ISSN: 0976-3031

Awailable Online at http://www.recentscientific.com

International Journal of Recent Scientific Research
Vol. 9, Issue, 5(F), pp. 26873-26877, May, 2018

International Journal of
Recent Scientific
Rescarch

CODEN: IJRSFP (USA)

DOI: 10.24327/1JRSR

Research Article

MULTI-ECLECTIC APPROACH TO SCUFFLE DIABETIC RETINOPATHY

Ratnagiri Devarapu! and Murali G2

1S.R.K.R Engineering College, Bhimavaram, India
2KKR &KSR Institute of Technology and Sciences, Guntur, India

DOI: http://dx.doi.org/10.24327/ijrsr.2018.0905.2141

ARTICLE INFO

ABSTRACT

Article History:

Received 10™ February, 2018
Received in revised form 6
March, 2018

Accepted 24™ April, 2018
Published online 28" May, 2018

Key Words:

Bo-informatics, Biology, Drug Discovery,

Diabetic Retinopathy, Multiple Alignment.

Bioinformatics is the amalgamation of biology computer science and information technology which
has become an integral part of research and development in a variety of areas like functional
genomics, proteomics, drug discovery and pharmacogenomics. By the analysis of phylogram, it is
observed that proteins with minimum distance are cortistatin, VDR and somatostain. In this paper,
diabetic retinopathy is a complex process in which several cytokines, growth factors, and free
radicals play a vital role. Molecular docking play a key role in structure based drug designing
process and docking of other inhibitory compound related to diabetic retinopathy is fruitful for
designing new drugs for its therapeutic purpose. The present multiple alignment study propose that a
close association exists between cortistatin, somatostain and vitamin-D receptor proteins in the
pathogenesis of diabetic retinopathy, thus multi-eclectic approach is needed to fight diabetic
retinopathy.
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INTRODUCTION

Areas of bioinformatics and data mining are developing as
interdisciplinary science. Bioinformatics uses advancements in
the area of computer science, information technology and
communication technology to solve complex problems in life
sciences and biotechnology. Data capture, data warehousing
and data mining have become major issues for biotechnologists
and biological scientists because of the growth of data in
biology in the form of, protein sequences, Protein 3D
structures, metabolic pathways databases, genomes of a
number of organisms and biodiversity related information. The
advancements in information technology particularly the use of
internet play a significant role in gathering and accessing the
ever increasing information in biology and biotechnology.
Bioinformatics is the combination of biology computer science
and information technology which has become an integral part
of research and development in a variety of areas like
functional genomics, proteomics, drug discovery and
pharmacogenomics. It is evident that bioinformatics has major
role in a number of issues like biodiversity and environmental
change, for instance, climate change is because of the release of
unwanted carbon dioxide gases and various other greenhouse
gases due to industrial revolution which have negative impact
on earth’s environment and in this case for reducing such toxic
gases bioinformatics may help in sequencing microbial
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genome. Bioinformatics with its hold on various techniques
and tools becomes common and in regular use in various
research fields.

Diabetes mellitus is a chronic condition which is characterized
by lack of insulin as well as hyperglycemia, dyslipidemia, and
neurovascular damage. It can affect any organ of the body of
patients suffering with diabetes mellitus and harm their quality
of life. Diabetic retinopathy is a macro vascular complication
of hyperglycemia which causes blindness. It is a common
complication in type-1 and type-2 diabetes. Various molecular,
clinical and biochemical factors contribute to the risk of
diabetes retinopathy. Different protein biomarkers, novel and
traditional can help in improving primary and secondary
prevention strategies for diabetic retinopathy (1). Diabetic
retinopathy can affect any individual irrespective of its racial
and ethnic background. From different regions of the world, it
has been reported that diabetic retinopathy in African/Afro-
Caribbeans and South Asians compared to white Europeans is
significantly more prevalent (2). Sequence mining is a data
mining topic used to identify patterns of ordered events within
a database. Its applications in medicine eventually manifested
in diseases susceptibility prediction, readmission and
pharmacovigilance (3). Sequence mining is commonly defined
as finding the complete set of frequent subsequences in a set of
sequences. Sequence mining discovers meaningful sequential



Ratnagiri Devarapu and Murali G., Multi-Eclectic Approach To Scuffle Diabetic Retinopathy

patterns among a large quantity of data. Data mining is an area
in which computer ethics play a major role where abundant
data were gathered from various sources used to study patterns.
Personal privacy leaks have become serious issue in data
mining while extracting valuable data and also at the same time
preventing personal information leaks, thus various techniques
need to be developed to stop it (4). Molecular docking is highly
used method to calculate protein-ligand interactions and
AutoDock is computer software used globally for the same
purpose (5). Docking of lead compounds into the binding site
of aldose reductase protein and estimating binding affinity
plays a significant role in structure based drug designing
process. Multiple interlinked biochemical mechanisms have
been postulated to be involved in diabetic retinopathy. The
mechanisms mainly include: Increased aldose reductase
activity that results in enhanced flux of glucose through the
polyol pathway, formation of advanced glycationend product
(AGEs), activation of protein kinase C (PKC), enhanced
formation of reactive oxygen species (ROS), increased
production of vascular endothelial growth factor (VEGF) and
placental growth factor (P1GF), and reduced generation of
endothelial nitric oxide (eNO) (6-13). Activation of VEGF
leads to the destruction of the blood retinal barrier (BRB), the
development of diabetic macular edema (DME) and
neovascularization  typical for  Proliferative  Diabetic
Retinopathy (PDR). There are several growth factors related to
diabetic retinopathy as a combination of angiogenic stimuli
(14-15). Various techniques have been utilized to gauge blood
flow in retina of individuals with diabetes. Despite some
discrepancies between studies, in general individuals with a
short duration of diabetes (less than 5 years) show a narrowing
of the retinal arteries and retinal blood flow is reduced (16).
Animal and cell culture model studies discloses that impaired
growth factor support, enhanced oxidative/nitrosative stress,
and its downstream effectors such as mitogen-activated protein
kinase activation, inflammatory response, endothelin-1 over
expression and impaired Ca>" signaling also plays significant
role in diabetic retinopathy pathogenesis.

Diabetic retinopathy: 1t is a vascular disease characterized by
changes in retinal capillary bed. Most of the capillary changes
occur in the inner nuclear and outer plexiform layers. Selective
loss of pericytes, the retinal capillary cells that contain
abundant smooth-muscle actin and have a contractile function,
thus, regulating retinal capillary blood flow, is a characteristic
lesion that occurs early in the histopathology of diabetic
retinopathy (18). Aldose reductase is the first and rate-limiting
enzyme of the polyol pathway that converts glucose to fructose
which plays a major role in diabetic retinopathy by inducing
retinal lesions including blood retinal barrier beak down, loss
of pericytes, neuroretinal apoptosis and glial reactivation and
neovascularization-events that are associated with diabetic
retinopathy. In different animal studies it has been reported that
rats administered with aldose reductase inhibitors prevented
basement membrane thickening pericyte loss, and development
of micro aneurysms in the retinal capillaries (19). However,
results came from clinical trials showed that modification in
concentrations and activities of some other protein and
enzymes also has role in diabetic retinopathy pathogenesis. In
some studies it appears that vitamin-D inhibit vascular smooth
muscle cell growth in vivo because of its ant proliferative
activity and its inadequacy leads to retinopathy in patients with

type-1 and type-2 diabetes. Vitamin-D receptor is an active
form of vitamin-D and it is highly expressed in human tissues
which includes retina, thus it is regarded as the candidate gene
associated with diabetic retinopathy (20). Cortistatin (CORT) is
a neuropeptide which is structurally similar to somatostain. It is
reported that the concentration of somatostain (SST) in vitreous
fluid is higher than in plasma in non-diabetic patients and lower
intravitreous concentration of SST has been detected in PDR
patients and patients with diabetic macular edema. These
results suggest that SST could be a natural angiogenic inhibitor
present in the vitreous fluid and shortage of intravitreal SST
could be associated with retinal neovascularization (21).

Table 1 28 genes obtained from NCBI which are in close
association with diabetic retinopathy with amino acid length
and accession numbers (23).

S.No. Gene Protein Length Accession
1 ACE  Angiotensin-converting enzyme 739 aa  AAH36375
2 ADIPOQ Adiponectin 244 aa AAH96310
3 AGER Advanced glycosylatlon end 40422 AAL20669
product-specific receptor

4 AKRIBI Aldo-ketoreductase family 1, 316aa  AAH00260
member B1 (aldose reductase)

5 ALDRL2 aldehyde reductase 325aa AAB92369.1

6  ANGPT2 Angiopoietin 2 496 aa AAI26203.1

7 AOC3 Amine ox1dase,bcopper gontalmng 3 763 a2 AAHS0549 1
(vascular adhesion protein 1)

8 CORT CORT protein, partial 122 aa AAH40034.1

9 CRP C-reactive protein isoform 1 224 aa NP 000558.2
precursor -

10 CTGF Connective tissue growth factor 349 aa AAHS87839.1

Glucosaminyl (N-acetyl)
11 GCNTI1 transferase 1, core 2 (beta-1,6-N-
acetylglucosaminyltransferase)
Hepatocyte growth factor

428 aa AAI09103.1

12 HGF (hepapoietin A; scatter factor) 728aa AAIS0285.1

13 IGF1 insulin-like glfowth factor I isoform 153 aa NP_000609.1
4 preproprotein

14 ITGA Integrin, alpha2 (CDA9B, alpha2 a1 0 A AM34705.1

subunit of VLA-2 receptor)
15 MTHFR MTHEFR protein
16 ~ NFKBI NFKBI protein, partial
17  NOS2A Nitric oxide synthase 2, inducible
13 NOS3 Ic\iiltlr)ic oxide synthase 3 (endothelial
19 PGF  Placental growth factor
20 PRKCBI1 Protein kinase C, beta
21 RAGE RAGE protein
22 SST  Somatostatin
23 TGFA transforming growth factor alpha
24 TIMP2 TIMP metallopeptidase inhibitor 2

73 aa AAHI18766.1
550 aa AAH33210.1
1153 aa AAI30284.1

1203 aa AAH63294.1

170 aa AAHO01422.1
673 aa AAH36472.1
23] aa AAHS53536.1
116 aa AAH32625.1
160 aa AAA61159.1
220 aa AAH71586.1

25 TNC  tenascin C 2201 aa CAIl15110.1
tumor necrosis factor (TNF
26 TNF - 233 aa BAE78639.1
superfamily, member 2)
27 VDR VDR protein 473 aa AAH33465.1
28 VEGF  vascular endothelial growth factor 191 aa  CAI19965.1
EXPERIMENTAL RESULTS

Various proteins which are involved in diabetic retinopathy
disease pathogenesis were analyzed using multiple sequence
alignment and we have constructed a score table (see table 1)
of different proteins which are closely related to diabetic
retinopathy. From Clustal Omega, we have obtained a
polygenetic tree using the gathered data (FASTA sequences of
proteins) and it revealed that VDR, CORT and SST are the
three proteins with minimum distance suggesting a dominant
role of them in diabetic retinopathy when compared to other 25
proteins studied. This phylogenic tree indicated that cortistatin,
somatostain and vitamin-D receptor proteins has close relation
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(Figure-1) and plays a significant role in pathogenesis of
diabetic retinopathy. It is evident that proteomics study in
combination with the sequence mining and multiple alignment
tools are useful for accurate prediction of biomarkers as new
therapeutic targets which are associated with diabetic
retinopathy. The natural compounds selected for molecular
docking have some collective structural features. All the lead
compounds showed good binding energy and also exhibited
interactions and better lower free energy values, indicating
more thermodynamically favored interaction. The compounds
melicitrin and quercetin exhibited binding energies of -10.52
Kcal/mol and -9.45 Kcal/mol respectively with melicitrin
interacting Argl7, Arg268 and NAP1318 and for quercetin
Leu212. Compound kaempferol interacts with Arg217, Glu229
and Leu212 with binding energy of -8.86 Kcal/mol and
naringenin interacts with Gly213 with binding energy of -8.76
Kcal/mol. This study indicates all the four natural compounds
interact with ALR2.

Table 2 Experimental activities and predicted values by
Lamarckian Genetic Algorithm dockings of the four

compounds.

Interacting amino Binding Dissociation

Test compounds aci &gs energy, AG constant (kI)
(Kcal/mol) (nM)
Quercetin Leu212(2) -9.45 117.72

Arg217, Glu229,
Kaempferol Lew212 -8.86 317.8
Naringenin Gly213 -8.76 381.94
L Arg217, Arg268(2),

Melicitrin NAP1318 -10.88 10.52

PRKCB1 0.04709
ADIPOQ -0.04709
RAGE 0.14267
IGF1 0.07876
ANGPT2 -D.07876
CRP 007194
TNF -0.07194
GCNT1 0.18349

S PGF -0.18349
AKR1B1 0.24351
|_|_|: ALDRL2 024694
TIMP2 -0 26286
| I ACE 0 28265

VEGF -0.13078
NFKB1 0.13078
HGF 0.25329
NOS2A 0.23886
NOS3 0 24068
AOC3 041788
ITGA2 0.38953
TNC 0.40659
AGER 0.1183%

|_|: CTGF -0 11839
|_|: MTHFR -0.06718
TGFA 0.06718
VDR 0.12642
I_|_ SST-0.12642
CORT 0.10297

Figure 1 Phylogram constructed using Neighbor-Joining Algorithm with
Clustal Omega.

Quercetin

Kaempferol

Melicitrin

Figure 2 3D structures of Quercetin, Kaempferol, Naringenin and
Melicitrin.

CONCLUSION

From the literature study, it can be concluded that diabetic
retinopathy is a complex process in which several cytokines,
growth factors, and free radicals play a vital role. By the
analysis of phylogram, it is observed that proteins with
minimum distance are cortistatin, VDR and somatostain.
Researcher have found that cortistatin mRNA has significant
role in immune tissues like monocytes, macrophages and
dendritic cells and it has been reported that insulin secretion
was inhibited by cortistatin and does not effects glucose levels
during physiological processes. According to Hernandez C, et
al., patients suffering with PDR showed lower
cortistatinintravitreous levels when compared to non-diabetic
patients and levels of cortistatin were higher in vitreous fluid
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than in the plasma and non-existence of relationship between
plasma and vitreous cortistatin concentrations which suggest
that it has possible role in retinal homeostasis (24). Generally
increase in hyperglycemia increases the activity of aldose
reductase which in turns set off a series of events which causes
enhanced iNOS, VEGF, PIGF, and free radicals expression.
Several clinical trials were carried out by different scientists
but the results were diverged whereas isolation of vascular
endothelial growth factors (VEGF) and its angiogenic activity
that its expression was increased in hypoxia made it a supreme
candidate. But VEGF antagonists showed limited beneficial
actions suggesting that changes in the concentrations and
activities of other proteins and enzymes for instance,
endothelial nitric oxide synthase (eNOS) and various growth
factors likewise assume a noteworthy part in the pathogenesis
of diabetic retinopathy. Molecular docking is widely used
method for calculating protein-ligand interactions. AutoDock
4.2 uses binding free energy assessment to assign the best
binding conformation and docking studies are commonly
performed for predicting binding modes to proteins and their
binding energies of ligands. Molecular docking play a key role
in structure based drug designing process and docking of other
inhibitory compound related to diabetic retinopathy is fruitful
for designing new drugs for its therapeutic purpose. The current
multiple alignment study propose that a close association exists
between cortistatin, somatostain and vitamin-D receptor
proteins in the pathogenesis of diabetic retinopathy, thus multi
eclectic approach is needed to fight diabetic retinopathy. This
study strongly suggests further research on these proteins
related to diabetic retinopathy and various other genes closely
associated with diabetes and molecular docking studies can be
helpful in treatment and prevention of diabetic retinopathy by
designing new drugs to counterattack it.

References

1. Alicia J. Jenkins, Mugdha V. Joglekar, Anandwardhan
A. Hardikar, Anthony C. Keech, David N. O'Neal and
Andrzej S Januszewski (2015) Biomarkers in Diabetic
Retinopathy. Rev Diabet Stud. 12(1-2): 159-195.

2. Sivaprasad Sl, Gupta B, Gulliford  MC, Dodhia
H, Mohamed M, Nagi D, Evans JR (2012) Ethnic
variations in the prevalence of diabetic retinopathy in
people with diabetes attending screening in the United
Kingdom (DRIVE UK). PLoS One. 2012; 7(3):e32182.

3. Aileen P. Wright, Adam T. Wright, Allison B. McCoy,
Dean F. Sittig (2014) The use of sequential pattern
mining to predict next prescribed medications. Journal
of Biomedical Informatics: 1-8.

4. S. M. Mahajan and A. K. Reshamwala (2011) Data
Mining Ethics in Privacy Preservation - A Survey.
International Journal of Computer Theory and
Engineering, Vol. 3, No. 4, August 2011.

5. Morris, G. M., Huey, R., Lindstrom, W., Sanner, M. F.,
Belew, R. K., Goodsell, D. S. and Olson, A. J. (2009)
Autodock4 and AutoDockTools4: automated docking
with selective receptor flexiblity. J. Computational
Chemistry 2009, 16: 2785-91.

6. Way KJ, Katai N, King GL. Protein kinase C and the
development of diabetic vascular complications. Diabet
Med 2001; 18: 945-959.

7. Wilkinson-Berka JL. Vasoactive factors and diabetic

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

retinopathy: vascular endothelial growth factor,
cycoloxygenase-2 and nitric oxide. Curr Pharm Des
2004; 10: 3331-3348.

Gurler B, Vural H, Yilmaz N, Oguz H, Satici A, Aksoy
N. The role of oxidative stress in diabetic retinopathy.
Eye 2000; 14 Pt 5: 730-735.

Yokoi M, Yamagishi S, Takeuchi M, Matsui T, Yoshida
Y, Ohgami K, Amano- Okamoto T, Ohno S. Positive
correlation between vitreous levels of advanced
glycation end products and vascular endothelial growth
factor in patients with diabetic retinopathy sufficiently
treated with photocoagulation. Br J Ophthalmol 2007,
91:397-398.

Awata T, Neda T, lizuka H, Kurihara S, Ohkubo T,
Takata N, Osaki M, Watanabe M, Nakashima Y, Sawa
T, Inukai K, Inoue I, Shibuya M, Mori K, Oneya S,
Katayama S. Endothelial nitric oxide synthase gene is
associated with diabetic macular edema in type 2
diabetes. Diabetes Care 2004; 27: 2184-2190.

Starita C, Patel M, Katz B, Adamis AP. Vascular
endothelial growth factor and the potential therapeutic
use of pegaptanib (macugen) in diabetic retinopathy.
Dev Ophthamol 2007, 39: 122-148.

Miyamoto N, de Kozak Y, Jeanny JC, Glotin A,
Mascarelli F, Massin P, Benezra D, Behar-Cohen F.
Placental growth factor-1 and epithelial haemato-retinal
barrier breakdown: potential implication in the
pathogenesis of diabetic retinopathy. Diabetologia 2007;
50: 461-470.

Chung SS, Chung SK. Aldose reductase in diabetic
microvascular complications. Curr Drug Targets 2005;
6: 475-486.

Petra Pri§éé1kové1,1 Gabriel Minairik,2 and Vanda Repiska.
Candidate gene studies of diabetic retinopathy in human.
MolBiol Rep. 2016; 43(12): 1327-1345.

Maria Sydorova and MunSeng Lee. Vascular
Endothelial Growth Factor Levels in Vitreous and
Serum of Patients with either Proliferative Diabetic
Retinopathy  or  Proliferative  Vitreoretinopathy.
Ophthalmic Res 2005; 37:188-190.

Klein R, Klein BE, Moss SE, et al. Retinal vascular
abnormalities in persons with type 1 diabetes: the
Wisconsin ~ Epidemiologic ~ Study of  Diabetic
Retinopathy: XVII. Ophthalmology. 2003; 110:2118-
2125.

Obrosova IG, Julius UA. Role for poly (ADP-ribose)
polymerase activation in diabetic nephropathy,
neuropathy and retinopathy. Curr Vase Pharmacol
2005; 3: 267-283.

Kuwabara, T.; Cogan, D.G. Retinal vascular patterns.
VI. Mural cells of the retinal -capillaries. Arch.
Ophthalmol., 1963, 69, 492- 502.

Sun W, Gates PJ, Coutcher JB, Gerhardinger C, Lorenzi
M. A selective aldose reductase inhibitor of a new
structural class prevents or reverses early retinal
abnormalities in experimental diabetic retinopathy.
Diabetes 2006; 55: 2757-2762.

Yun Zhang, Wei Xia, Ping Lu, and Huijuan Yuan. The
Association between VDR Gene Polymorphisms and
Diabetic Retinopathy Susceptibility: A Systematic
Review and Meta-Analysis. Biomed Res Int. 2016; 2016:
5305282.

26876 |Page



International Journal of Recent Scientific Research Vol. 9, Issue, 5(F), pp. 26873-26877, May, 2018

21.

22.

23.

24.

25.

Esther Carrasco, Cristina Hernandez, Inés de Torres,
JaumeFarrés, and Rafael Simd. Lowered cortistatin
expression is an early event in the human diabetic retina
and is associated with apoptosis and glial activation. Mol
Vis. 2008; 14: 1496-1502.

Johansson, M.U., Zoete V., Michielin O. & Guex N.
(2012). Defining and searching for structural motifs
using DeepView/Swiss-Pdb Viewer. BMC
Bioinformatics, 13:173.

AllamAppaRao, Hanuman Thota, Ramachndra S. G,
Annapurna A., Suresh Babu C., Siva Reddy C.,
TejaswiRavavarapu, Siva P. Akula, Ch. Divakar, K.
Srinivas, Undurti N. Das., Bioinformatics analysis of
diabetic retinopathy using functional protein sequences.
Medical Hypothesis; 70(1): 148-155.

Hernandez C, Carrasco E, Casamitjana R, Deulofeu
R, Garcia-Arumi J, Simé R. Somatostatin molecular
variants in the vitreous fluid: a comparative study
between diabetic patients with proliferative diabetic
retinopathy and nondiabetic control subjects. Diabetes
Care. 2005 Aug; 28(8):1941-7.

Kador PF, Wyman M, Oates PJ. Aldose reductase,
ocular diabetic complications and the development of
topical Kinostat(®). ProgRetin Eye Res. 2016 Sep; 54:1-
29.

26.

27.

28.

29.

30.

31.

Cristina Herna'ndez, Olga Simo-Servat, Rafael Simo.
Somatostatin and diabetic retinopathy: current concepts
and new therapeutic perspectives. Endocrine (2014)
46:209-214.

ChanclonBeléen, Antonio J. Martinez-Fuentes,
and Francisco Gracia-Navarro. Role of SST, CORT and
ghrelin and its receptors at the endocrine pancreas. Front
Endocrinol (Lausanne). 2012; 3: 114.

Irina G. Obrosova and Peter F. Kador. Aldose Reductase
/ Polyol Inhibitors for Diabetic Retinopathy. Current
Pharmaceutical Biotechnology, 2011, 12, 373-385.
Cheng Li, Xiao Miao, Fengsheng Li, Shudong Wang,
Quan Liu, Yonggang Wang, and Jian Sun. Oxidative
Stress-Related Mechanisms and Antioxidant Therapy in
Diabetic Retinopathy. Oxidative Medicine and Cellular
Longevity, Volume 2017, Article ID 9702820, 15 pages.
Blake M Hampton, Stephen G Schwartz, Milam A
Brantley, Jr, and Harry W Flynn, Jr. Update on genetics
and diabetic retinopathy. ClinOphthalmol. 2015; 9:
2175-2193.

Oziiyaman B, Godecke A, Kisters S, Kirchhoff E,
Scharf RE, Schrader J. Endothelial nitric oxide synthase
plays a minor role in inhibition of arterial thrombus
formation. ThrombHaemost. 2005; 93(6):1161-1167.

How to cite this article:

Ratnagiri Devarapu and Murali G.2018, Multi-Eclectic Approach To Scuffle Diabetic Retinopathy. Int J Recent Sci Res. 9(5),
pp- 26873-26877. DOL: http://dx.doi.org/10.24327/ijrsr.2018.0905.2141

sk sk ki sk

26877 |Page



