Aderibigbe et al., Int J Drug Dev & Res 2017, 9:4

International Journal of Drug Development
and Research

Research Article

Applications of In Silico Methodologies in Exploring the Inhibitory
Potentials of Fisetin on MMP-8 and MMP-13 in Colorectal Cancer
Progression

Arowosegbe Michael Aderibigbe'?*, Ogunleye Adewale Joseph', Eniafe Gabriel O', Omotuyi Olaposi Idowu', Ehima Victoria Obiajuru'?,
Metibemu Damilohun Samuel’, Ogungbe Bimpe? Kanmodi Rahmon llesanmi? and Ogunmola Oluwafemi Jude*

"Centre for Biocomputing and Drug Development, Adekunle Ajasin University, Akungba-Akoko, Ondo State, Nigeria
2Department of Biochemistry, Lagos State University, Ojo, Lagos State, Nigeria

3Department of Biochemistry, McPherson University, Seriki Sotayo, Ogun State, Nigeria

“Department of Biology (Storage Technology), Federal University of Technology, Akure, Ondo State, Nigeria

*Corresponding author: Michael Aderibigbe, Centre for Biocomputing and Drug Development, Adekunle Ajasin University, Akungba-Akoko, Ondo State, Nigeria,
Tel: 2348055073220; E-mail: michael.a.arowosegbe@gmail.com

Received November 21, 2017; Accepted November 29, 2017; Published December 06, 2017

Abstract

Matrix metalloproteinases, MMP-8 and MMP-13, play crucial roles in the prognosis of colorectal cancer (CRC). Although some literatures
consider MMP-8 as a double-edged sword, based on its ambiguous effects in tumouriogenesis. A conglomeration of evidence has revealed that
MMP-8 and MMP-13 are requisite in the degradation and remodelling of components of the extracellular matrix in colorectal cancer progression.
Therefore, it is apposite to timely inhibit these Zn-dependent endopeptidases, thereby repressing the angiogenic, invasive and metastatic potentials
of CRC. Early MMP inhibitors failed clinic trials due to poor oral bioavailability, metabolic instability and dose-limiting toxicity, poor trial design and
the use of inadequate clinical end-points. Hence, in the current study, our aim was to source for a potent inhibitor of MMP-8 and -13 that can later
scale the hurdle of drug trials. We employed in-silico approach to investigate therapeutic properties of fisetin as well as its molecular interaction
in the catalytic domain of MMP-8 and -13. Fisetin partly distorts the S, sites of the endopeptidases while partially maintaining the hydrophobic
pockets. Consequently, this may explain the improved inhibition of MMP-8 and MMP-13 as compared with the standard co-crystallised inhibitors.
The results from this study corroborate other findings, indicating that fisetin is probable potent anticancer drug and it can significantly palliate CRC

invasion and metastasis.

Keywords: Colorectal ~ cancer;  Fisetin;  Endopeptidases;
Bioavailability; Inhibition
Abbreviations: CRC: Colorectal Cancer; AC: Classical

Adenocarcinomas; MAC: Mucinous Adenocarcinoma; SC: Signet-ring
Cell Carcinomas; EMT: Epithelial-Mesenchymal Transition; MMPs:
Matrix Metalloproteinases; MMP-8: Matrix Metalloproteinase 8;
MMP-13: Matrix Metalloproteinase 13; VEGF: Vascular Endothelial
Growth Factors; LD50: Lethal Dose 50; ADME: Absorption,
Distribution, Metabolism, Excretion; 5XT and 1UA: Co-crystallised
Inhibitors; CYP: Cytochrome P450.

Introduction

Colorectal cancer (CRC) is third on the list of the most prevalently
diagnosed malignancies and the fourth major cause of cancer-related
death worldwide [1-4]. CRC incidence is forecast to increase by about
60% to more than 2.2 million new cases and almost 1.1 million deaths
by 2030 [5]. Even with the remarkable headways in diagnosis, screening
and treatment of CRC, the comprehensive long-term outcome of
curatively resected patients have not noticeably changed in the last few
decades, the 5-year survival rate being approximately 60%, primarily
dependent on the stage at diagnosis [6,7]. Histological subtypes
according to World Health Organization (WHO) were defined as
classical adenocarcinomas (AC), accounting for the majority of cases.
The mucinous adenocarcinomas (MAC), signet-ring cell carcinomas
(SC), and other even less occurring forms (small cell carcinoma,
squamous cell carcinoma, adenosquamous carcinoma, medullary
carcinoma, and undifferentiated carcinoma) also exist [6,8]. Colorectal
neoplasm develops slowly, over years or even decades. Consequently,
most CRC commence with the polyps occurring on the epithelial lining
of the colon or rectum. These abnormal growths may be hyperplastic
polyp (benign), tubular adenoma (pre-malignant) or colorectal

adenocarcinoma (malignant) [9]. Although it is calculated that about
20% occurrences of CRC have familial history of the tumour and
some genetic syndromes accounts for about 4% of people with greater
risks of CRC [9]. However, most of the CRC cases are connected to
environmental factors rather than genetic alterations. Incidences of
CRC may depend on numerous factors such as diets, life style, intestinal
microbiota, mutagens and other environmental parameters [5,9-11].
Many of the CRC patients in Dukes A and B (early) stage can be treated
successfully by surgical resection. Nevertheless, the malignant CRC
that undergoes metastasis in the advanced stage (Dukes C and D) is
conventionally refractory to available therapies and carry quite a poor
prognosis, leading to the consequential drop in the 5-year survival rates
[10,12,13]. During progression to metastasis, a subset or individual
cancer cells undergo epithelial-mesenchymal transition (EMT),
detach from the primary tumour and migrate to the blood or lymph,
colonizing distant organs or tissues such as liver, lung and peritoneum.
In addition, various other metastatic sites are the spleen, bone, the
brain and rarely, the pancreas and heart [9,12,14].

Epithelial-mesenchymal transition (EMT) is a vital regulator
of tissues and organ formation, which is implicated as requisite
mechanism in cancer progression and metastasis [15]. EMT allows
epithelium-derived tumour cells metastasis by promoting loss of cell
adhesion and gain of migratory together with invasive properties
[16,17]. The reduction in E-cadherin expression is a crucial factor
in EMT process. The single-span transmembrane glycoprotein
E-cadherin interacts with adjacent E-cadherin molecules expressed
by proximate cells and moderates calcium-dependent intercellular
adhesion [18]. The loss or reduction in E-cadherin expression is
prompted by chromosomal deletions, DNA methylation, proteolytic
cleavage by matrix metalloproteinases (MMPs) [19] and several
transcriptional repressors such as Snail, Slug and Twistl as well as
other direct and indirect repressors [20,21]. Previous studies have
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depicted that abnormal E-cadherin expression is linked to high-grade
and poorly differentiated tumour stage for numerous types of cancers
including breast cancer, lung cancer, gastric cancer, prostate cancer
and colorectal cancer [21].

Fundamental cancer studies have primarily focused on either gain-
of-function in oncogenes or loss-of-function in the tumour suppressor
genes [22], which are sequel to the genetic alterations that characterise
tumour cells [23-25]. However, the extracellular matrix of the cancer
cells and the stromal cells within the tumour microenvironment
possess a significant effect on tumour progression [23,24]. Matrix
metalloproteinases (MMPs; also known as matrixins), family
extracellular zinc-dependent endopeptidases [26], are involved in the
degradation and remodelling of extracellular matrix in physiological
and pathological processes [27]. MMPs also have a crucial role in
cell proliferation, differentiation, migration, angiogenesis, immune
responses and apoptosis, which are implicated in the hallmarks of CRC
[7,12,13,28].

MMP-8 has been considered as a double-edged sword due to its
equivocal role in cancer progression [29]. Previous studies showed that
MMP-8 might play some beneficial roles during tumour progression
[15,30]. For instance, the loss of MMP-8 significantly increases the
incidence of skin cancer in male MMP-8"" mice and MMP-8-deficient
female mice develop tongue cancer more often than wild-type mice
[3,31]. However, other reports noted that the up-regulation of MMP-
8 is directly proportional to the progression of colorectal cancer
[29]. In addition, there is a positive correlation between MMP-8 and
TGE-B1, which confers the acquired invasion and metastasis through
the induction of EMT [29]. MMP-13, also named collagenase-3 [32], is
another MMP, implicated in the remodelling of the ECM components
important to cancer microenvironments. Under pathological
conditions such as in CRC, MMP-13 expression is up-regulated by

cancer invasion-related factors [33] and other studies suggest that
MMP-13 may play a central role in the extracellular MMP activation
cascade in cancer microenvironment [34]. Although high expression
of MMP-13 is directly linked to the invasiveness and poor prognosis
of CRC [35], previous findings (ref) has also established that the
enzyme is involved in tumour angiogenesis [36]. MMP-13 elevated
in the tumour microenvironments promotes angiogenesis through
increased secretions of vascular endothelial growth factors (VEGF) in
cancer invasive area [33,37]. Therefore, the regulation of the activities
of MMP-8 and MMP-13 is important in the treatment of CRC.

Therapeutic inhibitors of MMPs (MMPI) have been developed,
but clinical trials for these drugs as regards to cancer treatments have
proved disappointing [38]. The failures can be explained based on
the followings: some of the problems are associated with the MMPI
themselves, such as poor oral bioavailability, broad spectrum inhibition
[7], metabolic instability and dose-limiting toxicity, while others
depend on the flops linked with the clinical trials such as poor trial
design and the use of inadequate clinical end-points [24,26]. With the
apt hindsight and the understanding of the diverse role of MMPs and
their relevance in the early progression of cancer diseases [39], such as
angiogenesis — we could improve on these disappointing results. To
better target MMPs for cancer treatment, we must thoroughly consider
the specific cancer-types and stages of disease and the expression
profile together with the activity of MMPs in the different stages of the
tumour progression [31].

Fisetin (3,7,3,4-tetrahydroxyflavone) is a flavonoid, commonly
found in plants such as Annona muricata, Acacia greggii, Butea
frondosa, Acacia berlandieri, Gleditsia triacanthos and Quebracho
coloradocs [40]. It is also widely present in fruits and vegetables such
as persimmon, strawberry, apple, grape, onion and cucumber at
concentrations of 2-160 mg/g [41] (Figure 1).

Figure 1: (A) shows the 3D structures of human MMP-8 and (B) depicts the three-Dimensional homodimeric structures of human MMP-13.
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Fisetin has been reported to possess anti-inflammatory [42],
antioxidant [43], anticancer [40], antihyperlipidaemic, and
neuroprotective properties [44], which can be explored for more
therapeutic purposes. Fisetin has been shown to target many
components of intracellular signalling pathways including controlled
mechanisms of cell survival and apoptosis, tumour angiogenic
and metastatic switches by modulating a peculiar set of upstream
kinases, transcription factors and their regulators. Patently, there
are enormous evidence which buttresses the idea that fisetin is a
promising therapeutics for CRC treatment [40,45]. In this study, In-
silico approach was employed to examine the inhibitory potentials
of fisetin against catalytically important amino acid residues in the
S, sites of the targets MMP-8 and MM-13. The flavonoid's ADMET
(Absorption, Distribution, Metabolism and Excretion) showed that
fisetin obeyed Lipinski's rule of five [46] and the toxicity results showed
that the compound belongs to toxicity class 3 with LD50 of 159 mg/
kg. Consequently, the ADMET and bioavailability properties of fisetin
portray it as a probable drug-like candidate with satisfactory oral
bioavailability. Nevertheless, more work needs to be done to elucidate
the role of fisetin on the some members of the cytocrome P450 family.

Materials and Methods

Preparation of ligands

The 2D chemical conformation of Fisetin was downloaded from
PubChem, a popular database for the retrieval of ligands. The 3D
structure of Fisetin was created using Babel 2.3.2, and Autodock
MGLTool-1.5.6 was used to produce the pdbqt format of ligands.

Preparation of enzymes

X-ray crystal structures of the human enzymes were retrieved from
RCSB (Research Collaboratory for Structural Bioinformatics) Protein
Data Bank. The PDB ID of the enzymes are 5H8X (MMP-8) and 4L19
(MMP-13). All water molecules were removed and the pdqt file for each
protein was generated using the molecular graphic program PyMOL.
Config files was generated, and the grid coordinates was exactly as
that of the co-crystallized compounds in order to ensure that Fisetin
occupies the same binding pocket as obtained from MMP-8 (5H8X,
1.3 A, x=-9.65, y=-10.32, 2=20.29) and MMP-13 (4L19 1.66 A, x=14.4
y=16.3,2=24.51).

Molecular docking

Molecular docking was carried out using AutoDock4.2. Command
lines were used to dock the ligand in the same binding pockets in each
enzyme targets occupied by their co-crystalized compounds.

ADMET and bioavailability scores

The ADME (absorption, distribution, metabolism and excretion)
properties for Fisetin were calculated by using smile notation in Swiss
ADME web based tool [47]. Furthermore, the toxicity properties like
LD50 for fisetin was calculated by using PROTOX web based tool [48].
The bioavailability scores were calculated by using Molinspiration web
based tool [49].

Enzyme-ligand complex comformational analysis
We complexed the ligands (fisetin or the cocrystalised 5XT
Enzyme Targets

MMP-8 -9.9
MMP-13 -9.3

Binding Energy for 5XT and 1UA (kcal/mol)

and 1UA) and each enzyme separately in the pdb format using
PyMol and then submitted it on ProteinsPlus, an online server [50].
ProteinsPlus automatically generated the PoseView (2D) diagrams
of the macromolecular complexes. In addition, another online server
PLIP was applied to depict the 3-Dimensional conformation of each
complex.

Results and Discussion

Molecular docking

Fisetin showed a better binding affinity for the target enzyme
than the cocrystalised 5XT for MMP-8 and 1UA in MMP-13 has
indicated by Table 1: Fisetin is present in many fruits and vegetables.
Preclinical studies on fisetin has shown potential inhibition of
cancer growth through alteration of cell cycle, prompts apoptosis,
angiogenesis, invasion, and metastasis without inducing significant
adverse events to normal cells [40,45]. Previous studies had focused
majorly on the ability of fisetin to targets many components of
intracellular signalling pathways which involve regulators of cell
survival and apoptosis, tumour angiogenic and metastatic switches by
regulating the different set of upstream kinases, transcription factors
and their regulators [40,51]. Molecular docking studies are important
to predict the most stable orientation of one molecule to the other
when complexed together. In this study, we explored the therapeutic
inhibitory effect of fisetin on the catalytic sites of MMP-8 and MMP-
13, which are both collagenases and its effects on colorectal cancer
together with other tumours. We analysed the structural interactions
of fisetin against catalytic important amino acid residues in the S, sites
of the targets. The results of the molecular docking of MMP-8 with
fisetin gave significant binding energies of -10.0 kcal/mol. The docking
score of MMP-13-fisetin complex was -9.9 kcal/mol. From this result,
it is obvious that fisetin showed higher binding affinity for the enzyme
targets than the cocrystalised inhibitors.

Post docking analysis

6.2.1 Fisetin partially distort the S, sites while partly maintaining
the hydrophobic pockets: Up next, we carefully resolved the order
of interacting bond pairs in the light of previously described MMP-
inhibitors such as 5XT and 1UA [52,53]. We predicted the chemical
interactions of our putative ligand/protein complex, not just as a
validation procedure, but also to provide insights into the efficacy
of receptor binding and propensity to complex dissociation. 5XT, a
catechol-containing chemical entity which is a well described MMP-
8 inhibitor was first resolved and benchmarked for studying the test
compounds. Apart from situating itself in a deep and proximate
orientation within MMP-8’s binding pocket (S ), a highly stable
zigzagged network of hydrogen bond within ~3.0 A bond distance
was observed in Figures 2-4, between the amine ports of the backbone
residues Leul60 and Alal61 and sulfonamide moiety of the standard
inhibitor [52]. These residues have been reported to be crucial in
MMP-8 inhibition. An extra benzene ring (R3) of 5XT, which harbours
two OH- groups efficiently, twists to optimally engage in a hydrogen
trade-off with catalytic important Alal63, thus disrupting the pocket’s
orientation. Our observations about the hydrogen network outside the
hydrophobic shell are in consonance with a recent report [52] where
little information was provided about the lower hydrophobic shell. In

Binding Energy for Fisetin (kcal/mol)
-10.0
-9.9

Table 1: Docking Results for Co-crystallised Inhibitor vs Fisetin.
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Figure 2: The 2D structure of fisetin.

exploring this, we found that rings 1 and 2 protrude deeply well within
an extensive hydrophobic pocket spanning Leul93 to Tyr219 (Figure
3B). The current catechol-based MMP-8 inhibitor pose is crucial for
impeding pocket hydration and ligand desolvation over time, and as
such, we conclude that steric, electrostatic and hydrophobic interactions
complement each other for efficiently antagonizing MMP-8.

To our surprise, when we explored the bonding network proposed
by fisetin (a flavonol-mimetic), Leul60, Alal61, Asn218, Tyr 219
and Arg 222 were efficiently engaged within an impressive ~3.0 A
hydrogen bonding distance. The carbonyl oxygen of fisetin formed
H-bond networks with the parallel LEU160 and ALA161 as compared
to previous studies. However, hydrophobic patches between His
197 to Asn 218 through to Tyr 219 were scattered round the ligand
as shown by Figures 3B and 4A. The prominent interaction in the S,
pocket as established by previous researchers (ref) is ideally the planer
stacking of phenyl ring and HIS197. Upon visual inspection with
VMD, the previously hollow S, looks distorted and shredded, thereby
enabling access to water molecules. This is also evident in the patched
hydrophobes surrounding fisetin. We could not infer any reason for
this since the docking algorithm accounts for a rigid protein. Howbeit,
it is probable that the VMD algorithm could best represent the fisetin/
MMP-8 complex this way. Another astonishing fact is that fisetin fits
well to previously described QSAR criteria as per hydrophobicity and
electrostatic interactions. We insinuate that apart from antagonizing
MMP-8, fisetin’s orientation further alters the hollow coordination
within the comparatively restricted S, thus efficiently incapacitating
MMP-8 in CRC progression.

We also studied the binding modes of a hypothetical MMP-13/
fisetin complex. Prior to this we analysed the chemical behaviour of
the exosite-binding 1UA inhibitor with MMP-13’s crucial residues
as it has been previously reported. Noteworthy, is the protrusion of
the P-methylphenyl moiety of 1UA into the hydrophobic S, pocket as
indicated in Figures 5 and 6, pointing towards the substrate binding
cleft and contacted by the hydrophobic region, which contains
residues, TYR244, VAL219, HIS222, Leu239 [53]. In addition, there
was a planar stacking interaction between the imidazole ring of HIS222
and the compound 1UA phenyl ring. Aside these, ligand derived N19 is
protonated by the carbonyl portion of the crucial Thr245 thus forming
a hydrogen bond (Figure 5). Again, we report a similar network for
fisetin with disconnected but extensive hydrophobic patches, where
the residues LEU185, VAL219, TYR244 and HIS222 form a scattered
hydrophobic network around the fisetin molecule in Figures 5 and
6. Furthermore, a similar n-n stacking interaction was observed the

imidazole ring of HIS222 and a phenyl moiety of fisetin (Figure 6), as
compared to the co-crystallized 1UA inhibitor (Figure 6) [53]. Fisetin
partially twists in a g-conformation within the hollow S, thus enabling
optimal water-assisted hydrogen-bond contacts with GLU223,
ALA186, LEU185, LEU239 just outside the hydrophobic shell while
maintaining the necessary hydrophobic bonds.

Overall, in both cases (MMP-8/-13), we noted (and justified by
previous studies, [52,53]) that ideally, previously described inhibitors
aggregate require a decisive combo of hydrophobic and hydrogen
bonds for antagonism. These were consistent with the binding
signatures presented by fisetin.

MMPs have been elucidated to play significant role in the
development and progression of CRC [29,33,37]. Previous reports
[3,29,54] showed that MMP-8 may have some protective activities,
thereby discouraging its inhibition in cancer treatment. Howbeit,
other studies indicate that up-regulation of MMP-8 is positively
correlated with the progression of CRC [3,29,54]. Therefore, the timely
inhibition of MMP-8 is justified. MMP-13 activity is importantly
higher in the tumour tissues than normal colonic mucosa, where it
acts as an indispensable mediator of ECM degradation implicated in
CSC tumour angiogenesis, invasion and metastasis [33-35]. In order
to circumvent the shortcomings of previous clinical trials for MMP
inhibitors, we must thoroughly consider the specific cancer-types and
stages of disease and the expression profile together with the activity
of MMPs in the different stages of the tumour progression [24]. In
this study, fisetin satisfactorily inhibits the post-translational forms of
MMP-8 and -13, thereby suppressing ECM modifications necessary for
tumour angiogenesis, invasion and metastasis.

ADMET properties

Fisetin was found to follow Lipinski's rule of fivee ADMET
properties and bioactivity scores of fisetin are depicted in Tables 2-8.
The lead compound was shown to follow Lipinski’s rule of 5 which
underscore fisetin as a potent drug as observed in Tables 2 and 6. The
toxicity results showed that the compound belongs to toxicity class 3
with LD50 of 159 mg/kg. This provided evidence for its least toxicity or
no toxicity if administered at a dosage far less than 100 mg/kg.

Susceptibility of the human body to carcinogens has noticeably
increased in the last few decades. People are exposed to xenobiotics
from environmental pollutants, food contaminants, pesticides, and
drugs [55]. Therefore, the cytochrome P450 enzymes involved in
phase I drug metabolism either detoxify or biotransform these foreign
agents, leading to carcinogenesis. In vitro, flavonoids such as fisetin
predominantly inhibit the major phase I drug-metabolizing enzyme
CYP450 3A4 and the enzymes responsible for the bioactivation
of procarcinogens (CYP1 enzymes) and up-regulate the enzymes
involved in carcinogen detoxification (UDP-glucuronosyltransferases
and glutathione S-transferases) [55,56]. The inhibition of CYP1A2,
a procarcinogen-bioactivating enzyme as indicated in Table 5 may
underscore the chemoprotective effect of fisetin as reported in previous
studies [40,44]. Furthermore, CYP3A4 is a major cytochrome P450
enzyme, coupled with its abundant expression in liver; CYP3A4 is
involved in metabolizing many anticancer agents [55]. The effect of
fisetin on CYP3A4 as depicted by Table 5 may noticeably influence
the bioactivity and bioavailability of enterally-administered anticancer
drugs which are CYP3A4 substrate [55]. Obvious, this shows that
fisetin can be co-administered with other potent antitumour drugs
to synergistically leading to CRC remission. Since this studies partly
corroborate with the previous findings elucidating the relationship
between flavonoids and CYP [55,56], the effect of fisetin on phase I
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Figure 3: The 2D representations of the interactions between (A) fisetin (B)
co-crystalized, catalytic domains of MMP-8, the black dashed lines indicate
hydrogen bonds and salt bridges. The green solid lines show hydrophobic
interactions as created by Pose View

A B

Figure 4: (A) The 3D protein-ligand profile for MMP-8 and 5XT (catechin-based
inhibitor) interaction where the blue lines are the H-bonds, gray dashed lines
show the hydrophobic interactions and the orange dashed line is Tr-cation
interaction. (B) The 3D protein-ligand interaction for MMP-8-fisetin. The
blue lines are the hydrogen bond, gray dashed lines show the hydrophobic
interactions and the green dashed line depicts the T-stacking (parallel).

Figure 5: The 2D representation of the interaction between fisetin (A),
cocrystalised 1TUA (B) and the catalytic domain of MMP-13, where the black
dashed lines indicate hydrogen bonds and salt bridges. The green solid lines

Formula C15H1006
Molecular weight 286.24 g/mol
Num. heavy atoms 21
Num. arom. heavy atoms 16
Fraction Csp3 0.00
Num. rotatable bonds 1
Num. H-bond acceptors 6
Num. H-bond donors
Molar Refractivity 76.01
TPSA 111.13 A2

Table 2: Physicochemical Properties of Fisetin.

Log Polw (iLOGP) 1.50
Log Po/w (XLOGP3) 1.97
Log Po/w (WLOGP) 2.28
Log Po/w (MLOGP) -0.03

Log Po/w (SILICOS-IT) 2.03
Consensus Log Polw 1.55

show hydrophobic interactions has created by Pose View.

Table 3: Lipophilicity of Fisetin.

Log S (ESOL) -3.35
Solubility 1.27e-01 mg/ml; 4.43e-04 mol/l
Class Soluble
Log S (Ali) -3.93
Solubility 3.37e-02 mg/ml; 1.18e-04 mol/l
Class Soluble
Log S (SILICOS-IT) -3.82
Solubility 4.29e-02 mg/ml; 1.50e-04 mol/l

Class Soluble

Table 4: Water Solubility of Fisetin.

Gl absorption High

BBB permeant No
P-gp substrate No

CYP1A2 inhibitor Yes
CYP2C19 inhibitor No
CYP2C9 inhibitor No
CYP2D6 inhibitor Yes
CYP3A4 inhibitor Yes
Log Kp (skin permeation -6.65 cm/s
Table 5: Pharmacokinetics of Fisetin.

Lipinski Yes; 0 violation
Ghose Yes
Veber Yes

Egan Yes

Muegge Yes

Bioavailability Score 0.55

Table 6: Druglikeness of Fisetin.

PAINS 1 alert: catechol_A
Brenk 1 alert: catechol
Leadlikeness Yes
Synthetic accessibility 3.16

Table 7: Medicinal Chemistry of Fisetin.
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Figure 6: (A) The 3D protein-ligand profile for MMP-13 and 1UA (exocite-
binding inhibitor) interaction. The blue lines are the hydrogen bond, gray dashed
lines show the hydrophobic interactions and the green dashed line depicts the
m-stacking (parallel). (B) The 3D protein-ligand interaction for MMP-13-fisetin.
The blue lines are the hydrogen bond, gray dashed lines show the hydrophobic
interactions and the green dashed line depicts the m-stacking (parallel).

GPCR ligand -0.11

lon channel modulator -0.27
Kinase inhibitor 0.18
Nuclear receptor ligand 0.20
Protease inhibitor -0.36
Enzyme inhibitor 0.20

Table 8: Molinspiration bioactivity score of Fisetin.

drug-metabolizing enzymes are ambiguous and difficult to predict.
Therefore, further studies are essential to elucidate the grey areas
associated with the modulatory activities of fisetin on CYP enzymes.

Conclusion

Unequivocally, this in-silico study provides evidence that the

inhibitory potential of fisetin on MMP-8 and -13 is connected to
distortion of the catalytic sites of these proteases, while partly interacting
with some hydrophobic residues. These results confirm previous studies,
which suggest fisetin as a potent anticancer agent, not just powerful
to arrest key cell cycle modulators implicated in tumour progression,
but it can also inhibit post-translational MMPs responsible for ECM
remodelling. In addition, the ADMET and bioavailability properties of
fisetin portray it as a probable drug-like candidate with satisfactory oral
bioavailability. Nevertheless, more work needs to be done to elucidate
the roles of fisetin on some members of the cytochrome P450 family.
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