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Phenothiazine (Pht) derivatives are an active compounds which have activity in inhibiting the caspase-
3 enzyme in vitro. Docking simulation was done to determine and visualize the interaction of the 9
compounds with the caspase-3 enzyme. The results of docking simulations showed that four compounds
can interact spontaneously with the caspase-3 enzyme. On the caspase-3 enzyme, interact most easily

through the formation of hydrogen bonds with Arg286. On the ID10a compound interact most easily
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through the formation of two hydrogen bonds with Ser219 and Arg269. With the inhibitory effect on the
enzyme caspase-3means preventing the cancer, indicating that the four compounds studied can be
applied as anti-cancer agents.

1. Introduction

Phenothiazine (Pht) derivatives have a long history, with successive
periods of interest in different areas of applied chemistry, such as: dyes,
probes, pharmaceuticals, and electrochemistry [1]. Phenothiazine
derivatives (Pht), among them also fluphenazine (FPh), apply an anti-
psychotic activity by binding and inhibition of an variety of presynaptic
dopaminergic receptors as well as for years various drugs from
phenothiazine family have been used in psych-pharmacotherapy [2].
Besides their neuroleptic activity Pht also own cancer chemo-preventive
activity, they inhibit the calmodulin, the protein kinase C, and decrease the
transporter function of p-glycoprotein [3].

Importantly, recent papers documented an anti-cancer activity of
various Phtin cultures of human being cancer cell lines [4, 5]. Randomized
possible studies of patients with schizophrenia, treated with Pht found
that the occurrence rate of cancer was smaller than in healthy people from
the control group [6]. The mechanism of cancer prevention by Pht is
weakly known. On the other hand, some experimental results revealed
that various Pht compounds are able to cause in vitro a developed cell
death (apoptosis) in tumor cells and/or in geno-toxically damaged cells [7,
8]. It is generally accepted that stimulation of apoptosis in cancer cells
happens to be an important mechanism of action of cancer chemo-
preventive drugs, and it is reasonable that a pro-apoptotic activity should
prevail against a cytotoxic activity in the activity profile wanted for those
drugs [9, 10]. Pht have been used for years in the treatment of patients
with schizophrenia, and lately they are also assayed for anti-mutagenic
and anti-cancer activities [11]. It was estimated that Pht showed strong
pro-apoptotic activity in vitro [12, 13]. Nevertheless, their usefulness in
cancer remedy in humans is limited by the serious negative effects on the
central nervous system, mainly the extrapyramidal symptoms and
introduction of the iatrogenic Parkinsonism [14]. Docking studies were
performed to explore receptor-based conformation or binding pocket for
each compound models. The primary screening of structure based drug
design may be helpful to develop an effective anti-cancer drugs.
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2. Experimental Methods

2.1 Molecular Docking

Nine molecules belonging to fluphenazine derivatives as anti-cancer
inhibitors were taken from the literature and used for molecular docking
analysis [15, 16]. Docking studies were employed to locate the appropriate
binding orientations and conformations of these fluphenazine derivatives
interacting with caspase-3 using the docking program PyRx. PyRx is a fast,
flexible docking method that uses an incremental construction algorithm
to place ligands into an active site. By default, the docking program
produces 9 docked structures for each fluphenazine derivative. The
conformation with the lowest docking energy in the most populated
cluster is selected as the possible ‘active’ conformation against the 1RE1
active site. In the present study, 9 compounds were successfully docked
into the 1RE1 site. The X-ray crystal structure of caspase-3 taken from the
Protein Data Bank (PDB: 1RE1) was used to dock. At the beginning of
docking, all the water molecules were removed, hydrogen atoms added
and charges to the protein were applied. It is critical to search for the
binding pocket of the prepared protein in docking studies. In PyRx
(autodockvina) docking, the binding pockets can be defined either from a
co-crystallized ligand or from a list of residues known to be part of the
interacting site (or predicted de novo). The docking poses were ranked by
PyRx (autodockvina) docking and the top 9 poses were selected. The
ligands were then docked inside a cubic GRID box of the entire protein.
Nine docking runs were performed for each compound in the dataset. In
most cases the chosen pose was the top ranked solution.

Table 1 Results of Caspase-3 Enzyme Preparation(PDB code: 1RE1) and
Phenothiazine (Pht) derivatives

Structures Hydrogen bond Hydrophobic Binding energy  pEDso
@A) Interaction (Kcal/mol)
ID3a Thr246 (3.05), His174, Glu209, -4.5 5.13
@[SQ Asp205 (2.70), Glu210,
o & (2:87),Glu210 Thr207,
n~oH (3.10), (2.83). Asn247.

OH
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ID4a Lys278 (2.92), Gly275, Tyr153, -5.9 5.22
©3© Lys276 (2.81). Leu279, Pro277
N2 CF,
\[OH
K
OH
ID5a Lys276 (2.92), Pro277,Leu279 -5.6 4.84
©S© Lys278 (3.11),
N\[OHCFs Gly275 (3.30),
I\E-[IOH Ty153 (3.21).
OH
ID6a Gly267 (2.88). Leu279, -6.0 5.17
Sj@ Lys278,
CENK[OH CFs Phe280,
Pro277, Tyrl153
@
ID7a Nil Pro161, Lys197, -5.8 5.13
) Tyr198, Val200,
“L[OH°F3 Glu199, Glu162
O
N
OH
ID8a Arg286 (2.98) Arg266, -6.5 5.09
@S@L Phe265,
N\[OHCF3 Phe280,
T Lys278,
& Leu258, 11e282,
Thr262
ID9a Lys278 (3.16) 1e282, Arg286, -6.0 5.13
@S]@ Phe280,
N\[OHCFG Leu258, Thr262
NN O
N K
H
ID10a Ser219 (3.17), Arg271, -6.6 471
@[s]@l Arg269 (3.30) Lys220,
N\[OHCFJ Asn263,
'%’ Lys260, Phe264
ID11a Nil Glu199, Tyr198, -5.9 4.99
S
©N©CF3 Argl94,
et 5
~oH Met162A
N\P Lys197, Glu162,
N Pro161, Val200

Fig 1 Active enclave (ID103) the enzyme caspase-3 and fluphenazine using LigPlot™

Fig. 1 Active Enclave (ID10a) the enzyme caspase-3 and fluphenazine using LigPlot*

3. Results and Discussion

A docking study could offer understanding the protein-ligand
interactions and the structural features of the active site of the protein. All
fluphenazine derivatives were docked into the binding site of caspase-3
and the energy scores of the ligands are also shown in Table 1, where
precise correlations could be found between docking scores and pEDso
values. A complete overview of PyRx (autodockvina) docking is presented
in Fig. 1. Docking studies showed that ligand ID10a is suitably situated at
the binding site and there are various interactions between it and the
binding region of the enzyme. The fluphenazine substituent binds to the

Caspase hinge region through two key hydrogen bond interactions: (1)
between the O of Ser219 and the OH of the fluphenazine substituent (2)
between the O of Arg269 and the OH of the fluphenazine substituent. The
hydrogen bonding distances observed were 3.17 A (O___OH- Ser219) and
3.30 A (O_ __ C=0-Arg269). Table 1 shows the docking mode of the least
active fluphenazine derivative compound ID3a at the docking pocket.
Similar to compound ID6a, compound ID9a was also docked at the same
binding pockets having Phe280 amino acid residues. Results show that the
O atom of the fluphenazine substituent forms a conservative hydrogen
bond with (ID8a) Arg286 residue having 2.98 A bond distance. O atom of
the substituent of the fluphenazine also forms hydrogen bonding with
(ID6a) HNH of Gly238 (O_ _ _ HNH-Gly267) with 2.88 A bond length and
(ID9a) C=0 of Gly238 (0O_ _ _C=0 Lys278) with 3.16 A bond length. The
docking results reported in Table 1, reveal that hydrogen bonding may be
responsible for activity, which may be further increased on adding high
electronegative substitutions.

4. Conclusion

Docking results clearly reveal that the presence of an additional
electronegative group at substitution (ID10a) forms more hydrogen bonds
with their surrounding amino acid residues (2 hydrogen bonds with
Ser219 and Arg269) and therefore possesses improved biological activity
in comparison to compounds that possess less number of electronegative
substitutions (ID7a and ID11a) at the aforementioned positions. The
results obtained from moleculardocking studies can be served as a useful
guideline for furthermodification of fluphenazine derivatives, which
function as anti-cancer inhibitors.
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