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Abstract Eales’ disease is an idiopathic retinal vasculitis of
the eye. The disease is predominantly characterized by
recurrent vitreous hemorrhage. Interphotoreceptor retinol-
binding protein 3 plays a significant role in the etiopatho-
genesis of this condition. It transports retinoids between the
retinal pigment epithelium and the photoreceptors; hence,
this protein is a potential target for docking studies. In silico
data reveal that herbal molecules interact with regulatory
domains of interphotoreceptor retinol-binding protein 3
(IRBP-3), resulting into significant docking score and also
forms H-bond and several hydrophobic interactions between
active residues of IRBP-3. These interactions between the
active residues may lead to significant conformational
change in that particular portion of the protein. This efficacy
and suitability of ligand was determined on the basis of
binding energy calculations. Ginkgolide showed minimum
binding energy calculations among selected 10 other natural
ligands. This fact of virtual screening for potential ligand
can give new insights toward the therapeutic intonations and
alterations toward the advances in treatment for Eales’
disease.
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Introduction

Eales’ disease is an idiopathic retinal vasculitis of the eye
predominantly characterized by recurrent vitreous hemor-
rhage [1]. It eventually leads to painless loss of vision
[2]. Most commonly, it affects healthy young adult males
and is an important cause of preventable blindness in
young adults [3]. Eales’ disease is distinctively character-
ized both by stage of inflammation as well as stage of
proliferation [4].

It is well reported with the previous studies that inter-
photoreceptor retinol-binding protein 3 (IRBP-3) plays a
significant role in the etiopathogenesis of this condition.
IRBP-3 transports retinoids between the retinal pigment
epithelium and the photoreceptors, a critical role in the
visual process [5–8]. Thus, after analyzing the significant
role of this selected protein, 3D protein model structures of
this protein were generated through comparative modeling
approaches. Prediction of putative functional site, another
important finding, was determined by using computational
approaches. Identification of these functional sites was an-
other very significant outcome which was explored in earlier
docking studies [9, 10].

Docking studies provide detailed view of drug–receptor
interaction and have created new rational approach to drug
designing where the structure of drug is designed based
on its fit to three-dimensional structures of receptor site
[11, 12]. Docking is frequently used to predict the binding
orientation of any small molecule or drug candidates to
their protein targets in order to predict the affinity and
activity of the selected molecule with the target protein.
Hence docking plays an important role in the area of
pharmaceutical industry [13, 14].

Herbal medicine is still the mainstay of about 75–80 % of
the world population, mainly in the developing countries,
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for primary health care because of better cultural accept-
ability, better compatibility with the human body, and lesser
side effects [15]. The chemical constituents present in the
phytochemical are a part of the physiological functions of

living flora and hence they are believed to have better
compatibility with the human body [16].

In this course of work, virtual screening was done by
applying docking studies by AutoDock4.0, which gives the

Fig. 1 Drug receptor interaction. The docked complexes are a alpha pinene; b anethol; c apigenin; d aucubin; e carotol; f cinnamic aldehyde; g
coriandrol; h ginkgolide; i phyllantidine; and j zivulgarin
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idea of most effective and physiologically suitable herbal
molecule [17]. Virtual screening is the most important step
for drug developmental studies [18, 19].

Methodology

Docking studies

Functionality of protein was determined by its 3D
structure which are important for docking studies. 3D
structure of interphotoreceptor retinol-binding protein 3
had already been predicted in previous course of work
[8].

Docking is probably the best known of methods used
to identify the fit between a receptor and a potential
ligand. Predicting ligand–protein interactions is critical
to success in many therapeutic research areas such as
antibody modeling, elucidation of signal transduction
pathways, and identification/optimization of peptide or
protein inhibitors or activators for drug discovery.

The natural ligands selected through literature search
for this study were docked into the modeled 3D struc-
ture of RBP using AutoDock4.0 for virtual screening.
Gasteiger partial charges were added to the ligand
atoms. Nonpolar hydrogen atoms were merged and ro-
table bonds were defined. Docking calculations were
carried out on the protein models. Essential hydrogen
atoms, Kollman charges, and solvation parameters were
added with the aid of AutoDock tools. Affinity (grid)
map of 60×60×60 angstrom grid points and spacing
were generated using the auto grid program. AutoDock
parameter that was set distance-dependent dielectric
functions were used in the calculation of van der Waals
and the electrostatic term, respectively. Docking simula-
tions were performed using the Lamarckian genetic al-
gorithm. Each docking experiment was derived from 10

different runs that were set to terminate after a maxi-
mum of 2,500,000 energy evaluations [20]. This process
was carried out for all selected phytochemicals.

Result and discussion

In first duration of work, functionally important 3D structure
of proteins was predicted along with the binding sites. In
advance course of this work, these predicted binding sites
were used for docking of selected herbal ligands with the
protein RBP. Results are illustrated in Fig. 1. Figure 1 shows
the interaction of RBP domain with alpha pinene, anethol,
apigenin, aucubin, carotol, cinnamic aldehyde, coriandrol,
ginkgolide, phyllantidine, and zivulgarin.

Binding energy calculation results of drug receptor inter-
action, for different herbal compounds, are given in Table 1.
Among the list of 60 selected herbal compounds or ligands,
10 was screened out on the basis of literature search, having
major role in antiocular activity like inflammation, antioxi-
dant, and anti-hemorrhages activity [21, 22]. All the ligands
were docked deeply within the binding pocket region of
RBP. As shown in Table 1, their AutoDock binding free
energies (ΔGb, in kilocalories per moles) and inhibition
constants were obtained. Among these 10 compounds, gink-
golide exhibited the lowest free energy −15.99 kcal/mol
which is representative of the highest potential binding
affinity with the binding site of RBP 3. A good docking
interaction implies the prediction of ligand confirmation and
orientation within targeted binding site and their lower
interactions energies [23]. It can be well predicted from
docking results that during this course ginkgolide was found
to be most effective and strongly binding ligand with
retinol-binding protein 3. This efficacy and suitability of
ligand was determined on the basis of binding energy cal-
culations. As ginkgolide is showing minimum binding en-
ergy calculations hence this was opted as the most suitable

Table 1 Result of drug receptor interaction

Sample no. Drug Run Binding energy
ΔGb (kcal/mol)

Intermolecular
energy

Torsional
energy

Internal
energy

Histogram Inhibition
constant

Binding
residues

1 Alpha pinene 3 −6.24 −6.24 0 −0.10 10 26.88 PRO409

2 Anethol 3 −5.53 −6.13 0.60 −0.15 2 88.46 GLN431

3 Apigenin 1 −5.66 −6.85 1.19 −0.81 5 71.52 TYR495

4 Aucubin 1 −5.79 −8.77 2.98 −1.57 2 57.34 SER428

5 Carotol 4 −5.12 −5.72 0.60 −0.09 2 176.14 PHE447

6 Cinnamic aldehyde 2 −5.38 −5.98 0.60 −0.10 3 113.02 ALA448

7 Coriandrol 8 −5.53 −7.02 1.49 −0.26 6 88.67 ARG479

8 Ginkgolide 8 −15.99 −16.88 0.89 −0.19 7 1.92 ASN487

9 Phyllantidine 5 −7.38 −7.38 0 0.00 2 3.89 TYR495

10 Zivulgarin 9 −5.74 −10.51 4.77 192.63 3 62.18 TRP465
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ligand against Eales’ disease for this selected protein gink-
golide could have good molecular interactions with the
receptor IRBP-3 (Fig. 1; Table 1). Hence, the role of this
compound in inhibiting IRBP-3activity is implied for con-
sideration in Eales-related illness.

Conclusion

The goal was to gain the details of interaction of various
natural antiocular disorders agents (ligands) with IRBP-3
that has its role in Eales’ disease. The docking study
revealed the important natural ligands involved in the inter-
action with IRBP-3. Analysis of the molecular interaction
between IRBP-3 and natural ligands, based on binding
energy, showed that this binding complex of selected
ligands with IRBP-3 is reliable. Understanding ligand–pro-
tein interactions is important for the exploration of intracel-
lular signaling pathways, modeling of protein complex
structures, and for gaining acumens into various biochemi-
cal processes. Substantial study between human IRBP-3 and
natural ligands was analyzed to recommend more and more
proficient search for potential target molecule against Eales’
disease. Virtual screening for potential ligand can give new
insights towards the therapeutic intonations and alterations
towards the advances in treatment for Eales’ disease.
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