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Abstract: Trametinib, a selective MEK inhibitor, is widely used in the treatment of several cancers. This study aimed to design
trametinib analogues with enhanced MEK inhibition using an in silico strategy. Structural modifications to the trametinib scaffold
were explored through molecular docking. A library of 34 compounds was assessed, among which compounds 1C and 2R
demonstrated more favorable binding energies (-12.93 kcal/mol and -13.08 kcal/mol, respectively) than trametinib (-12.00
kcal/mol). These two candidates were therefore selected for further analysis. Molecular dynamics simulations showed that 1C and
2R formed more stable interactions with key MEK1 residues, SER212, VAL127, and PHE209, compared to the parent drug. The
analogues were further evaluated using computational pharmacokinetic and drug-likeness profiling. The lead compound, 2R,
exhibited an overall efficacy profile superior to trametinib. These findings provide a strong rationale for future synthetic and
biological studies aimed at improving therapeutic outcomes in MEK 1-driven cancers.

Index Terms: Drug Discovery, Molecular Docking, MEK 1 inhibition, Trametinib

1 INTRODUCTION

The transduction of extracellular signals into cellular responses is significantly dependent upon the mitogen-
activated protein kinase (MAPK) signalling cascade [1]. MEK represents a pivotal regulatory point in the
RAS-RAF-MEK-ERK mitogen-activated protein kinase (MAPK) signalling pathway [2]. A notable
characteristic of many human cancers is the dysregulation of the Raf/MEK/ERK protein kinase cascade, a
three-tiered signalling pathway, which is predominantly driven by oncogenic alterations in RAF, RAS, or cell
surface receptor tyrosine kinases [1]. Two distinct isoforms of MEK, MEK1 and MEK2, are present in the
human proteome. Despite differences in their primary sequence, with a 79% identity, these isoforms show
functional equivalence in the phosphorylation of specific tyrosine and threonine residues in ERK substrates
[3]. Augmented MEK activity precipitates aberrant activation of the RAS-RAF-MEK-ERK signalling
cascade, a pathway implicated in the pathogenesis of inflammatory conditions and approximately 30% of
human malignancies [4].

Trametinib, a pharmaceutical used in cancer treatment, operates by suppressing the enzymatic activity of
mitogen-activated protein kinase 1 (MEK1) and MEK2 [5]. Contrary to a deliberate search for MEK
inhibitors, the development of trametinib arose from an unanticipated observation derived from a phenotypic
high-throughput screen that detected compounds capable of increasing p15™¥4® expression [6]. In 2013,
trametinib (GSK 1120212, JTP74057) received FDA approval as a standalone treatment for adult individuals
diagnosed with melanoma harbouring BRAF V600E or V600K mutations [7]. Japan Tobacco was the original
developer of the compound, for which GlaxoSmithKline subsequently secured exclusive worldwide licensing
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rights [7]. Trametinib's bioavailability facilitates its oral administration [8].

Ligand binding to MEK occurs at two separate sites, categorized as the allosteric and ATP-binding sites [9].
As an allosteric inhibitor, trametinib targets MEK 1/2. This mode of inhibition is important as it enables
trametinib to exhibit a high degree of specificity for MEK 1/2, thereby decreasing the risk of interference
with other enzymatic processes and related side effects [10]. Also, the interaction profiles of MEK1 and
MEK?2 demonstrate a marked concordance [11]. The classification of trametinib as a type III allosteric MEK 1
inhibitor is attributed to its binding in a region juxtaposed to the ATP-binding pocket [12].

Beyond its original application in melanoma, trametinib is presently being investigated and utilized as a
therapeutic agent for a variety of cancers, including non-small cell lung cancer [13], anaplastic thyroid cancer
[14], and glioma [15]. Although trametinib has shown therapeutic advantages, its use is accompanied by the
potential for adverse events. A phase 2 basket trial examining the dabrafenib-trametinib regimen identified 3
chills, nausea, pyrexia, rash, and fatigue as the most common treatment-related adverse occurrences [16]. An
emergence of trametinib resistance, with clinical significance, has also been observed. To combat resistance
and improve cancer treatment, studies investigate MEK1/2 inhibitor combination therapies [17]. The search
for new inhibitors is crucial to resolve these problems, and in this context, computational in silico methods
provide an advantageous early discovery strategy.

The purpose of this research was to analyze and characterize potential trametinib analogues, with the goal of
selecting compounds possessing enhanced MEK 1 binding affinity, refined interaction profiles, and optimized
pharmacokinetic properties in comparison to the parent drug. The insights gained from this research
contribute to the advancement of computational drug discovery strategies for MEK inhibition, facilitating the
development of next-generation cancer therapies.

2 MATERIALS AND METHODS

As shown in Fig. 1, modifiable functional groups in trametinib were identified through literature and replaced
with appropriate bioisosteres. In the pursuit of this, a compound library with 34 derivatives was made (Fig.
2).

R' _alternatives
for cyclopropane

R2 - alternatives for

R?-g atives fi
amide group altematives for

amine group

H F

R* - altematives for
halogens

Fig. 1 - Structure of trametinib with modifiable functional groups. The regions labelled R!, R?, R?, and R*
indicate positions where structural modifications can be made, including alternatives for the cyclopropane
(R"), amide group (R?), amine group (R?), and halogen substitutions (R?).
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Fig. 2 - Analogues with modifications at the R!, R?, R, R* positions

2.1 Docking Process

A docking process was then conducted to screen the library of compounds to identify the best compound for
use in place of trametinib. Autodock 4.2.6 software was employed, integrated with Chemdraw and Chem3D
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software tools [ 18]. The docking process was divided into 2 parts: enzyme preparation and ligand preparation.

2.1.1 Enzyme preparation

The MEKI protein's initial structural coordinates were obtained from the Protein Data Bank (PDB ID —
4ARK) [19]. The protein structure, after removal of redundant residues, water molecules, and extraneous
chains, was prepared for AutoDock input by incorporating polar hydrogen atoms, repairing missing atoms,
assigning Kollman charges, and saving the structure in PDBQT format.

2.1.2 Ligand preparation

Ligand preparation entailed initial generation and minimization of energy using ChemDraw and Chem3D,
followed by optimization and conversion to PDBQT format for AutoDock, which involved the addition of
hydrogen atoms and Gasteiger charge assignment, ensuring compatibility for docking simulations. The grid
box parameters (x-33.469, y-26.668, z-39.334) were precisely defined based on the ligand's centre
coordinates and size. The control docking experiment produced a low root-mean-square deviation (RMSD),
thereby validating the reliability of the established protocol. With the protocol validated, the docking
procedure was then performed across the entire compound library. The binding energy and inhibition constant
values for each compound were obtained. Three compounds, characterized by the most optimal binding
energies, were chosen for further evaluation.

2.2 Simulation studies

VMD 1.9.3 software [20] and Biovia Discovery software were utilized to visualize the selected compounds
and the control, trametinib. A comprehensive interaction profile was generated, illustrating the distinct bonds
and interactions between each ligand and the MEK1 protein.

2.3 Subsequent validation docking protocol

Further control docking experiments were implemented to validate the stability and reproducibility of the
crucial binding site interactions. A comparative re-docking study was conducted across several high-quality
MEK!1 PDB entries using their respective co-crystallized ligands. Ligands chosen for the re-docking were
structurally and mechanistically similar to trametinib to confirm that the chosen protein conformer was
optimized for this specific inhibitory class. The study utilized a set of well-established MEK1 inhibitors,
including trametinib, selumetinib, and mirdametinib, as the test ligands (Table 1) [21]. Molecular interactions
were analyzed and visualized using Biovia Discovery software.

Table 1 - MEK1 complexes and their various ligand partners

PDB ID of MEK1 complexes Ligands
7JUR Trametinib
7JUU Mirdametinib
7JUZ Selumetinib

2.4 Pharmacokinetic evaluation
A pharmacokinetic assessment was conducted for the selected compounds, utilizing the SWISSADME [22]

and pkCSM [23] applications. This evaluation aimed to assess and validate the drug-like properties of each
compound, with the optimal compound determined through a combined analysis of interaction profiles and
pharmacokinetic data.
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3.1 Docking results

J. Res. Technol. Eng. 7(1), 2026, 157-172

According to the results of Table 2, compound 1D possessed the highest binding energy, with compounds 2R
and 1C ranking second and third, respectively.

Table 2 — Estimated free binding energy values and estimated inhibition constant (Ki) values of all the

compounds that were used in the docking process

Compound name Estimated free energy of binding Estimated inhibition constant
(Ki)

Trametinib -12.00 kcal/mol 1.60 nM
1A -12.09 kcal/mol 1.38 nM
1B -12.13 kcal/mol 1.28 nM
1C -12.93 kcal/mol 332.16 pM
1D -13.86 kcal/mol 69.25 pM
2A -11.21 kcal/mol 6.09 nM
2B -11.12 kcal/mol 7.08 nM
2C -12.67 kcal/mol 515.11 pM
2D -12.70 kcal/mol 488.17 pM
2E -11.66 kcal/mol 2.86 nM
2F -11.19 kcal/mol 6.25 nM
2G -11.64 kcal/mol 2.92 nM
2H -12.55 kcal/mol 631.30 pM
21 -11.99 kcal/mol 1.64 nM
2] -12.38 kcal/mol 836.43 pM
2K -11.84 kcal/mol 2.08 nM
2L -10.87 kcal/mol 10.81 nM
2M -11.67 kcal/mol 2.77 nM
2N -11.10 kcal/mol 7.27 nM
20 -10.71 kcal/mol 14.23 nM
2P -11.25 kcal/mol 5.68 nM
2Q -11.65 kcal/mol 2.89 nM
2R -13.08 kcal/mol 259.99 pM
2S -12.70 kcal/mol 492.02 pM
3A -12.43 kcal/mol 767.73 pM
3B -10.54 kcal/mol 18.87 nM
3C -11.80 kcal/mol 2.25nM
4A -12.09 kcal/mol 1.38 nM
4B -12.38 kcal/mol 845.43 pM
4C -12.10 kcal/mol 1.34 nM
4D -12.48 kcal/mol 710.86 pM
4E -12.78 kcal/mol 430.15 pM
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4F -11.17 kcal/mol 6.46 nM
4G -11.39 kcal/mol 4.51 nM
4H -11.53 kcal/mol 3.52 nM

The foundational structure of trametinib, as observed in its early discovery phase, presented three aromatic
rings integrated within a pyridopyrimidine core (similar to 1D compound), nevertheless, the elevated
hydrophobicity of it led to the strategic replacement of the N-3 phenyl substituent with a bioisosteric
cyclopropyl ring, chosen to increase polarity [11]. Therefore, despite its high binding energy, compound 1D
was excluded from further analysis. The final set of compounds selected for detailed study included 1C, 2R,
and trametinib. A comprehensive interaction profile analysis was then conducted for these selected
compounds.

3.2 Interaction profile analysis

To better understand the binding behavior and molecular interactions of the selected compounds, an in-depth
interaction profile analysis was performed. In trametinib, among the three hydrogen bonds that were
visualized, two were formed with the amide group of trametinib (Fig. 3A). An important pi-pi stacking
interaction was also observed with PHE209. Analysis of the trametinib-MEK 1 complex revealed additional
interactions involving iodine atoms and the residues CYS207, MET143, and VAL127. A significant
electrostatic interaction with VAL127 (4.29 A) was also identified.

Compound 2R, with a 1,3,4-thiadiazol substituent at the R? position, was found to have the strongest binding
energy in the series. Two essential hydrogen bonds with VAL211 and SER212 were observed in 2R (Fig.
3C). Importantly, 2R also forms halogen interactions with the target protein, utilizing iodine and fluorine
atoms to interact with VAL127, CYS207, ASP208, and MET143. Additionally, pi-pi stacking with PHE209
was observed. A notable electrostatic interaction with VAL127 (4.16A) was also detected.

The 1C compound was generated by substituting the cyclopropane ring in trametinib with a cyclobutane ring.
Hydrogen bonds were observed with ARG234, LYS97, VAL211, and SER212 residues (Fig. 3B). The
presence of a crucial electrostatic interaction with VAL127 (4.24A) was established. Furthermore, a pi-pi
stacking interaction with PHE209 was identified. The 1C compound forms also interactions with VAL127,
MET143, and CYS207 using an iodine atom.
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Fig. 3 — Interaction profile of (A) trametinib, (B) 1C, and (C) 2R in the active site of MEK1 (PDB ID —
4ARK)

Table 3 presents a comparative dataset of hydrogen bond formation, showing the distances of identified
hydrogen bonds in trametinib relative to compounds 2R and 1C. While 1C more closely approximates
trametinib’s hydrogen bond distances overall, particularly at ARG234 and SER212, 2R demonstrates notably
stronger interactions at residues deemed critical for allosteric binding. Orhen et al. [4] highlighted that stable
interactions at VAL127 (electrostatic), SER212 (hydrogen bond), and PHE209 (pi-pi stacking) are critical,
as they directly influence the inhibitory potency of a compound. Compound 2R demonstrates notably stronger
hydrogen bonding with SER212 compared to both trametinib and 1C (see Table 3). Additionally, 2R exhibits
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the most robust electrostatic interaction with VAL127 (4.16 A) among the three compounds. Pi-pi stacking
with PHE209 is also retained at 5.56 A, slightly shorter than trametinib’s 5.62 A, indicating a maintained
stabilizing interaction. In this context, the enhanced interactions observed in 2R suggest that it is likely the
superior analogue, despite 1C maintaining a closer overall hydrogen bond network to trametinib.

Table 3 - Comparison of key hydrogen bond interactions between trametinib, 2R, and 1Cs.

Hydrogen bonds Trametinib 2R 1C
observed in trametinib
ARG234 220 A - 1.94 A
SER212 237A 2.06 A 231A
VAL211 - 2.40 A 293 A
LYS97 - - 3.00 A
ARGI189 2.78 A - -

Subsequently, further simulation studies were conducted among multiple MEK1 structures to investigate and
validate the importance of various bonds that were observed in trametinib, 2R, and 1C with the MEK1
protein. PHE2009 is the most frequently participating residue, forming pi-pi stacking interactions in all of the
structures analyzed, demonstrating a high level of structural conservation for this specific interaction across
various conformations. Also, SER212 exhibits hydrogen bonding in all PDB structures, establishing it as the
most frequently participating residue (Table 4).

The PDB entries 7JUU, 7JUR, and 7JUZ provide a structural basis for comparing the binding of distinct
small-molecule ligands within the KSR-MEK1 protein complex (Table 4). The KSR-MEK1 complex was
selected as the structural model for drug targeting because it represents a physiologically relevant state of
MEK1 when associated with its key regulators, KSR and RAF. The consistent presence of a measurable
halogen bond at VAL127 indicates that this interaction plays a stable, structurally significant role in binding
or conformation across different MEK1 states (Table 4).

Table 4 — Interactions with PHE209, SER212, and VAL127 across multiple allosteric MEK1 inhibitors

7JUR 7JUU 7IUZ

(Trametinib) (Mirdametinib) (Selumetinib)
PHE209 555A 534 A 541 A
SER212 220A 223A 347 A
VAL127 449 A 476 A 4.62 A

The maintenance of interactions with SER212, VAL127, and PHE209 by multiple allosteric MEK inhibitors
(e.g., Trametinib, Mirdametinib, and Selumetinib) highlights the functional importance of these specific
amino acids in mediating the inhibitory binding mechanism and defining the pharmacological activity of this
class of compounds. Comparative structural analysis showed that 2R exhibited the strongest interactions with
SER212 and VAL127 across all examined complexes of both free MEK and KSR-MEK1.

Contrary to ATP-site binding, most MEK inhibitors described in the literature exhibit binding to a pocket
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positioned between the N- and C-terminal domains [24]. Another 22 important findings stated that the
formation of a tertiary complex between the MEK enzyme, the ATP-binding site, and the inhibitor
characterizes allosteric MEK1/MEK2 inhibitors, which are notable for their discriminating kinase inhibitory
activity and uncompetitive inhibition [25]. Also, allosteric pockets, located in the vicinity of the aC helix and
the ATP-binding site, are the exclusive binding targets for type III inhibitors [26]. Furthermore, in a previous
computational analysis, CAVER 3.0 was employed to identify and characterize the pathways leading to the
ATP-binding site and the allosteric binding site within the MEK protein models [2]. The binding site utilized
by type III kinase inhibitors, located adjacent to the ATP-binding region, imparts significant target enzyme
specificity. It is postulated that homologous allosteric pockets, similar to the 'MEK pocket,' may exist in other
kinase enzymes, thereby offering opportunities for the design of related inhibitors [27].

It has been established through prior research that the benzene ring of PD184352, substituted with fluorine
and iodine, occupies a nonpolar binding pocket in the MEK enzyme, formed by the amino acid residues
MET143, ILE141, LEU118, and PHE209 [4]. The simulation data indicated that trametinib, consistent with
PD184352, establishes diverse interactions with the aforementioned amino acid residues within a shared
hydrophobic cavity. The capacity of halogens to participate in potent and selective non-covalent interactions
has gained increasing recognition and significance within the domain of pharmaceutical research and
development [28]. Additionally, Ohren et al. [4] revealed that diaryl amines engaged in crucial interactions
with MEK residues, and, more specifically, the 2-fluoro-4-iodobenzene moiety exhibited several short-range
contacts within a deeply recessed hydrophobic protein cavity. Among these short-range contacts, a key
electrostatic interaction is formed between the VAL127 backbone carbonyl oxygen and the 4-iodine atom
[4], as also observed in the compounds investigated in this study.

As previously reported, Ohren et al. [4] emphasized that in developing potent MEK 1 inhibitors, compounds
with strong interactions at VAL127, SER212, and PHE209 were prioritized, as these residues are crucial for
allosteric binding and directly influence inhibitory potency. This finding was later supported by Zou et al.
[29], who confirmed the importance of these interactions for maintaining high inhibitory activity. In the
present study, comparable key interactions were identified, with compound 2R showing particularly strong
binding to SER212 and VAL127, along with the highest binding energy among the series.

To further support the suitability of 2R as an alternative to trametinib, a computational alignment of their
molecular structures was performed using VMD software (Fig. 4)
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Fig. 4 — Visual representation of the structural comparison between compound 2R, represented in blue, and

trametinib, represented in yellow.

By analyzing the superimposed structures, it demonstrates a high degree of overlap between the blue (2R)

and yellow (Trametinib) molecules. This close overlap indicates a strong structural similarity, suggesting that

2R and Trametinib adopt similar conformations and potentially interact with biological targets comparably.

Based on the interaction profile, it can be inferred that a congruent mechanism of action is operative.

3.3 Pharmacokinetic evaluation results

The integrated data derived from SWISSADME and pkCSM are detailed in Table 5.

Table 5 - Results of pharmacokinetic evaluation

Molecular
properties

Physicochemica
properties

L

<

Trametinib 1C 2R
Molecular 615 g/mol 629 g/mol 642 g/mol
weight
Chemical Ca6H23FIN5O4 C27H25FINsOs | Ca6H20FIN6O3S
formula
Surface area 223.238 229.603 231.902
Lipophilicity 3.82 4.11 4.36
(LogP)
TPSA 107.13 A? 107.13 A? 132.05 A?
(Topological
Polar
SurfaceArea)
Molar 149.59 154.39 154.18
refractivity
Bioavailability 0.55 0.55 0.55
score
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Druglikeness < Lipinski’s rules | Yes; 1 violation: | Yes; 1 violation: | Yes; 1 violation:
MW=>500 MW=>500 MW>500
Synthetic 4.11 4.11 4.04
~ accessibility
—~ | Water solubility -4.081 (log -4.145 (log -3.495 (log
mol/L) mol/L) mol/L)
Absorpton Skin. - Low Low Low
permeability
Intestinal 91.063% 91.895% 100%
~ absorption
- VDss (volume of | 0.172 (log L/kg) | 0.228(log L/kg) | 0.228(log L/kg)
distribution at
steady state)
Fraction 0.142 (Fu) 0.136 (Fu) 0.273 (Fu)
Distribution < unbound
BBB -0.863 (log BB) | -0.841 (log BB) | -1.298 (log BB)
Permeability
q CNS -2.389 (log PS) | -2.297 (log PS) | -3.345 (log PS)
Permeability
- CYP1A2 No No No
inhibition
Metabolism CYP2C9 Yes Yes Yes
inhibition
CYP2D6 No No No
~ inhibition
Total clearance -0.82 (log -0.858 (log -0.643 (log
Excretion ml/min/kg) ml/min/kg) ml/min/kg)
LDS0 (Lethal 3.285 (mol/kg) 3.297 (mol/kg) | 3.179 (mol/kg)
Dose)
Toxicity LOAEL (Oral 0.653 (log 0.522 (log 0.118 (log
Rat Chronic mg/kg bw/day) | mg/kg bw/day) | mg/kg bw/day)
Toxicity)

Leonowens et al. [8] defined trametinib's pharmacokinetic properties, noting its moderate to high oral
bioavailability, reduced first-pass metabolism, and extended terminal elimination, which collectively
emphasize the drug's effective systemic absorption and its ability to achieve sustained therapeutic levels.

As a fundamental principle in molecular design, drug-likeness provides medicinal chemists with a framework
to inform structural modifications during the stages of identifying initial hits and optimizing lead compounds
[30]. According to Table 5, despite similar bioavailability profiles, Trametinib, 1C, and 2R share a common
violation of Lipinski's Rule of Five, specifically exceeding the molecular weight threshold of 500, which may
compromise their oral absorption and overall drug-like characteristics. Nevertheless, a research investigation
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confirmed that upon the oral administration of a 2 mg dose of trametinib, the median time required to achieve
maximum plasma concentration (tmax) Was measured as 1.5 hours, and the mean effective elimination half-
life (t 12) was approximately 4 days [31]. Compounds exhibiting violations of two or more of Lipinski's rules
are generally recommended for exclusion from subsequent developmental stages [32]. In contrast, a separate
investigation indicated that a significant fraction—specifically 56% of conventional pharmaceuticals
(particularly those functioning as Protein Kinase Inhibitors) fell outside Lipinski’s limits [33].

The absorption of trametinib is significantly affected by food, as evidenced by Cox et al. [34], who
demonstrated a reduction in absorption rate and extent with a high-fat meal. This finding emphasizes the
clinical significance of administering trametinib on an empty stomach to ensure consistent and optimal drug
levels. The absorption profiles of Trametinib, 1C, and 2R reveal uniformly low skin permeability, yet differ
significantly in water solubility, wherein 2R displays enhanced solubility contrasted with the poor solubility
of trametinib and 1C; notwithstanding their low solubility, both T

trametinib and 1C present high intestinal absorption, suggesting efficient absorption from the gastrointestinal
tract. The achievement of 100% intestinal absorption by 2R, contrasting with the poor water solubility of
trametinib and 1C, coupled with uniformly low skin permeability, indicates oral administration as the
preferred route; furthermore, the superior water solubility of 2R suggests enhanced bioavailability and
simplified formulation compared to the other compounds.

Despite variations in VDss, Fu, and BBB/CNS permeability, trametinib and 1C exhibit lower VDss and
fraction unbound values, suggesting reduced tissue distribution and increased protein binding compared to
2R; however, limited BBB and CNS permeability across all compounds, indicated by negative log BB and
log PS values, potentially restricts their therapeutic applications in central nervous system disorders.

The essential nature of cytochrome P450 interactions in drug pharmacokinetics is supported by investigations
such as Patel et al. [35], which showed that P450 inhibitors and inducers, along with age, bilirubin
concentration, and body weight, had a marked impact on the pharmacokinetic properties of selumetinib.
Metabolic profiles of Table 5 demonstrate consistent CYP2C9 inhibition across all three compounds,
requiring careful consideration of drug-drug interactions, particularly in combination regimens, while the
absence of CYPIA2 and CYP2D6 inhibition suggests a lower likelihood of interactions with drugs
metabolized by these specific enzymes.

Analysis of the total clearance values for Trametinib, 1C, and 2R demonstrates minor variations in their
elimination rates, with total clearance, a measure of plasma volume cleared per unit time, serving as a critical
parameter for determining dosing regimens, as it reflects the body's efficiency in drug removal. Despite slight
variations in log total clearance, all three compounds demonstrate relatively low clearance rates, as evidenced
by their negative log values; while trametinib and 1C exhibit slightly lower clearance than 2R, the overall
similarity in elimination suggests that dosing regimens may require adjustments to maintain therapeutic
concentrations and mitigate the risk of drug accumulation. However, the combination of high potency,
selectivity, and a long circulating half-life in trametinib presents a promising approach for effectively
navigating the anticipated limited therapeutic index associated with clinical MEK inhibitors [36].

The therapeutic utility of trametinib is restricted due to its adverse toxicity profile. Despite superior efficacy
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in melanoma, the clinical application of the dabrafenib and trametinib combination is constrained by pyrexia-
induced treatment interruptions [37]. Furthermore, the administration of trametinib in a phase 1 study resulted
in dose-limiting toxicities such as rash, diarrhoea, and central serous retinopathy [31]. Additionally, in the
management of pediatric low-grade gliomas, trametinib presents a promising therapeutic option. A recent
investigation has demonstrated that therapeutic drug monitoring is crucial for enhancing treatment efficacy
and reducing toxicity in this population, thereby advocating for patient-specific trametinib dosing strategies
[38]. The analysis of LD50 and LOAEL values of Table 5 reveals that Trametinib, 1C, and 2R share
comparable acute toxicity profiles, but 2R exhibits a significantly lower LOAEL, indicating a higher chronic
toxicity potential and requiring careful clinical consideration of dosing and exposure duration, while
trametinib and 1C suggest better chronic tolerability.

Pharmacokinetic analysis indicates that compound 2R demonstrates optimal intestinal absorption, an
increased Vdss, and higher lipophilicity. Compared to trametinib, 2R exhibits pharmacokinetic properties
that suggest improved efficacy. Although 2R shows higher toxicity, its superior overall profile warrants
consideration as a potential replacement for trametinib, provided strategies are implemented to mitigate its
toxic effects. Integrating the interaction profile and pharmacokinetic assessments, the evidence collectively
highlights 2R as a compound with enhanced therapeutic potential.

Trametinib was recently examined in a phase I dose-escalation study involving 18 canine cancer subjects,
which established an acceptable safety margin and yielded population pharmacokinetic data conducive to
further clinical assessment [39]. Due to the shared biological characteristics between canine and human
cancers, these studies yield translational data that can facilitate advancements in drug development for both
human and veterinary medicine. The present study extends the active series of MEK1 inhibitors by designing
and evaluating trametinib analogues with enhanced inhibitory potential, highlighting promising candidates
for future therapeutic development in MEK-driven cancers.

4. CONCLUSION

In conclusion, the structure-activity relationships of trametinib were systematically examined to create a
series with enhanced MEK1 binding affinity, refined interaction profiles, and optimized pharmacokinetic
properties. Compound 2R emerged as a promising lead, exhibiting superior binding interactions and
favorable pharmacokinetic characteristics compared to trametinib. These results underscore the value of
computational drug discovery approaches in guiding the rational design of next-generation MEK inhibitors.
By providing actionable translational insights, this work lays a strong foundation for subsequent experimental
validation and the development of more effective targeted cancer therapies.
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