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A B S T R A C T

The current paper presents the 𝜆𝜆𝜆𝜆-Bernstein operators through the use of newly developed variant of Stancu-
type shifted knots polynomials associated by Bézier basis functions. Initially, we design the proposed Stancu
generated 𝜆𝜆𝜆𝜆-Bernstein operators by means of Bézier basis functions then investigate the local and global
approximation results by using the Ditzian–Totik uniform modulus of smoothness of step weight function.
Finally we establish convergence theorem for Lipschitz generated maximal continuous functions and obtain
some direct theorems of Peetre’s 𝐾𝐾𝐾𝐾-functional. In addition, we establish a quantitative Voronovskaja-type
approximation theorem.

1. Introduction and preliminaries

One of the most well-known mathematicians in the world, S. N. Bernstein, provided the quickest and most elegant demonstration of one of
the most well-known Weierstrass approximation theorems. Bernstein also devised the series of positive linear operators implied by {𝐵𝐵𝐵𝐵𝑠𝑠𝑠𝑠}𝑠𝑠𝑠𝑠≥1. The
famous Bernstein polynomial, defined in Bernstein (2012), was found to be a function that uniformly approximates on [0, 1] for all 𝑓𝑓𝑓𝑓 ∈ 𝐶𝐶𝐶𝐶[0, 1] (the
class of all continuous functions). This finding was made in Bernstein’s study. Thus, for any 𝑦𝑦𝑦𝑦 ∈ [0, 1], the well-known Bernstein polynomial has
the following results.

𝐵𝐵𝐵𝐵𝑠𝑠𝑠𝑠(𝑔𝑔𝑔𝑔; 𝑦𝑦𝑦𝑦) =
𝑠𝑠𝑠𝑠
∑

𝑖𝑖𝑖𝑖=0
𝑔𝑔𝑔𝑔
( 𝑖𝑖𝑖𝑖
𝑠𝑠𝑠𝑠

)

𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠,𝑖𝑖𝑖𝑖(𝑦𝑦𝑦𝑦),

where 𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠,𝑖𝑖𝑖𝑖(𝑦𝑦𝑦𝑦) are the Bernstein polynomials with a maximum degree of 𝑠𝑠𝑠𝑠 and 𝑠𝑠𝑠𝑠 ∈ N (the positive integers), which defined by

𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠,𝑖𝑖𝑖𝑖(𝑦𝑦𝑦𝑦) =

⎧

⎪

⎨

⎪

⎩

(𝑠𝑠𝑠𝑠
𝑖𝑖𝑖𝑖

)

𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖(1 − 𝑦𝑦𝑦𝑦)𝑠𝑠𝑠𝑠−𝑖𝑖𝑖𝑖 for 𝑠𝑠𝑠𝑠, 𝑦𝑦𝑦𝑦 ∈ [0, 1] and 𝑖𝑖𝑖𝑖 = 0, 1,…

0 for any 𝑖𝑖𝑖𝑖 𝑖𝑖 𝑠𝑠𝑠𝑠 or 𝑖𝑖𝑖𝑖 𝑖𝑖 0.
(1.1)

Testing the Bernstein-polynomials’ recursive relation is not too difficult. The recursive relationship for Bernstein-polynomials 𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠,𝑖𝑖𝑖𝑖(𝑦𝑦𝑦𝑦) is quite
simple to test.

𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠,𝑖𝑖𝑖𝑖(𝑦𝑦𝑦𝑦) = (1 − 𝑦𝑦𝑦𝑦)𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠−1,𝑖𝑖𝑖𝑖(𝑦𝑦𝑦𝑦) + 𝑦𝑦𝑦𝑦𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠−1,𝑖𝑖𝑖𝑖−1(𝑦𝑦𝑦𝑦).

In 2010, Cai and colleagues introduced 𝜆𝜆𝜆𝜆 ∈ [−1, 1] is the shape parameter for the new Bézier bases, which they called 𝜆𝜆𝜆𝜆-Bernstein operators.
This definition of the Bernstein-polynomials is defined as follows:

𝐵𝐵𝐵𝐵𝑠𝑠𝑠𝑠,𝜆𝜆𝜆𝜆(𝑔𝑔𝑔𝑔; 𝑦𝑦𝑦𝑦) =
𝑠𝑠𝑠𝑠
∑

𝑖𝑖𝑖𝑖=0
𝑔𝑔𝑔𝑔
( 𝑖𝑖𝑖𝑖
𝑠𝑠𝑠𝑠

)

�̃�𝑏𝑏𝑏𝑠𝑠𝑠𝑠,𝑖𝑖𝑖𝑖(𝜆𝜆𝜆𝜆; 𝑦𝑦𝑦𝑦), (1.2)
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The preconditioned iterative integration-exponential method is a novel iterative regularization method de-
signed to solve symmetric positive definite linear ill-conditioned problems. It is based on first-order dynamical 
systems, where the number of iterations serves as the regularization parameter. However, this method does not 
adaptively determine the optimal number of iterations. To address this limitation, this paper demonstrates that 
the preconditioned iterative integration-exponential method is also applicable to solving nonsymmetric positive 
definite linear systems and introduces an improved version of the preconditioned iterative integration-expo-
nential method. Inspired by iterative refinement, the new approach uses the residual to correct the numerical 
solution's errors, thereby eliminating the need to determine the optimal number of iterations. When the residual 
of the numerical solution from the initial preconditioned iterative integration-exponential method meets the ac-
curacy threshold, the improved method reverts to the original preconditioned iterative integration-exponential 
method. Numerical results show that the new method is more robust than the original preconditioned iterative 
integration-exponential method and eliminates the need for selecting regularization parameters compared to 
the Tikhonov regularization method, especially for highly ill-conditioned problems.
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1. Introduction

In recent years, ill-conditioned problems have attracted more and more attention and been widely used in engineering and mathematics fields, such 
as geodesy [1], geophysical exploration [2], signal and image processing [3, 4]. The solution methods of ill-conditioned equation have important 
research significance.

The ill-conditioned system can be expressed as the following form:

Ax b= (1)

where A� �
R
n n is an ill-conditioned matrix, x is solution b is observation. For an ill-conditioned system, a small disturbance in b or A can result in a 

significantly larger change in the solution x. This brings quite large difficulty when one solves the system (1) numerically. Thus, it is useless to use 
the conventional numerical methods to solve systems (1). To address this issue, iterative regularization methods such as Tikhonov regularization[5, 
6] (TR), the Landweber iteration [7], and direct regularization methods like truncated singular value decomposition [2, 8] (TSVD), modified truncat-
ed singular value decomposition [9], and modified truncated randomized singular value decomposition[10] have been developed and widely used. 
A common feature of these regularization methods is that their performance depends on various regularization parameters, such as the truncation 
order in TSVD, the Tikhonov regularization parameter, and the iteration number in iterative regularization methods. In recent years, iterative regu-
larization methods for ill-conditioned equations based on the numerical solution of dynamic systems have garnered attention [11–14]. 

The study on connections between iterative numerical methods and continuous dynamical systems often offers better understanding about iter-
ative numerical methods, and leads to better iterative numerical methods by using numerical methods for ordinary differential equations (ODEs) 
and devising ODEs from the viewpoint of continuous dynamical systems [15, 16]. For solving ill-conditioned linear systems, Ramm developed the 
dynamical systems method [11, 17]. Wu analyzed the relationship between Wilkinson iteration method and Euler method and proposed a new iter-
ative improved solution method to solve the problem of ill-conditioned linear equations [12, 18] . Enlightened by Wu’s work, Salkuyeh and Fahim 
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A B S T R A C T

The development of novel, targeted, and low-toxicity therapeutic agents is crucial in addressing cancer, which 
remains a significant global health issue. Benzimidazole derivatives have drawn significant interest owing to 
their structural similarity to biological nucleotides and several biological roles, including anticancer activity. 
This study synthesized a benzimidazole derivative (se-182) and tested its anticancer activities on four cancer cell 
lines, i.e., A549 (lung carcinoma), MCF-7 (breast carcinoma), HepG2 (liver carcinoma), and DLD-1 (colorectal 
carcinoma) in vitro. Cisplatin served as a reference drug in the study. The se-182 exhibited significant cytotoxic 
effects that were dose-dependent across all assessed cancer cell lines. The se-182 exhibited high cytotoxic 
activity against A549 (IC50 = 15.80 μg/mL) and HepG2 cells (IC50 = 15.58 μg/mL). Computational models 
indicated superior blood-brain barrier permeability and moderate gastrointestinal absorption, whereas ADME 
studies showed that se-182 met significant drug-likeness requirements. The compound, with an IC50 of 1000 
mg/kg, was categorized as class IV in the toxicity assessment. The se-182 exhibited significant dose-dependent 
cytotoxicity against HepG2 cells (IC50 = 15.58 µM) demonstrating a stronger effect in comparison with cisplatin 
(IC50 = 37.32 µM).

1. Introduction

Cancer is a considerable global health burden, resulting in 
roughly 10 million fatalities in 2020, or to almost one in six deaths 
globally (International Agency for Research on Cancer, 2020). The 
anticancer medications available today are insufficient to address this 
grave issue (Léonard et al., 2011; Sanchez et al., 2011). For this reason, 
selective compounds that are easy to synthesize and have minimal 
toxicity continue to be a difficult issue in the fight against cancer (Kim 
and Eng, 2012). Benzimidazole and its derivatives, as members of a 
diverse family of nitrogen-containing heterocycles, have proved crucial 
in the development of several drugs (Baumann et al., 2011). Because 
of their structural relationship to naturally occurring nucleotides, 
benzimidazole derivatives may be comprehended from a biological 
perspective (Haque et al., 2012). Thus, they can communicate with the 
biopolymers of the biological system (Banerji and Pramanik, 2015). 
The benzimidazole nucleus is also present in the structure of vitamin 
B12 (Hsieh et al., 2019).

Benzimidazoles interact with biological systems’ biomolecules 
with ease because of their structural resemblance to purines. As such, 
they are an important pharmacophore in drug development and have 
a great deal of potential for use in medicinal chemistry (Fang et al., 
2019; Shimomura et al., 2019). Hybrids based on benzimidazoles are 
likewise approved by the FDA or undergoing clinical studies. These 
include the clinical trials for Veliparib (in progress), Abemaciclib 
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(approved), and Dovitinib (in progress) (Choi et al., 2018; Ghisoni et 
al., 2019; Kim, 2017). Medicinal chemists have developed several novel 
chemotherapy agents, one of which has a benzimidazole moiety, driven 
by the significant therapeutic potential of these compounds (Morais 
et al., 2017). The many biological activities shown by molecules with 
benzimidazole moiety have motivated researchers globally to synthesize 
several benzimidazole analogs (Brishty et al., 2021).

Anti-cancer medication capsules have reportedly been shown 
to hold more promise than conventional therapies (Montané et al., 
2020). Significant advances in the field of metallo-medicines as anti-
cancer agents have been spurred by the unintentional discovery of 
cisplatin as an anti-cancer chemotherapeutic agent. As a result, many 
researchers are working on metal-based chemotherapy (Wang et al., 
2011). From then on, a plethora of promising metallo-medicines have 
been identified and are being utilized in clinics across the globe to treat 
cancer, beginning with carboplatin, oxaliplatin, and cisplatin (AlAjmi et 
al., 2018). However, their therapeutic applications are severely limited 
by their severe side effects and the resilience of cancer cells (Rehman 
and Khan, 2015). Developing viable substitutes is deemed essential to 
lessen the unmanageable treatment expenses and growing resistance. 
The experimentally developed benzimidazole derivative se-182 was 
tested for its cytotoxic and antiproliferative effects on HepG2, MCF-7, 
A549, and DLD-1 cancer cell lines in a laboratory setting. In addition, 
the absorption distribution metabolism excretion toxicity (ADMET) 
evaluation was performed on the synthesized compound.

2025 37 (2) 4242024
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2. Materials and Methods

2.1 Synthesis of a N-Fenilbenzimidazol

N-Phenyl-o-phenylenediamine (5 g; 27.17 mmol) was mixed with a 
20% excess of N,N-dimethylformamide dimethylacetal (3.89 g; 32.61 
mmol). To enable the elimination of MeOH and HNMe2, it was heated 
for three hours in a water bath. The remaining yellow oily residue was 
distilled off in vacuo.

2.2 Synthesis of 1-Phenyl-3-naphthalenomethylbenzimidazolium chloride, 
se-182

The palladium metal complex of this substance was published 
in the article, but the NMR information of this substance was not 
provided (Akkoç et al., 2014). In 5 milliliters of dimethyl ether (DMF), 
1.15 gr of 1-chloromethylnaphthalene (6.52 mmol) was combined with 
1.27 gr of N-phenylbenzimidazole (6.55 mmol) and stirred at 60°C for 18 
hours. The salt was precipitated using 15 mL of diethyl ether when the 
reaction liquid cooled. The salt was subsequently filtered and vacuum 
dried. The se-182 product underwent crystallization purification with a 
1:2 ratio of ethyl alcohol to diethyl ether (Fig. 1).

Yield: 93%, m.p.: 220-221°C. IR ν(CN)= 1595.98 cm-1. 1H NMR (300 
MHz, CDCl3), δ: 6.65 (s, 2H, NCH2C10H7); 7.28-7.89 (m, 16H, Ar-H); 
11.70 (s, 1H, 2-CH). 13C NMR (75.47 MHz, CDCl3), δ: 49.6 (NCH2C10H7); 
122.8, 124.9, 125.4, 126.5, 127.5, 127.7, 128.1, 128.4, 129.1, 130.2, 
130.7, 130.9, 131.3, 131.7, 133, and 133.9 (Ar-C); 143.4 (2-CH).

2.3 Diphenyltetrazolium bromide (MTT) test analysis of growth inhibition

The cytotoxicity of the benzimidazole derivative se-182 was assessed 
in four lines, i.e., HepG2, A549, MCF-7, and DLD-1 utilizing a typical 
MTT reduction test. The cell lines were obtained from the American 
Type Culture Collection (ATCC) in the United States and maintained in 
Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% 
Fetal Bovine Serum (FBS) and 1% GlutaMAX. In contrast, Michigan 
Cancer Foundation-7 (MCF-7) cells were cultured in Roswell Park 
Memorial Institute (RPMI) medium instead of DMEM. The selection of 
cell culture medium was based on the distinct needs of each cell line to 
ensure maximum development and physiological relevance. The DMEM 
and RPMI media are extensively used, and each has been formulated 
to address specific cellular requirements. The literature indicates that 
DMEM has been used for the cultivation of HepG2, A549, and DLD-1 
cells (Akkoc, 2024). Conversely, RPMI was used for the growth of MCF-
7 cells. Consequently, these two media were used in cell culture in our 
study.

The synthesized compound (se-182) was dissolved in 0.5% dimethyl 
sulfoxide (DMSO) and administered to the cells. Similarly, the negative 
control cells were subjected to DMSO at the same ratio. Cisplatin was 
dissolved in phosphate-buffered saline. Cells sown at a density of 5 × 
10³ cells/well were subjected to treatment with cisplatin and se-182 
for 72 hours, at concentrations varying from 25 to 200 μM (Akkoc and 
Muhammed, 2024). The same conditions were used to cultivate cells 
that contained cisplatin (positive control drug). The treated cells' old 
media were swapped out for new media after a 72-hr incubation period. 
Each well was filled with 5 mg/mL of MTT reagent in DMEM, and the 
cells were then incubated for a further 2-3 hours at 37°C. Following the 
treatment, each well received 200 μL of DMSO after the supernatants 

were properly removed. Using a multiwall plate reader, absorbance was 
measured at 590 nm. Drug sensitivity was reported as the drug dose 
needed to lower cell viability by 50% (IC50).

2.4 ADME and toxicity (ADMET) properties

Utilizing the ChemBioDraw Ultra 14.0 program, the SMILES 
(Simplified Molecular Input Line Entry System) notation for the 
synthetic chemical se-182, C12=CC=CC=C1N(C3=CC=CC=C3)
C=[N+]2CC4=CC=CC5=C4C=CC=C5.[Cl-], was produced. The ADMET 
(Absorption, Distribution, Metabolism, Excretion, and Toxicity) 
characteristics were computed using this molecular model. The 
SwissADME webpage (Daina et al., 2017) was used to compute ADME 
characteristics, whilst the Protox 3.0 webserver was employed to assess 
toxicity properties (Banerjee et al., 2018).

3. Results

3.1 Cytotoxic activity studies

A compound (se-182) and cisplatin were evaluated for their 
cytotoxicity at 200, 100, 50, and 25 µM concentrations in tested cancer 
cell lines for 72 hours with an MTT assay. The findings on anticancer 
efficacy show that se-182 may markedly reduce the viability of all four 
cell types in a dose-dependent manner. The DLD-1 cell line demonstrated 
increased viability. The findings have been shown in Table 1 and Fig. 2.

The MTT test utilized 3-(4,5-dimethylthiazol-2-yl)-2,5-dipheny-
ltetrazolium bromide to assess cell viability. This test employs 
mitochondrial dehydrogenase, found in metabolically active cells, 
to convert yellow MTT into a purple formazan product (Banerji et 
al., 2013). After treatment with various concentrations of se-182, 
HepG2 and A549 cells were the most affected cells compared to DLD-
1 and MCF-7. Based on the statistical difference between the tested 
sample concentration and the positive control, cisplatin caused a 50% 
inhibition (IC50) on the treated cell line’s viability. The viability of A549 
cells treated with se-182 was higher than those treated with cisplatin. 
The se-182 (15.58 µM, p < 0.01) was more potent than cisplatin 
(37.32 µM) in affecting the viability of HepG2 cell line and exhibited 
a higher cytotoxic effect with a lower IC50 value. Similarly, se-182 
had a cytotoxic effect (65.89 µM, p < 0.01) against the DLD-1 cell line 
(Table 1). Leica Inverted microscope images of MCF-7 cells have been 
given below (Figs. 3-6).

3.2 ADME and toxicity (ADMET) properties

In pharmacology and pharmacokinetics, the acronym ADME 
stands for absorption, distribution, metabolism, and excretion. A 
medicine's long-term effects on the body may be measured by looking 
at these four letters, which stand for descriptors. As a result, the drug 
development sector relies heavily on ADME parameter determination 
for novel compounds. Physicochemical, lipophilicity, solubility, 
pharmacokinetic, and drug-likeness characteristics make up these 
measures. The SwissADME web server was used to determine these 
markers (Table 2).

When assessing potential novel drugs using ADME metrics, drug-
likeness characteristics are crucial. Companies are considering some 
guidelines for potential new drugs. Pharmacia (Egan), Bayer (Muegge), 
Pfizer (Lipinski), Amgen (Ghose), and GSK (Veber) are the firms and 
regulations in question. The most prominent of these rules is the rule of 
five proposed by Lipinski. Molecular weight, MLOGP, and the number 
of hydrogen bond acceptors and donors are among the physicochemical 

Fig. 1. Synthesis scheme of a benzimidazolium salt.

Table 1.  
IC50 results for a compound and cisplatin against human cancer cell lines.

Compounds IC50 (µM)

MCF-7 A549 HepG2 DLD-1

se-182 32.73 15.80 15.58 65.89

Cisplatin 31.29 9.879 37.32 N.T.*

N.T.*: Not tested
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Fig. 2. Cell viability assays for A549, HepG2, MCF-7, and DLD-1 cells. The graphs indicate the rate of viability for relevant cells 
after 72-hour exposure to different compounds (se-182 and cisplatin) at varying concentrations (25, 50, 100, 200 µM).

Fig. 3. Zero-hour images of negative control cells and cells treated with different concentrations (200-25 µM) of compound se-182.

Fig. 4. Twenty-four-hour images of negative control cells and cells treated with different concentrations (200-25 µM) of compound se-182.

Fig. 5. Forty-eight-hour images of negative control cells and cells treated with different concentrations (200-25 µM) of compound se-182.

Fig. 6. Seventy-two-hour images of negative control cells and cells treated with different concentrations (200-25 µM) of compound se-182.
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Table 2.  
Physicochemical, lipophilicity, solubility, pharmacokinetics, drug-likeness, and toxicity properties of compound se-182.

Physicochemical properties Drug likeness properties

Properties Value Requirement Value Compatible

Lipinski’s rule

Molecular formula C24H19ClN2 MW ≤ 500 370.87 No
MLOGP
>4.15Molecular weight (MW, g/mol) 370.87 M LOGP ≤ 4.15 5.20

Number of heavy atoms 27 HBA Atoms ≤ 10 0

Number of aromatic heavy atoms (AHA) 25 HBD Atoms ≤ 5 0

Number of rotatable bonds (RB) 3 Ghose’s rule

Number of H-bond acceptors (HBA) 0 160 ≤ MW ≤ 480 370.87 No

Number of H-bond donors (HBD) 0 -0.4 ≤ WLOGP ≤ 5.6 2.12

Molar refractivity (MR) 114.71 40 ≤ MR ≤ 130 114.71

TPSA (Å²) 8.81 20 ≤ atoms ≤ 70 46

Lipophilicity Veber’s rule

Log Po/w (iLOGP)  -2.47 RB ≤ 10 3 Yes

Log Po/w (XLOGP3)  6.87 TPSA ≤ 140 8.81

Log Po/w (WLOGP)  2.12 Egan’s Rule

Log Po/w (MLOGP)  5.20 WLOGP ≤ 5.88 2.12 Yes

Consensus Log Po/w  3.26 TPSA ≤ 131.6 8.81

Pharmacokinetics Muegge’s Rule

GI absorption  High 200 ≤ MW ≤ 600 370.87 No
XLOGP3 > 5

BBB permeant  Yes -2 ≤ XLOGP3 ≤ 5 6.87

P-gp substrate  Yes TPSA ≤ 150 8.81

CYP1A2 inhibitor  Yes Number of rings ≤ 7 5

CYP2C19 inhibitor  No Number of carbon > 4 24

CYP2C9 inhibitor  No Number of heteroatoms > 1 2

CYP2D6 inhibitor  No RB ≤ 15 3

CYP3A4 inhibitor  No HBA ≤ 10 0

Log Kp (skin permeation, cm/s)  -3.68 HBD ≤ 5 0

Water solubility Predicted toxicity properties

Log S (ESOL) Class -6.95 Moderately soluble IC50 (mg/kg) 1000

Log S (Ali) Class -6.87 Moderately soluble Toxicity class (1 to 6, worst to best) 4

Log S (SILICOS-IT) Class -8.35 Poorly soluble

MW: Molecular weight, HBA: Hydrogen bond acceptors, HBD: Hydrogen bond donors, TPSA: Topological Polar Surface Area, RB: Rotatable bonds, WLOGP: Water Logarithm of 
the Octanol-Water Partition Coefficient (LogP), GI: Gastrointestinal, BBB: Blood-Brain Barrier

and lipophilicity properties of compounds that are considered in 
Lipinski's rule of five (Lipinski et al., 2012). Substances must have a 
molecular weight value that is between 150 and 500 Da. The MLOGP 
number needs to be < 4.15. It requires < 5 hydrogen bond donor atoms 
and < 10 hydrogen bond acceptor atoms. In accordance with Lipinski's 
Rule of Five, the synthesized molecule se-182 exhibited a molecular 
weight < 500, a hydrogen bond acceptor count < 10, a hydrogen bond 
donor count x 5, and an MLOGP of ∼ 4.15. It meets all requirements 
except for MLOGP.

Toxicity properties of compound se-182 were calculated using 
the Protox-II web server. The IC50 values of toxic doses are typically 
expressed in mg/kg of body mass. The IC50 is the exposure threshold at 
which 50% of the test subjects succumb. Toxicological categories are 
delineated using the extensively used Global Harmonized System (GHS) 
for the categorization and labeling of substances. The class was rated 
first to sixth, signifying was worst to best. When the toxicity properties 
of compound se-182 were examined in Table 2, it was observed that the 
IC50 value was 1000 mg/kg, while the toxicity class was fourth. 

The boiled-egg model is important for gastric absorption. In the 
model, substances with white patches are more easily absorbed than 
those without. The region in yellow represents the fraction of the total 
mass that is able to cross the blood-brain barrier (BBB). The yellow 
section of the model represents chemicals that have breached the BBB 

and may have therapeutic potential for disorders affecting the central 
nervous system (CNS). By comparing the synthesized molecule se-182 
to the boiled egg model, we can see that it falls within the yellow zone, 
suggesting that it may have use in treating CNS problems.

Before a medicine is formulated for use in the pharmaceutical or 
clinical trial fields, two fundamental criteria are examined for each 
drug: HIA and CNS absorption (Majid et al., 2022). Substances must 
traverse the BBB to influence the CNS. Concurrently, drugs that are 
inert inside the CNS must be limited to prevent any detrimental effects 
on it. Consequently, the capacity to surmount this obstacle is vital 
(Hassan et al., 2022). Reduced BBB permeability and HIA in isolated 
flavones point to a low risk of detrimental effects on the CNS. Fig. 7 
displays the EGG-BOILED curve. This method facilitates the evaluation 
of a drug's capacity to traverse the BBB and its HIA. The methodology 
comprises two primary regions: the HIA and the BBB penetration area 
(yolk). If any component is inside the gray area, it indicates insufficient 
HIA or BBB penetration.

4. Discussion

Continued effort to discover novel treatments for cancer that 
exhibit enhanced efficacy and reduced adverse effects is a significant 
concern in global health. The diverse biological activities and attractive 
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pharmacological properties of benzoimidazole derivatives render 
them ideal materials for the development of anticancer drugs. These 
heterocyclic compounds have significant diversity and potential as 
anticancer agents owing to their cytotoxic, antioxidant, and antibacterial 
properties. This work was  aimed at synthesizing and  evaluating  the 
anticancer activity of a novel benzimidazole molecule (se-182) in 
comparison to cisplatin, a recognized agent for inducing apoptosis 
in cancer cells, as a reference standard. Cisplatin was selected as  the 
standard due to its status as a well-established chemotherapeutic agent 
for cancer treatment. Cisplatin may serve as a standard for evaluating 
our synthetic compound due to its well-characterized mechanism of 
action, primarily involving DNA binding and the subsequent initiation 
of apoptosis. This strategy allows for the comparison of present 
medicines with potential future developments.

Many chemicals have been synthesized to find new compounds with 
potent anticancer effects to progress the area of medicine. To combine 
a variety of biological activities with various groups and create potent 
anticancer candidates, we synthesized a benzimidazole conjugate. As 
a classic anticancer chemotherapeutic reference utilized in various 
research analyzing the anticancer properties of benzimidazole, we 
chose cisplatin here. Based on its mode of action, which is linked to 
inducing apoptosis in cancer cells, cisplatin was selected (Boot et al., 
2018).

There is increasing evidence that benzimidazole-based drugs 
possess  anticancer potential, and our findings are similar. Numerous 
benzimidazole compounds have shown encouraging anticancer 
properties in recent studies using various cancer cell lines. It has 
several biological characteristics, such as cytotoxic, antioxidant, 
and antibacterial effects (Gök et al., 2019; Nile et al., 2013). The 
MTT assay was used to assess the cancer cells' vitality following 
their in vitro exposure to a benzimidazole derivative (se-182). In 
comparison to cisplatin, a well-known anticancer drug, the current 
results demonstrated promising antiproliferative capability against 
HepG2 and MCF-7 cells at IC50 values. In our study, se-182, which 
was obtained from benzimidazole, was synthesized to investigate its 
potential cytotoxic effect on various human cancer cell lines and to 
reveal its potential roles in cytotoxic effect. Four distinct human 
cancer cell lines were used in an in vitro cytotoxicity study, and the 
tested chemical demonstrated potent cytotoxic action against A549 
and HepG2 with IC50 values of 15.80 μM and 15.58 μM, respectively. 
Several benzimidazole compounds have been identified as important 
anticancer medicines in recent years. Human lung adenocarcinoma 
A549 cell lines were used to evaluate the in vitro anticancer activity of a 
variety of substituted benzimidazole derivatives in both normoxic and 
hypoxic conditions (Błaszczak-Świątkiewicz et al., 2014). When tested 
on rat adrenal medulla cell line (PC12) and human liver carcinoma cell 
line (HepG2) pheochromocytoma, Nofal et al. (2014) discovered that 
benzimidazole-thiazole compounds exhibited exceptional anticancer 
activities (IC50 = 0.518 and 0.578 mM, respectively). The antitumor 
efficacy of pyrimidine-benzimidazole compounds was reported by Shao 

et al. (2014). These compounds were produced and tested against the 
MCF-7, MGC-803, EC-9706, and SMMC-7721 cancer cell lines. When 
tested against cancer cell lines, the chemical demonstrated outstanding 
anticancer activity with IC50 values of 1.40, 1.07, 2.79, and 19.28 µM, 
respectively. The antitumor activity of benzimidazole-pyrazole hybrids 
was assessed by Sivaramakarthikeyan et al. (2020) against a range of 
cancer cell lines. The majority of the synthetic substances exhibited 
strong anticancer properties. Compound 61 exhibited strong anticancer 
properties against AsPC1, MRCS, and SW1900, with IC50 values of 32.9, 
32.8, and 80.0 µM, in that order.

Mavvaji et al. (2024) also prepared molecules containing 
benzimidazole nuclei and tested them against lung (A549) and liver 
(HepG2) cancer cell lines. They found that their three synthesized 
molecules showed antiproliferative activity against both cancer cell 
lines. They found that the compound containing 4-nitrobenzyl groups 
exhibited high cytotoxic effect with IC50 values of 8.59 μM for HepG2 and 
13.08 μM for A549 compared to the other two compounds containing 
benzyl group and 4-methylbenzyl group. Akkoc (2024) synthesized 
1-phenyl-3-(2-hydroxyethyl)benzimidazolium bromide compound and 
tested it against A549, HepG2 and DLD-1 cell lines. In the MTT tests, 
the synthesized compound showed a significant cytotoxic effect against 
A549 cancer cell line with an IC50 value of 15.68 µM, but was ineffective 
against HepG2 and DLD-1 cancer cell lines. In this study, we found that 
the compound we synthesized demonstrated antiproliferative effects 
against all four cancer cell lines (MCF-7, DLD-1, A549, HepG2) tested.,

Anticancer drugs derived from benzimidazoles represent a rapidly 
growing field of investigation, and this study contributes significant 
new insights to this domain. Our novel benzimidazole derivative (se-
182) exhibited significant antiproliferative activities against HepG2 
and A549 cells, as well as other cancer cell lines. This chemical has 
significant anticancer potential, and these findings align with the 
existing literature on benzimidazole derivatives.

5. Conclusion

A benzimidazole derivative, se-182, was prepared with good yield. 
HepG2, MCF-7, A549, and DLD-1 were used as cell lines for anticancer 
studies. Different concentrations of the related compound (200-25 μg/
mL) were tested against these cell lines and their cytotoxic effects were 
evaluated in terms of IC50 values. Compound se-182 showed cytotoxic 
effects against all cell lines. In particular, it had a high cytotoxic effect 
against HepG2 and A549 cancer cell lines with IC50 values of 15.58 and 
15.80 µM, respectively.
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