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A B S T R A C T  

Vas cu lar en dothe lial growth fac tor (VEGF) is a mi to gen, which plays a vi tal role in an gio gen e sis and neo vas - 
cu lar iza tion. Nu mer ous med ica tions have been de vel oped to in hibit VEGF in can cer, be cause of its sig nif i cance 
in tu mor de vel op ment and its sur vival. Hence, the cur rent study is fo cused on iden ti fy ing phy to com pounds to 
di rectly tar get VEGF re cep tors us ing in - silico ap proach. In this study, a com pu ta tional ap proach has been ap - 
plied to elu ci date the role of the phy to com pounds in in hi bi tion of an gio gen e sis through mod u la tion of VEGF 
re cep tors re spon si ble for an gio gen e sis. Mol e c u lar dock ing analy sis was per formed us ing AutoDock 4.2 soft - 
ware. In ad di tion, the in sil ico AD MET analy sis was car ried out to pre dict the phar ma co ki netic prop er ties. 
Among the 50 phy to com pounds tested, 6 com pounds (Eri odyc tiol, Epi cat e chin, Scutel larin, Ginkgolide A, 
Tetran drine and Bassic acid) showed a bet ter in ter ac tion pro file than stan dard drug (Tri am ci nolone). Our 
study sug gests a po ten tial ther a peu tic ef fect of these phy to com pounds for in hibit ing an gio gen e sis, thereby pro - 
vid ing inkling for novel drug de sign for proan gio genic dis eases such as DR. 

1 . Introduction 

Di a betes is a com plex con di tion and among them, Type 1, Type 2 
and ges ta tional di a betes are af fect ing di verse groups of peo ple. The 
ef fects of these nag ging con di tions are sec ondary com pli ca tions like 
Di a betic Retinopa thy (DR), neu ropa thy and nephropa thy. Among 
which DR oc curs com monly ( Ciulla. et al., 2003 ). Ac cord ing to stud - 
ies, pa tients with Type 2 di a betes mel li tus (DM) are more prone to 
DR, un like Type 1 DM. The de creased trend in Type 1 DM pa tients 
was due to con sis tent con trol of blood glu cose ( Khan et al., 2019 ). DR 
is the ma jor cause of vi sion loss or im pair ment in Type 2 DM pa tients, 
and is clas si fied into pro lif er a tive and non - proliferative DR ( Heng et 
al., 2013 ). The retina ex pe ri ences swollen blood ves sels and leak age 
of fluid re sult ing in a con di tion called mac u lar oedema. When it 
comes to patho gen e sis, there are mul ti ple bio chem i cal and mol e c u lar 
mech a nisms known to cause DR. One such mol e c u lar mech a nism in - 
volves Mi croR NAs (miRNA). The miR NAs are small non - coding RNA 
with 18 – 25 nu cleotides ca pa ble of reg u lat ing gene ex pres sion by sup - 
pres sion. Vas cu lar en dothe lial growth fac tor (VEGF) is a mi to gen, 
which plays a vi tal role in an gio gen e sis and neo vas cu lar iza tion. There 
are vari ants in VEGF but the max i mum of the miR NAs in volved in DR 

is up - regulated VEGF - A. Stud ies sug gest that el e vated blood glu cose 
can cause ox ida tive stress char ac ter ized by an ex cess of re ac tive oxy - 
gen species (ROS), in flam ma tion, and hy poxia etc ( Singh. et al., 2008 ). 

An gio gen e sis is a com plex process in which the pre - existing blood 
ves sels give rise to the new ones. There are var i ous chem i cal me di a - 
tors which can reg u late the an gio genic process, such as VEGF. The 
blood ves sels grow in re sponse to VEGF un der the con di tion of the hy - 
poxic retina. In creased mRNA tran scrip tion and ex pres sion of VEGF is 
the pri mary rea son be hind it. How ever, its cel lu lar re sponses are stim - 
u lated by bind ing to ty ro sine ki nase re cep tors on the en dothe lial cell 
sur face, caus ing them to dimer ize and be come ac ti vated through 
transpho s pho ry la tion ( Temirak, 2014 ). 

Many patho logic vas cu lar dis eases, such as mac u lar de gen er a tion, 
DR, reti nal vein oc clu sion of the eye in volves VEGF and block ing 
VEGF is ben e fi cial in these dis eases. Cur rent treat ments in clude laser 
ther apy which en sures quite long - term ef fi cacy, par tic u larly for mac u - 
lar oedema pa tients. Laser ther apy is con sid ered as the golden stan - 
dard of treat ment, yet it is not ef fec tive in some pa tients ( Jasmine and 
Vanaja, 2013 ). Vit rec tomy is the re moval of vit re ous hu mour ( Heng et 
al., 2013 ). In tra vit real in jec tions con tain steroidal com pounds to re - 
duce cap il lary per me abil ity and in flam ma tion. In trav it real dex am - 
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etha sone, flu o ci nolone, and tri am ci nolone have been in ves ti gated so 
far ( Jasmine et al., 2013 ). In the pre sent study, Tri am ci nolone is used 
as a stan dard drug. Apart from these, anti - angiogenesis or anti - VEGF 
agents are used. Two com mer cially avail able agents are mon o clonal 
an ti bod ies - Ranibizumab and Be va cizumab. Re cently, Reti nal spe cial - 
ists are in clined to wards anti - VEGF agents for treat ing this re cur rent 
con di tion of an gio gen e sis. Phy to com pounds are mainly used to treat 
com mu ni ca ble and non - communicable dis eases ( Ranjani et al., 2019 ). 
Hence, our study in ves ti gates a set of nat ural phy to com pounds to tar - 
get VEGF, in turn, to be used as anti - VEGF agents or as a po ten tial 
drug can di date to treat DR. 

2 . Materials and methods 

2. 1 . Phytocompounds 

Nat ural bioac tive con stituents of plants in clud ing al ka loids, 
flavonoids, ter penoids and many more were se lected and their 3D 
struc ture, was down loaded from Pub Chem in SDF for mat. Ini tially, 50 
phy to com pounds were se lected for analy sis. To com pare the in ter ac - 
tions be tween VEGF and phy to com pounds, we had also com pared 
with the in ter ac tion of stan dard drug, Tri am ci nolone (an in trav it real 
steroidal com pound) to bind with VEGF. The 3D struc ture of the drug 
was also down loaded from Pub Chem in SDF for mat. 

2. 2 . Protein preparation 

The three - dimensional crys tal struc ture of com pounds was ob - 
tained from Re search Col lab o ra tory for Struc tural Bioin for mat ics Pro - 
tein Data Bank (RCSB PDB) ( http:// www. rcsb. org/ pdb/ home/ home. 
do ). in the. pdb for mat as 3QTK with out any com plexed lig ands. This 
was processed us ing AutoDock 4.2 soft ware. The pro tein VEGF - A was 
fur ther cleaned by re mov ing the non - essential wa ter mol e cules and 
po lar hy dro gens were added and Koll man charges were com puted 
(−18.952). 

2. 3 . Ligand preparation 

The three - dimensional struc tures of 50 short listed phy to com - 
pounds were down loaded from Pub Chem ( https:// pubchem. ncbi. nlm. 
nih. gov/ ) in SDF for mat, were fur ther con verted to PDB for mat us ing 
Open Ba bel Con verter ( http:// openbabel. org/ wiki/ Main_ Page ) to be 
com pat i ble with mol e c u lar dock ing analy sis. Tor sion an gles and aro - 
matic ity cri te ria were set for the lig and. Af ter this, the ac tive sites of 
bind ing in the pro tein were found out us ing on line tools prefer ably 
click 2 drug and bind ing site pre dic tor. These were used to set the grid 
pa ra me ters. Af ter the min i miza tion process, the grid box res o lu tion 
was set at 60  ×  60  ×  60 points along the x, y, and z - axes re spec tively 
at a grid res o lu tion of 0.375A° to de fine the bind ing site. The grid box 
cen tered in the pro tein is used for ob tain ing fa vor able dock ing con for - 
ma tions ( Ciulla et al., 2003 ). 

2. 4 . Molecular docking simulation 

Fol low ing the re cep tor and lig and prepa ra tion, mol e c u lar dock ing 
analy sis was per formed by AutoDock 4.2 ( http:// autodock. scripps. 
edu/ ). We first docked the con trols and sub se quently the in ter ac tions 
were com pared with re sults of short listed 50 phy to com pounds into 
the ac tive sites. The Lamar ck ian ge netic al go rithm was used to make 
dock ing cal cu la tions. Ge netic Al go rithm (GA) pa ra me ters were set as 
de fault. 10 runs were per formed ranked ac cord ing to best bind ing en - 
er gies. The fi nal docked re sults were ob tained as (.dpf) file. The re - 
sult ing con for ma tions were vi su al ized us ing Dis cover Stu dio Vi su al - 
izer ( Caldwell et al., 2003 ). Bind ing site residues were vi su al ized 
along with bond length for the best bind ing en ergy con for ma tion. 

2. 5 . In silico analysis 

2. 5. 1 . Lipinski screening 
Lip in ski rule of five also called Pfiz er's rule is used to eval u ate the 

drug - likeness and dura bil ity of a phy to chem i cal or chem i cal com - 
pound ( Lipinski, 2004 ). Us ing this any bi o log i cally or the phar ma ceu - 
ti cally ac tive com pound can be tested for its oral ac tiv ity us ing this 
thumb rule of five. Lig ands of this par tic u lar study were an a lyzed us - 
ing http:// www. scfbio - iitd. res. in/ software/ drugdesign/ lipinski. jsp 
which analy ses us ing five rules. The Phy to com pounds sat is fy ing this 
rule was sub jected to dock ing analy sis. 

2. 6 . ADMET analysis 

Any bi o log i cal or phar ma ceu ti cally ac tive com pound be fore be ing 
se lected as a drug can di date should un dergo phar ma co ki netic analy sis 
( Daina et al., 2014 ). Bioavail abil ity, in testi nal ab sorp tion, blood - brain 
bar rier per me abil ity, drug - likeness, tox i c ity, and many other fac tors 
need to be eval u ated. Lig ands of our study were eval u ated us ing the 
Swiss ADME on line tool ( http:// www. swissadme. ch/ ). This is just to 
aid fur ther in ves ti ga tions on for mu la tions for our lig ands/ phy to com - 
pounds. Wa ter sol u bil ity was cal cu lated based on (ESOL Topo log i cal 
method im ple mented and lipophilic ity was cal cu lated ( Diana and 
Zoete, 2016 ). 

2. 7 . Analysis of molecular properties by molinspiration 

Molin spi ra tion is a chem in for mat ics soft ware ( http:// www. 
molinspiration. com/ ) used to cal cu late im por tant mol e c u lar prop er - 
ties of lig ands be fore dock ing. Mol e c u lar prop er ties in clude logP, po - 
lar sur face area, num ber of hy dro gen bond donors and ac cep tors and 
oth ers, as well as pre dic tion of bioac tiv ity score for the most im por - 
tant drug tar gets (G - protein - coupled re cep tors (GPCR) lig ands, ki nase 
in hibitors, ion chan nel mod u la tors, nu clear re cep tors) ( Daina and 
Zoete, 2016 ). These prop er ties are cal cu lated us ing canon i cal SMILES 
of re spec tive six lig ands. SMILES for mula was ob tained from Pub - 
Chem. 

2. 8 . Molecular dynamics and simulated annealing 

Docked re sults of six phy to com pounds were sub jected to dy nam ics 
and sim u lated an neal ing us ing SYBYL Dy nam ics model. Mol e c u lar dy - 
nam ics and sim u lated an neal ing were per formed only with lig ands to 
ob serve the move ment of atoms and the con for ma tional changes of 
the lig and and to check its sta bil ity ( Priya et al., 2018 ; Ubaid et al., 
2018 ; Akther et al., 2019 ; Arpudhamary et al., 2019 ) Dy nam ics was 
car ried out for 10 ns. The pop u lar force field AM BER was used 
( http:// ambermd. org/ ). Re sults had cer tain lig ands with changed con - 
for ma tion and thereby re duced the num ber of bonds ( Fazeela 
Mahaboob Begum et al., 2017a, b ) This sug gests that con for ma tional 
changes could not sup port lig ands to a good drug can di date and the 
orig i nal dock ing re sults were bet ter ( Fazeela Mahaboob Begum et al., 
2017a, b ). 

3 . Results 

The mol e c u lar mech a nism or the patho gen e sis of DR was stud ied 
to find out the role of VEGF in neo vas cu lar iza tion and an gio gen e sis in 
the retina. To de velop a suit able drug can di date, 50 phy to com pounds 
were screened against VEGF. In our study, 50 nat ural bioac tive con - 
stituents of plants be longed to the class of flavonoids, ter penoids, 
polyphe nols, lipids, and acids ( Fig. 1 ). 

All these com pounds were docked with VEGF us ing AutoDock 4.2 
soft ware. To know if our docked lig and had in ter acted well, we com - 
pared it with the in ter ac tion of stan dard drug Tri am ci nolone ( Fig. 2 ). 

http://www.rcsb.org/pdb/home/home.do
http://www.rcsb.org/pdb/home/home.do
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
http://openbabel.org/wiki/Main_Page
http://autodock.scripps.edu/
http://autodock.scripps.edu/
http://www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp
http://www.swissadme.ch/
http://www.molinspiration.com/
http://www.molinspiration.com/
http://ambermd.org/
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Fig. 1 . Struc tures of 50 phy to com pounds used in the study. 

Af ter dock ing our lig ands with tar geted pro tein, the bind ing en ergy 
value (kcal/ mol), in hibitory con stant (μm) and lig and bind ing site 
amino acids were recorded. The bind ing en ergy of our stan dard drug 
was found to be −5.18  kcal/ mol with bind ing site amino acid to be 
THR70, AS P12. Among 50 lig ands screened, only six phy to com pounds 
had bind ing en ergy com pa ra ble to that of stan dard drug. These com - 
pounds were iden ti fied as Eri odyc tiol, Epi cat e chin, Scutel larin, 
Ginkgolide A, Tetran drine and Bassic acid and their re spec tive bind - 
ing en er gies are −5.42, −5.27, −5.84, −5.05, −6.02 and −5.99  kcal/ 
mol re spec tively ( Table 1 ). From the re sults, it is clear that these phy - 
to com pounds had rel a tively good bind ing en ergy and they were able 
to bind to VEGF just like the stan dard drug. 

3. 1 . Lipinski screening 

Epi cat e chin, Eri odyc tiol and Ginkgolide A had good drug - likeness 
sat is fy ing all five cri te ria. This proves that lig ands can serve as qual i - 
fied drug can di dates. 

Phar ma co ki netic analy sis per formed us ing Swiss ADME has given 
im por tant in for ma tion for all the lig ands which can help in fur ther 
for mu la tion and in vitro stud ies. The wa ter sol u bil ity and lipophilic ity 
re sults of the lig ands were given in Table 2 . All the six lig ands were 
highly wa ter - soluble ex cept Bassic Acid which is mod er ately sol u ble. 
Among the six lig ands tested Scutel larin showed the least lipophilic ity 
( Table 2 ). 

In or der to study the dy namic re sults with both lig and and pro tein, 
one among the best - docked lig ands (Scutel larin) that had both best 
bind ing en ergy and Lip in ski drug - likeness was fur ther sub jected to 
mol e c u lar dy namic analy sis us ing MD Sim u la tion soft ware with con - 
stant tem per a ture and de fault pa ra me ters. In ter ac tion re sults of dock - 
ing, dy nam ics and sim u lated an neal ing were com pared and the sta bil - 
ity of the in ter ac tion was con firmed. With this sim u lated analy sis, the 
sim u lated struc ture was not af fected crit i cally and RMSD did n't cross 
2  Å away from the ini tial struc ture. The Ra dius of gy ra tion also re - 
mained at 20  Å ( Fig. 3 ) ( Priya et al., 2018 ) Fig. 4 Scutel larin con for - 
ma tion be fore and af ter sim u lated an neal ing showed dis ap pear ance of 
bonds ( Fig. 4 ). 

Fur ther, the drug abil ity of lig ands was stud ied by cal cu lat ing 
prop er ties such as ki nase in hibitors (KI), pro tease in hibitors (PI), ion 
chan nel mod u la tors (ICM), nu clear re cep tor lig ands (NRL), en zyme 
in hibitors (EI) and lig ands as GPCR. All these prop er ties were cal cu - 
lated as bioac tiv ity scores. Scores of > 0.00 rep re sent high ac tiv ity, 
while scores be tween 0.00 to −0.5 rep re sent mod er ate ac tiv ity and 
scores <−0.5 rep re sent in ac tiv ity. Among all the legands Tetran drine 
sat is fied all the cri te ria to be used as po ten tial lead com pound when it 
was com pared with other lig ands ( Table 3 ) Based on NRL, all the 
com pounds ex cept tetran drine showed good ac tiv ity scores with po - 
ten tial as promis ing ther a peu tic agents ( Table 4 ). The larger the value 
of the score, the higher will be the prob a bil ity that the par tic u lar mol - 
e cule will be ac tive. 
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Fig. 2 . In ter ac tion of VEGF with (A) Eri odyc tiol (B) Epi cat e chin (C) Scutel larin (D) Ginkgolide A (E) Tetran drine (F) Bassic Acid and (G) stan dard drug Tri am ci - 
nolone us ing Dis cover stu dio vi su al izer. 

Table 1 
In ter ac tion re sults of best - suited com pounds com pared to stan dard drug. 

S.No Phytocompounds Binding 
Energy 
(Kcal/Mol) 

Ligand 
Binding Site 
Residue 

No. of 
Hydrogen 
Bonds 

Vanderwaal's 
Residue 

Drug Triamcinolone −5.18 THR70, ASP12 2 LYS9, ASN68 
1 Eriodyctiol −5.42 GLN72, 

ASP12, GLU68 
3 LYS9, ASN68 

2 Epicatechin −5.27 VAL7, LYS9, 
GLN72, 
GLU86, ASP12 

5 VAL8 

3 Scutellarin −5.84 VAL7, ARG16, 
THR70, 
ASN68 

4 LYS9, ILE69 

4 Ginkgolide A −5.05 GLN91 1 ASP12, GLU23 
5 Tetrandrine −6.02 VAL7, ARG16 2 LYS9, ASP12, 

ILE69 
6 Bassic acid −5.99 VAL7, ASP12 2 LYS9, ARG16, 

GLU23, 
GLN91, LEU47 

4 . Discussion 

An gio gen e sis is a com plex phys i o log i cal process through which the 
pre - existing blood ves sels give rise to new ones. It in volves the mi gra - 
tion, growth, and dif fer en ti a tion of en dothe lial cells within the wall of 
blood ves sels ( Carmeliet and Jain, 2000 ). An gio gen e sis plays an im - 
por tant role in tu mor growth and metas ta sis ( Nishida et al., 2006 ). 
An gio gen e sis is con trolled by chem i cal sig nals in the hu man body. 
Among the chem i cal sig nals, VEGF plays a vi tal role in an gio gen e sis. 
VEGF is ex pressed at the very early stages of growth in most of the tu - 

Table 2 
Swiss AD MET analy sis. 

Ligands Water Solubility Gi 
Absorption 

Bbb 
Permeant 

P - Gp 
Substrate 

Lipophilicity 

Eriodyctiol −3.26 (Soluble) High No Yes 1.62 
Epicatechin −2.22 (Soluble) High No Yes 1.47 
Scutellarin −3.27 (Soluble) Low No Yes 1.11 
Ginkgolide 

A 
−2.68 (Soluble) High No Yes 1.56 

Bassic Acid −5.91 
(Moderately 
soluble) 

High No Yes 3.32 

Tetrandrine −8.02 (Poorly 
soluble) 

High No No 5.16 

mors ( Ferrara et al., 2003 ). As a part of can cer treat ment modal i ties, 
anti - VEGF med ica tion is cur rently used in which, the mech a nism of 
tu mor re sis tance to VEGF med ica tion is the main tar get. 

In this study, in sil ico mol e c u lar dock ing and in ter ac tion stud ies 
were per formed to ex plore the ther a peu tic po ten tials of var i ous phy - 
to com pounds to in hibit an gio gen e sis through mod u la tion of VEGF re - 
cep tors. Upon com par i son with the stan dard drug (tri am ci nolone) 
which is widely used in trav it real cor ti cos teroid in jec tion, 6 phy to com - 
pounds showed the po ten tial to be used as a drug can di date. All 6 
com pounds in ter acted well with VEGF. Based on bind ing en ergy, 
Tetran drine had the best bind ing en ergy score of – 6.02  kcal/ mol with 
2 lig and bind ing site residues (VAL and ARG). Bind ing en ergy gives 
the strength of in ter ac tion and affin ity of the com pound to bind with 
a par tic u larly ac tive site of the tar get pro tein. Lower the bind ing en - 
ergy bet ter is the in ter ac tion. How ever, based on hy dro gen bonds or 



Biocatalysis and Agricultural Biotechnology 22 (2019) 101424

5

A.Shirin Lutfiya et al. 

Fig. 3 . Dy namic re sults of scutel larin us ing MD Sim u la tion soft ware. 

Fig. 4 . Scutel larin con for ma tion be fore and af ter sim u lated an neal ing show ing dis ap pear ance of bonds. Table 3 

Table 3 
Physic o chem i cal pa ra me ters of the lig and. 

Ligand GPCR ICM KI NRL PI EI 

Eriodyctiol 0.07 −0.20 −0.22 0.46 −0.09 0.21 
Epicatechin 0.41 0.14 0.09 0.60 0.26 0.47 
Scutellarin 0.08 −0.09 0.01 0.33 −0.05 0.41 
Ginkgolide A 1.15 0.07 −0.29 0.14 0.34 0.35 
Tetrandrine −0.11 −0.77 −0.62 −0.71 −0.13 −0.44 
Bassic Acid 0.23 −0.28 −0.35 0.79 0.16 0.66 

GPCR: G - protein - coupled re cep tors; ICM: Ion chan nel mod u la tors; KI: Ki nase 
in hibitors; NRL: Nu clear re cep tor lig ands; PI: Pro tease in hibitors; EI: En zyme 
in hibitors. 

Table 4 
Es ti ma tion of drug abil ity of the lig and. 

Ligand miLogP TPSA MW Nrotb 

Eriodyctiol 1.63 107.22 288.25 1 
Epicatechin 1.37 110.37 290.27 1 
Scutellarin 0.07 207.35 462.36 4 
Ginkgolide A −1.46 128.60 408.40 1 
Tetrandrine 6.55 61.88 622.76 4 
Bassic Acid 4.45 97.98 486.69 2 

the num ber of lig and bind ing sites, Scutel larin had the best re sults 
with 4 hy dro gen bonds (VAL, ARG, ASN and THR) and a bind ing en - 
ergy score of −5.84  kcal/ mol. Nu clear re cep tors (NRL) are ma jor 
phar ma ceu ti cal tar gets since they are known to play an im por tant role 
in di a betes and its reg u la tion ( Gupta et al., 2013 ). Fur ther in - silico 
analy sis of these com pounds pre dicted drug - likeness and AD MET 
prop er ties. Lip in ski drug - likeness with in put pH value 7.0 re vealed 
eri odyc tiol, epi cat e chin and ginkgolide A to sat isfy all the cri te ria 
suited for a drug can di date. Sim i larly, AD MET analy sis was also done 
so that it can aid fu ture in ves ti ga tors dur ing drug for mu la tions. 
Molin spi ra tion gives the phys io chem i cal prop er ties of the lig and. Be - 
fore and af ter dock ing, these pa ra me ters aid dif fer ent as pects of drug 
de vel op ment. 

There are var i ous tech niques cur rently used to block the VEGF 
path way in which, one of the im por tant one is neu tral iz ing mon o - 
clonal an ti bod ies against VEGF or its re cep tor ( Cardones and Banez, 
2006 ). Re search sug gests that anti - VEGF mol e cules alone can block 
the an gio gen e sis and de lay tu mor pro gres sion ( Carmeliet and Jain., 
2000 ). How ever, the mech a nisms in volv ing the de struc tion of tu mor 
blood ves sels by anti - VEGF ther apy and in ves ti ga tions of anti - VEGF 
ther a pies as po ten tial anti - cancer treat ment modal i ties are un der ex - 
plo ration ( Ellis and Hicklin, 2008 ). Sim i larly, the use of anti - VEGF 
ther a pies has been widely used in var i ous dis eases such as oc u lar dis - 
eases, in clud ing Neo vas cu lar Age - related Mac u lar De gen er a tion 
(NVAMD), DR, and reti nal vein oc clu sions ( Kim and D'Amore PA., 
2012 ). More over, VEGF is a vi tal fac tor in oc u lar home osta sis 
( Tolentino, 2011 ). Re cent strate gies to re duce the risk of DR are good 
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man age ment of blood glu cose and blood sugar ( Parveen et al., 2018 ). 
Upon in ci dence, the ther a peu tic strate gies range from laser pho to co - 
ag u la tion to vit rec tomy. Al though all these in va sive and sur gi cal pro - 
ce dures are quite suc cess ful, they have side ef fects and risk of per ma - 
nent dam age to the reti nas. This led to a new be gin ning of us ing anti - 
angiogenesis agents to di rectly in hibit an gio gen e sis. Ini tially, cer tain 
agents that were found ef fec tive in con trol ling tu mor growth have 
been ex per i mented for their ef fi cacy in re tar da tion of neo vas cu lar iza - 
tion. In ter feron - alpha - 2a, thalido mide are few drugs that were in clin - 
i cal tri als and were quite suc cess ful in tar get ing VEGF ( Ciulla et al., 
2003 ). With all the cur rent sur gi cal treat ments hav ing side ef fects of 
re cur rence or per ma nent vi sion loss, plant com pounds play a sig nif i - 
cant role wherein the de gree of per ma nent dam age is far re duced. 
Since these com pounds are de rived from nat ural sources, their avail - 
abil ity, cost and for mu la tion be come easy ( Tarr et al., 2013 ). 

These bioac tive con stituents are known to be in volved in the anti - 
angiogenesis process. There fore, fur ther in ves ti ga tions on its phar ma - 
co ki netic and dy namic prop er ties is re quired to be for mu lated as a 
suc cess ful drug can di date. In ad di tion, these com pounds can also be 
in ves ti gated for their phar ma co dy nam ics and ki netic prop er ties us ing 
in vitro and in vivo ap proaches. 

5 . Conclusion 

In this study, in sil ico analy sis was per formed to ex plore the ther a - 
peu tic po ten tial of var i ous phy to com pounds to in hibit an gio gen e sis 
through mod u la tion of VEGF re cep tors. The over all analy sis sug gested 
that the phy to com pounds have the po ten tial to firmly bind with VEGF 
and re tard its de vel op ment. These com pounds can be fur ther in ves ti - 
gated us ing in vitro and in vivo stud ies for its phar ma co dy nam ics and 
ki netic prop er ties. 
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