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Introduction: Cerebral ischemia arise due to insufficient/
interrupted blood supply to brain and is accompanied by
pathologies like degradation of extracellular matrix
resulting in blood brain barrier disruption, intra cranial
haemorrhage, activation of astroglial cells and hence
death of neurons. In addition, oxidative stress and
inflammation is common to all neurodegenerative
diseases enhancing the harmful consequences of
diseases. Matrix Metalloproteinases (MMP) are normally
involved in extracellular matrix remodelling and are
regulated while injury and inflammation in tissue. Over
expression of MMP2 and MMP9 results in progression of
ischemic conditions by extracellular matrix degradation
thus compromising the structural integrity of Blood Brain
Barrier (BBB) proving them a potent targets for the
disease. Violacein (source: Chromobacterium violaceum),
purple pigment from microbial origin is a bisindole have
high anti-inflammatory, anti-oxidant, anti-bacterial, anti-
cancer and anti-parasitic properties. Present study is to
study the effective potential of violacein against cerebral
ischemia.

Methods and findings: Violacein’s ADMET (Absorption,
Distribution, Metabolism, Excretion, Toxicity), properties
were calculated and structural inhibition of MMPs
through molecular docking was evaluated. Violacein
resulted six H-bonds with MMP2 with high binding energy
of -11.83 kcal/mol and two H-bonds with MMP9 with
binding energy of -9.889 kcal/mol. The Ki values of
violacein with MMP2 and MMP9 were 2.12 nM and 56.14
nM respectively which proved high affinity of violacein
towards the target.

Conclusion: Violacein with its high antioxidant and anti-
inflammatory property can be a potent all round

treatment for cerebral ischemia and demands extensive
research.

Keywords: Inflammation; Neuronal death; Docking
analysis

Abbreviations:

ADMET: Absorption, Distribution, Metabolism, Excretion,
Toxicity; BBB: Blood Brain Barrier; MMP: Matrix Metallo
Proteinase

Introduction

Cerebral ischemia ranked third leading cause of death is
victimizing half a million of lives every year [1]. It develops as a
result of improper blood supply to brain due to haemorrhage
and occlusions, which leads to inability to meet the metabolic
demand and results in decreased supply of oxygen and glucose
to brain cells [2]. The prolonged prevalence of such starving
conditions activates intracellular and extracellular proteolytic
pathways leading neuronal death and degradation of
Extracellular Matrix (ECM) [3].This degradation progresses to
break the basal lamina thus imparting leakage and destroying
the structural integrity of blood brain barrier leading to
oedema, haemorrhagic transformation, microglial cell
activation, circulating inflammatory cells infiltration in brain
and lastly neuronal death [4]. The composition of ECM mainly
contains proteins like collagen, fibronectin, laminin and
proteoglycans [5]. Matrix Metalloproteinases (MMP) are Zn
dependent proteolytic enzymes responsible for the
remodelling of ECM in conditions of development,
inflammation and tissue injury [6,7]. They are activated by
cytokines and are reported to hamper the integrity of ECM in
ischemic conditions due to there over expression [8]. MMP2
(gelatinase A) and MMP9 (gelatinase B) plays leading role in
degrading the collagen type IV protein of ECM or basal lamina
thus proving themselves the most potent targets of the
disease [9-11]. The increased levels of MMPs have also been
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reported in many diseases, like cardiovascular diseases, cancer,
osteoarthritis, lung injury etc. causing degradation of
extracellular matrix [6]. Many researchers have reported
increase in expression of MMPs in cerebral ischemia [5,9-11].
Past researches have proved that MMP 9 knockout mouse
models or application of MMP inhibitors and antibodies have
shown protective effects and reduction in disease
pathogenesis by decreasing the infraction size in ischemic
brain [9,11]. All these findings evoke the demand to focus
MMP for the contraction of disease.

Although ECM degradation by MMPs is a major pathology to
deal with for combating the ischemic condition, pathologies
like ionic imbalance following excitotoxicity, acidosis, peri-
infract depolarization, oxidative stress, inflammation, edema
and apoptosis also need special attention as they contribute a
lot to adverse the conditions [12,13].

In diseased state increment in free radicals generation
during enzymatic conversions and formation of transient pores
in mitochondria activate apoptosis in cells [14,15]. This
increase in free radicals not only cause destruction of
physiology of brain by apoptotic neuronal insult but also
cause, lipid peroxidation by free radicals causing membrane
damage and disturb cellular processes, degradation of proteins
and nucleic material in turn resulting into formation of free
radical [16].This continuous cycle of free radical formation
leads to oxidative stress which occurs due to the imbalance of
free radical oxidant species and the anti-oxidant levels of brain
[17]. The main free radicals causing oxidative stress are
reactive oxygen species especially superoxide anion, hydroxyl
anion, hydrogen peroxide, NO.O, and NO [13,14]. Oxidative
stress causes degradative stress on mitochondria and
endoplasmic reticulum causing neuronal death [17]. High
amount of oxidative stress causing free radical also activate
mitogen activated protein kinase pathways which too are
involved in increasing inflammation and cellular damage [18].
Violacein[3-(1,2-dihydro-5-(5-hydroxy-1H-indol-3-yl)-2-oxo-3H-
pyrrol-3-ilydene)-1,3-dihydro-2H-indol-2-one] is a bisindol
made by condensation of two tryptophan residues (Figure 1).

Table 1: Physiological properties of violacein.
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Figure 1: Structure of violacein.
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It is mainly synthesized by Cromobacterium violaceum but is
also found to be synthesized by Janthinobacterium lividum and
Alteromonasluteo violacea under specific conditions [19,20]. It
is a purple pigment which is insoluble in water but soluble in
DMSO, methanol and ethyl acetate. It is a multifunctional
compound with anti-inflammatory, anti-oxidant, anti-bacterial,
anti-cancer and anti-parasitic properties [20-22]. The anti-
oxidant property was studied by Konzen et al. for nitrogen and
oxygen reactive species, 1,1-diphenyl-2-picryl hydrazyl (DPPH)
and hydroxyl radical and resulted in finding the reduction of
free radicals in efficient way [18]. Lipid peroxidation studies of
violacein found protective effect on lipid membranes and also
proved enhanced anti-oxidant property when reconstituted
with membranes or liposomes as delivery systems [21,23]. Its
anti-cancer property is well established in vitro due to its
inhibiting potential against MMPs via cytokine inhibition in
cancer cells, hence reducing tumor growth, metastasis, and
angiogenesis. Also there is reduction in inflammatory
chemokine secretions in turn giving anti-inflammatory effect.
In a study on mice model it became evident that violacein have
great potential to treat acute and chronic inflammation by
supressing the cytokine production in acute inflammation and
stimulating regulatory T cells in chronic inflammation [24,25].

Smiles Oc1ccc2e(c1)c(c[nH]2)C1=CC(=C2C(=0)Nc3c2cccc3)C(=O)N1
Formula C20H13N303
Molecular weight 343.34 g/mol
Number of heavy atoms 26
Number of arom. heavy atoms 15
Fraction Csp3 0
Number of rotatable bonds 1
Number of H-bond acceptors 3
Number of H-bond donors 4
Molar Refractivity 104.77
TPSA 94.22 A?
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Its antioxidant property and immune modulatory power
proved it a great marine nutraceutical which is effective
against cancer, rheumatoid arthiritis, cardiovascular diseases
and (Table 1) many neurodegenerative disorders. All these
facts encouraged us to focus violacein for its role as
neuroprotection in cerebral ischemia [22,26].

Our Hypothesis

In the present study we hypothesize that violacein with its
anti-oxidative, anti-inflammatory and MMP inhibiting
properties can be considered as a potent drug for cerebral
ischemia. Efforts were made to prove this hypothesis by
finding the ADMET properties of violacein and by performing
molecular docking, for the disclosure of any structural
inhibition of MMPs, with MMP2 and MMP9 as major targets of
cerebral ischemia.

Methodology

ADMET properties of violacein

The smile notation of violacein was taken from Pubchem
(Pubchem CID: 9928039). Toxicity properties like LDsq were
calculated from web based tool Protox [28]. The ADME
properties were measured by Swiss ADME web tool of Swiss
Institute of Bioinformatics [27]. Molecular properties and
bioactivity scoring of violacin were calculated by
Molinspiration Chemoinformatics web based tool.

Table 2: Water solubility of violacein.

Log S (ESOL) -3.51

Solubility 1.05e-01 mg/ml ; 3.06e-04 mol/l
Class Soluble
Log S (Ali) -3.48
Solubility 1.14e-01 mg/ml; 3.31e-04 mol/l
Class Soluble
Log S (SILICOS-IT) -6.45

Solubility 1.21e-04 mg/ml ; 3.52e-07 mol/l

Class Poorly soluble

Table 3: Lipophilicity of violacein

Log Py (LOGP) 1.4
Log Pow (XLOGP3) 1.9
Log P (WLOGP) 1.8
Log Py (MLOGP) 1.3

Log Pojw (SILICOS-IT) 3.1
Consensus Log Py 1.9

Table 4: Druglikeness of violacein.
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Lipinski Yes; 0 violation
Ghose Yes
Veber Yes
Egan Yes
Muegge Yes
Bioavailability Score 0.55

Table 5: Medicinal chemistry of violacein.

PAINS 1 alert: ene_five_het_C
Brenk 1 alert: michael_acceptor_1
Leadlikeness Yes
Synthetic accessibility 3.34
Table 6: Pharmacokinetics of violacein.
Gl absorption High
P-gp substrate No
CYP1A2 inhibitor Yes
CYP2C19 inhibitor No
CYP2C9 inhibitor No
CYP2D6 inhibitor No
CYP3A4 inhibitor No
Log K, (skin permeation) -7.06 cm/s

Table 7: Molinspiration bioactivity scores of violacein.

GPCR ligand -0.17

lon channel modulator -0.21
Kinase inhibitor 0.52
Nuclear receptor ligand 0.17
Protease inhibitor -0.28
Enzyme inhibitor 0.14

Table 8: Result of molecular docking of violacein with MMP2
and MMPS9.

Violacein Binding X .
docked with energy Ki value Residues
11.83 TYR223, LEU197, ALA220,
MMP2 ' 2.12nM ALA217, GLU202 and PRO
kcal/mol
221
-9.89
MMP9 56.14 nM TYR 420 and ARG 424
kcal/mol

Docking analysis

Docking analysis of violacein and MMPs was performed by
using Autodock 4.0 software. The 3D crystal structure of
MMP2 (PDB id 1QIB) and MMP9 (PDB id 1L6J) were obtained
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from RCSB (Research  Collaboratory for  Structural
Bioinformatics) Protein Data Bank. The violacein structure was
made in ACD lab by using smile notation from Pubchem
(Figure 1).

The PDB file of violacein was generated by using online
smile translator to get the 3Dstructure for docking analysis. All
the hetero atoms, including the water molecules, except Zn
were removed from PDB files of MMP2 and MMP9. In
Autodock program H-atoms were added to MMP2 and MMP9
then nonpolar H-atoms were merged. Lamarck genetic
algorithm which is established on adaptive local search was
applied as search parameter [10]. Short range Van der walls
interactions and electrostatic interactions, entropy losses,
hydrogen bonding were included as autodock energy based
scoring function [29]. The Lamarckian genetic algorithm
parameters for this study were: Number of runs=30, maximum
number of evaluations=2500000, population size 150, number
of generation=27000, rate of crossover=0.8 and rate of gene
mutation=0.02 [9]. Blind docking for MMP2 was performed
using grid size 126,126 and 126 along X, Y and Z axis with
spacing of 0.375 A. The grid centre was set at 72.872 (X
centre), 27.271 (Y centre), 20.779 (Z centre). Blind docking for
MMP9 was performed with grid size 126, 126 and 126 along
X,Y and Z-axis with spacing of 0.619 A° and grid centre was set
at 36.89 (X centre), 38.95 (Y centre), and 34.737 (Z centre).The
kollman charges added were -87.124 for MMP2 and -207.62
for MMP9. As reported by Hu and Shelver [29], the docking
analysis was done by applying charge of +0.95e on both zinc
atoms for both the MMPs (MMP2 and MMP9) [30].

Results

The ADMET properties and bioactivity scores of violacein
are given in Tables 1-7. This compound was found to follow
Lipinski’s rule which provide evidence for violacein to be a
potent drug [31]. The toxicity results showed that the
compound belongs to toxicity class 4 with LD50 of 500 mg/kg.
This proved its least toxicity or no toxicity if swallowed in
amounts less than 300 mg/kg. Also there was no possible
binding found to toxic targets suggesting it to be safe for
human administration.

Results of the docking study pronounced the effectiveness
of violacein for treatment of cerebral ischemia. The high
binding energy of -11.83 kcal/mol with Ki value of 2.12 nM for
violacein-MMP2 complex gave 6 hydrogen bonds at TYR223,
LEU197, ALA220, ALA217, GLU202 and PRO 221 residues
(Figure 2).
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Figure 2: Violacein docked with MMP2 formed six hydrogen
bonds at TYR223, LEU197, ALA220, ALA217, GLU202 and
PRO 221.

Violacein also showed high binding energy when complexed
with MMP9 of -9.89 kcal/mol with 2 hydrogen bonds at TYR
420 and ARG 424 residue proving its high inhibition capability
against MMPs (Figure 3).

Figure 3: Violacein docked with MMP9 formed two
hydrogen bonds at TYR 420 and ARG 424.

The Ki value for MMP9-violacein complex is 56.14nM.
Results of the docking study are given in Table 8.

Discussion

Cerebral occlusion and haemorrhage are the leading cause
of ischemic stroke resulting into an improper blood supply to
brain causing reduction in oxygen and glucose level to meet
the metabolic demand [32]. As it is known that brain is the
highest consumer of oxygen (about 20%) hence any reduction
may lead to harmful consequences. As the blood flow reduces
to one fourth of the normal supply, the brain functions
become impaired [33]. Existence of such conditions for long
period leads to neuronal insult in core ischemic regions of
brain continued by death of neurons in penumbra ischemic
regions hence activating large number of death pathways
[3,34]. Therapeutics to deal with this deadly condition are still
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lacking due to unknown aetiologies of neuronal insult. The
knowledge about the mechanisms resulting into ischemic
conversions and loss of neurons is limited and yell for more
research. On the other hand the role of MMPs in progression
of ischemic conditions is well established and their increase in
pathological conditions is reported by many researchers
[3,5,6]. In past study it was reported that MMP overexpression
in ischemic condition is directly proportional to infraction, and
reduction in infraction had been well documented when MMP
inhibition was done [11]. This has encouraged promising
researches to inhibit MMPs for combating ischemic conditions.
As it is reported that MMP2 and MMP9 have major role in
increasing the pathologies, there is great interest in finding
their inhibitors for utilizing this knowledge to treat ischemia to
great extent [3,8,35-37].Till date many natural inhibitors have
been reported for the inhibition of MMPs. Quercetin was
reported by Lee et al. for its role in protection against BBB
disruption and resulting edema [38]. Quercetin was also
reported by Pandey et al. for its structural inhibition of MMPs.
Resveratrol was reported by Pandey et al. in neuroprotection
in cerebral ischemia by directly inhibiting MMPs [9]. Structural
inhibition of MMPs by rutin was reported by Selvaraj et al.
[36]. Violacein a microbial pigment is well accepted for its
great antioxidant and anti-inflammatory potential [19,25].
Inhibition of MMPs is proposed by three mechanisms.

¢ Inhibition at transcriptional level.

e Post translational inhibition by directly attacking the active
site.

e Indirect effects on endogenous activators and inhibitors
that regulate MMP’s activity [8,39-41].

It was reported that violacein inhibits MMP2 and MMP9 by
an indirect effect thereby reducing the expression of CXCR4
which decreases cancer progression [24]. But the inhibition of
MMPs by violacein for neuroprotection has not caught much
attention.

Molecular docking studies are done to predict the most
stable orientation of one molecule to the other when bound to
form a complex [37]. Hence, in present study docking analysis
of violacein with MMP2 and MMP9 was performed to get the
possibility of direct active site inhibition to treat cerebral
ischemia. A study by Kiyama et al. suggested that MMP9
consists of S1’cavity pocket with a floor board and MMP2 have
S1’channel like cavity [41]. The S1’ pocket of MMP9 consists of
Asp185 to Leul88 and Pro421 to Tyrd23 residues which are
effective for inhibition and substrate binding [43]. The wall of
S1’ pocket contains side chain of Leu188, Leu397, Val398 His
401, and Leud418 and the main chain residues Met422 to
Try423 [44]. Present study of violacein with MMP9 docking
found H-bonds at Tyr 420 and Arg424 which are nearest to the
active site thus proving effective inhibition.

In past studies structural inhibition of MMP2 with quercetin
was found to be at residues Leul64, Alal65, Ala 217 and
Ala220 with binding energy of -9.11 kcal/mol [10]. Another
study on docking analysis of rutin with MMP2 found H-
bonding at residue Glu202 with binding energy of -10.19
kcal/mol [37]. In this study we found that violacein forms H-
bonds with Ala217, Ala220, Tyr223, Leul97, Glu202 and Pro
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221 residues with a comparatively high binding energy of
-11.83 kcal/mol proving high inhibition activity against MMP2
especially because of most effective inhibition residues Ala2,
Ala220 and Glu202. Docking of resveratrol with MMP9 in a
study gave residues Glu402, Ala417 and Arg424 to form H-
bonds with binding energy of -8.75kcal/mol (-36.634 kJ/mol)
[9]. Sarkar et al. [35] in their docking study of (-)-epicatechin-3-
galate and (-)-epigalocatechin-3-galate for proMMP9 inhibition
found Try420 as an effective residue for inhibition with high
binding energies [36]. The result obtained after docking of
violacein and MMP9 complex revealed H-bonds with binding
energy of -9.88 kcal/mol at residues Tyr 420 and Arg424 which
were already reported as efficient residues for the inhibition
hence proving our compound a better inhibitor for MMP9.
Additionally the low values of Ki 2.12 nM and 56.14 nM for
inhibition of MMP2 and MMP9 respectively in turn proved
violacein a potent inhibitor. Ki value is the concentration of
compound needed for effective inhibition of target. It has
direct relationship with the IC50 values which is the
concentration of compound required for 50% inhibition of the
target enzyme. Thus lower the Ki value, higher will be the
affinity of compound for its target to be inhibited [45]. In
previous researches inhibition of MMP2 and MMP9 by
resveratrol in a molecular docking study evaluated Ki values of
237.25 nM and 384.27 nM respectively which are higher than
our results for violacein hence proving violacein a better
inhibitor than resveratrol [9]. Also inhibition of MMP2 and
MMP9 with quercetin gave Ki values 210.76 nM and 343.46
nM which being greater that the Ki value of our compound
provided strong support to violacein as a treatment of cerebral
ischemia by inhibiting MMP2 and MMP9 with higher affinity
[10].

In addition to the effective structural inhibition with high
binding energies violacein is a well-established antioxidant and
anti-inflammatory compound. These properties cumulatively
help to reduce the pace of progression of ischemic pathologies
[22]. The absorption, distribution, metabolic, excretion and
toxicity analysis of violacein stood in support for its use as a
drug. Hence our study conveys great scope for violacein to be
an effective multifunctional drug for the treatment of cerebral
ischemia. More research is anticipated to bring it in clinical
trials to battle the large number of deaths due to cerebral
ischemia.
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