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ABSTRACT

Background: A substantial number of thiazolidin-4-one derivatives have been shown to have a variety of pharmaco-
logical characteristics. Aim: The current study seeks to design new acetazolamide products with thiazolidin-4-one
moiety and evaluate their inhibitory effect to carbonic anhydrase Xl enzyme (protein data bank code: 1JD0) and anti-
cancer properties in silico. Four acetazolamide derivatives with a thiazolidin-4-one moiety will be produced using
acetazolamide as the starting material. Methodology: The molecular docking studies were determined by utilizing the
Molecular Operating Environment (MOE) software version 2015.10. The binding tendencies of docked ligands to the
target protein carbonic anhydrase Xll were described as root-mean-square deviation (RMSD) and standard score (S
score). Results: The process of docking demonstrated that the four test ligands (llla, lIb, llic, and llid) had a higher
binding affinity for the objective protein carbonic anhydrase XlI than the reference ligand, which is an acetazolamide.
Considering the four compounds, the compound llla had the ultimate affinity of binding, and S score of -7.4.
Conclusion: The findings imply that the designed acetazolamide compounds, specifically llla, have the potential to be
carbonic anhydrase inhibitors and anti-cancer medicines that target the carbonic anhydrase Xll enzyme.
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Enzymes play critical roles in a variety of biochem-
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illness outlined by the growing of abnormal cells
that can multiply uncontrollably, invade healthy tis-
sue, and cause its destruction [3]. Cancer is still
one of the leading yields of mortality worldwide,
ranking second only to heart disease [4]. One of
the considerable issues confronting the healthcare
system is the increased rate of cancer treatment
failure, which is mostly caused by tumors that are
resistant to anticancer medications [5]. /n silico
study of four new acetazolamide derivatives are
carrying a thiazolidin-4-one moiety, which targets
carbonic anhydrase innovative strategies to tackle
intrinsic tumor cell heterogeneity, stabilization of
DNA damage, inactivation of drugs, change of
drug targets, and restriction of cell death, as these
factors significantly contribute to drug resistance
[6,7]. Microenvironment-based tumor protection
mechanisms appear to have greater opportunity
for therapeutic targeting. In cancer research, the
microenvironment performs a significant role in the
viability and spread of malignant cells [8,9]. Hy-
poxia and acidity in the tumor microenvironment
have an impact on cancer biology. In most circum-
stances, acidosis and hypoxia enhance cancer
cell aggression, emigration, and propagation,
making treating tumors considerably more difficult;
thus, therapy options that interfere with these pro-
cesses are preferred [10]. As a consequence, the
carbonic anhydrase enzyme family, which directs
intracellular pH, has been the subject of substan-
tial cancer inquiry [11].

Carbonic anhydrase (CA) is a family of
enzymes having zinc cation in their active site and
prompt the shift of water (H20) and carbon dioxide
(COz) into bicarbonate (HCO3™) and a hydrogen
ion (H*) reversibly [12]. Humans possess 15
isoforms of carbonic anhydrase enzymes, which
vary in their catalytic activity and localization. The
cytosolic carbonic anhydrases include CA |, CAlIl,
CA VII, and CA XIll; the mitochondrial carbonic
anhydrases are CA VA and CA VB; the secretory
carbonic anhydrase is CA VI, found in saliva and
colostrum; and the membrane-bound carbonic an-
hydrases consist of CA IV, CA IX, CA XII, CA XIV,
and CA XV. Additionally, three "CA-related pro-
teins," CA VIII, CA X, and CA Xl, are catalytically
inactive variants of carbonic anhydrase [13]. Car-
bonic anhydrase Xll (CA XIl) is overexpressed in
several solid tumors whereas displaying modest
expression in other healthy tissues.

This overexpression facilitates the proliferation,
survival, and dissemination of tumor cells within the
tumor microenvironment. Consequently, CA Xl has
been confirmed like a viable goal for cancer
diagnosis and therapy [14]. It modulates tumor
acidity, proliferation, and aggressiveness, also
triggers the metastatic cascade, and a diminished
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reflex to chemotherapy [15]. The overexpression
of CA XllI guides to cancer outgrowth. Elevated ex-
pression of CA Xl and CA IX enhances cancer cell
proliferation, initiates metastasis, and results in
suboptimal therapy responses. Similar to CA IX,
hypoxia stimulates CA XlI expression in numerous
cell lines; however, CA XIl expression is seen in
breast and renal tissues, unlike CA IX. The ex-
pression of CA XIl is also controlled by estrogen
receptors and hypoxia [16]. Target-
ing CA XlI in malignancies that highlyexpress the

se markers and inhibiting their function has been-
shown to be therapeutically beneficial in tumor m

anagement [17].

All catalytic human carbonic anhydrases
(hCAs) coordinate zinc ions (Zn?*), essential for
carbon dioxide hydration, via a highly conserved
internal binding site. Consequently, the majority of
hCA inhibitors identified to date have a zinc-bind-
ing moiety, often as a sulfonamide [18]. Sulfona-
mides are significant due to their biological activity
in medicines [19]. Sulfonamides were originally ex-
tensively utilized as chemotherapeutic drugs and
for prophylactic therapies in several disorders.
Since 2005, they have garnered significant atten-
tion for their potential as anticancer therapies ow-
ing to their capacity to inhibit carbonic anhydrase
[20]. Sulfonamide derivatives can verify distinct
bindings with the characteristic bipolar structure of
the enzyme, contingent upon the substituent
groups on the aromatic ring, whether in the core
active site or along the periphery [21].

In medicinal chemistry, five-membered hetero-
cyclic compounds, especially those containing
several heteroatoms, have diverse biological ac-
tivities [22]. Thiazolidinone, which has garnered
the greatest interest over time, has three distinct
atoms: a sulfur atom at position 1, a nitrogen atom
at position 3, and a carbonyl group at positions 2, 4,
or 5 [23]. Thiazolidinone fragments are frequently
used to alter lead compounds in anti-tumor pharma-
ceuticals, prompting researchers to explore several
derivatives of thiazolidinone with differing substitu-
ents as prospective anticancer agents [24]. These
compounds may be capable of combating cancer
through several mechanisms, such as starting
apoptosis, stopping the cell cycle, or producing re-
active oxygen species (ROS). Thiazolidin-4-one-
containing compounds efficiently inhibit several
enzymes, including tubulin polymerization, heat
shock protein HSP9O0, carbonic anhydrases, vas-
cular endothelial growth factor receptor 2
(VEGFR2), cell division cycle 25 A (CDC25A) hu-
man epidermal growth factor 2 (HER-2), histone
deacetyase (HDAC), B-cell leukemia/lymphoma 2
protein  (BCI-2), and protein/tyrosine kinases
[25,26].
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This work aims to design some CAls (carbonic
anhydrase inhibitors) based on 4-thiazolidinone de-
rivatives. Table 1 lists a series of target compounds
identified by their compound numbers (llla to Illd)
and their corresponding substituents (R groups).
Each R group represents a specific chemical moiety
connected to the basic structure of the compound,

which can significantly influence the compound's
chemical and physical properties. Molecular
docking study performed to evaluate the binding
affinity to the carbonic anhydrase enzyme. Sub-
sequently, the most potent compounds with
strong enzymatic effects for further chemical syn-
thesis will be selected.

Table 1. Target compounds. The llla, llib, Ilic and llid are target compounds corresponding to CHs, Br, OH and NO2,

respectively.

Compound name R group
llla CHs
lllb Br
lllc OH
Ilid NO2

2. METHODOLOGY
2.1. System and software configuration

The present work employed an MSI system with
4.00 GB of random-access memory and Intel Core
i3-2330M processors running at 2.20 GHz. Chem
Draw Ultra 12.0 and MOE 2015 were both installed
and configured.

2.2. Ligand and receptor preparation using
molecular docking technique

In this work, the docking operation encompasses
two steps:

Step 1. Ligand preparation: The molecular struc-
tures of the ligand were precisely depicted using
Chem Draw Professional (12.0). Then, the ligand
was protonated in a 3D form, the partial charge
was introduced, energy was reduced, and the re-
sults were restored.

Step 2. Protein organization: The crystal frame-
work of carbonic anhydrase Xl (Protein data bank
code: 1JD0) is downloaded to the Molecular Oper-
ational Environment (MOE 2015) by the PDB web-
site to prepare the protein. Preparing of target pro-
tein was done by the following order: choosing
only the chains participating in the protein action
and deleted other chains; deleting small com-
pounds; removing water molecules; giving the pri-
ority to construct the active site; adjusting the po-
tential of the protein atoms; and then introducing
hydrogen obscures bonds. After consuming the
earlier generated ligand by the MOE from the

saved data, the docking process was carried out.
3. RESULTS

Molecular docking confirms the major interaction
of some ligands to an active site in a target. The
use of the MOE was developed because it pro-
vides a complete graphical description of ligand
positions and bindings among receptor residues,
thus making it graphically easy to visualize, define
and estimate the binding of proteins with ligands.
The molecular operating environment forms a dis-
tinctive binding of the presumed compounds to the
enzyme CA Xll, which is part of the same main
active site as acetazolamide. It becomes urgent to
evaluate how much the compound inhibits and
how similar the amino acids are between each
other and with active sites. The interaction param-
eters of the final compounds llla, llIb, lllc, and llid,
which are comprised of RMSD and S score values,
and the identification of significant amino acids
involved in these interactions are given in Table 2.
Yes, these parameters describe the structural
alignment and binding energy of the designed
compounds and the target proteins. This ap-
proach is reflected in the values of the S score and
the root - mean - square deviation (RMSD) that
represents the average interaction distance
between the target point and the ligand atoms for
the anti-cancer compound. This indicates that
compounds have an optimal pose if the results
have a high S score and low RMSD. The whole
target products (llla-1lld) have an S score superior
to the control (acetazolamide). So, they are more
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effective as carbonic anhydrase inhibitors than
others. Moreover, their S score is -7.4, -6.9, -7.2
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and -7.2, and RMSD values are 1.8, 1.0, 1.1 and
0.9, respectively, listed in Table 2.

Table 2. Molecular docking of the test ligands (llla-1lld) compared to acetazolamide shows the S score, RMSD, and primary
amino acids involving in the final ligand interactions. Threonine199 (Thr199), Zinc 902 (Zn902), Threonine200 (Thr200),

Asparagine62 (Asn62), and Glutamine92 (GIn92).

Compound No' .°f . . .
name R group S score RMSD binding Binding amino acids
sites

AZM il -5.7 1.1 2 Zn902,Thr199
Ila CHs -7.4 1.8 5 Zn902, Thr199, Lys67, Asn62, GIn92
b Br -6.9 1.0 3 Zn902,Thr199,Thr200
lllc OH -7.2 11 4 Zn902,Thr199, Asn62,GIn92
lld NO2 -7.2 0.9 3 Zn902,Thr199,Thr200

4. DISCUSSION

The active site of human carbonic anhydrase XlI
comprises a large cone-shaped cavity formed by a
hydrophobic and a hydrophilic portion. Within the
cavity of this enzyme, there is a catalytic cleft. Inside
this cleftis zinc, acting as a cofactor. Three histidine
residues, His94, His96, and His119, coordinate the
zinc ion, stabilizing its positive charge and
positioning it for catalysis. Threonine 199 is located
near the active site and is involved in maintaining
the structural integrity of the enzyme. It may also
play a role in substrate binding and stabilization of
the transition state during catalysis. As a result, the
compounds should bind to zinc as well as Thr199 to
provide inhibition to carbonic anhydrase XII.

Additional binding with other amino acids such as
Leu198, Lys67, GIn92, and Asn62 contributes to
enhancing the inhibitory activity of the synthesized
compounds as these amino acids may be involved
in substrate binding and participate in interactions
with other nearby residues, assisting in maintain-
ing the proper conformation of the active site cavity
and all these amino acids are included in Table 2.
Acetazolamide is a priceless reference, a well-
known and extensively studied carbonic anhy-
drase inhibitor. In addition, it shares the same
pharmacophore as our studied compounds. Figure
1 illustrates the MOE visualization of acetazola-
mide with hCA Xl (PDB code1JDO0) representing
the 3D and 2D structure of the ligand-protein inter-
action, respectively.

Entxy: 5/115
mol:
S: 5.7188
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Figure 1. Docking simulation of reference ligand (acetazolamide) with carbonic anhydrase XII (PDB code:1JD0), (above) is

the 3D structure (below) is the 2D structure.

In Figure 1, acetazolamide binds specifically to
zinc and the amino acid residues threonine 199
within the active site of hCA XII. Figures (2-5) show
the docking visualization of compounds (llla-Illd)
with hCA XII using (PDB code 1JD0). Each figure
represents the 3D and 2D structure of the ligand-
protein interactions, respectively.

Every acetazolamide derivative identifies zinc
and a hydrogen bond with the essential amino acid
threonine199. Figure 2 illustrates the MOE visu-
alization of compound Illa with hCA Xll. Com-
pound llla has the highest S score of -7.4, indicat-

ing strong binding affinity. This high S score may
result from additional hydrogen bonding with
GIn92 and Lys67, which is crucial for catalytic ac-
tivity in CAXII. A methyl substituent may promote
the orientation of this compound inside the recep-
tor pocket. The IlIb exhibits additional binding in-
teractions with key amino acids, notably Thr200,
within the active site of carbonic anhydrase XII.
These interactions are depicted in both 3D and 2D
representations in Figure 3. Figure 4 displays the
docking simulation of compound llic with hCA XIl,
revealing additional binding of its thiazolidinone
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Figure 2. Docking simulation of compound llla with carbonic anhydrase Xl (PDB code:1JD0), (above) is the 3D structure
(below) is the 2D structure.
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moiety with the amino acid Lys67, and aresidue  active site of CA XIlI. Also, this compound re-
important for substrate interaction to the active veals a favorable RMSD value of 0.9. The
site of CAXIIl. Finally, llld shows additional

docking visualization of compound llid
binding with the vital amino acid Thr200 in the

is
represented in Figure 5.
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Figure 3. Docking simulation of compound Illb with carbonic anhydrase XlI (PDB code:1JDO0), (above) is the 3D structure
(below) is the 2D structure.
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Figure 4. Docking simulation of compound llic with carbonic anhydrase Xll (PDB code:1JDO0), (above) is the 3D structure
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Figure 5. Docking simulation of compound Illd with carbonic anhydrase XlI (PDB code:1JDO0), (above) is the 3D structure

(below) is the 2D structure.
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5. CONCLUSION

The ongoing investigation has demonstrated the
viable carbonic anhydrase inhibition effect and
anti-cancer properties of four acetazolamide deriv-
atives with thiazolidin-4-one moiety (llla-1lld). In
comparison to acetazolamide, most compounds
exhibited a higher interaction affinity with the target
protein. The most promising compound is llla, with
CHs substituent on the benzene ring with an S
score of -7.4.
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