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Identification of Potential Drugs for Colorectal Cancer
Chemoprevention through Computational Analysis
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Kabarak University, Kenya hospitalizations, readmission, and poor quality of life due to dis-
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prevention in colorectal cancer, such as NSAIDs, have a high level of
toxicity. There is need to find novel drugs targeting colorectal cancer
with favorable clinical profiles.
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2023; Published: January 27, 2023 Objective: The study aimed to identify possible colorectal cancer

prevention drugs by comparing the docking scores (representing
potential biologic activity) of Aspirin, Sulindac, and Celecoxib with
their structurally similar analogs. Materials and Methods: Ligand-
based virtual screening and structure-based virtual screening were
done for aspirin, sulindac and celecoxib to identify potential drug-
like compounds. Compounds that passed the screening, pharma-
cokinetic profiling, and toxicity testing were considered possible
drugs for colorectal cancer chemoprevention.

Results: The study identified 7 drug-like compounds from the
ZINC database. ZINC02570895, with a better docking score than
celecoxib coupled with favorable toxicity and metabolic profiles,
was the most appropriate drug candidate for the inhibition of
PDK-1. ZINC22309227, with a better docking score and favorable
pharmacokinetic profile than sulindac was the most appropriate
compound for further development into a MAP Kinase inhibitor.
ZINC39406706, ZINC26469982, ZINC01847506, ZINC3382343, and
ZINC01682308 had favorable toxicity profiles compared to aspirin
and were most suitable for development of cyclooxygenase inhibi-
tors in colorectal cancer prevention.

Conclusion: In-vivo and in-vitro tests are needed to ascertain
the biological activity, synthesizability and clinical use of the com-
pounds.
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Introduction

Cancer is one of the most common causes of hospitaliza-
tions, readmission, and poor quality of life due to disability and
pain, and death [1]. Cancer occurs due to dysregulation of vari-
ous checkpoints in cell differentiation and replication. It is one
of the major causes of mortality worldwide having accounted
for approximately 10 million deaths in 2020 [2]. One of the ma-
jor mechanisms of oncogenesis is inflammation [1]. Colorectal
Cancer (CRC) cases are increasing at an alarming rate. In CRC,
uncontrolled inflammation has been linked to development of
adenomatous polyps which progress to neoplasm. Non-Steroi-
dal Anti-Inflammatory Drugs (NSAIDS) have been shown to pre-
vent colorectal cancer by limiting production of various inflam-
matory mediators [3,4].

The current cancer treatment modalities have helped pro-
long the survival of cancer patients without altering mortality
[5]. In some cases, there is no definitive treatment resulting in
watchful waiting like in the case of early-stage prostate cancer
[6]. Treatment modalities like surgery and some chemotherapy
agents leave the patients weaker due to adverse effects [5].
Due to this, there is a need for cancer management to focus
on prevention rather than treatment. This is especially true in
developing countries, where cancer is diagnosed at later stages.
There are two primary modalities of cancer prevention: lifestyle
modification and chemoprevention in high-risk patients. Life-
style modification fails at times in high-risk patients. For exam-
ple, mutation of the p53 gene confers a 29% chance of devel-
oping cancer regardless of lifestyle modification [7]. Therefore,
people with a higher risk of colorectal cancer need prevention
more than lifestyle modifications.

Chemoprevention is a promising field in colorectal cancer
prevention. For decades, epidemiological studies have shown
Sulindac, Aspirin, and Celecoxib to have a preventive action
against CRC [7,8]. Sulindac and Celecoxib are beneficial in pre-
venting the development of colorectal cancer in persons with
the Adenomatous Polyposis Coli (APC) gene mutation [9]. Pa-
tients with the APC gene mutation present with adenomas in
the colon, which progress into colon cancer if resection is not
done [10]. According to Yin et al. [11], Aspirin significantly re-
duces the incidence of colorectal cancer.

Despite the many epidemiological studies on cancer che-
moprevention, no definitive mechanism has been elucidated
to show how NSAIDs prevent CRC. Some researchers have
strongly suggested that COX inhibition and COX-independent
pathways are responsible for the action of NSAIDs against CRC
[12]. Cyclooxygenase (COX) enzyme is a major molecular target
in CRC. Increased expression of cyclooxygenase in CRC causes
an increase in prostaglandins which promote autocrine and
paracrine signaling, causing unlimited proliferation and survival
of cells [13]. Tumor cells can also produce excess PGE2, which
acts in a paracrine/autocrine mechanism to promote angio-
genesis through increased production of VEGF [14]. However,
some reports have indicated that the effects of the drugs on
CRC are more dependent on COX-independent pathways than
COX-dependent pathways [9]. The claim is supported by a re-
port that high levels of prostaglandin in-vitro and in-vivo inhibit
cancer growth. Mitogen Activated Protein Kinase-3 (MAPK) and
3-Phosphoinositide-Dependent Protein Kinase 1 (PDK-1) are
some of the most studied COX-independent pathways in CRC
oncogenesis [15,16].

Chemoprevention is the use of chemical compounds to alter

the course of disease with low toxicity [12]. Aspirin, Sulindac,
and Celecoxib significantly alter CRC oncogenesis. However,
chronic use of these drugs is marred by COX-Inhibition-Associ-
ated Adverse Effects (CIAAEs) such as gastrointestinal ulceration
and bleeding for Aspirin and sulindac and cardiac toxicity for
Celecoxib [13]. Also, the doses required for chemoprevention
are higher than those used for anti-inflammatory and analgesic
purposes which pose more toxicity.

The current study identifies potential drug-like molecules
for preventing colorectal cancer by comparing the biological
activity (expressed as docking scores) of Aspirin, Sulindac, and
Celecoxib with their analogs in silico. The results are analyzed
and interpreted based on binding energies to various target
molecules involved in CRC development. The study acts as a
foundation for cell-based high throughput screening which can
be done to ascertain anticancer activity of the analogues.

Materials and Methods
Materials

PubChem online database was used to download structures
of Aspirin, Celecoxib, and Sulindac. Avogadro software was used
to optimize the structures of the NSAIDs and their analogues.
Chimera software was used to dock the NSAIDs to their molecu-
lar targets. Protein databank was used to obtain the structure of
the molecular targets of Aspirin, Celecoxib, and Sulindac. Pub-
Chem sketcher online tool was used to draw compound struc-
tures based on canonical smiles. Swiss similarity was used to
perform ligand-based virtual screening. Swiss ADME online tool
was used to predict pharmacokinetic profiles. Protox Server on-
line tool was used to predict the toxixty profiles of the drugs
and their analogues based on LD50.

Methods

An experimental quantitative study carried out through com-
putational analysis. Both structure based virtual screening and
ligand based virtual screening were used. Ligand-based virtual
screening is based on the principle that compounds with a simi-
lar pharmacophore have a similar structure-activity relation-
ship. In contrast, structure-based virtual screening is based on
the principle that compounds with the highest docking score
have the most increased activity [17]. Binding energies esti-
mate the affinity of compounds to targets based on compound
conformation and complementarity with the features of the
binding pocket. Combination of both techniques has proved
to be more accurate in identification of drug-like compounds
than any of them used alone. Numerical data were collected,
analyzed, and interpreted insilico. Aspirin, Sulindac, and Ce-
lecoxib were screened against the Zinc Drug-like database to
obtain similar compounds that were screened against various
targets in colorectal cancer. Similarity scores were based on the
combination of the Tanimoto coefficient and Electroshape 3-D
similarity [18].

Ligand-Based Virtual Screening

The canonical smiles of Aspirin, Sulindac, and Celecoxib
were downloaded from PubChem (https://pubchem.ncbi.nim.
nih.gov/)and entered into the Swiss Simimilarity online tool. 40
similar analogs that met the sampling requirements for each
drug were sketched using the PubChem sketcher tool (https://
pubchem.ncbi.nlm.nih.gov//edit3/index.html), and their corre-
sponding Molfiles downloaded. PDB format structures of Aspi-
rin, Sulindac, and Celecoxib were downloaded and saved.
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Structure-Based Virtual Screening

The drugs and their respective analogues were converted
to the 3-D format, and the MMFF94s as the force field were
optimized using the Avogadro software and minimized using
the chimera software. The respective molecular targets (COX-2,
PDK-1 & MAPK) were downloaded from the protein databank
database (https://www.rcsb.org/ ) and saved. Using the chime-
ra software, the nonstandard residues in the molecular targets
were removed, and the resulting structure was saved. Surface
binding analysis was carried out between the downloaded ana-
logues and their respective molecular targets using the Auto
Dock Vinatool on Chimera software. Surface binding analysis
was done on Aspirin, Sulindac, and Celecoxib to act as positive
controls. The docking scores of each compound were recorded.

Pharmacokinetics

The SWISSADME online tool (http://www.swissadme.ch/)
was used to forecast the pharmacokinetic profiles of the drug-
like compounds. Parameters such as molrcular weight, log P,
hydrogen bond acceptors, hydrogen bond donors, number of
rotatable bonds, gastrointestinal absorption, and susceptibility
to p-glycoproteins was assessed and recorded.

Toxicity Profile

The protox server tool (https://tox-new.charite.de/protox
Il/index.PHP?site=compound input) was used to forecast the
toxicity of the drug-like compounds. Toxicity was determined
as a measure of Lethal Dose (LD50). The results obtained were
recorded in the format of a table.

Data Presentation and Analysis

Data was presented in tables, created through Microsoft
Word, showing the different NSAIDs and their analogues versus

Table 1: Properties of selected compounds relative to Celecoxib.

their respective docking scores, toxicity profiles and pharmaco-
kinetic profiles. Percentages were used to relate the similarity
of an analogue to the respective drug. Docking scores were nu-
merical data representing the binding energy of an analogue
or drug to the respective molecular target. Data recorded in
tabular form was analyzed and interpreted numerically to give
numerical comparisons of the docking scores of each analogue
and its respective drug. This data was then interpreted descrip-
tively. Data on the pharmacokinetic profiles of selected ana-
logues were analyzed and interpreted non-numerically.

Results & Discussion

Forty structurally similar compounds each were identified
for Aspirin, Sulindac, and Celecoxib. Analysis and selection of
the potential drug-like compounds was made based on dock-
ing scores, toxicity profile (LD50 mg/kg), pharmacokinetic pro-
file (Gl absorption, metabolic profile, p-glycoprotein substrate),
and adherence to the Lipinski rule of 5 relative to parent com-
pounds (Aspirin, Sulindac, and Celecoxib).

Celecoxib and its Analogues

5 out of 40 compounds had a higher docking score than
Celecoxib for PDK-1. ZINC01431703 (LD50 = 1300 mg/kg)
and ZINC26673721 (LD50 = 280 mg/kg) were more toxic than
celecoxib while ZINC02570895, ZINC13761811, ZINC02047040
had same LD50 (1400 mg/kg). No single compound had a com-
bined higher docking score, better toxicity, and pharmacoki-
netic profile than Celecoxib. ZINC02570895 had the same tox-
icity profile and pharmacokinetic profile as Celecoxib but with
a better docking score. ZINC13761811 had the same toxicity
profile and binding energy but a better pharmacokinetic profile.
ZINC13761811 showed the best pharmacokinetic profile. None
of the compounds was a p-glycoprotein substrate (Table 3).

COMPOUND DOCKING % similarity LD 50 (.l\{lg/Kg) .Lipirtski rule. . @l . P-gp Metabolism
SCORE and Toxicity class | (V = no violation; X=violation) ' Absorption A Substrate
ZINC02570895 -8.9 99.7 1400 \ High No CYP (1A2, 2C9) Inhibitor
CELECOXIB -8.8 100 1400 \ High No CYP (1A2, 2C9) Inhibitor

ZINC13761811 -8.8 88.2 1400 v High No No effect on CYP enzymes
ZINC02047040 -8.8 99.2 1400 \ High No CYP (1A2, 2C19,2C9) Inhibitor
ZINC01431703 -9.1 48.8 1300 v Low No CYP (1A2, 2C19, C29, 2D6, 3A4) Inhibitor
ZINC26673721 -8.8 77.3 280 v Low Yes CYP (1A2, 2C19,2C9, 3A4) Inhibitor

Celecoxib interacts with phosphoinositide-dependent kinase 1 (PDK-1) using T-shaped pi-pi bonding, van der Waals forces, pi-cation bonding, and

conventional hydrogen bonding (Figure 7).

Table 2: Properties of selected compounds relative to sulindac.

COMPOUND Dggggée % SIMILARITY | 1P f&;""gl :ﬂf;"osfksi P-gp substrate Gl absorption CYP Metabolism
ZINC22309227 7.2 723 264 N No High CYP (1A2, 2C9) inhibitor
ZINC12341529 -8.0 99.0 264 N No High CYP (1A2, 2C19, 2C9) Inhibitor
ZINC13654467 9.2 404 1190 N resi\s(f:nce High CYP (2C19, 2C9, 2D6, 3A4) Inhibitor Interactions
SULINDAC 7.0 100 264 N No High CYP (2C19, 2C9, 3A4) Inhibitor

ZINC01431703, ZINC02570895, ZINC13761811,
ZINC02047040, and ZINC266737721 can inhibit PDK-1 and pre-
vent the development or progression of colorectal cancer and
hence were selected as potential drugs. However, one of the
major causes of treatment failure is the efflux of drugs and ex-
treme toxicity [19]. The current study used susceptibility to ef-

flux proteins and toxicity profiles as major parameters in iden-
tifying drug-like compounds. P-glycoproteins are responsible
for the efflux of drugs which reduces intracellular drug accu-
mulation leading to treatment failure [20]. P-glycoprotein sus-
ceptibility for each of the selected compounds was estimated
from the SwissADME online tool, and none of the compounds
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Table 3: Properties of selected compounds relative to Aspirin.

Binding energy | Binding energy

P-gp GIT

COMPOUND to COX-1 to COX-2 % Similarity | LD 50 Mg/Kg Lipinski rule of 5 substrate  absorption Metabolism
ZINC39406706 -5.7 -7.4 98.4 3200 v No High No effect on CYP enzymes
ZINC26469982 -6.8 -8.0 98.7 1240 v No High No effect on CYP enzymes
ZINC01847506 -6.6 -7.6 98.1 1240 v No High No effect on CYP enzymes
ZINC33823423 -6.5 -7.6 99.6 1240 v No High No effect on CYP enzymes
ZINC01682308 -6.5 -7.4 98.5 1240 \ No High CYP 1A2 inhibitor
ZINC19405119 -10.6 -11.3 98.6 250 v No High No effect on CYP enzymes

Aspirin -6.3 -6.0 100 250 v No High No effect on CYP enzymes

Celecoxib-PDK-1
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ZINC02570895 — PDK 1

ZINC02570895 in its binding pocket

Figure 1: PDK-1 interactions with Celecoxib and ZINC02570895.

was a substrate of p glycoproteins. LD50 (mg/kg) was used to
estimate the toxicity of the compounds identified. Celecoxib-
induced cardiotoxicity is a major cause for drug withdrawal. The
selected compounds had the same or higher toxicity compared
to celecoxib.

The ability of a drug to achieve a positive therapeutic activ-
ity is based on its ability to achieve adequate concentration in
the site of action. While various factors determine this, among
them the route of administration, most drug design and discov-
ery drives aim at obtaining orally active drugs [21]. The Lipinski
rule of 5 stipulates specific requirements that must be met for
a compound to possess drug-like properties that enable it to be
orally active, i.e., the compound must have a molecular weight
of less than 500 Daltons, log P of less than 5, no more than 5
HBDs, no more than 10 HBAs, and less than ten rotatable bonds
[22]. All five compounds selected for Celecoxib adhered to the
Lipinski rule of 5. However, ZINC01431703 showed low Gl ab-
sorption and high inhibition of metabolic enzymes predispos-
ing it to significant drug-drug interactions. ZINC02570895 is a
CYP 1A2, & 2C9 inhibitor which makes it less likely to interact
with many drugs due to the low number of drugs metabolized
by both CYP 1A2, & 2C9 enzymes. ZINC02570895, with a bet-
ter docking score than Celecoxib coupled with favorable toxicity
and metabolic profiles, was the most appropriate drug candi-
date for the inhibition of PDK-1. Like Celecoxib, ZINC02570895
interacts with PDK-1 using van der Waals forces, conventional
hydrogen bonding, T-shaped pi stacking, and pi cation bonding.
However, ZINC02570895 interacts with the receptor using an
additional pi-pi stacking as shown in (Figure 7).

Sulindac and its Analogues

All 40 compounds had a higher docking score compared to
sulindac. 24 of the 40 compounds had a poor toxicity profile
(LD50 < 240 mg/kg). Eight compounds did not comply with the
Lipinski rule of 5, while six had poor Gl absorption. Fourteen
compounds were P-gp substrates. All compounds were inhibi-
tors of CYP 450 enzymes. ZINC22309227 and ZINC12341529
had better docking scores and pharmacokinetic profiles than
sulindac (Table 4). Despite ZINC13654467 having the highest
docking score (-9.2), it was a p-gp substrate and, therefore,
susceptible to drug resistance. Also, ZINC13654467 was a CYP
(2€19, 2C9, 2D6, 3A4) inhibitor which predisposes it to signifi-
cant drug-drug interactions.

Sulindac interacts with MAP kinase using pi-sulfur bond-
ing, van der Waals forces, conventional hydrogen bonding, pi-
sigma bonds, and amide pi-stacking (Figure 8). ZINC22309227
interacts with MAP Kinase through pi-anion binding, van der
Waals forces, amide pi-stacking, and pi-alkyl bonding (Figure
8). Interaction with MAP kinase regulates intestinal epithelial
differentiation. The extracellular signal-regulated (ERK) MAP
kinases are responsible for intestinal epithelial proliferation in
the development and progression of colorectal cancer [23].
Several growth factors and proto-oncogenes promote growth
and differentiation through the ERK MAP kinase pathway [24].
Therefore, ZINC22309227 is potential chemopreventive drugs
targeting the ERK MAP kinases. The compounds are orally ac-
tive, have less potential for metabolic drug-drug interactions,
and are not a p-gp substrate.

Sulindac-MAPK 3 interactions

ZINC22309227-MAPK 3 interactions

ZINC22309227 in its binding pocket

Figure 2: MAPK 3 interactions with Sulindac and ZINC22309227.
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Aspirin and its Analogues

Out of 40 compounds, 6 had better docking scores and tox-
icity profiles coupled with favourable pharmacokinetic profiles
than Aspirin (Table 5). The compounds in Table 5 below are po-
tential candidates for further testing. Most of the compounds
had a better toxicity profile and higher biological activity (bet-
ter docking scores) compared to Aspirin.ZINC39406706 had a
relatively higher docking score on COX-2, was 12 X less toxic
than Aspirin, and had an excellent pharmacokinetics profile.
ZINC19405119 had the highest docking score but the same tox-
icity as Aspirin. All the compounds obeyed the Lipinski rule of
five and had a high gastrointestinal absorption. None of the se-
lected compounds was a p-glycoprotein substrate.

Selectivity in COX-1 inhibition is associated with a poor
toxicity profile. Several structurally similar compounds were
found to have better binding energy on COX-2 than Aspirin.
ZINC19405119, ZINC39406706, ZINC26469982, ZINC01847506,
ZINC3382343, and ZINC01682308 had higher binding ener-
gies on both COX-1 and COX-2 compared to Aspirin. Therefore,
these drug-like compounds can be used to prevent colorectal
cancer by targeting prostaglandin-mediated polyposis, espe-
cially in patients who have inherited the mutated APC gene.
ZINC19405119 had the highest binding energy for COX-1 and
COX-2 but was relatively as toxic as Aspirin. ZINC39406706 had
the best toxicity and pharmacokinetic profiles. The compound
was 12 times less toxic than Aspirin, adhered to the Lipinski rule
of five, and was not a p-glycoprotein substrate. This made it the
best compound for development into a chemopreventive agent
targeting the Cyclooxygenase enzyme. ZINC39406706 interacts
with COX-2 through T-shaped pi-pi stacking, hydrogen bonding,
and van der Waals forces (Figure 3).

Aspirin interacts with COX-2 through hydrogen and van
der Waals forces only. The additional T-shaped pi-pi stacking
explains why ZINC39406706 has a better docking score than
Aspirin (Figure 9). Aspirin is associated with extreme gastroin-
testinal toxicity. Therefore, toxicity profiles were the most sig-
nificant parameter used to choose the drug-like compounds.
ZINC39406706, ZINC26469982, ZINC01847506, ZINC3382343,
and ZINC01682308 had favorable toxicity profiles compared to
aspirin. This gives flexibility in dosing and duration of therapy
making the compounds suitable for clinical use in CRC chemo-
prevention. Also, the selected compounds had no inhibitory
effect on Cytochrome P450 enzymes and thus are suitable for
patients with comorbidities.

THR
A:206

=1

Aspirin-COX 2 interactions

G
Py

ZINC39406706 — COX 1 interactions

ZINC39406706-COX 2 INTERACTIONS

Figure 3: Cyclooxygenase enzyme interactions with Aspirin and
ZINC39406706.

Conclusion

The study identified 7 drug-like compounds from the ZINC
database based on biological activity (docking scores), toxic-
ity and pharmacokinetic profiles. ZINC02570895, with a better
docking score than celecoxib coupled with favorable toxicity and
metabolic profiles, was the most appropriate drug candidate
for the inhibition of PDK-1. ZINC22309227, with a better dock-
ing score and favorable pharmacokinetic profile than sulindac
was the most appropriate compound for further development
into a MAP Kinase inhibitor. ZINC39406706, ZINC26469982,
ZINC01847506, ZINC3382343, and ZINC01682308 had favor-
able toxicity profiles compared to aspirin and were most suit-
able for development cyclooxygenase inhibitors in colorectal
cancer prevention.Further tests are needed to ascertain the
biological activity, synthesizability and clinical use of the com-
pounds. The identified compounds could be helpful in patients
with mutations that predispose them to colorectal cancer and
in the prevention of secondary polyps and adenomas in pa-
tients cured of CRC. For example, patients who have inherited
the APC gene are more likely to get colorectal cancer and could
benefit from preventive drugs [25]. Also, patients treated with
CRC are susceptible to secondary tumours.

Recommendations

In vitro and in vivo studies to be carried out on the 7 drug-
like compounds identified from the ZINC database to assess
chemopreventive activity against colorectal cancer.

ZINC02570895 to undergo SAR and physicochemical optimi-
zation in readiness for in vivo and invitro testing against PDK-1
in colorectal cancer

ZINC22309227 to undergo SAR and physicochemical optimi-
zation in readiness for invivo and in vitro testing against MAPK
3 in colorectal cancer.

ZINC39406706, ZINC26469982, ZINC01847506,
ZINC33823423, ZINC01682308 to undergo SAR and physico-
chemical optimization in readiness for invivo and invitro testing
against COX enzyme in colorectal cancer.
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