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on Molinspiration software. The compounds could be found to exhibit

moderately bioactivities. They were further docked into the active
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585102, Karnataka, India. domain of protein: cyclooxygenase enzymes, phosphodiesterase, the

peroxisome proliferator-activated receptor, carbonic anhydrase,
dihydro-folate reductase, hydrolase, polymerase, microsomal P450 enzymes, protease,
pyrovate kinase and N-Methyl-D-Aspartate receptor using the docking program Molegro
Virtual Docker. The docking scores of all compounds were expressed in negative energy
terms and exhibited a good docking score in comparison with standard sulfadiazine &

furosemide.
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INTRODUCTION
The concept of druggability has been widely used to postulate that the binding sites on

biological molecules are complementary with their ligands in terms of volume, topology and
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physicochemical properties.!! the druggability concept evaluates the probability that small
drug-like molecules can bind a given protein with sufficient potency to alter its activity. about
30% of oral drugs fail in development due to poor pharmacokinetics studies.!”” The
pharmacokinetic properties are actually the main reason to stopping further development of
the drug.®! Further, the lack of efficacy might be due to poor physicochemical properties of
the drug candidate itself.) Moreover, drug withdrawal was the interaction of a drug with a
single receptor, ion channel or enzyme.”! Therefore, it can only be advantageous if a
screening set already include drug-likeness and bioactivity of compounds with the right
physical properties resulting in a lower risk of attrition during drug development.
Consequently, the prediction of oral bioavailability is very important in the early period of
drug discovery to select the most favorable compounds for further optimization and in the last
stage to match candidates for further clinical development.’” On the other hand, the
chemistry of sulfonamides has received an interest because of its biological significance.!”
Many derivatives of this system showed antibacterial, fungicidal®, antihypertensive,™
anticancert’® activities. Additionally, sulfa are used as PDE4 inhibitorsY, carbonic
anhydrase inhibitors™ and as anti-inflammatory drugs via blocking the NMDA response by
reducing the number of NMDA channels.™™® Taken together, from the previous information
have created awareness to select compounds containing sulfonamide participated with
quinoxaline or phthalazine moiety for the calculation of their drug likeness and
bioavailability using Molinspiration software. Subsequently, these compounds were taken for
study of ligand-protein interactions using the docking program Molegro Virtual Docker.
Consequently, to make proofs for further research work for the development of preferable
medicinal agents and newer compounds that could be superior agents in terms of efficacy and

safety.

MATERIALS AND METHODS

The Quinoxaline or Phthalazine were selected for this work and given in the Scheme. Each
molecule was then drawn using Marvin Sketch. The physicochemical properties and
bioactivity were calculated also using Molinspiration software (www. Molinspiration.com

online).

SCHEME
Illustrate the structures of Quinoxaline and Phthalazine derivatives.
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EVALUATION OF DRUG LIKENESS (DRUGGABILITY)

The utility of Druggability from a medicinal chemistry standpoint has been summarized by
the rule of five (Lipinski rules, Ro5) and its extensions. The drug likeness was evaluated
through the Lipinski, Ghose and Veber rules using Molinspiration software (www.

Molinspiration.com).

1. Lipinski's Rules

Lipinski designate those compounds as “drug-like”, which have sufficiently reasonable
ADMET (absorption, distribution, metabolism, excretion, and toxicity) properties to outrun
through the Phase I clinical trials. The “rule of 5” provides an existential guide for
determining, if a compound will be orally bioavailable. Properties such as oral bioavailability
or membrane permeability have often been correlated to log P, molecular weight (MW) and
number of hydrogen bond acceptors and donors in a molecule. Simple counting methods
include “Lipinski’s rule of 5 and its fulfillment in prediction of the drug likeness, along with
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extended concept of Ghose and Veber. The Lipinski's rules (RO5) states that molecules
exhibition good absorption or permeation when they have an octanol-water partition
coefficient (Milog P) < 5, molecular weight (MW) < 500, number hydrogen bond donors (n
OHNH) < 5, number hydrogen bond acceptor (n ON) < 10.

2. Ghose's Rules
Ghose established qualifying ranges for a log P (-0.4 to 5.6), molecular weight (160 to 480),

and number of atoms (20 to 70).

3. Veber’s rules

A study conducted by Veber on rats showed, molecular flexibility, topological polar surface
area (PSA) and hydrogen bond count are important determinants for oral bioavailability.
Veber's rules for good bioavailability in rats: rotatable bonds < 10, topological polar surface
area (PSA) <140 A? and total H bond donors and acceptors < 12. The target compounds were
passed the Lipinski, Ghose and Veber rules and have properties that would make it a likely
orally active drug in humans. The predicted drug likeness score of new compounds were

compared with standard drugs sulfadiazine and furosemide.

a. Bioactivity score

Bioactivity of the compounds was checked by calculating the activity score toward G protein
coupled receptors (GPCR ligand), ion channel modulator, nuclear receptor legand, kinase
inhibitor, protease inhibitor and enzyme inhibitor. All the parameters were checked with the
help of software Molinspiration drug-likeness score online. The predicted bioactivity score of

the compounds and standard (sulfadiazine and furosemide).

b. Molecular docking studies

i. Protein Preparation

The three-dimensional crystal structure of thirteen (13) proteins were fetched from the
Protein Data Bank (PDB) (http://www.rcsbh.org/): cyclooxygenase enzymes COX-1 (3N8Y) ;
phosphodiesterase (PDE) (4KP6) and (4MYQ); the peroxisome proliferator-activated
receptor (PPAR) (2GTK); carbonic anhydrase (3K34); dihydro-folate reductase (5JA3);
hydrolase (1YMN); polymerase (5JJS); microsomal P450 enzymes (5LIE); protease (LIHSG);
Pyruvate kinase (PK) (5FT4) and (2VGG) and N-methyl-D-aspartate receptor (NMDA)
(5EWM). All the PDB's proteins were loaded in the Molegro virtual docker (MVD) with the
removal of all water molecules and cofactors. The standard Molegro algorithm was utilized
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for rendering the missing charges, protonation states, and assigning of polar hydrogen to the

receptor.

ii. Ligands preparation

The Structures of ligands were drawn using Marvin Sketch and energy minimization was
done. Energy minimization was done to help the docking program, Molegro Virtual Docker
(MVD), to identify the bioactive conformer from the local minima. One major advantage of
Molegro Virtual Docker (MVD) is that it helps in assigning the missing bond orders, charges,

bonds, and hybridization states of the imported ligands.

iii. Molecular docking

Flexible ligand models were used for docking and post docking geometry optimizations. The
post-docking geometry optimizations were carried out using Molegro Virtual Docker (MVD).
This program uses a grid-based scheme for energies of individual atoms, allowing a quick
computation of the interaction energy of the protein-ligand complex as the interaction
between the ligand and the grid. So, the ligand was binding with active site of protein. A
docking sphere (20 A radius) was placed on the binding sites of each protein structure in
order to allow different orientations of each ligand to be searched in the binding cavities. The

title compounds were docked with the different receptors.

RESULTS AND DISCUSSION

Evaluation of drug likeness

Drug-likeness can be deduced as a smooth balance among molecular properties affecting
pharmacodynamics and pharmacokinetics of molecules which finally affects their absorption,
distribution, metabolism, and excretion (ADME) in human body like a drug. Molecular
properties such as membrane permeability and bioavailability are always connected with
some basic molecular descriptors such as logP (partition coefficient), molecular weight
(MW), topological polar surface area (TPSA), or hydrogen bond acceptors and donor’s
counts in a molecule. It appears that, the lipophilicity is potentially linked to toxicity, which
is in agreement with the observation that lipophilic binding is non-specific, whereas polar
binding is related to specificity and therefore selectivity. It proof that, the toxicity are
significantly higher for compounds with a clogP exceeds 3 and a topological polar surface
area (TPSA) < 75 A% our compounds show clogP is below 3 and TPSA is more than 75 A2
but less than 140 A2 resulting in the target compounds may be safe in use. Lipinski, Ghose

and Veber rules states that most molecules with good membrane permeability have logP < 5,
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molecular weight <500, number of hydrogen bond acceptors <10, and number of hydrogen
bond donors < 5, topological polar surface area (TPSA) < 140 A2 and number of rotatable

bonds (n rotb) < 10 this measures molecular flexibility and also, the total number of atoms

between (n Atoms) 20 and 70. These rules are widely used as a filter for drug-like properties.

Drug Likeness Of Selected Compounds Comparing With References (Sulfadiazine &
Furosemide)- QUINOXALINE

Comp. No. MiLogP | TPSA | n. A. MW NON |nONH | n.V | nR | Vol
Q1 -1.85 132,12 | 19 285.28 8 4 0 4 | 221.43
Q2 -1.02 128.96 | 20 297.29 8 3 0 3 | 23215
Q3 -2.89 149.19 | 20 299.26 9 4 0 4 | 223.61
Q4 0.39 149.19 | 25 361.33 9 4 0 4 | 278.22

Sulfadiazine -0.04 97.98 17 250.28 6 3 0 3 |202.26

Furosemide 2.39 122.63 | 20 316.72 7 4 0 4 | 232.68

Notes: Milog P: Partition Coefficient; TPSA: Topological Polar Surface Area; N A: Number Of
Atoms; MW: Molecular Weight; N ON: Number Of Hydrogen Acceptor; Nonh: Number Of Hydrogen
Donor, Nv: Number Of Violation Of Five Lipinsky Rules; N.R: Number Of Rotatable Bonds And Vol
Volume OfMolecule.

Drug likeness of selected compounds comparing with references(sulfadiazine &
furosemide) -PHTHALAZINE

Comp. No. | MiLogP | TPSA | n.A. | MW | nON [ nONH | n.V | n.R | Vol
P1 -0.69 | 132,12 | 20 |299.31 8 4 0 5 | 238.23
P2 -0.34 | 121.13 | 20 |297.29 8 3 0 5 | 238.96
P3 -1.99 | 14919 | 20 |299.26 9 4 0 4 | 223.61
P4 128 |149.19 | 25 |361.33 9 4 0 4 | 278.22
Sulfadiazine | -0.04 | 97.98 17 | 250.28 6 3 0 3 | 202.26
Furosemide | 2.39 | 12263 | 20 | 316.72 7 4 0 4 | 232.68

Notes: Milog P: partition coefficient; TPSA: Topological polar surface area; n A:number of
atoms; MW: molecular weight; n ON: number of hydrogen acceptor; nONH: number of
hydrogen donor, nV: number of violation of five Lipinsky rules; n.R: number of rotatable
bonds and vol volume of molecule.

The results reveal that all compounds obeyed the rules and showed good drug likeness score.
The logP value of a compound, which is the logarithm of its partition coefficient between n-
octanol and water, is a well-established measure of the compound’s hydrophilicity. It has been
shown that our compounds have a reasonable probability of good absorption, their logP value
ranged between -2.89 to 1.28 that is not exceed 5.0. Topoligical polar surface area (TPSA) is
a very useful parameter for the prediction of drug transport properties. The tested compounds
were found to have topological polar surface area (TPSA) in the range of 128.96 to 149.19
that is well below 140 A2 except compounds Q3, Q4, P3 and P4 have TPSA equal 149 A2
which is somewhat higher than140 A% Number of rotatable bond is important for

conformational changes of molecules under study and ultimately for the binding of receptors
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or channels. The compounds possess lower range of number of rotatable bonds (2-4) < 10
therefore they exhibit low conformational flexibility. In addition, they have molecular
weights (MW) ranged between 283-361.33 that is below 500, number of hydrogen bond
donors (NONH) are ranged between 2-4 that is less than 5 and also hydrogen bond acceptors
(nON) are 7-9 that is below 10. Finally, all compounds have number of atoms ranged 19-25
that is within 20-70. The results were compared with standard sulfadiazine and furosemide.
From the results reveal that these compounds obeyed Lipinski and its extension rules and are

orally bioactive.

Bioactivity score

From the previous results shows that all compounds (Q1-4 and P1-4) have physiochemical
properties within the acceptable criteria. Thus, these parameter should be taken into
consideration and serve as a guide for further screening investigations against various bio
targets: [G-protein-coupled receptors (GPCR); lon channel modulator (ICM); Kinase
inhibitor (KI); Nuclear receptor ligand (NRL); Protease inhibitor (Pl); Enzyme inhibitor
(ED]. So, by using Molinspiration software “on-line test”, the bioactivity of the all
compounds were estimated and represented. In general, drugs in the protease and GPCR-
peptidic families are characterized by significantly higher average molecular weight, while
those in the ion channel family have lower average molecular weight. Drugs in the GPCR-
lipid, GPCR peptidic and nuclear hormone receptor (NHR) families have significantly higher
cLogP. Also, drugs in the GPCR- peptidic and protease families have more acceptors, while
those in NHR families have fewer acceptors. It proofs that only four families; CYP450,
kinase, phosphodiesterase (PDE) and Transporters are the mean values of all four properties

statistically similar to those of all oral drugs.

Taking into consideration, the bioactivity scores (> 0.00) may refer to considerable biological
activities, if the bioactivity scores (-5.0 to 0.0) it is moderately active and finally if the

bioactivity scores (< -5.0) it is inactive.

Bioactivity Of All Selected Compounds Comparing With Standard (Sulfadiazine &
Furosemide)

Comp. No. GPCR ICM Kl NRL Pl El
Q1 -0.11 -0.22 -0.21 -0.55 -0.14 0.04
Q2 0.11 -0.23 -0.21 -0.49 0.02 0.10
Q3 -0.05 -0.17 -0.41 -0.29 -0.03 0.13
Q4 -0.04 -0.14 -0.20 -0.06 -0.01 0.02

Sulfadiazine -0.292 -0.392 -0.145 -0.918 -0.471 -0.012

Furosemide -0.346 -0.598 -0.318 -0.689 -0.498 -0.06
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Notes: GPCRL: GPCR ligand; ICM: lon channel modulator; KI: Kinase inhibitor; NRL:
Nuclear receptor ligand; PI: Protease inhibitor; EI: Enzyme inhibitor

Bioactivity of all selected compounds comparing with standard(Sulfadiazine &
Furosemide)

Comp. No. GPCR ICM Kl NRL Pl El
P1 -0.19 -0.35 -0.23 -0.54 -0.05 0.12
P2 -0.24 -0.35 -0.35 -0.60 -0.16 0.01
P3 -0.21 -0.39 -0.47 -0.52 -0.04 0.15
P4 -0.17 -0.32 -0.25 -0.25 -0.02 0.04
Sulfadiazine -0.292 -0.392 -0.145 -0.918 -0.471 -0.012
Furosemide -0.346 -0.598 -0.318 -0.689 -0.498 -0.06

Notes: GPCRL: GPCR ligand; ICM: lon channel modulator; KI: Kinase inhibitor; NRL:Nuclear
receptor ligand; PI: Protease inhibitor; EI: Enzyme inhibitor

On these oversight, the results showed the following observations: for quinoxaline
sulfonamides (Q1-Q4): a) GPCR ligand: all our compounds were found to be moderately
bioactive, the bioactivity scores (-0.18 to -0.04) comparing with sulfadiazine and furosemide
(-0.292 and -0.346 respectively). b) lon channel modulator: all our compounds were found to
be better bioactive, the bioactivity scores (-0.35 to 0.18) comparing with references (-0.392
and -0.598). c) Kinase inhibitors: the bioactivity scores (-0.41 to -0.20) comparing with
sulfadiazine and furosemide (-0.145 and -0.318). d) Nuclear receptor inhibitors: all our
compounds were found to be good bioactive, thus the bioactivity scores were -0.53 to 0.45 in
comparison with sulfadiazine and furosemide are -0.918 and -0.689 respectively. e) Protease
inhibitor: all our compounds were found to be good bioactive, the bioactivity scores (-0.11 to
0.14), while sulfadiazine and furosemide are -0.471 and -0.498 respectively. f) Enzyme
inhibitor: all our compounds were found to be better bioactive; the bioactivity scores were
ranged between -0.09 to 0.13, whereas standards are -0.012 and -0.06. Taken together, the
results show that quinoxaline sulfonamides may have better bioactivity score (-0.53 to 0.45)
than phthalazine sulfonamides (-0.76 to 0.15) in comparison with sulfadiazine and
furosemide (-0.918 to -0.012 and -0.689 to -0.06 respectively). Also, quinoxaline
sulfonamides may be active toward ion channel modulator; nuclear receptor inhibitors,
protease inhibitor and enzyme inhibitor especially compound Q1, Q3 and Q4 may be
bioactive toward enzyme inhibitor. While in the case of phthalazine sulfonamides, the
compounds P1, P2, P3 and P4 are bioactive toward enzyme inhibitor only. Moreover, the
designed molecules obeyed the Lipinski and its extension rules. So the selected compounds
may be useful as a lead compound for various diseases like anti-inflammatory, antibacterial,

HIV, cancer and others diseases.
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c. Molecular docking studies

In order to understand the interactions at a molecular level of our derivatives with their bio
targets, | have selected model of protein structures which are available in the Protein Data
Bank (PDB) (www.rcsb.org/pdb). The structures of bio target have been instrumental in
orientation not only lead optimization and target identification but also lead discovery and
screening.®™ So, several proteins were fetched from the Protein Data Bank. The molecular
docking study was performed to investigate the binding affinities and interaction modes

between our compounds and the target protein using the Molegro Virtual Docker (MVD).

The eight (8) selected compounds and two references (sulfadiazine and furosemide) were
incorporated into the active site of the preferable protein only herein we selected thirteen
protein which have a higher binding scores: cyclooxygenase enzymes COX-1 (3N8Y);
phosphodiesterase (PDE) (4KP6) and (4MYQ); the peroxisome proliferator-activated
receptor (PPAR) (2GTK); carbonic anhydrase (3K34); dihydro-folate reductase (5JA3);
hydrolase (1YMN); polymerase (5JJS); microsomal P450 enzymes (5LIE); protease (LHSG);
pyrovate kinase (PK) (5FT4) and (2VGG) and N-methyl-D-aspartate receptor (NMDA)
(5EWM). The docking scores were expressed in negative energy terms; the lower binding
free energy is the better binding affinity. To further improve docking accuracy, a re-ranking
scoring function is introduced. As we realize binding free energies can serve as a powerful

tool in drug design, where correct ranking of inhibitors is often conformed.

The Molecular Docking Scores of Q4 with all selected proteincomparing with standard
(Sulfadiazine and Furosemide)
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The Molecular Docking Scores of P4 with all selected proteincomparing with standard

(Sulfadiazine and Furosemide)
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In general, the docking study displayed that all of target compounds showed superior binding
interactions in terms of hydrogen bond, electrostatic and hydrophobic interactions with the
residues of protein amino acids so these molecules were able to inhibit all selected enzymes
by fitting inside the pocket of the active site better than standard (sulfadiazine and
furosemide). As indicated from docking analysis, higher total scores (comparable to the other
derivatives and with standard) were observed for compounds Q4 and P4 Revealing that, both
compounds had electrostatic and hydrophobic interactions as well as hydrogen bonds with
pharmacophoreic residues of protein. These interactions play significant roles in the overall
binding energy. Moreover, in silico modelling good binding affinity was observed between
all compounds and NMDA receptors (5SEWM) that they have lowest binding free energies
and thus able to inhibit NMDA receptors comparing with other enzymes and standard. As
well as both Q4 and P4 were potentially an interesting hit compound due to the molecular

criteria analysis and affinity binding with active site of this receptor.

3D structure of compound Q4 3D structure of compound P4

00X

3D structure of compoud Q4 and P4, Hydrogen bond, Hydrophobicity and

Electrostatic interactions between the compounds Q4, P4 and the active site of SEWM.
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Hydrogen bond between comp. Q4 with Hydrogen bond between comp. P4 with
5EWM (A) 5EWM (D)

~—] Tyr330
e,
\
o’

Hydrophobicity of comp. Q4 with 5SEWM Hydrophobicty of comp. P4 with
(B) 5EWM (E)

iys 318

Lys 327

Glu 316

3D structure of compound Q4 and P4 and the ligands-receptor (5SEWM) complex. The
docking results suggest that the compound Q4 has good orientation shape with active site by
hydrogen bonds (A), hydophobicity (B) and electrostatic interaction indicating (C) that the
molecule has a good interaction with the receptor. Six H-bonding interactions between the
top pose of compound Q4 and receptor; H- bonds involving oxygen atoms of the carbonyl of
quinoxaline moiety with —NH, group of Lys**’ and second C=0 with —~NH, of GIn®*; -NH of

316

quinoxaline moiety with -C=0 of two amino acids of Glu®™ and two H-bonds are formed

between —COOH of compound 3d and —NH, group of Lys**® and —NH of Ser®*.
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3D structures of standard

Ve
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Furosemide Sulfadiazine

Hydrogen bond between furosemide with Hydrogen bond between sulfadiazine with
5EWM (G) 5EWM (H)

%> ~
. Lys 31

~

3D structure of compound of standards (sulfadiazine and furosemide), Hydrogen bond

interactions between the furosemide and sulfadiazine with active site of 5SEWM
Furthermore, the molecule of the compound P4 has shown affinity to or preference for its
orientation in pocket of active site of receptor as shown (D, E and F). As indicated from (D)
show that a six H-bonds interactions between the top pose of compound P4 and active site of
receptor. It makes hydrogen bonds oxygen atoms of the one carbonyl of phthalazine moiety
with —NH, group of Lys**® and second C=0 with —OH of Ser®*?; -NH of phthalazine moiety
with -C=0 group of Ser®*?; H-bonds between -COOH with -NH of leu®*® and —NH of Asn**,
latter —~S=0 group with —NH of GIu®*®. In comparison with two references (furosemide and
sulfadiazine), the docking analysis for furosemide (G) reveals that, it performs hydrogen
bonds between —COOH group with —~NH, group of Lys*'® and with 1 mol of water, and -NH
group of sulfonamide group with C=0 group of Tyr**°. While sulfadiazine (H) formed

hydrogen bonds between -NH of pyrimidine moiety with -C=0 group of Glu®*®; second -NH

of pyrimidine moiety with -C=0 group of Tyr**’; -NH of sulfonyl group with -NH of Glu*'
and finally -NH, of phenyl group with -C=0 of Ser®* and with -OH of Ser®*. From docking
analysis of the putative interactions of Q4 and P4 with binding site of human 5EWM

receptor indicated that these hits candidates may be useful as guide for further optimization.
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CONCLUSIONS

The selected compounds (Q1-4 and P1-4) met Lipinski“s rule and its extension and showed
drug likeness (MiLog P value <5, TPSA < 140 Z\2, n violation = 0, molecular mass < 500, N
rotb <5, n HBD <5 and n HBA<8). These indicated that the tested compounds showed good
permeability across cell membrane and can easily bind to receptor. In addition, the prediction
of bioactivity for all compounds towards G protein—coupled receptors (GPCR) ligands, ion
channel modulator, kinase inhibitors, nuclear receptor inhibitors and other enzyme targets
based on Molinspiration software. The compounds were found to exhibit good to moderately
bioactivities comparing with standard (sulfadiazine and furosemide). Furthermore, in silico
modelling, revealed that they had a good binding to the pocket of active domain of fetched
protein. The heterocyclic atoms and carboxylic group within compounds played a key
contributor to exploiting polar interactions such as hydrogen bonding. The compounds Q4
and P4 are potentially an interesting hit compound due to the molecular criteria analysis and
their affinity into the active sites of all protein especially NMDA receptors (5SEWM) as
indicated by the in silico modeling. Based on these overall results and in silico modeling
studies reveal that the compounds especially Q4 and P4 could be considered as possible hit as

therapeutic agents.
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