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Abstract

Glutaminase (GLS) is an enzyme involved in cellular glutamine metabolism and has been investigated as a
potential target in cancer research. This study aimed to conduct an exploratory in silico assessment of 4-chloro-
N-(phenylcarbamothioyl)-benzamide (4-CI-PCTB) through molecular docking against GLS and prediction of its
physicochemical and ADMET properties. The molecular structure of 4-CI-PCTB was prepared using Chem3D
version 16.0, while molecular docking was performed using Molegro Virtual Docker version 7.0 with the GLS
structure obtained from the Protein Data Bank (PDB ID: 8JUB). The predicted physicochemical and
pharmacokinetic properties were evaluated using SwisSADME and pkCSM. The reported molecular docking
analysis yielded a Rerank Score of —78.023 for 4-CI-PCTB, compared with —85.728 for lapatinib. The predicted
human intestinal absorption of 4-Cl-PCTB was 88.309%, while its molecular weight and consensus LogP were
reported as 290.77 Da and 2.73, respectively. These results represent computational predictions and do not
establish experimentally confirmed GLS binding affinity, enzyme inhibition, oral bioavailability, or safety.
Furthermore, limitations in the available docking documentation and inconsistencies in some reported
computational parameters restrict the interpretation of the findings. The comparison with lapatinib should also be
interpreted cautiously because it was not established as a GLS-specific reference inhibitor. In conclusion, 4-ClI-
PCTB warrants further investigation as a computationally assessed compound; however, its potential as an
anticancer candidate remains unconfirmed. Reproducible docking studies, biochemical GLS inhibition assays,
and appropriate cellular experiments are required to establish its biological relevance.
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INTRODUCTION

Cancer remains a major global public health concern because of its substantial
contribution to morbidity, mortality, and healthcare burden (Filho et al., 2025). Breast cancer
is among the most frequently diagnosed malignancies worldwide, particularly among women,
and continues to represent an important challenge in oncology (Freihat et al., 2025). Despite
advances in diagnostic techniques, molecular characterization, and systemic treatment, the
clinical management of breast cancer remains complex because of its biological heterogeneity
and differences in therapeutic response (Xiong et al., 2025). These challenges emphasize the
need to investigate new molecular targets and identify chemical compounds that may provide
alternative approaches for cancer treatment.

Breast cancer is a heterogeneous disease commonly classified according to the expression
of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor
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receptor 2 (HER2) (Tavcar Kunsti€ et al., 2023). This classification provides an important basis
for selecting treatment strategies because each molecular subtype may exhibit different
biological characteristics and therapeutic vulnerabilities. Triple-negative breast cancer (TNBC)
is characterized by the absence of ER, PR, and HER2 expression (Bou Zerdan et al., 2022).
Consequently, treatment strategies that specifically target these receptors are not applicable to
this subtype. TNBC also encompasses biologically diverse tumors, and its clinical management
remains challenging because of differences in disease progression, treatment response, and the
availability of suitable molecularly targeted therapies (Bou Zerdan et al., 2022). These
characteristics support continued investigation into molecular pathways that may contribute to
TNBC cell survival and proliferation.

Cancer cells undergo metabolic adaptations that support their proliferation, survival, and
ability to respond to changes in their microenvironment. One pathway receiving considerable
attention is glutamine metabolism (Zhu et al., 2022). Glutamine serves as a metabolic substrate
for the production of glutamate and downstream intermediates involved in energy metabolism,
biosynthetic processes, and cellular redox regulation (Yoo et al., 2020). In some cancer models,
increased dependence on glutamine metabolism may contribute to the maintenance of tumor
growth and create potential metabolic vulnerabilities that can be explored for therapeutic
development (Jin et al., 2023).

Glutaminase (GLS) is an enzyme that catalyzes the conversion of glutamine into
glutamate, representing an important step in glutamine utilization. Through this reaction, GLS
contributes to metabolic pathways that support cellular biosynthesis and energy production
(Kumar et al., 2025; Matés et al., 2020). Previous research has demonstrated the importance of
GLS-dependent glutamine metabolism in selected TNBC models and has suggested that
suppressing this pathway may influence cancer cell growth (Lampa et al., 2017). These
findings provide a scientific rationale for investigating GLS as a potential target in anticancer
drug discovery. Nevertheless, the contribution of GLS may vary according to tumor biology,
metabolic context, and experimental model. Therefore, the relevance of a compound as a
potential GLS-targeting agent must be established through target-specific evidence rather than
inferred solely from its predicted interaction with the protein.

The development of new anticancer compounds involves the exploration of chemical
scaffolds that may interact with biologically relevant molecular targets. Thiourea derivatives
have attracted interest in medicinal chemistry because this structural group has been associated
with diverse biological activities, including antimicrobial and anticancer effects (Agili, 2024).
The thiourea moiety contains nitrogen and sulfur atoms that can influence molecular polarity,
hydrogen-bonding characteristics, and intermolecular interactions (Gumus et al., 2019). These
properties may contribute to the recognition of particular molecular environments, although
the resulting biological activity depends on the complete molecular structure and the
characteristics of the target.

Within this chemical class, N-acylthiourea derivatives represent a group of compounds
in which the thiourea functionality is incorporated into an acyl-containing structure.
Differences in aromatic substitution and other structural features may alter physicochemical
properties and potentially influence interactions with biological macromolecules (Agili, 2024).
However, the biological activity reported for one thiourea derivative cannot automatically be
generalized to another compound within the same class. Accordingly, compound-specific
computational and experimental investigations are needed to determine whether a particular
derivative exhibits a meaningful interaction with a proposed molecular target.

The compound 4-chloro-N-(phenylcarbamothioyl)-benzamide (4-Cl1-PCTB) is an N-
acylthiourea derivative containing a chlorine substituent at the para position of a benzamide
ring. The incorporation of a halogen substituent may influence molecular electronic properties,
lipophilicity, and steric characteristics, potentially affecting the interaction of a compound with
a protein-binding pocket. Previous research has examined the influence of chlorine substitution
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on the biological properties of selected chemical scaffolds, demonstrating that substituent
effects should be evaluated in the context of the complete molecular structure (Kadayat et al.,
2016; Shinada et al., 2019).

For 4-C1-PCTB, these structural characteristics provide a basis for exploring its predicted
interaction with GLS. However, the presence of a para-chloro substituent does not, by itself,
establish improved binding affinity, selectivity, or anticancer activity (Chiodi & Ishihara,
2023). Demonstrating the contribution of this substituent would require comparison with
appropriate structural analogues and, ultimately, experimental evaluation. Therefore, the
structural features of 4-CI-PCTB are considered a rationale for computational investigation
rather than direct evidence of its pharmacological potential.

Computational methods are frequently used in early-stage drug discovery to explore
potential ligand—protein interactions and prioritize compounds for further investigation
(Altharawi & Algahtani, 2026). Molecular docking predicts plausible ligand orientations
within a selected protein-binding region and estimates their relative favorability using a scoring
function (X. Zhang et al., 2024). The resulting poses can be examined to identify predicted
contacts with amino acid residues and to generate hypotheses regarding possible molecular
recognition (Di Paola et al., 2013). However, docking scores are dependent on the scoring
algorithm, receptor preparation, ligand conformation, and search parameters (Yang et al.,
2022). They should not be interpreted as direct measurements of binding free energy or as
conclusive evidence of enzyme inhibition.

In addition to docking, computational prediction of absorption, distribution, metabolism,
excretion, and toxicity (ADMET) can provide preliminary information about the
physicochemical and pharmacokinetic characteristics of a compound (J. Zhang et al., 2025).
These predictions can help identify properties that may warrant further evaluation during
compound development. Nevertheless, model outputs are subject to prediction uncertainty and
applicability-domain limitations. Predicted intestinal absorption, compliance with Lipinski’s
Rule of Five, and negative toxicity classifications do not independently establish oral
bioavailability, pharmacological efficacy, or safety (Caminero Gomes Soares et al., 2023).
Combining molecular docking with ADMET prediction can therefore provide an initial
computational profile of a candidate compound. In the present context, this approach is
intended to investigate whether 4-C1-PCTB has a plausible predicted interaction with GLS and
to characterize selected predicted physicochemical and ADMET properties. The results should
be interpreted as computational evidence that may guide subsequent research, rather than as
confirmation of biological activity or therapeutic suitability.

Although thiourea and N-acylthiourea derivatives have been investigated for various
biological activities, the biological properties of one derivative cannot be directly extrapolated
to another without compound-specific evidence. For 4-chloro-N-(phenylcarbamothioyl)-
benzamide (4-CI-PCTB), the contribution of the para-chloro substituent to molecular
recognition and biological activity remains undetermined because a direct comparison with
structurally related analogues is not available in the present study. Therefore, its potential
interaction with a cancer-related molecular target should be regarded as an exploratory question
rather than an established mechanism.

Molecular docking and computational ADMET prediction can provide preliminary
information for prioritising compounds for further investigation. However, docking scores are
dependent on the computational protocol and do not establish experimental binding affinity or
enzyme inhibition. Likewise, predicted pharmacokinetic and toxicity-related properties do not
demonstrate actual bioavailability or safety. These limitations are particularly important when
interpreting computational findings in the context of triple-negative breast cancer (TNBC), for
which biological activity and target dependence require experimental confirmation.

Accordingly, this study aimed to conduct an exploratory in silico assessment of 4-ClI-
PCTB by examining its predicted interaction with glutaminase (GLS), using the protein
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structure identified as PDB ID 8JUB, and summarising its predicted physicochemical and
ADMET properties. The study was intended to generate a preliminary hypothesis for further
investigation, rather than to establish GLS inhibition, TNBC selectivity, or anticancer efficacy.
The findings should therefore be interpreted within the limitations of the available
computational data and require experimental validation.

METHOD
Computational Tools and Ligand Preparation

The computational analysis was performed using a computer equipped with an Intel Core
17 processor, 16 GB RAM, and Windows 10 Education 64-bit. The molecular structure of 4-
chloro-N-(phenylcarbamothioyl)-benzamide (4-Cl1-PCTB) was obtained from PubChem in
SMILES format. The structure was converted into a three-dimensional representation using
Chem3D version 16.0 and saved in MOL2/SYBYL2 format for molecular docking using
Molegro Virtual Docker (MVD) version 7.0.

Protein Structure and Molecular Docking

Molecular docking was performed using Molegro Virtual Docker version 7.0 with the
protein structure identified as glutaminase (GLS), PDB ID 8JUB, obtained from the Research
Collaboratory for Structural Bioinformatics Protein Data Bank (RCSB PDB). According to the
original docking procedure, the crystallographic ligand was used as a reference for identifying
the binding cavity. The native ligand was removed before docking the test compound.

The predicted docking poses were evaluated using the scoring functions available in
MVD. The resulting Rerank Score was treated as a computational scoring output rather than
an experimentally measured binding free energy. The docking results were interpreted as
exploratory predictions of possible ligand accommodation within the selected protein-binding
region and were not considered direct evidence of GLS inhibition or anticancer activity.

The available methodological records did not provide sufficient information to
independently establish all receptor-preparation settings, search parameters, and docking-
validation procedures. Accordingly, no unverified parameter values were assigned in the
present analysis.

Analysis of Predicted Ligand—Protein Interactions

The predicted interactions between 4-Cl-PCTB and GLS were assessed from the
available molecular docking outputs. Residue-level interactions were considered
computational predictions and were interpreted qualitatively. Interactions for which the residue
identity or geometry could not be verified were not treated as established findings.

The original report included a proposed water-mediated interaction. However, because
the original preparation description stated that water molecules were removed, this interaction
was not retained in the revised interpretation without independent confirmation that the
relevant water molecule was present in the analyzed receptor structure.

The reported RMSD value of 0.693 A was not used as definitive evidence of docking
validation because the available records did not establish the reference ligand, redocking
procedure, and pose comparison needed to verify the result.

Prediction of Physicochemical and ADMET Properties

The physicochemical properties and predicted absorption, distribution, metabolism,
excretion, and toxicity (ADMET) characteristics of 4-CI-PCTB were assessed using
SwissADME and pkCSM, respectively. The compound structure in SMILES format was used
as the input for computational prediction.

The reported descriptors included molecular weight, lipophilicity (LogP), hydrogen-bond
donor and acceptor counts, and predicted human intestinal absorption, together with
distribution, metabolism, and toxicity endpoints available from the respective platforms. The
reported molecular weight, LogP, and predicted human intestinal absorption were 290.77 Da,
2.73, and 88.309%, respectively.
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The computational predictions were interpreted as estimates rather than experimentally
measured pharmacokinetic or toxicological properties. Results were not considered proof of
oral bioavailability, metabolic stability, or safety.

Data Interpretation

The findings were summarized descriptively based on the available docking score and
computational ADMET predictions. The interpretation was restricted to the results that could
be supported by the available records. Because experimental binding, enzyme-inhibition, and
cellular-assay data were not available, no definitive conclusions were drawn regarding GLS
inhibition, selective activity against triple-negative breast cancer, or anticancer efficacy.

RESULTS AND DISCUSSION
Predicted Physicochemical Properties

The chemical structure of 4-chloro-N-(phenylcarbamothioyl)-benzamide (4-CI-PCTB) is
shown in Figure 1, and its reported physicochemical descriptors are summarized in Table 1.
The reported molecular weight (290.77 Da), LogP (2.73), and hydrogen-bond donor count (2)
are below conventional Lipinski thresholds. Lipinski et al. (2001) developed these criteria as
empirical indicators of potential absorption or permeation difficulties, rather than as sufficient
evidence of oral drug performance. Molecular flexibility and polar surface area are also
informative in compound prioritization (Veber et al., 2002); these descriptors were not
presented in the available results.

The numerical descriptors are consistent with a preliminary drug-likeness screening
profile, but this interpretation remains conditional. SwissADME integrates property estimation
and medicinal-chemistry assessment, and different lipophilicity estimators can lead to distinct
values (Daina et al., 2017). In particular, the iLOGP model illustrates that computed
partitioning depends on the underlying estimation approach (Daina et al., 2014). The original
narrative and Table 1 are inconsistent concerning the hydrogen-bond acceptor count, reported
as one in the table; this value must be checked against the input structure and original output
before any final structural inference.

A compound that satisfies rule-based thresholds does not necessarily exhibit useful
pharmacokinetics or pharmacological activity. Bickerton et al. (2012) showed that drug-
likeness assessment benefits from considering the balance of molecular attributes rather than
treating binary rules as proof of development suitability. Structural-alert strategies have
likewise been proposed as additional early-stage screens (Brenk et al., 2008; Baell & Holloway,
2010), although neither such analysis nor experimental assay-interference testing was
performed here. The reported physicochemical profile therefore supports only further
characterization of 4-C1-PCTB, not a conclusion about its anticancer efficacy.
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Figure 1. Chemical structure of 4-chloro-N-(phenylcarbamothioyl)-benzamide (4-C1-PCTB)

Table 1. Reported Physicochemical Descriptors of 4-C1-PCTB

Molecular Hidrogen Bond

Compound . LogP Lipinski’s
Name })’\;e)lght (<300 (<5) Donor (<5) Acceptor (<10)  Rule of Five
4-Cl1 PCTB 290.77 2.73 2 1 fullfill
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Predicted ADMET Properties

Table 2 presents the reported pkCSM predictions for 4-CI-PCTB, including water
solubility of -4.39 log mol/L, Caco-2 permeability of 1.701 (reported log Papp), and human
intestinal absorption of 88.309%. pkCSM is a structure-based prediction platform that
estimates ADMET endpoints from molecular signatures, and its outputs should be treated as
model-derived estimates rather than measured properties (Pires et al., 2015). The absorption
prediction is compatible with a computational hypothesis of intestinal uptake, but it does not
establish oral bioavailability. Passive permeability and oral absorption can depend on several

molecular and physiological factors beyond one predicted value (Egan et al., 2000; Zhao et al.,
2002).

Table 2. Reported Predicted ADMET Properties of 4-CI-PCTB from The Original pkCSM analysis

Category Predictor Unit Predicted Value
Absorption Water solubility log mol/L -4.39
Caco2 permeability log Papp in 107¢ cm/s 1.701
Intestinal absorption (human) % Absorbed 88.309
Skin Permeability log Kp -2.801
P-glycoprotein substrate Yes/No Yes
P-glycoprotein I inhibitor Yes/No No
P-glycoprotein II inhibitor Yes/No No
Distribution VDss (human) log L/kg -0.196
Fraction unbound (human) Was 0.016
BBB permeability log BB 0.415
CNS permeability log PS -1.042
Metabolism CYP2D6 substrate Yes/No No
CYP3A4 substrate Yes/No Yes
CYP1A2 inhibitor Yes/No Yes
CYP2C19 inhibitor Yes/No Yes
CYP2C9 inhibitor Yes/No No
CYP2D6 inhibitor Yes/No No
CYP3A4 inhibitor Yes/No No
Excretion Total Clearance log ml/min/kg -0.419
Renal OCT2 substrate Yes/No No
Toxicity AMES toxicity Yes/No No
Max. tolerated dose (human) log mg/kg/day 0.197
hERG I inhibitor Yes/No No
hERG II inhibitor Yes/No No
Oral Rat Acute Toxicity (LD50) mol/kg 2.135
Oral Rat Chronic Toxicity log mg/kg bw/day 1.886
(LOAEL)
Hepatotoxicity Yes/No No
Skin Sensitisation Yes/No No
T.Pyriformis toxicity log ug/L 1.305
Minnow toxicity log mM 0.533

The reported distribution outputs comprise VDss of -0.196 log L/kg, blood-brain barrier
permeability (logBB) of 0.415, and central nervous system permeability (logPS) of -1.042.
These describe different predicted endpoints and cannot be substituted for each other.
Established computational frameworks distinguish gastrointestinal absorption predictions from
estimates of central nervous system penetration (Daina & Zoete, 2016). Moreover, brain
exposure is affected by a combination of physicochemical and transport processes (Hitchcock
& Pennington, 2006). Consequently, these values should not be described as experimentally
demonstrated tissue distribution or brain penetration.

The categorical outputs identify 4-CI-PCTB as a predicted P-glycoprotein substrate and
CYP3A4 substrate, with predicted inhibition of CYP1A2 and CYP2C19 but not CYP2D6,
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CYP2C9, or CYP3A4. These are screening alerts rather than confirmed mechanisms. CYP
inhibition is important in assessing possible drug-drug interactions, but clinical implications
require exposure information and appropriate experimental evaluation (Gajula et al., 2021).
The original narrative reportedly conflicted with the tabulated CYP2D6 result; the table
indicates no predicted CYP2D6 inhibition, and the unarchived pkCSM output prevents
independent confirmation.

For toxicity, the reported negative AMES, hepatotoxicity, hERG I/Il, and skin-
sensitization predictions should not be interpreted as proof of safety. The importance and
limitations of in silico hERG assessment have been demonstrated in structure-based
benchmarking (Creanza et al., 2021) and integrated high-throughput prediction studies
(Krishna et al., 2022). False-negative classifications remain possible, and experimental testing
is essential for cardiac safety assessment. Additionally, the original units and definitions of the
acute and chronic toxicity endpoints require verification before numerical interpretation.
Overall, Table 2 provides a preliminary prioritization profile, not an experimentally validated
pharmacokinetic or toxicological characterization.

Molecular Docking Results

The reported docking analysis against the protein identified as GLS (PDB ID: 8JUB)
yielded Molegro Virtual Docker Rerank Scores of -78.023 for 4-CI-PCTB and -85.728 for
lapatinib (Table 3). The MolDock framework employs a docking scoring function and a
subsequent reranking step to prioritize calculated poses (Thomsen & Christensen, 2006). These
scores are software-dependent ranking outputs; without an established calibration they should
not be expressed as measured binding free energies. Indeed, the table header reports kcal/mol
whereas the narrative explicitly declines to assign an energy unit, an inconsistency that should
be corrected.

Table 3. Reported MVD Rerank Scores for 4-CI-PCTB and lapatinib in the original docking analysis
Name Re-rank Score (kcal/mol) Interaction

4-CI-PCTB -78.023

Lapatinib -85.728

The more negative score obtained for lapatinib does not indicate greater GLS inhibition.
Docking scores are sensitive to the scoring model, preparation choices, binding site, and search
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implementation, and assessments have documented limits in the accuracy of protein-ligand
ranking (Warren et al., 2006; Paggi et al., 2024). Distinct software architectures also generate
scores that should not be compared without a shared validated benchmark; for example,
AutoDock Vina was specifically designed with its own search and scoring framework (Trott &
Olson, 2010). The present comparison is further limited because lapatinib was not established
as a GLS-specific reference inhibitor.

The reported RMSD of 0.693 A could be informative if it resulted from a correctly
documented native-ligand redocking experiment, but the identity of the reference ligand, its
crystallographic pose, and the alignment protocol have not been established. Therefore, this
number cannot independently validate the docking procedure. Molecular docking is best
treated as a hypothesis-generating structural method, with predictions evaluated against
suitable reference structures and experiments (Ferreira et al., 2015). Interpretation of predicted
residue contacts is also constrained because atom-level geometries were not independently
verified, and a proposed water-mediated contact was not reconciled with the stated removal of
waters during receptor preparation.

A biologically more relevant comparator would be a validated GLS-active reference
compound accompanied by measured inhibition data. For example, Gross et al. (2014) reported
biochemical and cellular evidence for the glutaminase inhibitor CB-839 in experimental triple-
negative breast cancer models. Those findings establish a useful precedent for the types of
experiments needed in this field, but they do not demonstrate that 4-C1-PCTB binds or inhibits
GLS. The present Rerank Scores therefore support further computational testing only, with no
inference of GLS potency, TNBC selectivity, or anticancer efficacy.

Study Limitations and Implications

The physicochemical, ADMET, and docking findings describe an exploratory
computational assessment of 4-CI-PCTB, but several constraints limit their interpretation. The
original SwissADME and pkCSM exports were unavailable for independent verification,
including the hydrogen-bond acceptor discrepancy and selected ADMET categories. As
predictive models depend on their training data, molecular descriptors, and applicability
domains, agreement between model outputs and actual compound behavior should not be
presumed (Daina et al., 2017; Pires et al., 2015).

The receptor preparation, search parameters, reference-ligand identity, and redocking
procedure were not fully recoverable. This prevents a reproducible validation of the RMSD
and limits interpretation of ligand poses and relative scores. General docking benchmarks
underscore the importance of evaluating pose reproduction and compound ranking as distinct
tasks (Warren et al., 2006; Paggi et al., 2024). Accordingly, the available computational
evidence is insufficient to demonstrate a stable or specific GLS interaction.

No biochemical GLS inhibition, target-engagement, cellular viability, selectivity, or in
vivo efficacy data are reported for 4-CI-PCTB. Prior experimental work with a selective
glutaminase inhibitor shows that target inhibition and anticancer phenotypes can be
investigated with complementary metabolic, cellular, and animal assays (Gross et al., 2014);
such evidence is absent for the test compound. Future work should first reconstruct a
reproducible docking protocol with a justified GLS-active comparator, recheck the source
ADMET exports and structural descriptors, then undertake GLS inhibition and appropriate
cellular assays. The present findings should be described as computational hypotheses rather
than evidence of anticancer activity.

CONCLUSION

This study provides an exploratory in silico assessment of 4-chloro-N-
(phenylcarbamothioyl)-benzamide (4-CI-PCTB) through molecular docking against
glutaminase (GLS; PDB ID 8JUB) and prediction of its physicochemical and ADMET
properties. The original analysis reported an MVD Rerank Score of —78.023 for 4-CI-PCTB
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and predicted human intestinal absorption of 88.309%. These findings represent computational
outputs and should not be interpreted as evidence of experimentally confirmed binding affinity,
GLS inhibition, oral bioavailability, or safety. The comparison with lapatinib does not establish
relative GLS inhibitory activity because lapatinib was not used as a validated GLS-specific
reference inhibitor. Furthermore, limitations in the available docking documentation, the
unverified RMSD result, inconsistencies in the reported ADMET data, and the unresolved
water-mediated interaction restrict the mechanistic interpretation of the findings. Therefore,
the present results support only a preliminary computational hypothesis and do not establish
anticancer efficacy or selectivity against triple-negative breast cancer. Further studies using a
reproducible docking protocol, a justified GLS-active reference compound, biochemical
enzyme-inhibition assays, and appropriate cellular experiments are required to determine the
biological relevance of the predicted interactions.

RECOMMENDATION

Further studies should verify the computational predictions using a reproducible
molecular docking protocol and a validated GLS inhibitor as a reference compound.
Experimental GLS inhibition assays, followed by appropriate cellular, pharmacokinetic, and
toxicity studies, are needed to determine the biological activity, selectivity, and potential
therapeutic relevance of 4-CI-PCTB as an anticancer candidate.
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