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ABSTRACT: 

Age-related or senile cataract is one of the important reasons for blindness in half of the world. Opacification of the inner core 
region of the lens that focuses the light on the retina is inevitable with aging. Gamma-D-crystallin protein is present in the 
middle layer of the lens, which undergoes biochemical and physiological changes leading to opacification of the lens. The 
primary treatment of senile cataract includes surgery, but surgical treatment is not accessible by most people, so identification 
of anti-cataract drugs to treat cataract is focused in the present study. The main objective of the present study is to predict the 
tentative binding parameters like ligand chemistry, receptor flexibility and the scoring function of ligand-receptor complex 
and predominant binding mode (s) of a ligand with the target protein - Gamma-D-crystallin. Drug compounds are retrieved 
from the PubChem database. The 3D structure of Gamma-D-crystallin protein was retrieved from the PDB ID 2G98. Drug 
compounds are screened primarily for ADMETox properties, and docking studies were performed using Glide module of 
Schrodinger software. Docking studies of 3D model of Gamma-D-crystallin protein with  ligands revealed that most of them 
have good binding affinity and maximum G score. In particular, the drug compound salsalate showed -9.21 Kcal/mol of G.score 
and formed 3 numbers of hydrogen bonds with the residues Arg79,Gln54. It is found to have prominent interactions. 
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INTRODUCTION 

Age related or senile cataract is the reason behind the 51% 
of world blindness in people above 50 years, according to 
WHO and Global Burden of Disease, Injuries and Risk 
Factors Study (GBD).1,2,3 The National Blindness and Visual 
Impairment Survey India 2015-19 reported that 66.2% of 
blindness in India is caused by cataracts. A cataract is an 
opacification of the inner ophthalmic crystallin lens that 
focuses light on the retina together with the cornea. Lens 
has the potential to change the focussing range and confers 
its refractive index by one third.4 Degradation of 
transparency of the crystallin lens will lead to the 
development of cataract. Classification of cataract types is 
based on its location on the lens. Nuclear cataract is 
hardening of the inner core middle region of the lens 
caused due to ageing. Cortical cataract is found in the lens 
fibres around the nucleus that extend from outer to inner 
core region. It mainly occurs in diabetics. Sub capsular 
cataracts develop under the lens capsule in the posterior 
cortical layer and are caused by the intake of steroids, 
susception to microwave radiation, and also diabetics.5 
Senile cataract is the key reason for visual impairment in 
age advanced person. Modern surgical treatment of 
cataract comprises the removal of the opaqued lens and 
replacement with a new transparent ocular lens. Although 
cataract surgery is a common procedure practiced 
worldwide, surgical complications, health care cost, 
secondary opacification, requires the alternate method of 
treating senile cataracts.6   

The human eye lens comprises outer epithelial cells and 
inner network of crystallin proteins that maintain unique 
refractive index and transparency of the lens.7 On the 
advancement of age, the middle layer crystallin proteins 
denature and degrade, resulting in the movement of 
epithelial cells to the inner region, gradually develops the 
opacification on the lens.8 Age-related cataract genesis is 
caused by the failure of α-crystallin chaperone activity and 
post-translational modifications (PTMs) of the crystallin 
proteins.9 Successive depletion of thiol residues leads to 
fragmentation of in crystallin proteins, which is associated 
with lens opacification.10  

Senile cataracts can be treated surgically, but it includes 
surgical complications like posterior capsular rupture, 
vitreous loss, posterior loss of lens fragments, injury to 
cornea, iris and lens.11,12 Also post-surgical complications  
like cystoid macular edema, increased intraocular 
pressure, posterior capsular opacification, and protein 
leakage from the breakdown of the blood–aqueous 
barrier.13 Pharmacological treatment in delaying the 
process of opacification of lens leads to the development of 
anti-cataract drugs. Based on in vivo studies of 
anti-cataract drug compounds incubated with eye 
crystalline lens, revealed eye solution comprising of 1% 
N-acetylcarnosine (NAC) can be used as an ophthalmic 
prodrug, other such protein stabilisers like bendazac and 
hydroxybendazac inhibits the progress of cataract 
development.14,15  

The present study involves the identification of drug 
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compounds and their effects on gamma-D-crystallin 
protein in the treatment of senile cataract. Reports 
suggested pirenoxine, aspirin, aspirin like drugs, sorbinil, 
naltrexone can be used as anticataract drugs.16,17,18,19 With 
reference to the studies, the drug compounds that are 
similar in structure and properties to the reported drugs 
were chosen for this study for the identification of new 
drugs in the treatment of senile cataract.  

MATERIALS AND METHODS 

TARGET PROTEIN SELECTION AND 
IDENTIFICATION OF ACTIVE SITE 

Gamma-D-crystallin protein (complementary ID 2G98) 
was retrieved from RCSB Protein Data Bank 
(http://www.rcsb.org/pdb/). The protein structure and 
other reports were obtained from 
(http://www.rcsb.org/pdb/). The active site pocket for the 
Crystallin protein was predicted using bioinformatics tool, 
Ligsite, an online tool available at 
http:/projects.biotec.tu-dresden.de/pocket/. 

SELECTION OF DRUG COMPOUNDS 

Drug compounds that have pharmacological and biological 
activities that obey pharmacokinetic properties were 
selected. Based on the articles published, prescribed 
medications are naltrexone, bendazac and 
hydroxybendazac. Hence, compounds that have similar 
structure and properties to that of drug compounds were 
selected. Around fifty compounds were retrieved from 
Pubchem data base in 2D.sdf file format for further 
analysis. 

ADMETox analysis 

Qikprop, (RRID:SCR_014906) a Schrodinger module is 
used for drug likeness analysis, for studying ADMETox 
properties. Primary results for Thirty-one compounds 
were obtained after screening in qikprop module and 
found that the drug compounds of six in number that 
satisfy ADMETox properties. These six compounds were 
selected and subjected to docking studies. 

DOCKING STUDIES 

The glide module (RRID:SCR_000187) of Schrodinger 
software was used to perform Protein-ligand interactions. 
First, unwanted water molecules were removed from the 
protein. Next, the energy was minimised, and, finally, the 
structure was optimized before docking using a glide 
module. The small molecules or drug compounds were 
organized by neutralizing charged groups, tautomerized 
and improved chirality. The PyMol viewer software was 
used to study the interactions between D crystallin protein 
and drug compound. The glide module was used to 
observe the ability for a drug compound to interact with 
Gamma crystallin protein, conclusively PyMol 
(RRID:SCR_000305) software was used to identify 
hydrogen bonds. 

ETHICS APPROVAL AND CONSENT TO 
PARTICIPATE 

Not applicable 

RESULTS AND DISCUSSION 

Drug compounds were analysed for ADMETox properties 
and observed in a specific range were tabulated in Table 1. 
Number of non-trivial (not CX3), non-hindered (not 
alkene, amide, small ring) rotatable Bond (Rotor), 
Molecular Weight, Computed dipole moment of the 
molecule (dipole), surface area solvent accessibility 
(SASA), number of hydrogen bonds donated and accepted, 
octanol/water coefficient, blood/brain barrier, metabolic 
involvement, percent human oral absorption was included 
for investigation. Percentage for human oral absorption 
was intended, and most of the compounds showed higher 
absorption range. Those compounds that follow ADMETox 
parameters are selected for further docking studies. An 
automated docking program, SYSDOC was a widely used 
tool for docking studies for decades.20 Due to the 
compatibility and advancement of Schrodinger software, a 
glide  module from Schrodinger software was used in 
this study. The results revealed Glide score (G.score), 
interacting residues, bond length and interaction type with 
that of targeted Gamma crystallin protein.(Table 2) 
Consequently, in silico pharmacokinetic evaluation was 
performed in 1,2,4-triazole and 1,3,4-oxadiazole and 
interpreted as these compounds were a good contender as 
a drug.21 In addition, inhibitory action of quercetin 
glycosides by computational docking studies was 
performed by Syed Aun Muhammad and Nighat Fatima 
(2015).22 

The overall Glide score were experiential in the range of 
-6.49 to -9.21Kcal/mol. The compound salsalate showed 
-9.21 Kcal/mol of G.score and formed 3 number of 
hydrogen bonds with the residues Arg79,Gln54. 
Incorporating Glide module for docking studies is most 
common among researchers. 19 The compound had two 
hydrogen bond interaction with Arg79 with bond length of 
2.0 Å and 1.7 Å, whereas Gln54 had hydrogen bond 
interaction with bond length 2.4 and Leu144 had oxygen 
bond interaction with bond length 1.8 Å. The compound 
2-Amino-3-oxophenoxazine-1-carboxylic acid showed 
-7.96 Kcal/mol of G.score and formed 4 number of 
hydrogen bonds with the residues Trp156, Tyr156, 
Leu144, Gln54, Tyr150, Arg79 with bond length 
3.0,1.9,3.4,2.1,1.9,1.7 Å, respectively. The compound 
1-Amino-5-hydroxybenzo[a]phenoxazin-2-one showed 
-7.67 Kcal/mol of G.score and the formed 2 number of 
hydrogen bonds with the residues Tyr150, Tyr45 with 
bond length 2.2 Å. The compound also formed 2 number of 
oxygen bonds with Asp155, Leu144 with bond length 2.2 
and 2.4 Å respectively. The compound Pirenoxine showed 
6.67 Kcal/mol of G.score and formed 2 number of oxygen 
bonds with Tyr50 and Gly154 with bond length 2.8 and 3.5 
Å respectively. Also, it formed 1 number of Hydrogen bond 
with Gly52 with bond length 2.0 Å. The compound 
1-Hydroxy-5-oxo-5H-pyrido[3,2-a] 
phenoxazine-3-carboxylate showed -6.63 Kcal/mol of 
G.score and formed one hydrogen bond and one oxygen 
bond to the Gly52 and Tyr50 residues with bond length 2.0 
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and 2.9 Å respectively. The compound 
2,6-Dimethoxybenzoic acid -6.49 Kcal/mol of G.score and 
formed 3 number of hydrogen bonds with the residues 
Arg167 with bond length 2.2, 2.8 Å and formed one 
number of hydrogen bonds with the residue Tyr62 with 
bond length 2.0. The interaction of Gamma crystallin 

protein with salsalate alone is shown in figure 3.1. Docking 
studies for several compounds of different origin were also 
done. For exitance, docking studies for phenolic 
compounds identified from wild mushrooms were 
analysed.23 

TABLE 1 ADMETOX PROPERTIES OF DRUG COMPOUNDS 
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4.0 - 
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(<25% is 
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Ma
x.4 

M
a
x
.
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Pirenoxine 

(4846) 
1 308.25 2.135 387.04 2 8 13.999 

13.87
2 

-0.33
9 

-0.958 1 2 54.802 0 0 

Salsalate 

(5161) 
4 258.23 5.698 393.682 1 4.25 10.078 8.113 1.451 -1.012 1 3 70.002 0 0 

2,6-Dimethoxybenzoic acid(15109) 3 182.176 4.096 475.271 1 3.5 9.085 6.545 1.942 -1.074 3 3 77.163 0 3 

1-Hydroxy-5-oxo-5H-pyrido[3,2-a]
phenoxazine-3-carboxylate(248682

67) 
1 308.25 4.628 387.039 2 8 14.369 

13.87
2 

-0.33
9 

-0.958 1 2 54.802 0 1 

2-Amino-3-oxophenoxazine-1-carb
oxylic acid(117846692) 

2 256.217 4.539 340.434 2 5.5 11.337 
10.75

9 
0.154 -0.754 2 2 62.129 0 2 

1-Amino-5-hydroxybenzo[a]phenox
azin-2-one(150932900) 

2 278.267 3.591 366.507 
2.
5 

5.25 12.591 
11.48

6 
0.308 -0.469 3 3 80.364 0 2 

N-Acetyl-DL-cysteine (94364) 

 
0 163.191 5.387 330.863 2 3.2 8.768 7.297 0.207 -0.2 1 3 82.695 0 0 

Aspirin (2244) 

 
3 180.16 2.785 351.238 1 4.75 7.962 7.791 0.192 -0.91 0 2 63.9 0 0 

Bendazac (2313) 

 
1 282.298 4.088 574.761 3 6.4 16.743 

13.93
1 

1.111 -0.65 2 3 89.102 0 0 

Methyl salicylate (4133) 

 
2 152.149 3.221 372.539 0 1.75 4.622 3.241 1.492 -0.232 2 3 95.983 0 0 

Tiopronin (5483) 

 
1 163.191 5.046 430.102 

4.
6 

3.4 13.626 
11.48

4 
0.069 -0.748 1 3 77.831 0 0 

Histidine (6274) 

 
1 155.156 5.816 366.801 

4.
3
3
3 

2.33
3 

12.16 
10.21

1 
0.006 -1.189 1 2 58.273 0 0 

Phenyl salicylate (8361) 

 
3 214.22 1.808 333.413 0 2.25 5.679 4.344 1.515 -0.027 1 3 100 0 0 

Ethyl salicylate (8365) 3 166.176 2.314 303.744 1 3.75 6.434 6.367 0.223 -0.233 1 3 86.262 0 0 

Triflusal (9458) 

 
3 248.158 2.822 382.961 1 4.75 8.523 7.468 0.606 -0.816 0 3 67.379 0 0 
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2-Methoxybenzoic acid 

(11370) 

 

2 152.149 4.194 415.376 1 2.75 7.543 6.136 1.689 -1.043 2 3 75.34 0 0 

Acetylcysteine (12035) 0 163.191 5.387 330.863 2 3.2 8.768 7.297 0.207 -0.2 1 3 82.695 0 0 

Benzydamine (12555) 

 
0 309.41 2.912 647.505 3 3 16.301 

10.36
5 

3.755 0.544 2 1 100 0 1 

Butyl salicylate (16330) 3 194.23 2.566 385.241 1 3.75 8.162 6.483 1.078 -0.208 2 3 93.272 0 0 

Methyl 2-methoxybenzoate 
(61151) 

2 166.176 5.517 515.227 0 2.75 7.572 4.55 2.023 -0.579 2 3 100 0 0 

D-Histidine (71083) 

 
1 155.156 5.816 366.801 

4.
3
3
3 

2.33
3 

12.16 
10.21

1 
0.006 -1.189 1 2 58.273 0 0 

N-Acetyl-D-cysteine (94364) 

 
0 163.191 5.387 330.863 2 3.2 8.768 7.297 0.207 -0.2 1 3 82.695 0 0 

Anserine (112072) 0 240.261 9.506 464.309 
6.
5 

6.2 20.588 
17.39

9 
-0.68

6 
-0.757 1 3 60.435 1 0 

Mercaptopropionylglycine 
(165505) 

 

1 163.191 6.78 437.793 
5.
4 

5.6 16.643 
14.87

7 
-0.59

8 
-0.787 1 3 73.171 0 0 

Carnosine (439224) 

 
0 226.235 6.381 413.803 

6.
5 

5.2 18.01 
16.44

4 
-1.05

2 
-0.953 1 2 54.501 1 0 

Bucillamine (656604) 

 
0 223.305 7.144 395.213 5 3 14.705 

11.61
1 

0.359 -0.105 1 3 85.02 0 0 

n-Acetyl-l-cysteinate (7043949) 

 
0 163.191 2.26 330.863 3 4.2 10.032 9.747 

-0.21
1 

-0.2 1 3 80.245 0 0 

N-Acetylcarnosine (9903482) 

 
0 268.272 3.128 447.387 5 6.7 17.198 

15.60
5 

-0.50
5 

-0.702 1 3 60.425 1 0 

N-Monoacetylcystine (12049111) 

 
1 282.329 8.209 493.756 5 4.2 17.588 

13.73
2 

0.16 -2.031 1 2 36.385 1 1 

N-(3-Sulfanylpropanoyl)-L-alanine 
(13036940) 

 

1 177.218 0.388 425.251 
6.
4 

5.6 16.845 
16.18

1 
-0.65

5 
-0.516 1 3 76.094 0 0 

3,4-Dihydro-2H-[1,3]oxazino[3,2-b]
indazole (13664293) 

 

0 174.202 0.402 275.028 1 2 5.548 4.886 1.088 0.421 0 3 100 0 0 

TABLE 2 INTERACTION OF DRUG COMPOUNDS WITH GAMMA-D-CRYSTALLIN PROTEIN 

Name of the ligand  Residues interaction 
Bond 
length (å)  

No of 
bonds 

formed 

G. score 

(kcal/mol) 

Pirenoxine(4846) 

TYR 50(O=O) 2.8 

3 
-6.67 

 
GLY52 (O-H) 2.0 

GLN154(O=O) 3.5 

Salsalate(5161) 

ARG79(O-H) 2.0 

4 
-9.21 

 

ARG79(O-H) 1.7 

GLN54(O-H) 2.0 

LEU144(H-O) 1.8 

2,6-Dimethoxybenzoic acid(15109) 

ARG167(O-H) 2.2 

4 
-6.49 

 

ARG167(O-H) 2.4 

ARG167(O-H) 2.8 

TYR-62(O-H) 2.0 

1-Hydroxy-5-oxo-5H-pyrido[3,2-a]phenox
azine-3-carboxylate(24868267) 

GLY52(O-H) 2.0 
2 

-6.63 

 TYR50(O=O) 2.9 

2-Amino-3-oxophenoxazine-1-carboxylic 
acid(117846692) 

TRP156(0=0) 3.0 6 

 

-7.96 

 TYR156(O-H) 1.9 
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LEU144(0=0) 3.4  

 

 

  

GLN54(0-H) 
2.1 

TYR150(O-H) 1.9 

ARG79(O-H) 1.7 

1-Amino-5-hydroxybenzo[a]phenoxazin-2
-one(150932900) 

ASP155(H-O) 2.2 

4 
-7.67 

 

TYR150(O-H) 2.2 

LEU144(H-O) 2.4 

TYR45(O-H) 2.2 

 

 

FIG. 1 THE INTERACTION OF GAMMA CRYSTALLIN PROTEIN WITH SALSALATE 
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