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A series of thiuram disulfides 1–6 which had been previously synthesized and characterized,[1] were studied
for their potential therapeutic properties. Target-fishing analyses through HitPick and SwissTarget prediction
identified COX1 and COX2, which are essential biomolecules in cancer-related inflammations, as the possible
targets for compounds 1 and 4 among all the compounds tested. These two proteins have enjoyed interest as
targets for treating some neoplastic cancer types such as breast, colorectal, skin, pancreatic, haematological and
head cancers. The inhibitory potency of 1 and 4 as lead anticancer drug candidates with dual-target ability
against COX1 and COX2 was examined through molecular docking, molecular dynamics simulation and post-MD
analyses such as binding energy calculation, RMSD, RMSF, and RoG. The two compounds had better docking
scores and binding energies than the known inhibitors of COX1 and COX2. Insights from the RMSD, RMSF, and
RoG suggested that both 1 and 4 showed observable influence on the structural stability of these targets
throughout the simulation. The reported observations of the effects of 1 and 4 on the structures of COX1 and
COX2 indicate their probable inhibitory properties against these target proteins and their potential as lead
anticancer drug candidates.

Keywords: thiuram disulfide, cyclooxygenase 1 and 2, molecular docking, binding energy.

1. Introduction

Chemical synthesis is an essential part of the drug
discovery process.[1] Therefore, the ability to synthe-
size new chemical entities with possible activities
against pathologic druggable protein targets could
significantly contribute to translational therapeutic
interventions across various diseases.[2–4] A series of
formamidine-based thiuram disulfide compounds
(Figure 1) synthesized by our group had been
reported in some of our previous publications.[1,5]

They were synthesized via iodine oxidation of
dithiocarbamates salts following a known
protocol.[1,6] In summary, 2 mmol of potassium N,N’-
diarylformamidine dithiocarbamate salts reacted
with 1 mmol of iodine to afford the respective
formamidine-based thiuram disulfide. The reported

compounds showed moderate antimicrobial activ-
ities against Gram-negative bacteria. In silico phar-
macokinetic prediction revealed the druggability of
these compounds, further supporting their potential
to evolve into future therapeutic drugs. While the
initial studies on these compounds focused more on
exploring their antimicrobial activities, there are
high possibilities of other innate and interesting
pharmacological tendencies for further exploration.
Computer-aided methods have been utilized

extensively in drug discovery since 1980,[7] and have
helped to speed up and provide a feasible strategy
for drug development. A boom in multi-omics data
and advancements in computational techniques
have improved the development of various chem-
informatics, pharmacoinformatic and bioinformatic
tools used in drug discovery.[8] Ligand-target inter-

doi.org/10.1002/cbdv.202200875 RESEARCH ARTICLE

Chem. Biodiversity 2023, 20, e202200875 © 2022 The Authors. Chemistry & Biodiversity published by Wiley-VHCA AG

Wiley VCH Freitag, 13.01.2023

2301 / 281860 [S. 611/625] 1

http://orcid.org/0000-0003-2489-1752
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcbdv.202200875&domain=pdf&date_stamp=2022-12-29


action and binding are some of the bedrock of
conventional drug design and development.[9] Com-
putational methods such as Molecular docking and
Molecular dynamics (MD) simulations are some of
the techniques for studying these target-ligand
complex interactions.[10–13] While molecular docking
is a preliminary approach to obtain essential insight
into the binding poses and interactions that suggest
potential therapeutic inhibitors. MD is a technique

that simulates the dynamic behaviour of molecules
(usually enclosed in a box) as a function of time.[14]

In this study, we employed combinatorial Com-
puter-Aid Drug Design (CADD) methods to mine for
possible biomolecular targets implicated in disease
development for which the formamidine-based thiur-
am disulfide could serve as potential drugs. The
preliminary target identification study suggested
COX1 and COX2 as the potential targets for 1 and 4.
COX1 and COX2 have been identified as druggable

Figure 1. 2D structures of formamidine based thiuram disulfides.

Figure 2. Structural and geometrical optimization of the 1 and 4.
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targets in many cancer types. COX1 is known to be an
essential enzyme regulating the production of PGE2 in
ovarian cancer cells.[15] COX1 and COX2 are respon-
sible for the migration and invasion of gonadotropin-
induced tumor cells.[16] A well-known inhibitor of
COX1 is mofezolac (63X), a nonsteroidal anti-inflamma-
tory drug (NSAID) while COX2 known inhibitor is
rofecoxib (RCX).[17] Both RCX and 63X have been
observed to cause several side effects. RCX was
discontinued after 5 years of approval due to adverse
cardiovascular effects on patients. 63X is also known
to cause gastrointestinal problems, oedema, erythema,
and rash. Therefore, the need to discover new drugs
which can inhibit COX1 and COX2 with minimal or no
side effects.
After identifying COX 1 and COX 2 as the likely

targets of 1 and 4, we predicted the interactions
between these potential drug candidates and the
protein targets through the established computa-
tional approaches used for protein-ligand studies.
These approaches include molecular docking, mo-
lecular dynamics (MD) simulation and post-MD
analyses like binding energy calculation, root mean
square deviation (RMSD), root mean square fluctua-
tion (RMSF) and radius of gyration (RoG).

2. Computational Methods

2.1. In silico Preparation of DS-Compounds,
Optimization and Protein Target-Fishing

Compounds 1 to 6 were screened against a sizeable
three-dimensional library of proteins to identify
possible hits for each compound. Before the screen-
ing, the 2D chemical structures of 1–6 were
prepared on a Graphical User Interface (GUI) of
MarvinSketch software.[18] The structures were then
optimized geometrically on a Universal Force Field
(UFF) using the steepest descent algorithm with
Avogadro 1.2.0.[19] Complete optimization of 1–6
was done using the Gaussian16 program at a B3LYP/
6-311+ +G(d,p) theoretical level to attain the mini-
mum energy conformation.[20] Thereafter, the opti-
mized compounds were saved in the appropriate
Simplified Molecular-Input Line-Entry System
(SMILES) in sdf and mol2 formats for subsequent in-
silico studies.
Target-fishing was primarily carried out using the

HitPick webserver,[21,22] and validated using the
SwissTargetPrediction tool.[23] HitPick is a highly
precise webserver for predicting possible targets for
chemical compounds and integrates similarity
search with methodical machine learning. These

Figure 3. Docking poses and corresponding scores of 1 and 4 to COX1/2. Also shown is the superposition of the 1 and 4 with co-
crystallized COX1/2 ligands retrieved from PDB. 63X is COX-1 co-crystallized ligand, while it is RCX for COX-2. Ring alignment
between these compounds and the co-crystallized compounds are highlighted in dashed-red circles. These were obtained by post-
docking active site superimposition.
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methods are descriptive of a 2D molecular finger-
printing approach,[24] and they entail a 1-nearest-
neighbour similarity search (1NN) and a Laplacian-
modified naïve Bayesian target models,[25] which
ranks potential targets based on their binding
interactions with similar compounds. Moreover, the
pairwise Tanimoto coefficient (Tc) determines com-
pounds identical to each query from a cohort of
known protein-ligand interactions.[26] HitPick
achieves a 60.94% sensitivity, 99.99% specificity and
92.11% precision.[21] The SMILES format of com-
pounds 1 to 6 was then loaded into the HitPick web
server and predicted targets presented as gene
symbols which were more appropriately identified in
their translatable protein forms.

2.2. Retrieval of Predicted Protein Targets, Molecular
Docking and Post-Docking Structural Minimization

With the potential protein targets for each query (of
Section 2.1), we retrieved the correlating 3D X-ray
crystal structures of the proteins from the Protein
Data Bank (PDB); 1 – PTGS1/PTGS2 (5WBE/
5F19),[27,28] 2 – SCN2 A/SCN4 A (6 J8E/6AGF), 3 –
CAII (5 N0E), 4 – PTGS1/PTGS2 (5WBE/5F19), 5 –
SIGMAR1 (5HK1) and 6 – SIGMAR1 (5HK1). Before
molecular docking experiments, the retrieved pro-
teins were prepared in their monomeric forms. The
preparation involved the removal of co-crystalized
ions, molecules and crystal waters not relevant to
this study, using the GUI of UCSF Chimera.[29] The

Figure 4. Dual binding interactions of 1 at the active sites of COX1 and COX2. Interaction nature and types are also shown and
annotated adequately in the accompanying legend.
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Molecular docking experiment into the active sites
of target proteins was carried out to assess their
potential as lead compounds for anticancer drug
development. Compounds 1 and 4 exhibited poten-
tial dual protein selectivity towards COX1 and COX2.
COX1 and COX2 are protein targets in cancer-related
inflammation.[30,31] COX 1 and COX 2 X-ray crystal
structures were obtained from the protein data
bank,[32] with PDB codes 5WBE and 5F19, respec-
tively. System preparations and visualizations were
carried out on Chimera.[29] All water and unwanted
residues were removed, and hydrogen atoms were
added to the proteins before docking. Molecular
docking calculations were achieved using the Auto-

dockvina tool,[33] and Gasteiger partial charges were
appropriately added during docking. Autodock atom
types were identified using Autodock Graphical user
interface made available by MGL tools. The grid box
covering the entire area occupied by the co-
crystalized inhibitors was determined and had the
following parameters; COX 1: x=36.56 Å, y=

161.57 Å and z=28.45 Å for the center and x=

11.516 Å, y=11.16 Å and z=11.33 Å for the dimen-
sion, COX 2: x=25.28 Å, y=72.73 Å and z=37.89 Å
for the center and x=-9.06 Å, y=15.20 Å and z=-
6.74 Å for the dimension. The exhaustiveness of the
box was set at 8. The docked poses of the ligands in
the binding sites of the target were generated with

Figure 5. Dual binding interactions of 4 at the active sites of COX1 and COX2. Interaction nature and types are also shown and
annotated adequately in the accompanying legend.
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the Lamarckian genetic algorithm,[34] and the
docked conformations were compared with the
conformation of the co-crystalized ligands. Docked
conformations that were similar to the co-crystalized
compounds were selected for MD simulations.

2.3. Molecular Dynamics Simulation

All MD simulations were carried out in Amber 18[35]

using the graphic processor unit (GPU) version of
the Particle Ewald Molecular Dynamics (PMEMD)
module.[36] The protein structure was described with
the Amber force field FF12SB. At the same time, the
Gasteiger charges were used to establish the ligand
parameters in Avogadro,[19] and the antechamber
module set with the Generalized Amber Force Field
(GAFF). The LEAP module available in Amber 18 was
employed to add hydrogen atoms and counter ions
to the system. TIP3P water box was set up for the
system such that the distance between the bounda-
ries of the box and the surface of the protein was
10 Å. For the initial minimization, the restrain

potential was set at 500 kcal/mol Å� 2 for 1000 steps
using the SANDER module in Amber 18. After
minimization, the systems were appropriately
heated from 0 to 310 K under harmonic restraint of
5 kcal/mol Å� 2 and frequency of collision of 1 ps for
all solute atoms using a Langevin thermostat.[37]

System equilibration was achieved at 310 K and
isobaric condition of 1 bar without any restriction
for 2 ns. Restriction on bonds having hydrogen
atoms was established with the SHAKE algorithm.[38]

A 100 ns simulation at constant temperature and
pressure was achieved with Berendsen barostat with
a pressure-coupling constant of 2 ps. All post-MD
analyses were calculated using the CPPTRAJ module
of Amber 18.[39]

2.4. Binding Free Energy Estimation

The binding free energy of each ligand-target
complex was calculated using the MM/
PBSAmethod,[40] available in Amber 18. The MM/
PBSA estimates the binding affinity of a ligand in

Figure 6. RMSD plot of COX1 in complex with 1, 4 and 63X calculated from backbone alpha carbon atoms.
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interaction with a macromolecule using Equations
1–4.

DGbinding ¼ Gcomplex� ½Greceptor þ Gligand� (1)

DGbinding ¼ EMM þ Gsol� TDS (2)

DEMM¼EvdW þ Eele (3)

DGsol ¼ Gpolar þ Gnonopolar (4)

The free energy (~Gbinding) is the sum of the
solvation free energy (Gsol), molecular mechanics
energy (EMM) and the total entropy (� TΔS) of the
system. The addition of the energies from electro-
static (Eele) and van der Waals (EvdW) interactions
gives the gas phase molecular mechanics energy
(~EMM). Polar (Gpolar) and nonpolar (Gnonopolar) energy
contributions give solvation free energy (~Gsol).

[41]

3. Results and Discussion

3.1. Identification of Potential Targets for Thiuram
Disulfide 1–6

HitPick and other integrative target-fishing methods
have been previously reported and were found to be
efficient in the identification of possible target proteins
for new synthetic or phytochemical compounds.[42,43]

Often, a combination of these methods is employed
for results that are more reliable. In this study, the
HitPick webserver and SwissTargetPrediction tools
were used to identify and validate potential targets for
which compounds 1 to 6 might have therapeutic
effects. Section 2.2, Table 1, presents compounds 1–6
along with the various predicted targets along with
the 3D structures of the proteins.
Compounds 1 and 4 exhibited potential dual

protein selectivity towards COX1 and COX2. COX1 and
COX2 are biomolecules that have been extensively
implicated in cancer-related inflammation.[44] The two
proteins genetically are associated with many neo-
plastic cancer types, including colorectal, pancreatic,

Figure 7. RMSD plot of COX2 in complex with 1, 4 and RCX calculated from backbone alpha carbon atoms.

Chem. Biodiversity 2023, 20, e202200875

www.cb.wiley.com (7 of 15) e202200875 © 2022 The Authors. Chemistry & Biodiversity published by Wiley-VHCA AG

Wiley VCH Freitag, 13.01.2023

2301 / 281860 [S. 617/625] 1

 16121880, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cbdv.202200875 by South A

frican M
edical R

esearch, W
iley O

nline L
ibrary on [21/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

www.cb.wiley.com


breast, skin, head and haematologic cancers. Com-
pounds 1 and 4 could be candidates for testing
against the above-listed cancer types. Compound 2
dually targeted the human sodium
(Na+) channel voltage-gated Nav1.2 and Nav1.4
variants, SCN2 A and SCN4 A. This is an indication of
its therapeutic functionality as a potential subtype
blocker for the treatment of Nav channelopathies.

[45,46]

Compound 3 targeted the ubiquitously expressed
cytosolic human Carbonic Anhydrase II isoform,
hCAII,[47] while compounds 5 and 6 targeted the
human sigma-1 receptor SIGMAR 1.[48] These are
important therapeutically in several neurological dis-

orders such as depression, neuropathic pain and drug
addiction.[49] Therefore, compounds 1 and 4 poten-
tially could have anticancer therapeutic activities
compared to 2, 3, 5 and 6, which seemed to target
only non-carcinogenic biomolecules. Thus, their abil-
ities as potential inhibitors of these proteins were
further explored through detailed binding studies.

3.2. Molecular Docking and Elucidation of
Protein-Ligand Interaction

Having identified compounds 1 and 4 as plausible
inhibitors for the pro-carcinogenic COX-1 and COX-2,

Table 1. Predicted protein targets, along with the 3D structures, for 1–6.

Compounds Predicted
target

3D Structures

1 – N,N’-(disulfanne-1,2-dicarbonothioyl)bis(N,N’-bis(2,6-dimethyl-
phenyl)formimidamide)

PTSG-1/COX1
PTSG-2/COX2

COX1 COX2

2 – N,N’-(disulfanne-1,2-dicarbonothioyl)bis(N,N’-bis(2,6-
diisopropylphenyl)formimidamide)

SCN2A/NaV 1.2
SCN4A/NaV 1.4

Nav1.2 Nav1.4

3 – N,N’-(disulfanne-1,2-dicarbonothioyl)bis(N,N’-dimesitylformimid-
amide) CA-II

CA-II

4 – N,N’-(disulfanne-1,2-dicarbonothioyl)bis(N,N’-bis(2,6-dichloro-
phenyl)-N-(2,6-dimethylphenyl)formimidamide

PTSG-1/COX1
PTSG-2/COX2

COX1 COX2

5 – N,N’-(disulfanne-1,2-dicarbonothioyl)bis(N,N’-bis(2,6-dichloro-
phenyl)-N-(2,6-diisopropylphenyl)formimidamide

SIGMAR-1

6 – N,N’-(disulfanne-1,2-dicarbonothioyl)bis(N,N’-bis(2,6-dichloro-
phenyl)-N-mesitylformimidamide

SIGMAR-1

Abbreviations: COX-1!Cyclooxygenase 1, COX-2!Cyclooxygenase 2, Nav1.2!voltage-gated sodium (Na+) channel type II,
Nav1.4!voltage-gated sodium (Na+) channel type IV, CA-II!Carbonic anhydrase, SIGMAR-1!Sigma-1 receptor.
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the docking studies were done for only these two
compounds. Optimized structures of the compounds
used for docking are shown in Figure 2. Figure 3, are
presented the best-docked poses and their corre-
sponding scores. The selected poses were also super-
imposed with co-crystallized ligands at the active sites
of target proteins to indicate a degree of accuracy and
correctness in the docking method employed in this
study. Findings revealed that the selected binding
poses for the docked compounds exhibited at least
two ring-ring alignments with ligands that were co-
crystallized with COX-1 and COX-2 reported.[50,51]

The near-crystal structure positioning of the ligands
could indicate that the docking approaches were
correct and relatively valid. Moreover, we observed a
similar binding pattern for 1 at the active sites of both
COX-1 and COX-2, complemented by the presence of
strong hydrogen bonds with some key residues such
as Tyr355 and Arg120. According to some previous
studies, these residues play significant roles in the
binding, activities and stabilization of previous COX
inhibitors.[52]

The binding pattern could suggest the ability of 1
to bind dually to both COXs since they have a highly

conserved active site. Concerning the patterns of
interaction at the COX-1/2 active sites, the mid-linker
sulfur atoms of 1 interact with the -OH group of
Tyr355 via high-affinity hydrogen bonds, whereas a π-
alkyl interaction occurs with Arg120. Thus, it shows
that the sulfur-sulfur moiety in the dimer plays a role
in the anticancer activity, as reported for disulfiram
and indicates the anticancer potential of 1 and 4.[53]

In addition, several other interactions, as shown in
Figure 4 and 5, were observed. Compound 4 showed
some interactions at the active sites of COX-1 and
COX-2. The binding involved strong interactions
varying from hydrogen bonding to halogen bonding.
Compound 1 has binding scores of � 6.1 kcal/mol

and � 7.2 kcal/mol with COX1 and COX2, respectively.
Compound 4 has a binding score of � 4.6 kcal/mol and
� 5.4 kcal/mol against the two proteins, respectively.
These docking scores were relatively higher than those
obtained for the co-crystalized ligands, as shown in
Table 2.
Based on the docking experiments, we can safely

say that 1 and 4 have similar binding/bonding
patterns and modes at the active sites of COX-1 and
COX-2, hence their dual selective targeting effects.

Figure 8. RMSF plot for residues of COX1 in complex with 1, 4 and 63X (control)
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3.3. System Stability

The influence of ligand binding on the stability of the
protein structures was monitored over 100 ns MD
trajectories. The root mean square deviation (RMSD) of
the backbone atoms was calculated for each bound
system to closely observe the ligands’ impact on the
proteins’ flexibility during simulation. The compound
1 bound COX1 system showed more stability than the
compound 4 bound system. The 1 bound system also
showed a similar trajectory pattern with the control
(63X) bound system (as shown in Figure 6), which may

suggest that 1 could have a similar effect on the
structure of COX1 as the known inhibitor, 63X.
Against COX2, both 1 and 4 showed a more stable

RMSD plot than the control compound RCX (as shown
in Figure 7), especially from around 10 ns till the end of
the simulation time. Compound 1 notably showed
better stability than the rest of the systems, suggesting
that the compound could probably impose more
structural influence on COX2 than 4 and, more
importantly, than the known inhibitor, RCX.
To further understand the overall influence of each

of the ligands on the protein structures, the average
RMSD values were calculated and presented in Table 3.
For COX1, the control gave a higher average RMSD
value than the 1 and 4 complexes. However, the two
compounds have significantly lower average RMSD
values (1=1.798 Å and 4=1.959 Å) when compared
to the control (2.120 Å) in COX2. The compounds have
a varying degree of influence on the protein struc-
tures, according to the RMSD results. For COX1, the
trend of influence of the compounds was control
compound >1>4, while for COX2, the direction was
1>4> control.

Figure 9. RMSF plot for residues of COX2 in complex with 1, 4 and RCX (control).

Table 2. Docking scores (kcal/mol) of the compounds and the
co-crystalized inhibitors of COX1 and COX2.

Complex Docking Score

COX1-1 � 6.1
COX1-4 � 4.6
COX1-63X (control) � 4.2
COX2-1 � 7.2
COX2-4 � 5.4
COX2-RCX (control) � 5.1
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3.4. Root Mean Square Fluctuation

The interactions between the ligands with the residues
were observed by calculating the root mean square
fluctuations of the alpha carbon atoms of the protein
residues. This helps in giving insights on the changes
in the flexibility of the residues upon ligand binding.
Figure 8 shows the RMSF plot for each of the bound
complexes of COX1 with 1, 4 and 63X.
All the complexes showed similar pattern of

fluctuation for all the residues of COX1 with 1 and 4
systems significantly reducing the fluctuations of the

residues when compared to the control inhibitor. 4
particularly imposed the highest level of restriction on
the residues of the protein, more than what was
observed in 1 and 63X. Figure 9 depicts the plot of the
RMSF of COX2 residues in complex with 1, 4 and RCX
(control inhibitor). The compound 1 bound complex
has the least fluctuations by the residues. The residues
in compound 1 bound protein generally showed a
lower degree of movement when compared to the 4
and RCX bound systems. The average RMSF for each
of the complexes are also presented in Table 3. Both 1-
COX1 and 4-COX2 complexes had average RMSF
values (9.125 Å and 6.826 Å) that are significantly
lower than the control system (11.260 Å). For the
COX2 systems, the 1-COX2 complex had the lowest
average RMSF value of 7.358 Å when compared to the
4 and control bound systems with 10.290 Å and
9.649 Å, respectively. This is an indication that 1 has a
significant influence on the fluctuation of the amino
acid residues of COX1 and COX2, exerting more
considerable influence than what was observed in the
control compounds’ bound systems. This observation

Figure 10. RoG of COX1 in complex with 1, 4 and 63X.

Table 3. Calculated RMSD and RMSF values for each of the
complexes.

COX1
Control 1 4

RMSD (Å) 1.899 2.452 2.847
RMSF (Å) 11.260 9.125 6.826
COX2
RMSD (Å) 2.120 1.798 1.959
RMSF (Å) 9.649 7.358 10.290
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indicates that 1 could be a dual target inhibitor of
COX1 and COX2.

3.5. Radius of Gyration (RoG)

The radius of gyration (RoG) is a parameter used in
describing the equilibrium conformation of a system
over a given period.[54] It is often used to gain insight
into the compactness of protein structures and under-
stand their flexibility under certain conditions. In this
study, the RoG of the protein-ligand complexes was
estimated to further understand the influence of each
of the ligands on the structure of the proposed
targets. Figure 10 and Figure 11 show the plots of the
RoG for COX1 and COX2 systems, respectively. For the
COX1 systems, the 4 bound complex showed the
highest equilibrium with relatively more constant
protein size during the simulation period when
compared to 1 and 63X bound systems. COX1–4
complex showed a slight change in size around 45–
55 ps time of the simulation time. The control (63X)
system significantly showed notable changes at
around 70 ps but returned to equilibrium for the rest
of the simulation period afterwards.

For the bound COX2, the RCX (control) and 1
systems showed a similar pattern for most of the
simulation time, suggesting the two ligands could
have a similar impact on the protein structure. The 4
bound complex showed a significant change in
equilibrium at around 55 ps and maintained significant
stability afterwards.

3.6. Binding Free Energy

The extent of interactions between the ligands and
the proteins was further estimated through the bind-
ing free energy calculations. The binding free energies
of the systems were calculated from the trajectories,
and the results are presented in Table 4. Both 1 and 4
gave binding energies significantly higher than the
controls in COX1 and COX2. In COX1 complexes, 1, 4
and 63X gave binding energies of � 50.64 kcal/mol,
� 66.51 kcal/mol and � 35.95 kcal/mol, respectively.
The bound COX2 systems showed � 64.55 kcal/mol,
� 62.38 kcal/mol and � 34.20 kcal/mol for 1, 4 and RCX
(control). Further analyses of the components of the
ligand binding were also established. For all the
inhibitors, the van der Waals interaction (ΔEvdw) is the

Figure 11. RoG of COX2 in complex with 1, 4 and RCX.
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highest contributor to the binding energies. All the
ligands have hydrophobic rings as an integral part of
their structures, and this explains the reason why
ΔEvdw has notable contributions in their binding. The
presence of various heteroatoms in the ligands also
makes electronic interactions quite prominent in the
ligand binding, as shown in Table 4. The two com-
pounds generally showed better binding affinity
towards COX1 and COX2 better than the reference
known inhibitors of these targets.

4. Conclusion

The prospects of the synthesized formamidine-based
thiuram disulfides as bioactive compounds have been
explored in this study through extensive computa-
tional procedures. Two compounds (1 and 4) out of
the series were critically studied as possible anticancer
drug candidates targeting COX1 and COX2 after the
HitPick identified these proteins as their potential
targets. The activities of 1 and 4 as possible inhibitors
of COX1 and COX2 were further studied using
molecular docking, molecular dynamics simulations
and post-MD analyses such as binding energy calcu-
lations, RMSD, RMSF and RoG. The two compounds
gave better results than the standards for COX1 (63X)
and COX2 (RCX). Both 1 and 4 gave better docking
scores and binding energies than the known inhibitors
of the targets. The RMSD, RMSF and RoG results also
suggested that these two compounds will actively
bind the targets and significantly impose structural
stability on the proteins. The presented results in this
study showed that 1 and 4 serve as lead compounds
for anticancer drug development with dual target
inhibitory properties against COX1 and COX2.
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