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1. INTRODUCTION

Existing as the vital source for Living systems, oxygen can sometimes act as a curse in
disguise[1,2]. Oxygen atom lacks two electrons in its valence shell and bonds with atoms of
same or different elements to achieve noble gas configuration[3].When this bond undergoes
homolytic cleavage, the constituting atoms now possess unpaired electrons referred to as
free radicals[4]. FR are highly reactive and serve as the initiators in almost every chain
reaction occurring inside the body cells[5]. Because of the existence of unpaired electrons,
these radicals have a potential to gain electrons and are called oxidants. In this way, the
source from which they obtain electrons are antioxidants[6]. In the body, these oxidants are
produced as ROS,RNS, RSS and RLS as a metabolic byproduct of aerobic respiration,
cellular metabolism and immunogenic responses[2,7,8] . A disequilibrium is established
when the natural defense system of the body gets overwhelmed with the exaggerate
production of FR, leading to a condition known as Oxidative Stress[9,10].This sets the
ground for ROS species to act upon the biological system thereby laying the foundation for

any disease to take root inside the body[11].

The source of formation of ROS and RNS species may be endogenous or exogenous
resulting in disturbed cellular homeostasis[1](Figure 1). The production of RLS is mediated
either by enzymes, through LOX and COX activity or non-enzymatically via oxidation of
PUFAS[7]. ROS and RNS species react with thiols to form RSS. These are comparatively
less toxic although have tendency to damage proteins[2].ROS are majorly produced as an
outcome of oxidative phosphorylation where an activated oxygen acts as a precursor for the
formation of radicals [12]. O>  and OHe are generated under the influence of NOX4 enzyme,
one of the seven oxidases of NOX family[10]. Oz gets reduced to H2O> in mitochondria.
H20. being the most ubiquitous of all, can also be yielded from peroxisomes via catalase
activity[13,14]. OH- is considered as the most toxic species as it can damage almost anything

around its formation site[15].
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Figure 1: A disturbed homeostasis between oxidants and antioxidants: Oxidative Stress

The major catastrophic events that occur after the overproduction of ROS include (i) lipid
peroxidation, hampering the lipid bilayer affecting the permeability and fluidity of
membrane; (ii) protein oxidation, by formation of crosslinks, misfolding, production of
carbonyl function account for proteasomal degradation; (iii) DNA damage, ss and ds breaks,
modification of bases [16]. Studies show that excessive production of ROS bring about the
activation of (ERK)1/2, PKB and PTK pathways [17].Metals such as Fe, Cu, Mn, Zn and
Mg are also reported to participate in free radical production eventually leading to oxidative
stress [18].
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2. LITERATURE REVIEW

2.1 Vulnerability of brain towards Oxidative Stress

Oxygen requirement of the brain is as high as 20 percent of the total utilization within the
body and therefore brain cells, particularly neuronal cells, because of their non-dividing
nature, are very much prone to the attack of various oxidants [19]. The presence of metals
like Fe, Cu initiate bountiful production of ROS and high levels of PUFASs in the cell
membranes increases its susceptibility to lipid peroxidation[20]. ROS catalyze several
cascades that alter the permeability of blood-brain barrier leading to inflammation and
apoptosis[21]. They also attack the neurons by facilitating the generation of DNA-protein
adducts by oxidizing these molecules[22]. However, this effect of ROS is not same
throughout the brain due to presence of neuronal diversity causing selective vulnerability to
oxidative stress. Such impuissant neurons fall prey to ROS causing ageing, several
neurodegenerative disorders such as Alzheimer’s and Parkinson’s disease and eventually
cell death[23]. Hippocampus being the favorite one, amygdala, cerebellar granule cells and
prefrontal cortex represent the easy target sites of attack of ROS, provoking neurotoxicity.
This leads to series of reactions in the CNS resulting cognitive and behavioral
impairment[12]. Microglia cells are the macrophages of brain responsible for the removal of
unwanted or defected cells by phagocytizing them simultaneously secreting O2™ via NOX2,
therefore the production of these radicals would depend upon local O2 availability[24]. In a
similar manner, occurs auto-oxidation of neurotransmitters where oxygen interacts with
dopamine to form a semiquinone radical which again reacts with another oxygen molecule
in the vicinity to release O>[25] .Here, the formation of this superoxide radical can be further
catalyzed by the interference of bioactive metals which are present in ample quantity in
brain[26,27].Another factor responsible is disrupted redox homeostasis as an outcome of
weak endogenous defense system. For example, neurons are endowed with 1/50" of the
catalase content as compared to that of hepatocytes for H.O, removal[28,29]. In sum, brain

is highly inclined to get affected by oxidative stress easier than any other part of the body.
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2.2 Oxidative Stress Mediated Neurodegeneration

Neurodegenerative disorders are the set of diseases attributed by progressive loss of neurons
[30,31]. Oxidative stress is consistently linked with neurodegeneration but the etiology of
neuronal degradation is still unknown[32]. The incapacitation of endogenous defense
antioxidant system to cope up with incessant generation of free radicals gives rise to several
diseases including Alzheimer’s Disease(AD), Parkinson’s Disease(PD), and Huntington
Disease(HD) [8].

2.2.1 Alzheimer’s disease

AD can be visualized as the outcome of various intraneuronal alterations serving as a
foundation for cognitive and behavioral debility[33]. The formation of amyloid-p plaques is
observed along with neurofibrillary tangles comprising of tau protein[34].The exact
mechanism and etiology is unexplored yet but several details describe the disease: (i)
aging[35], (ii) mitochondrial dysfunction[36], (iii) compromised immunity[37], (iv)
impairment in blood-brain barrier[38], (v) genetic factors (ApoE4 gene), (vi) head injury,
(viii) inappropriate diet and lifestyle[39], (ix) degradation of glutamate in the perforant

pathway[40],(x) dropping levels of acetylcholine[41] and serotonin[42].

Studies provide evidences of the involvement of iron in senile plaques which already has a
decisive role in ROS production[43].Several observations have been made regarding the
enhanced peroxidation of lipids in the temporal lobes of brain[44,45] and this could be a
possible reason for phospholipid asymmetry altering the cell membrane morphology[46].
MDA, ONOO™ and heme oxygenase 1 levels were also found to be raised in the
neurofibrillary tangles of the AD brain[47]-[49].A deteriorating effect of f-amyloid on
neuronal cultures was seen which was more pronounced with H202[50,51]. DNA oxidation
in peripheral blood cells and RNA oxidation is also observed in the cortex of the AD brain
[52,53].

2.2.2 Parkinson’s disease




Page |5

It is the upshot of progressive decay of dopaminergic neuronal cells in nerve terminals of
striatum and substantia nigra[54].The shortfall of dopamine causes dysfunctioning of the
motor features(resting tremor, bradykinesia, rigidity, postural instability), non-motor
features(depression, insomnia) and impairment of executive functions(problem solving,

mental flexibility) which may not be noticed in early phases of the disease[55].

The extent of ROS production may hint upon the magnitude of its role in PD. Quinones and
free radicals are the auto-oxidation products of dopamine which reorient themselves to form
aminochrome and acts as a precursor to form O2" and neuromelanin[56,57]. Monoamine
oxidase (MAOQ) are group of enzymes responsible for oxidative deamination, out of which
MAO-B present in glial cells regulates dopamine metabolism[58]-[60]. One of the
byproduct of MAO-B metabolism is H2O. which is a small and uncharged radical, therefore
can easily escape into the cell membrane catalyzing the formation of *OH[61,62].
Furthermore, GSH depletion in substantia nigra points towards the oxidative damage to
dopaminergic neurons, as suggested by several studies[63]-[65]. A disturbance in the
regulation of Ca?* homeostasis may lead to extensive mitochondrial activity, further

initiating ROS thereby causing insult to the nigral neurons[66]-[68].
2.2.3 Huntington’s disease

It is a fatal degenerative disorder primarily affecting cerebral cortex, striatum and thalamus
indicated by uncontrolled movements, loss of cognitive abilities and premature death[69].
Several hypotheses suggest oxidative stress as the primary event in the pathology of the
disorder[69]-[71].Elevated levels of 8-OHDG[72]( biomarker of DNA oxidation),
cytoplasmic lipofuscin, MDA(lipid peroxidation product)[73,74], 3-nitrotyrosine[73](
ONOO' induced oxidative stress marker) were observed in samples of HD brain.
Pathological changes involve poly Q associated oxidative stress leading to neuronal cell
death[75].

2.3 Natural Antioxidant Defense System

Nature has supported the living organisms with inbuilt antioxidant system to rectify the
altered levels of oxidants and protect the cells from the wrath of exaggerated production of

ROS[76].To overcome the imbalance of oxidants and antioxidants, the system possesses two
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sets of protective mechanisms; viz ;defense enzyme system and low molecular weight
antioxidant molecules[77]. To assist the fragile endogenous system, exogenous antioxidants
from the dietary sources become vital to neutralize the effect of radicals[78].

2.3.1 Superoxide Dismutase (SOD)

The fundamental function of SOD is to convert highly reactive Oz into less toxic products,

hydrogen peroxide and r oxygen[79].
202 — Hx02+ O2 (2.1)

Superoxide Dismutase has three isoforms; (i) SOD1, for removal of superoxide from
cytosol; (ii) SOD2, for eliminating superoxide from mitochondria; (iii) SOD3, for
eliminating extracellular superoxide radicals[80].

Evidences suggest mutation in a gene encoding for SODL1 as a result of oxidative damage in
some cases of ALS. Impairment in the expression of SOD is also involved in ischemia-

reperfusion injury[81].
2.3.2 Glutathione Peroxidase (GPx)

This enzyme is universally present in both cytosol and mitochondria and is responsible for

reduction of peroxide into water and alcohol respectively, under the influence of GSH[82].
ROOH +2GSH—ROH+H20+GSSG (2.2)

In humans, there are eight isoforms of GPx, out of which five are selenium dependent and
other three have cysteine instead of selenocysteine[83]. In brain, the major antioxidant

enzyme present is GPx 1 which exists particularly in microglia[84].
2.3.3. Catalase (CAT)

Primarily present in peroxisomes, major role performed by catalase is the conversion of
hydrogen peroxide into water and oxygen by utilizing Fe?*/Mn?*. Other places where CAT

is found is cytoplasm and mitochondria[19].

2H,0,—2H,0+0> (2.3)
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In the etiology of PD, CAT is responsible for the activation of TRP cation channels and

regulation of calcium ion influx caused due to oxidative damage in neurons[85].
2.3.4 Peroxiredoxins (PRX)

PRx are ubiquitous thiol specific peroxidases responsible for the neutralization of complete
cytoplasmic and almost all mitochondrial hydrogen peroxide. They possess a cysteine

residue in their active site for immediate reduction of peroxide[86].

It has six isoforms, three of them being located in both nuclei and cytoplasm (PRx 1, 2 and
4); PRx 3 in mitochondria and PRx 5 universally present[87]-[89].The levels of PRx 6 are
found to be upregulated in Parkinson’s frontal cortex suggesting compensatory response

against cell death[90].
2.3.5 Glutathione

A tripeptide of glycine, cysteine, and glutamate; glutathione is an important enzyme for cell
survival[80]. It is present in noticeably high concentrations in cells performing tremendous
metabolic activity[91]. In the cells, the ratio of GSH (reduced) to GSSG (oxidized) maintains
the redox status of a healthy cell. It has role in inhibiting apoptosis and oxidative damage

mainly caused by superoxide and hydroxyl radicals[92].

GSH gets depleted in brain due to arachidonic acid through LOX activity and increased

levels of phospholipase A2 causing cellular damage[93].
2.3.6 Glutathione Reductase (GR)

It maintains glutathione in its reduced state by utilizing NADPH and FAD in the cells[94].1ts
working is highly sensitive and may get inactivated by ONOO" radicals[95].

2.3.7 Vitamins

Vitamin C and Vitamin E are well-known classical antioxidants for sustaining the integrity

and functionality of the neuronal health[96,97].
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2.4 Structure-Activity Relationship

SAR is an approach to establish the correlation between the structure and geometry of a
molecule and its possible activity[98]. These have a great importance in pharmacological
activity, toxicity, drug designing and pharmacophore modelling. The activity of a substance
can therefore be represented as a function of its physicochemical properties[99].

Biological Activity = f(Physicochemical Property) (2.4)

The goal of SAR is to recognize the understanding of any molecule as an active or inactive
compound and determining their relative activities and what similarity or dissimilarity in

their properties sets them apart from the inactive compounds[100](Figure 2).

Figure 2: Basic concept of SAR: The predicted activity Y is a function of structural
parameter X, where X is an independent variable and Y being a dependent variable.

The structural parameters or descriptors are the structural properties of the molecule which
derive its relationship with the biological activity[101]. There can be thousands of molecular
descriptors for a single molecule which are broadly the expository of their physicochemical
properties, electronic properties, stearic properties, lipophilicity, hydrogen-bonding, shape,
charge and polarizability. The parameters studied in this study include:
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(a)Topological

(i) Path Walk Index

(b)Molecular

(1) Hydrophilicity, (ii) Molar Refractivity, (iii) Partition Coefficient

(c) Quantum-Chemical

(i) Dipole Moment

(d) Quantum-Mechanical

(i) Heat of Formation

(e) Constitutional Indices:

(1) lonization Potential

(FHElectronic

(i) HOMO-LUMO Gap, (ii) Total Energy

Molar refractivity provides measure of how easily a molecule can be polarized and its
volume. Partition Coefficient describes the hydrophobic character of the molecule[102].
lonization Potential is the tendency to lose the valence shell electron. Heat of formation is
the enthalpy associated with the formation of a molecule from its constituent atom and gives
the measure of thermal stability of that substance. Dipole moment measures the strength and

orientation behavior of a molecule in an electrostatic field[103]. HOMO is highest occupied
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orbital and LUMO is lowest unoccupied orbital, LUMO being at higher energy level. The
energy gap determines the ease of excitation of an electron from lower energy state to higher
energy state[104].

There are computational tools to predict the activity or inactivity of a compound based on
these structural properties. These methods are helpful in understanding the interaction of
biomolecules with different enzymes, cell membranes. Machine learning tools are employed
in development of predictive models and potency of new and untested molecules or drugs

can also be evaluated.
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3. METHODOLOGY

3.1 Compounds Selection

Vitamins Al, A2, B3, B5, B6, B7, C, D2, D3, D5, E, K1, K2 and K3 were selected for

screening purpose from PubChem database ( https://pubchem.ncbi.nlm.nih.gov) (Table 1).

Vitamin Chemical Name Structure Pub_Chem Id  Molar Mass(g/mol)
Al Retinol 7~ 445354 286.459
I
U
A
A2 Dehydroretinol I/I 6436043 284.443
Ve
J
B3 Nicotinic-d4 Acid ]\ 12198448 127.135
D/\\D%N
B5 Pantothenic Acid ot O 6613 219.237
o L

B6 Pyridoxine ik ]1/ J/ : 1054 169.18



https://pubchem.ncbi.nlm.nih.gov/
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244.309

176.124

396.659

384.648

412.702

430.717

450.707




K2 Menaquinone VSIS, 5287554

i
K3 Menadione 1 4055

Table 1: Selected Vitamins and their 2-D molecular structures

3.2 Descriptors Calculation

Page |13

649.016

172.183

Descriptors were computed by using :(i))E-DRAGON (version 1.0) software by Prof.

Todeschini and Consonni[105] and,(ii) Turbomole (version 4.4.1) software developed by

Prof. Reinhart Ahlrichs[106] for a set of 14 vitamins for screening (Table 2) . Memantine

and Pramipexole, well known drugs for Alzheimer’s and Parkinson’s disease are chosen to

be controls for the comparison of descriptor values of vitamins with them.




Program

DRAGON

DRAGON

DRAGON

DRAGON

TMoleX

TMoleX

TMoleX

Descriptor

PW2

Hy

AMR

ALOGP

Type

Topological

Molecular Properties

Molecular Properties

Molecular Properties

Quantum-Chemical

Quantum-Mechanical

Constitutional Indices
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Description

Path/walk shape indices

Hydrophillic factor

Molar Refractivity

Partition Coefficient

Dipole Moment

Heat of Formation

lonisation Potential

Table 2: List of Descriptors along with the employed program

3.3 Geometry Optimization

Geometry optimization is performed in order to achieve ground state stationary point where

the net force on every atom is minimal. We have used here MOPAC program for

optimization[106,107].




Page |15
3.4 DFT Analysis

Density Functional Theory is one of most reliable and widely used method for calculating
quantum chemical properties, thermodynamics and kinetics of a molecule in general
conditions. Additional descriptors like dipole moment, H-L Gap, and total energy were
calculated by this method using Turbomole software.

3.5 To check Blood-Brain Permeability

Blood-Brain  Permeability was checked by wusing BBB Predictor tool
(https://www.cbligand.org/BBB)[108].

3.6 Activity Prediction

To anticipate the biological potential of any compound including toxicity, pharmacological
effects and mechanisms PASS tool is employed[109]. Based on the Structural Activity
Relationship, it gives the probability of a compound to be active or inactive for a particular
biological mechanisms. We have used this software to predict the activity spectra of the

selected vitamins (if any), all of which are associated with neurodegeneration:
(i)Lipid Metabolism Regulator Activity

(i) Antioxidant Activity

(iii)Nitric Oxide Antagonist Activity

(iv)Arachidonic Acid Antagonist Activity

(v)Cytochrome P450 stimulant Activity

(vi)Heme Oxygenase Stimulant Activity

(vii) Antihypoxic Activity



https://www.cbligand.org/BBB
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3.7 Docking

The Vitamin/Vitamins showing maximum biological potential with best suited set of
predicted activity(and possessing maximum stability) and calculated descriptors are chosen
for docking with 12-Lipoxygenase, a well-known intermediate of arachidonic acid
metabolism, which upon activation induces oxidative stress and cell death. SDF files of the
ligands were taken from PubChem Database. Conversion of the SDF files to PDB format
was achieved by using OpenBabel tool. The PDB structure of 12-LOX was obtained from
ProteinDataBank (https://www.rcsb.org)[110]. The active site prediction of the protein was
done by Scfbio, IIT Delhi (http://www.scfbio-iitd.res.in)[111]. The ligand and target files

were imported to SwissDock web server for docking[112]. Molecules possessing lowest

energy tend to have higher affinity towards a protein.



https://www.rcsb.org/
http://www.scfbio-iitd.res.in/

4. RESULTS

4.1 Geometry Optimization
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Figure 3: MOPAC optimized geometry of molecules [Color Code: Green-Carbon, White-

Hydrogen, Red-Oxygen, Blue-Nitrogen]

Geometry optimization aims at adjusting the geometry so as to lower the overall energy of

the molecule thereby achieving the most stable conformation within which the force

experienced by each molecule would be minimum. Therefore, the stable conformations of

the each vitamin is achieved (Figure 3).

4.2 Descriptor Calculation

Vitamin
Al
A2
B3
B5
B6
B7
C
D2
D3
D5
E
K1
K2
K3
M emantine
Pramipexole

PW?2
0.571
0.571
0.556
0.585
0.567
0.572
0.592
0.597
0.589
0.591
0.589
0.572
0.566
0.591
0.648
0.56

ALOGP
5.317
4.872
0.284
-0.977
-0.514
0.645
-1.759
7.563
7.756
8.464

10.416
10.251
14.981
2.204
1.908
1.384

Hy
-0.479
-0.479
-0.001

2.35
1.555
1.372
2.698

-0.541
-0.535
-0.547
-0.52
-0.931
-0.953
-0.822

0.38

1.383

AMR
97.923
99.04
30.66
51.586
43.819
59.967
36.459
128.889
123.224
132.373
135.086
142.957
216.915
50.615
54.485
61.488

u
1.139

1.562
3.153
2.323
2.469
3.034
4.227
1.203
1.268
1171
2.672
0.733
1.446
0.986
1.092
1.308

Hy
-30.654
-1.199
-57.534
-248.719
-123.418
-129.253
-233.141
-56.511
-86.247
-90.365
-178.848
-115.005
-49.026
-23.245
-43.061
13.701

IP
8.243
8.275

10.419
10.359
9.231
8.875
9.879
8.401
8.457
8.28
8.323
9.46
9.039
10.215
9.681
8.692

H-L Gap Erorac

2.006
1.774
3.343
4.36
3.692
4.469
3.718
2.865
2.87
2.911
3.573
1.725
1.249
1.954
5.631
3.182

-854.685
-853.469
-436.558
-783.505
-591.452
-1123.52
-684.274
-1167.73
-1129.68
-1208.24
-1284.68
-1358.43
-1940.31
-574.039
-524.296
-953.266

Table 3: Calculated values of Descriptors for Vitamin molecules and Controls
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Figure 4: Heat map showing the correlation among various descriptors

Descriptors were successfully computed (Table 3) for a list of vitamins and correlation

among them is also checked (Figure 4).

4.3 Prediction of Activity Spectra

Vitamins AO LMR NOA AAA CP450S HOS
Al 0.708 0.953 0.248 0.225 0.713 0.078
A2 0.584 0.87 0.222 0.224 0.721 0.062
B3 0.749 0.811 0.556 0.212 0.242
B5 0.616 0.954 0.181
B6 0.547 0.479 0.204 0.186 0.244
B7 0.436 0.426 0.433
B8 0.436 0.426 0.433

C 0.951 0.963 0.204 0.205

D2 0.254 0.266 0.155 0.194 0.252 0.07
D3 0.183 0.305 0.301 0.239 0.388 0.068
D5 0.167 0.258 0.272 0.223 0.065
E 0.968 0.471 0.202 0.536

K1 0.611 0.483 0.306 0.224 0.298

K2 0.685 0.541 0.57 0.246 0.401

K3 0.254 0.486 0.272 0.223

0.242
0.389
0.538
0.323

0.37

AO=Antioxidant; LMR=Lipid Metabolism Regulator; AAA=Arachidonic Acid
Antagonist; NOA=Nitric Oxide Antagonist; CP450S= Cyt P450 Stimulant; HOS=Heme

Oxygenase Stimulant; AH= Antihypoxic

Table 4: Activity Spectra of the Vitamin molecules
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Activity Spectra of Vitamins

Vitamin C Vitamin E Vitamin K1 Vitamin K2

1.2

0.8

0.6

0.

IS

0.

N

o

B Antioxidant  ® Lipid Metabolism Regulator =~ ® NO Antagonist

Figure 5: Graphical Representation of Activity Spectra of selected Vitamin molecules

Using PASS tool, activity spectra of the molecules was computed (Table 4), (Figure 5).

4.4 Blood-Brain Barrier Permeability

All Vitamin molecules were found to be BBB permeable, except Vitamin B5.

4.5 Electrostatic Potential

Electrostatic Potential maps facilitate the visualization of charge distribution of the
molecules. They are implemented in analyzing the behavior of complex molecules,
geometry and possible reactivity towards an electrophile or a nucleophile. Based on
electronegativity difference, the color code for the map is as follows:

Blue > Green > Yellow > orange > Red (positive to negative) (Figure 6)
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Vitamin C Vitamin E Memantine

Vitamin K1 Vitamin K2 Pramipexole

Figure 6: Electrostatic Potential Map for Vitamin C, Vitamin E, Vitamin K1,Vitamin K2,
Memantine and Pramipexole

4.6 Docking
Cavity Residue Cavity Point Volume (cubic A)
1 Tyr (0.07,7.92,1.93) 142
2 Trp (-20.24,18.96,29.66) 115
3 Tyr (-32.03,7.16,33.54) 77
4 Phe (-5.81,-19.36,-0.66) 70
5 Ser (-35.45,-7.48,32.62) 90
6 Leu (-4.48,-4.43,4.44) 74

Table 5: Active Site Prediction for 12-Lipoxygenase
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Figure 7: Docking Result of 12-Lipoxygenase with (a) Vitamin C, (b) Vitamin E, (c) Vitamin

K1, (d) Vitamin K2, () Memantine, (f) Pramipexole




Protein Ligand

Vitamin C
Vitamin E
Vitamin K1
Vitamin K2
Memantine
Pramipexole

12-Lipoxygenase

E Value AG Value
(kcal/mol) (kcal/mol)
-7.424 -7.932
-29.399 -9.032
-30.241 -9.453
-27.786 -9.143
-20.914 -6.697
-42.317 -6.995

Table 6: E Values of Vitamins and Controls

E Values of Vitamins vs Controls

Vitamin C Vitamin E

-10
-15
-20

-25
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Full Fitness
(kcal/mol)
-4231.155
-4274.577
-4258.16
-4231.143
-4262.505
-4300.617

Vitamin K1 Vitamin K2 Memantine Pramipexole

-30

-35

=—F \/alue

Figure 8: E Values of Vitamins vs Controls

Among the four vitamins studied, Vitamin K1 shows minimum E Value and therefore has

the maximum affinity towards binding to 12-LOX, followed by Vitamin E, Vitamin K2 and

Vitamin C respectively.
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5. CONCLUSION AND DISCUSSION

Nowadays, computational drug designing has received so much importance in the industry
as well as in research areas. It focusses on developing more reliable compounds against the
biological target. In case of neurodegenerative disorders, the biggest challenge is the BBB
permeability of the molecule. Several risk factors and side effects are always present.
Therefore, an increased interest is observed in evaluating compounds of natural origin that
can transverse BBB and can be used as potential molecules in neuroprotection. The role of
dietary supplementation of vitamins has been previously suggested by various studies in
reducing the risk of neurodegeneration. By structural activity relationship of vitamins, we
suggest Vitamins as a potent therapeutic molecules in ameliorating the oxidative-stress

mediated neurodegeneration.

There is, however, always some scope of advancement to attain more precise and accurate
results. With respect to this study, the biggest challenge was selection of most related
descriptors from thousands of computed parameters. Selection of all exactly related
parameters is never assured which directly affects the accuracy of the results. But the aim is
fulfilled since before actually testing the molecules as potential drugs, a brief idea of the
predicted activity is accomplished so as to compare the calculated results to the computed
ones. This also hints towards the idea that structurally similar compounds may behave
similarly and possess similar biological activity. By actually analyzing the Structural
Activity Relationships of different molecules and prediction of activities, selection of a better
molecule for analysis is ensured which can further be utilized in Pharmacophore Modelling,

QSAR Models, Drug Designing and even clinical studies.

As per our study Vitamin K1 shows the maximum potential towards inactivating the 12-
LOX which is a mediator of production of free radicals through Arachidonic Acid Pathway.
This gives a light of hope for further research that it may be used a substitute to the present
drugs in ameliorating the oxidative injury caused by the oxidants and may open new doors
to tackle the wrath of oxidative damage caused by free radicals by utilizing the molecules of

natural origin.
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