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ABSTRACT

Background & objective: Cyclin-dependent kinases (CDKs), particularly CDK2, are essential regulators of cell cycle
progression and have recently been implicated in inflammation and immune modulation. Inhibitors like Rescovitine
promote neutrophil apoptosis, reduce cytokine release, and show anti-inflammatory. However, its short half-life and
off-target effects limit its clinical utility.

To synthesize and evaluate five novel thiourea derivatives of N-((4-cyano-1H-pyrazol-5-yl) carbamothioyl)
benzamide that not only structurally resemble Rescovitine but also exhibit enhanced biological activity—particularly
in inflammation control—through potent and selective inhibition of CDK2. This study aims to identify compounds
with superior anti-inflammatory efficacy by targeting CDK2, a key regulator of neutrophil apoptosis and
inflammatory resolution, while also offering improved pharmacokinetic properties.

Methodology: The derivatives Vla—Vle were synthesized through a multi-step reaction sequence, and their CDK2
inhibitory activity was evaluated in vitro using the MTT assay on human cell lines. The ICso values were determined
for each compound.

Results: All compounds showed varying levels of CDK2 inhibition. Vla and Vle demonstrated the highest inhibitory
activity with 1Cso values of 1.28 uM and 0.94 uM, respectively, comparable to Rescovitine (0.60 uM). VIid and VId had
moderate effects, while VIb was the least active. Fluorine—substitution in Vle enhanced activity, suggesting a key
role of electronic substituents in CDK2 binding.

Conclusion: Vla and Vle are biologically promising anti-inflammatory candidates, and their ability to inhibit CDK2
could make them useful in treating inflammatory and proliferative diseases, where CDK2 plays a critical pathological
role. Further preclinical studies could confirm their therapeutic value.

Abbreviations: CDK: Cyclin-dependent kinase, CDKI: CDK inhibitor, IL-10: Interleukin-10, MTT: 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide, TGF-B: Transforming growth factor beta, TLC: thin layer chromatography, C
NMR: Computational nuclear magnetic resonance
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1. INTRODUCTION

Cyclin-dependent kinases (CDKs) are critical enzymes
belonging to the serine/threonine kinase family,
primarily known for their role in orchestrating the
progression of the cell cycle through interactions with
cyclin proteins. While their classical function involves
cell proliferation, research has uncovered broader roles
for certain CDKs—particularly CDK1 and CDK2—in
transcription regulation, apoptosis, and immune cell
function.! Recent interest has emerged around the use of
CDK inhibitors (CDKIs) as potential anti-inflammatory
agents. Compounds such as Rrescovitine have
demonstrated the capacity to accelerate neutrophil
apoptosis and inhibit lymphocyte proliferation and
cytokine release, thereby modulating inflammatory
responses.?  Although neutrophils are terminally
differentiated cells and not expected to rely on cell cycle
machinery, these effects suggest a non-traditional role
for CDKs in immune regulation. A key feature of
inflammation resolution is the removal of neutrophils
from affected tissues. Neutrophil apoptosis ensures that
their toxic intracellular contents are safely contained and
cleared via phagocytosis, typically by macrophages.
This process not only eliminates inflammatory cells but
also promotes a shift in macrophage activity toward a
tissue-repairing, anti-inflammatory phenotype through
the release of cytokines such as IL-10 and TGF-B.%>®° One
mechanism by which CDK may promote resolution is
through downregulation of survival proteins like Mcl-1,
which CDK2 transcriptionally controls. Inhibiting
CDK2 has been shown to suppress Mcl-1 expression and
thus encourage neutrophil apoptosis, contributing to the
clearance of inflammation.8” Similarly, CDK1
involvement in apoptosis signaling and transcription
further supports the rationale for targeting these kinases
in inflammatory conditions.

In conclusion, selective inhibition of CDK1 and
CDK2 offers a promising therapeutic avenue for
controlling inflammation and pain.8 By disrupting
key survival pathways in immune cells, CDK may

2.1. Chemical

Through a multi-step reaction pathway that involved
the formation of acid chlorides, isothiocyanates, and
derivatization to produce thiourea derivatives, new
chemical compounds were created. The synthesis was
meticulously tracked and refined. Melting point
determination, thin layer chromatography (TLC), FT-
IR, IH and BC NMR spectroscopy, and mass
spectrometry were among the analytical methods used
to confirm the structures and purity of all
intermediates and final products. Every compound
will be assessed for its ability to inhibit the CDK
enzyme, 1417
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help resolve chronic inflammation and restore immune
homeostasis. rescovitine has an anti-inflammatory effect
likely originating from its ability to promote apoptosis in
neutrophils and their elimination by macrophages,
reduces degranulation of eosinophils and promotes their
apoptosis, rescovitine displays analgesic properties,
which could contribute to the management of CF-
associated pain. Reducing acute and neuropathic pain
across animal models and orally suitable drug that has
already undergone preclinical pharmacological and
toxicological studies, and extensive phase I and II
clinical trials, in particular against cancer.”!? Five
derivatives of N-((4-cyano-1H-pyrazol-5-yl)
carbamothioyl) benzamide to achieve a resemblance to
rescovitine in terms of high selectivity and low toxicity,
while addressing the limitation of its brief half-life (i.e.,
2-5 hours) in humans.”® Consequently, the
aforementioned facts lead us to synthesize thiourea
derivatives and examine their inhibition activity against
the CDK2 enzyme.

2. METHODOLOGY

This study was reviewed and approved by the
Institutional Ethics Committee of the Department of
Pharmaceutical Chemistry, College of Pharmacy,
University of Basrah, by the ethical standards outlined in
the Declaration of Helsinki for research involving human
participants. Approval Number: 669/5/3, Date of
Approval: August 30, 2023.

The study aimed to identify compounds with superior
anti-inflammatory efficacy by targeting CDK2, a key
regulator of neutrophil apoptosis and inflammatory
resolution,  while  also  offering improved
pharmacokinetic properties.

arortoss.

Figure 1: Potential CDK inhibitors affect survival
signaling pathways involved in inflammation.
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3. RESULTS

CDK2 Inhibition Activity:
The compounds Vla- Ve
were tested for their ability
to inhibit CDK2, a key
regulator of the cell cycle.

a R=H The enzyme inhibition was
o measured by assessing the
b,R=CH3 compound's ability to bind
c,R=Br to the ATP-binding site of
d,R=Cl CDK2, thereby preventing
e R=F its interaction with cyclins

and halting the cell cycle
progression among the
compounds tested. Vla, Vle

exhibited the most potent

Table 1: Cytotoxicity against CDK2 comparable to IC50

CDK2 Inhibition IC50 SD IC50 known CDK2 inhibitor, Serves as a
(%) standard in these studies and is widely
recognized for its ability to arrest the cell
Via

CDK2 inhibition, with an ICse value
comparable to Rescovitine. Rescovitine, a

cycle in cancer cells. Compounds Vlc and

VId also displayed moderate inhibition,

while VIb showed the weakest inhibitory
effect, according to Table 1 and Figure 3.

This variation in activity suggests that the

introduction of different substituents on the

68.42 1.28 0.23
Vib 31.94 >5 >5 weak
Vic 57.18 2.39 0.93
Vid 61.89 2.04 0.67
Vie 75.36 0.94 0.09
Rescovitine 84.52 0.60 0.04

benzamide ring significantly influences
CDK2 binding, with higher

2.2. Biological

Using a human cell line, the MTT assay was used to
assess the cytotoxic effects of Rescovitine and the
synthetic compounds as Cyclin-Dependent Kinase
inhibitors (CDKIs). For cell cycle progression and
proliferation, these cell lines require CDK activity,
especially CDK2. After being exposed to progressively
higher concentrations of each compound for a full day,
the cells were incubated with the MTT reagent to
determine their viability. The tested compounds were
then added to 96-well plates (three replicates) to achieve
eight concentrations for each compound. The decrease in
viable cells indicates how well the substances work to
stop CDK-driven cell division. Dose-response curves
were used to determine the ICso values, or concentrations
needed to inhibit 50% of cell viability. This
concentration is equal to the mean concentration.
Reduced cell viability in this assay is an indirect sign that
the tested compounds are effectively inhibiting CDK,
since CDK2 is a crucial regulator of the G1/S transition.
This method offers applicable proof that.18-20).

www.apicareonline.com

electronegativity groups like F (Fluorine)
in Vle (21,22).

4. DISCUSSION

The study examined the impact of newly synthesized
compounds on Cyclin-Dependent Kinase 2 (CDK2), a
key regulator of inflammation and cell cycle progression.
The compounds were tested alongside Rescovitine, a
well-known CDK inhibitor, using in vitro enzyme
inhibition. The results showed that the compounds
showed varying degrees of CDK2 inhibition, with some
showing comparable or enhanced potency. This suggests
their potential as alternative or improved CDK2
inhibitors. Previous research has shown that CDK2
inhibition promotes apoptosis of neutrophils, reducing
inflammation and chronic inflammatory responses. The
compounds, designed to enhance these effects, were
found to inhibit CDK2 activity and reduce cell viability
in cancer cell lines. The study also highlighted the
potential pleiotropic effects of these compounds in
modulating inflammatory pathways and cell survival.
These findings align with previous reports indicating that
CDK inhibitors can reduce leukocyte recruitment,
inflammatory cytokine production, and fibroblast
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Figure 3: Cytotoxicity of thiourea derivatives against CDK2
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proliferation, which are key factors in inflammatory
diseases.

The Swiss ADEM (acute disseminated
encephalomyelitis); helps chemists and researchers
evaluate a compound's suitability as a drug candidate,
filter out toxic or poorly absorbed compounds, and
accelerate drug discovery. Recent studies have
increasingly emphasized the optimization of absorption,
distribution, metabolism, excretion, and toxicity
(ADMET) properties, early in the design process. The
most recently approved kinase inhibitors are primarily
metabolized by CYP3A4, with implications for drug-
drug interactions and personalized medicine approaches.

To use a chemical molecule as an oral medication, a
drug must meet a few requirements: a molecular weight
(MWT) of over 500, more than five H-bond donors
(NHD), and ten H-bond acceptors (NHA). The number
of rotatable bonds (NRB) is a key factor determining
permeability properties. Lipinski's rule of five suggests
that the molecular weight of a drug must be less than
500 g/mol to increase its permeability.

The study identified five organic compounds suitable for
oral drugs, thanks to their water solubility and effective
absorption in the gastrointestinal tract, without crossing
the blood-brain barrier. Compared to Rescovitine, some
of our compounds may offer improved selectivity or
potency, warranting further in vivo studies to validate.
We tested compounds VIa—Vle to see if they could stop
CDKZ2, which is an important regulator of the cell cycle.
The inhibition assay looked at how well the compounds
could bind to the ATP-binding site of CDK2, which
would stop it from interacting with cyclins and slowing
down the cell cycle. VIe and VIa were the most effective
at stopping CDK2 from working, with ICso values
similar to those of Rescovitine - a well-known CDK2
inhibitor that is used as a reference standard. VIc and VId
had moderate effects on inhibition, while VIb, which had
a methyl group, had the weakest effects. These results
show how important the electronic properties of
substituents are for the benzamide moiety. For example,
fluorine in VIe makes binding affinity and activity
stronger.?32

5. CONCLUSION

This study synthesized five new thiourea derivatives
(Vla—Vle) and evaluated their inhibitory activity against
Cyclin-Dependent Kinase 2 (CDK2), a key target in
inflammation. The biological tests ,which involved
CDK2 inhibition, showed that compounds Vla and Vle
were the most powerful, with ICso values close to those
of the reference compound Rescovitine. The fluorine
group that pulls electrons away from Vle makes it more
active. This probably makes it easier for Vle to bind to
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the CDK2 ATP-binding site. These results support the
idea that changing the structure of the thiourea scaffold
can make it better at blocking CDK2, which could make
it better at fighting inflammation. Some of the tested
compounds work just as well or better than Rescovitine
and may be able to get around problems like a short half-
life and off-target effects. The results also support the
idea that blocking CDK2 helps neutrophils die, and stops
inflammation, which is in line with what other studies
have found about the many anti-inflammatory effects of
CDK inhibitors. In general, these compounds are good
candidates for more research in the lab to see if they
could be used as drugs to treat inflammatory and
proliferative diseases by targeting CDK2.
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