 (very difficult to make), while for a
drug-like compound, 5 < lipophilicity = 0 <
hydrophilicity = -5, and according to Lipinski’s
rule, one violation is acceptable [1,28]. The study
has shown that not only piceatannol itself but
also its metabolite, isorhapontigenin, contributed
to the upregulation of SIRT1 expression [13]. It
has been reported that scirpusin B and not
piceatannol, could increase coronary flow via
production of nitric oxide and vasodilating
prostanoids [29] and that scirpusin A has
inhibitory effects on amyloid-§ aggregation
Riviere et al. 2010, protective role against DNA
damage by singlet oxygen [30] as well inhibits
the growth of colorectal cancer Her2/CT26 cells
in vivo in mice [31]. The result of this study
showed that sirpusin A and sirpusin B targeted
aldo-keto reductase family 1-member B10 and
B15 as well as aldose reductase, with high
probability by sirpusin A than sirpusin B.

The result of this study as shown in Table 3
revealed novel targets that have not been
studied. Targets that have been reported
elsewhere in the literature that matched those in
Table 3 include prostaglandin G/H synthase 2
(cyclooxygenase 2, COX-2) and estrogen
receptor [32] as well as tyrosine-protein kinase
[33,34]. Non-steroidal anti-inflammatory drugs
target the cyclooxygenase enzymes (COX-1 and
COX-2) to block the formation of prostaglandins
[35]. COX enzymes are homodimers consisting
of tightly associated monomers that dissociate
only upon denaturation and only one monomer of
the COX homodimer is active at a given time, but
the mechanism governing its inter-monomer
communication is unknown [35]. Thus, aspirin
would have close structural similarity to the
model compounds of this study.

Estrogen receptor (ER) is an example of nuclear
receptors, an allosteric signalling protein. ER
form homodimers based on canonical model
signalling pathway [36]. Small-molecule ligands
control the receptor activity through selective
modulation, functional selectivity or biased
signalling through structural mechanisms, but the
mechanism  governing ER  inter-domain
communication is unknown [36]. Thus, tamoxifen
would have close structural similarity to the
model compounds of this study. Flavin adenine



dinucleotide (FAD)-dependent sulfhydryl oxidase,
named augmenter of liver regeneration (ALR) in
humans, is a protein present in the
intermembrane space of mitochondria which
forms head-to-tail homodimers [37]. It is also
referred to as Erv1l (essential for respiratory
growth and viability 1) or hepatopoietin. Whether
it plays a physiological role in liver development
is not known [38]. Thus, FAD would have close
structural similarity to the model compounds of
this study. The study has also shown that
piceatannol inhibits arginase and eNOS [39], of
which both enzymes can exist in dimeric form.

In the study of the ligand-specific effect on
signalling targets, Nwachukwu et al. [36] reported
clusters of small molecules based on direct and
indirect modulations of the targets, which showed
the typical impact of analogous and dimerization.
Allosteric drugs (binding to allosteric effector
sites are considered to be better than orthosteric
drugs (binding to active centres) and the concept
of allosteric drug action to the interactome level
has been articulated [40,41]. In this study, the
interaction of the near binding residues of the
compounds of the model on selected targets
showed the impact of hydroxyl group variation in
these compounds. Compound 1, 3 and 5 showed
the related mode of molecular modulation in
most of the targets. This suggests that the
position where methylation occurred in
compound 3 (isorhapontigenin) lead to no
significant impact on the mode of action. If
methylation had occurred on any of the carbon of
the aromatic ring, the impact could have been
different. Studies on pterostilbene (trans-3,5-
dimethoxy-4'-hydroxystilbene), another analogue
of resveratrol, has reported pharmacological
properties similar to those of resveratrol, but with
several advantages and more potency compared
to resveratrol, including more lipophilicity, which
increases oral absorption, possibly higher cellular

uptake and longer half-life than resveratrol
[42,43].
Many studies relating to the molecular

mechanisms of small-molecule or large-molecule
interactions have shown that the use of two or
more separate binding events can be used to
control biological interactions [3]. Therefore,
multivalent interactions are fundamental to the
regulation of several critical biological systems.
Investigation of analogues and dimeric forms of
the existing approved drugs could provide
novel insight in the drug lead discovery
process and cause revolutionary innovation in
the pharmaceutical industry.
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5. CONCLUSION

This study has shown the critical impact of
analogy and dimerization of bioactive
compounds at the molecular level on the
biological functions. The model of this study
showed that natural bioactive dimer compounds
have high binding affinity than its monomer in
most cases. The dimers have targets probable
for its monomer and that usually with a different
mechanism of action. Also, the nature of the
group that makes the analogue of monomer or
dimer compounds is fundamental for the
outcome biological function. The combination of
in silico targets, pharmacokinetics and molecular
docking predictions showed that synthetic
dimeric bioactive compounds with multi targets
could be the next game-changer in therapeutant
research and development.
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