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Abstract 

Background: The study is anchored to initiate subjugation against modern cancer therapy for Acute 

Myeloid Leukaemia (AML) which involves natural therapeutics as an alternative therapy that would 

degrade the prospect of adverse side effects along with anti-cancer properties. Objectives: Collate the 

various characteristics of Giltertinib with natural benzoic acid derivative phytochemicals for a 

disquisition regarding their similarities and differences in the context of providing adverse side 

effects. Methods: ADME toxicity studies and molecular docking were administered by using various 

In silico software such as ADMET Lab 2.0, PyRx docking tool, and BIOVIA studio for visualization. 

Results: The structural similarity of Giltertinib with the natural phytochemicals holds the correlation 

of the natural phytochemicals along with various parameters on a comparative scale for further 

studies. Natural phytochemicals can be used as an alternative form of modern treatment, as the 

binding energy has shown promise in meeting Giltertinib's limit. Conclusion: The aforementioned 

findings support the use of compounds of naturally occurring benzoic acid as treatments for AML. 

According to In silico research, they even have more bioavailability and a lower risk of adverse side 

effects when compared to Giltertinib in terms of the ADME and toxicity parameters. 
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INTRODUCTION 

Acute myeloid leukaemia (AML) originates in the bone marrow and often extends to the blood. It 

may eventually spread to various organs, including the testicles, liver, spleen, brain, spinal cord, 

lymph nodes, and central nervous system. The DNA or genetic code of a bone marrow cell becomes 

altered, resulting in AML [1]. Even though AML is one of the most common types of blood cancer, it 

is still a rare condition that accounts for only 1% of all cancer cases. Being older, being a woman, 

having previously treated cancer, being exposed to radiation, being exposed to harmful chemicals, 

smoking, having other circulatory abnormalities, and having genetic disorders are all risk factors for 

AML [2]. It is projected that 20,380 new cases of 

AML will be diagnosed. Adults will make up the 

vast majority. AML is responsible for 11,310 

deaths [3]. 

 

To address this tremendous threat, it is critical to 

target the disease's core cause. We identified three 

key proteins that are involved in AML via a 

thorough literature review and in vitro 

investigations, namely FLT3, BCL2, and 

MCL1[4]. These proteins have been examined in 

the context of AML and are involved in critical 

AML pathways. The proteins have been shown to 
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promote cell proliferation, survival, and decrease apoptosis [5]. 

Leukaemia cells have a gene modification, often known as a mutation. The most common genetic 

variant in AML is the FLT3 mutation. B cell lymphoma 2 (BCL-2) family proteins are required for 

intrinsic apoptosis. Overexpression of BCL-2 proteins in acute myeloid leukaemia can overcome the 

disease's resistance to therapy and apoptosis [6]. MCL-1 is one of the most frequently expressed BCL-

2 family members in samples from patients with untreated AML. MCL-1 is a critical component of 

cancer cell survival [7], and it contributes to the development of chemotherapy resistance by directly 

regulating cell death pathways.  

 

The benzoic acid (BA) class of chemical compounds is derived from benzene and has the standard 

chemical formula CnHnCOOH. Carboxybenzene, benzene carboxylic acid, or phenylformic acid is 

the most basic aromatic carboxylic acid, with a carboxylic acid group connected to a phenyl group.    

 

The term "benzoic acid derivatives" refers to chemical compounds formed by altering the structure 

of benzoic acid. Benzoic acid and its derivatives are chemical families that are widely found in plants. 

Secondary metabolites are their principal roles in plants [8].  

 

BAs and their derivatives used in this investigation were chosen because considerable anti-tumor 

action has been demonstrated by them in several in vitro experiments and literature reviews [9]. The 

FDA-approved medications that are used to treat AML in this chemical class are an additional reason 

to take them for this inquiry (Giltertinib and Venetoclax). Yet, because these medications were 

synthetically made, they have harmful consequences on the human body [10].  

 

Therefore, because they have less or no negative effects, our work is concentrated on BA 

derivatives that originate from plant sources. They are appropriate ingredients to be used as a possible 

therapy for AML considering they are abundant in nature and simple to isolate using conventional 

procedures. 

 

METHODOLOGY 

Retrieval of Protein 

The Protein Information Bank (PDB) is a database for the three-dimensional basic information of 

large natural molecules, such as proteins and nucleic acids [11]. The information, is regularly obtained 

by X-ray crystallography, NMR spectroscopy, or, progressively, by cryo-electron microscopy. The 

protein structures of the chosen targets (FLT3, BCL2 and MCL1) were recovered from the PDB 

database having PDB IDs 6JQR, 7XGF and 2NL9 respectively, in the ‘.pdb’ format for further 

investigation. The crystal structures of FLT3, BCL2 and MCL1 were resolved using X-RAY 

Diffraction method with a resolution of 2.20 Å, 1.90 Å and 1.55 Å respectively. 

 

Retrieval of Ligand Structures 

The following step is the screening and recovery of different ligands and their structures based on 

the literature review. 

 

We selected 27 BAs listed in a previous study which was undertaken to study about naturally 

occurring BAs and their biosynthesis [12].  Further to this step, retrieval of the 3D structures of the 

selected ligands was performed using the PubChem database. The database PubChem contains 

information about chemical compounds and how they react to biological tests. The National Centre 

for Biotechnology Data (NCBI), part of the National Library of Medicine, which is part of the United 

States, maintains the framework. National Institutes of Health (NIH). It is a free-of-cost interface that 

can be accessed through the internet [13]. 
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The 3D structures were retrieved in ‘.sdf’ file format and along with the structures the canonical 

SMILES and the PCIDs of the selected ligands were retrieved from the PubChem database as well for 

further study. Along with these 27 ligands, the structure of the FDA-approved drug Giltertinib was 

also retrieved to use as a reference for the investigation. 

 

Protein Purification 

Protein purification processes were carried out in the BIOVIA Discovery Studio. Molecular 

modeling software with an array of features, such as the free BIOVIA Discovery Studio Visualizer, is 

used to view, share, and analyze data about proteins and small molecules [14].  

 

Water molecules as well as hetero atoms were eliminated from the structure. This is done to remove 

any obstructions that could occur due to these molecules during docking analysis. Further to this, all 

protein chains except for the 'A' chain were removed. This is performed to reduce the complexity of 

docking. The resultant structure is termed as the purified structure and is saved in the PDB file format 

for further investigation.  

 

Validation of the Structure 

The ‘prepared’ protein is now validated using Ramachandran plot analysis. Protein purification 

processes were carried out in the BIOVIA Discovery Studio. Molecular modeling software with an 

array of features, such as the free BIOVIA Discovery Studio Visualizer, is used to view, share, and 

analyze data about proteins and small molecules [14].  

 

Water molecules as well as hetero atoms were eliminated from the structure. The investigation was 

performed using PDB Sum generate [15]. Alongside this, we also study the hydrophobicity of the 

proteins using a hydrophobicity plot obtained from BIOVIA Discovery Studio. 

 

After the proteins are prepared and analyzed, we have to convert the ligand files into the ‘.pdb’ 

format from the ‘.sdf’ format for docking studies. Open Babel is an open-source software that is 

mainly used to interconvert between the many different chemical file formats. Using the Open Babel 

software, we convert the ligand files to ‘.pdb’ format and save them to use for the docking studies. 

 

Molecular Docking Analysis 

PyRx is a Virtual Screening program for Computational Drug Discovery that can be utilized to 

screen libraries of compounds against potential drug targets [16].  

 

The selected ligands were uploaded to the PyRx interface along with the receptors. We employed 

blind docking process in this study and used the default docking parameters provided by the PyRx 

software. The Grid box parameters for the receptors FLT3, BCL2 and MCL1 were X=53.2836, 

Y=52.2688 and Z=59.4066; X=48.2437, Y=64.7632 and Z=29.1936; X=42.9957, Y=35.8684 and 

Z=48.2302 respectively. 

 

The 27 ligands and Giltertinib were each docked against each of the three chosen protein receptors. 

For the docked compounds, PyRx offers 9 distinct models. The numerous models show the many 

conformations the ligand can take as well as the various pockets it can fit into. The model with ZERO 

RMSD for each of the ligands was then chosen in order to streamline the data obtained. To choose the 

top 5 ligands with the highest affinity to the chosen receptors, we additionally assess the binding 

energies of the shortlisted models. The following step is to visualize the shortlisted ligands.  

 

Visualization 

The models were extracted as PDB files for visualization. Using the BIOVIA Discovery Studio 

program we perform visualization analysis on the models obtained. In this analysis, we study the 
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various interactions and interacting residues that are involved in the binding between the ligands and 

the receptors.  

ADMET Studies 

Once the docking studies are complete, the next step is to select the ligands that showed the highest 

binding affinity among the docked ligands. These ligands were then subjected to further scrutiny by 

putting them through ADMET studies. ADMET abbreviates Absorption, Distribution, Metabolism, 

Excretion and Toxicity. All these properties are extremely important to be studied for a ligand to 

qualify as a potent drug molecule as it should be absorbed and distributed easily for acting upon the 

intended target quickly and at the same time it should be metabolized and excreted easily as well so 

that it does not accumulate in the body and cause toxicity. 

 

This is achieved by using online programs that give information about all these various properties 

of the ligands by checking their molecular weight, solubility so on and so forth. The two such 

programs that were made use of in this study were SwissADME and ADMET Lab 2.0 [17,18]. The 

canonical SMILES of the ligands that were saved beforehand were pasted in the space provided in the 

program, after which the program processes the information and the results obtained from these were 

stored in the form of an Excel sheet for further evaluation.  

 

RESULTS 

Retrieval and Purification of the Receptor Proteins 

The protein targets selected for the current study were FLT3, BCL2, and MCL1(Figure 1). They are 

proteins that play a key role in AML-related pathways. Typically, FLT3 mutations are the  

driver mutations and the causative alteration that causes AML [19]. BCL2 and MCL1, another 

member of the BCL2 family, participate in the PI3-Akt pathway [20]. They belong to the Jak-STAT 

pathway as well [21]. Both of the aforementioned processes contribute to increased cell proliferation 

and survival. 

 

   
Figure 1. Crystal structures of selected protein targets (a) fms – like tyrosine kinase 3 (FLT3). Being 

a component of the AML pathway, whose mutation causes AML, FLT3 is a well-studied protein, (b) 

B – Cell Lymphoma type 2 (BCL2). It is a protein that controls whether a cell lives or dies by 

preventing an apoptotic kind of cell death, (c) Myeloid cell lymphoma type 1 (MCL1). It is involved 

in the preservation of viability but not proliferation and in the control of apoptosis vs cell survival. 

interacts with a variety of different apoptotic regulators to mediate its effects.  

 

(a) (b) (c) 
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Figure 2. Protein preparation and analysis a, b and c (from left to right) prepared structure, 

Ramachandran plot, secondary structure analysis and hydrophobicity plot for FLT3, BCL2 and MCL1 

respectively.  

 

Figure 2 depicts the purified/prepared structures of the proteins along with different analyses that 

the purified structures were screened with.  

 

The study of the Ramachandran plot is one of the primary validation methods. Based on the torsion 

angles (phi and psi) that define a residue's energy, this study illustrates the proportion of stable 

residues and those that are unstable. 

 

The FLT3 and BCL2 Ramachandran plots, shown in Figure 2a and b, show that all of the amino 

acids in their purified structures are present in permitted locations based on torsion angles. On the 

other hand, the MCL1 plot (Figure 2 c) reveals that one of the amino acids (ASN223) is unstable since 

it is located in the forbidden zone. 

 

The secondary structure analysis plot, which displays the many secondary structures that the 

proteins have adopted, is the second primary validation technique. While FLT3 has both helices and 

sheets (both numbered 15), the plots for BCL2 and MCL1 in Figure 2 b and c demonstrate that their 

prepared structures are totally made up of helices. 

 

The hydrophobicity plots, which show the total amount of hydrophobic residues present in each of 

the structures, were obtained for all three proteins using BIOVIA Discovery Studio. 

 

Selection of Ligands 

(a) 

(b) 

(c) 
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Ligands were retrieved from the PubChem database based on the literature review [12] and listed 

below (Table 1). The structure of Giltertinib was also retrieved to be used as a reference (Figure 3). 

 

Table 1. List of 27 ligands retrieved: Names and PCIDs. 

S.N. Full Name PubChem ID 

1 2,3-Dihydroxybenzoic acid 19 

2 2,5-Dihydroxybenzoic acid (gentisic acid) 3469 

3 3-Dehydroshikimate 439774 

4 4-Hydroxybenzoic acid 135 

5 4-Hydroxybenzaldehyde 126 

6 Methylsalicylic acid 11279 

7 para-Amino benzoic acid 978 

8 l-Phenylalanine 6140 

9 quercetin 5280343 

10 4-allyl 2,6 - dimethoxyphenol 226486 

11 Ethanone, 1-(4-methoxyphenyl) 585545 

12 Vanillic acid 8468 

13 Methyl 2,4-dihydroxybenzoate 16523 

14 2-((Isobutoxycarbonyl)amino)benzoic acid 28378102 

15 2,4,6-Trihydroxybenzoic acid 66520 

16 Anacardic acid 167551 

17 7-Methoxy-2H-1,3-benzodioxole-5-carboxylic acid 607309 

18 Benzoic acid, 2-((1-oxo-1H-2-benzopyran-3-yl)methyl)- 197836 

19 Anthranilic acid 227 

20 Aromatic amino acid 57826284 

21 para-Coumaric acid 637542 

22 Salicylic acid (2-hydroxybenzoic acid) 471672 

23 l-Tryptophan 6305 

24 Benzoic acid 243 

25 l-Tyrosine 6057 

26 Benzaldehyde 240 

 

  
Figure 3. Structure of benzoic acid (left) and Giltertinib (right). Benzoic acids were selected due to 

their potential as anti-tumour agents as depicted via in vitro studies and literature surveys [22]. 

 

https://pubchem.ncbi.nlm.nih.gov/compound/5280343
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The structures of the above ligands were retrieved and converted to ‘.pdbqt’ format for performing 

the docking analysis against the selected proteins.  

 

Docking Analysis 

Docking performed using the PyRx software yielded the following results. Table 2 shows the list of 

ligands exhibiting highest binding affinity to each protein.  

 

Table 2. List of ligands exhibiting highest binding affinity to each protein. 

Protein PCID Binding Affinity 

MCL1 

197836 -7.2 

5280343 -6.7 

57826284 -6.6 

607309 -6 

BCL2 

197836 -6.8 

5280343 -6.5 

57826284 -6.2 

6305 -5.5 

FLT3 

197836 -8.4 

5280343 -8.9 

57826284 -7.5 

607309 -7 

From the above table, it can be clearly concluded that the ligands Quercetin, Benzoic acid, 2-((1-oxo-1H-2-benzopyran-3-

yl) methyl)-, and Aromatic Amino Acid have high affinity for all three proteins whereas l - Tryptophan is specific to BCL2 

and 2-((1-oxo-1H-2-benzopyran-3-yl)methyl)- is unique to FLT3 and MCL1. For reference,  

 

Pharmacological Analysis 

Further to the docking analysis the above ligands were put through ADMET screening process to 

validate their drug likeness. 

 

Table 3. ADMET Analysis of ligands having highest binding affinity. 

Compound 
GI 

absorption 

BBB 

permeability 

Pgp 

substrate 

Silicos-IT 

LogSw 
Silicos-IT class 

Quercetin High No No -3.24 Soluble 

2-((Isobutoxycarbonyl) 

amino)benzoic acid 
High Yes No -2.75 Soluble 

Benzoic acid, 2-((1-oxo-1H-2-

benzopyran-3-yl)methyl)- 
High Yes No -5.9 

Moderately 

soluble 

Aromatic amino acid High No Yes -6.08 Poorly soluble 

l-Tryptophan High No No -2.76 Soluble 

 

Compound hERG H-HT DILI Ames Carcinogenicity Respiratory 

Toxicity 

IGC50 LC50 

Quercetin 0.099 0.1 0.98 0.657 0.05 0.072 4.231 5.222 

2-((Isobutoxycarbonyl) 

amino)benzoic acid 

0.092 0.148 0.974 0.014 0.048 0.253 2.76 3.986 

Benzoic acid, 2-((1-oxo-

1H-2-benzopyran-3-

yl)methyl)- 

0.125 0.846 0.986 0.014 0.52 0.03 2.937 4.207 

Aromatic amino acid 0.193 0.529 0.961 0.024 0.098 0.031 2.696 3.962 

l-Tryptophan 0.084 0.085 0.023 0.011 0.111 0.243 2.625 3.202 

https://pubchem.ncbi.nlm.nih.gov/compound/5280343
https://pubchem.ncbi.nlm.nih.gov/compound/5280343
https://pubchem.ncbi.nlm.nih.gov/compound/5280343
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Legend: hERG: The human Ether-à-go-go-Related Gene; H-HT: Human Hepatotoxicity; DILI: Drug Induced Liver Injury; 

Ames: The Ames Toxicity Test. 

Empirical Decision: 0-0.3: excellent (green); 0.3-0.7: medium (yellow); 0.7-1.0(++): poor (red) 

 

The different parameters utilised for the ADMET analysis using SwissADME and ADMET Lab 2.0 

software are shown in Table 3. All five of the ligands had high GI absorption, which makes them 

perfect for oral administration, according to the ADME tests. Only 2-((Isobutoxycarbonyl) amino) 

benzoic acid and Benzoic acid, 2-((1-oxo-1H-2-benzopyran-3-yl) methyl)-, are able to cross the 

blood–brain barrier. Even while it is not particularly crucial to our study, this is always beneficial in 

the case of AML. All ligands, with the exception of l - Tryptophan, are toxic to the liver, as shown in 

the accompanying table evaluating the toxicity of the ligands, hence caution must be used while 

determining the dosage. To help interpret the findings, the remaining parameters have been presented 

together with an empirical range [24,25]. Figure 4 shows Boiled egg structure for Quercetin. 

 
Figure 4. Boiled egg structure for Quercetin (5280343) and Benzoic acid, 2 ((1-oxo-1H-2-

benzopyran-3-yl) methyl) - (197836): The yellow region signifies that the drug can pass through the 

BBB, and the white region harbors the drug which cannot pass through it. Additionally, the red dot 

signifies that the ligands are PGP substrate negative which implies that they can exit the cell as easily 

as they enter thus are less toxic. 

 

197836 

5280343 

(a) 

https://pubchem.ncbi.nlm.nih.gov/compound/5280343
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Figure 5. Visualisation of interacting residues in MCL1: Using the BIOVIA Discovery Studio 

software, the ligand – receptor interactions were visualised to understand the different types of bonds 

involved and their characteristics. a, b, c and d depict Aromatic amino acid, 2-((Isobutoxycarbonyl) 

amino) benzoic acid, Benzoic acid, 2 ((1-oxo-1H-2-benzopyran-3-yl) methyl) - and Querectin bound 

to MCL1 respectively. 

Following the completion of the ADMET research, it was necessary to visualise the interactions 

between the chosen ligands and each of the proteins in order to examine and comprehend the bond 

properties. The following Figures 5, 6 & 7 and Tables 4, 5 & 6 depict the visualisation and the bond 

characteristics. 

 

Table 4. List of interacting residues of MCL1 along with the bond lengths and types. Legend: H => 

Hydrogen bond, HP => hydrophobic bond. 
Compound Binding site Interaction Bond length Bond type BE(Kcal/mol) 

Benzoic acid, 2 

((1-oxo-1H-2-

benzopyran-3-yl) 

methyl) - 

PHE270 [2] 3.74,3.92 HP 

-6 VAL249 5.308 HP 

LYS234 4.64 HP 

Aromatic amino 

acid 

ALA227 2.96 H 

-6.6 

PHE228 5.8 HP 

PHE270 [2] 3.75, 4.61 HP 

LEU235 4.74 HP 

VAL249 [2] 3.69, 4.70 HP 

2-

((Isobutoxycarbo

nyl)amino)benzoi

c acid 

PHE270 [2] 3.81,5.25 HP 

-6 

PHE228 5.17 HP 

ALA227 1.91 H 

LEU235 4.27 HP 

VAL249 5.005 HP 

Quercetin 

GLY230 3.57 H 

-6.5 

LEU235 5.39 HP 

VAL249 3.59 HP 

PHE228 5.9 HP 

PHE270 [2] 3.69,4.35 HP 

Giltertinib 

HIS252, VAL249, ARG248, 

SER245, LYS234 [2], 

ALA227, LEU235 [2], 

PHE270 

  -7.1 

 

(d) 

(b) 

(c) 
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Figure 6 Visualisation of interacting residues in FLT3: Using the BIOVIA Discovery Studio 

software, the ligand – receptor interactions were visualised to understand the different types of bonds 

involved and their characteristics. a, b, c and d depict Aromatic amino acid, 2-((Isobutoxycarbonyl) 

amino) benzoic acid, Benzoic acid, 2 ((1-oxo-1H-2-benzopyran-3-yl) methyl) - and Quercetin bound 

to FLT3 respectively. 

Table 5. List of interacting residues of FLT3 along with the bond lengths and types. Legend: H => 

Hydrogen bond, HP => hydrophobic bond. 
Compound Binding site Interaction Bond length Bond type BE (kcal/mol) 

Aromatic 

amino acid 

LYS623[2] 2.89,5.01 H, HP 

-7.5 

GLY622 2.75 H 

GLY619 3.43 H 

PHE830[3] 3.79,4.53,2.70 HP, HP, H 

ASP811 3,82 E 

TYR842[2] 4.53,2.61 HP, HP 

ARG815 5.29 HP 

2-

((Isobutoxycar

bonyl)amino)b

enzoic acid 

 

LEU818 5.33 HP 

-7 

CYS828 4.69 HP 

VAL675 4.18 HP 

CYS694 1.88 H 

PHE691 3.59 HP 

LEU616 3.89 HP 

Benzoic acid, 

2 ((1-oxo-1H-

2-benzopyran-

3-yl) methyl) - 

GLN575 2.81 H 

-8.4 

ASP811 3.78 E 

PHE830[2] 3.84, 4.73 HP, HP 

TYR842[2] 2.62,4.70 H, HP 

ARG849 4.7 HP 

Quercetin 

LEU616[2] 2.17, 5.37 H, HP 

-8.9 

VAL624[2] 4.89,4.87 HP, HP 

LYS644[2] 2.68,5.06 H, HP 

ALA642[2] 3.90,5.4 HP, HP 

PHE691[2] 2.86,4.40 H, HP 

CYS828 4.88 HP 

VAL675 5.08 HP 

GLU692 2.17 H 

LEU818[2] 3.45,5.03 HP, HP 

Giltertinib TRP162, ARG163,   -6.6 

(a) (b) 

(c) (d) 
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GLN86, LEU81, ALA5 

 

  

  
Figure 7. Visualisation of interacting residues in BCL2: Using the BIOVIA Discovery Studio 

software, the ligand – receptor interactions were visualised to understand the different types of bonds 

involved and their characteristics. a, b, c and d depict Aromatic amino acid, 2-((Isobutoxycarbonyl) 

amino) benzoic acid, Benzoic acid, 2 ((1-oxo-1H-2-benzopyran-3-yl) methyl) - and Quercetin bound 

to BCL2 respectively. 

Table 6. list of interacting residues of BCL2 along with the bond lengths and types. Legend: H => 

Hydrogen bond, HP => hydrophobic bond. 

Compound Interacting residues Bond type Bond length BE (kcal/mol) 

Aromatic amino 

acid 

LYS134 HP 3.87 

-5.9 
PHE138 HP 3.65 

ARG131 HP 4.91 

GLU127 H 3.38 

Benzoic acid, 2 

((1-oxo-1H-2-

benzopyran-3-yl) 

methyl) - 

TRP162 HP 3.86 

-6.6 

ARG163 HP 4.47 

GLN86 H 2.28 

LEU81 H 2.27 

ALA5 HP 4.21 

Quercetin 

ALA5 H 2.51 

-6.3 

ASP4 H 1.87 

TRP162 HP 5.34 

LYS160 H 2.65 

GLU159 H 2.26 

l - Tryptophan 

LYS129 H 1.94 

-5.5 

ASP120 H 1.86 

LYS36 H 2.56 

ALA34 H 2.74 

LEU39 HP 3.64 

ARG44 HP 4.79 

Giltertinib 
TRP162, ARG163, GLN86, 

LEU81, ALA5 
  -6.6 

 

(a) (b) 

(c) (d) 
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DISCUSSION 

AML has been thought to be the result of a mutation leading to a series of biological events that 

lead to the disruption of normal cell cycle and favouring uncontrolled proliferation [23]. Although 

cancer was not particularly common a century ago, it has grown considerably more common in recent 

years, most likely as a result of our changing habits, lifestyle, and longer life expectancy. Because of 

the poor circumstances, every fourth person has a lifelong risk of developing cancer. Although 

according to ICMR statistics, India does not have a particularly high incidence rate of AML. It occurs 

1-2 times per 100,000 people annually. With age, the rate increases. Under 30 years old, it is less than 

1 per 100,000, and by 75 years old, it is 17 per 100,000. However, it's always possible that AML 

might one day produce matters of concern. Therefore, it is important to investigate potential treatment 

avenues to tackle this disease. 

 

The protein receptors (FLT3, BCL2, and MCL1) used in the present study are significant targets 

engaged in some important processes related to AML. The majority of FLT3 protein mutations in 

AML cases have been reported [5,18,22]. Being a kinase protein, FLT3 is vital for haematopoiesis, 

which is the process by which blood cells are created from stem cells. FLT3 is also linked to other 

critical processes. The Jak-STAT pathway and the PI3K pathway have received particular attention in 

this work [19,20]. Both pathways include BCL2 (B cell lymphoma 2) and MCL1 (myeloid cell 

leukaemia-1).  BCL2 is the target that stimulates and starts the anti-apoptosis signaling pathway, 

which controls cell proliferation either by initiating or preventing apoptosis. The most important 

member of the BCL2 family is MCL1, which is also a member. These receptors' inclusion in the 

KEGG pathway database, which marks them as essential proteins, provides evidence of their 

significance. Therefore, by utilizing the selected targets, it might be possible to stop the disease from 

spreading throughout the body. 

 

A class of simple phenolic acids with known pharmacological effects includes benzoic acid and its 

derivatives. Gallic acid, a trihydroxylated benzoic acid derivative, has been shown to slow the growth 

of cervical cancer cell lines by blocking angiogenesis and invasion and inducing apoptosis. 

Protocatechuic acid, another benzoic acid derivative, also slowed the proliferation of breast cancer 

cells. existing antimycobacterial properties of benzoic acid. Esters of those acids also proved to be a 

good substitute since they can pass across cell membranes more readily. the stability of the substances 

in buffer and plasma, as well as how mycobacterial enzymes activate the esters. 

 

Gilteritinib [49803313] is an orally bioavailable inhibitor of the receptor tyrosine kinases (RTKs) 

FMS-like tyrosine kinase 3 (FLT3; STK1; FLK2), AXL (UFO; JTK11), anaplastic lymphoma kinase 

(ALK; CD246), and leukocyte receptor tyrosine kinase (LTK), with potential antineoplastic activity 

[21] . Gilderitinib binds to and inhibits both the wild-type and mutant versions of FLT3, AXL, ALK, 

and LTK after being administered. This could block the signal transduction pathways that FLT3, 

AXL, ALK, and LTK are involved in, as well as limit the proliferation of cancer cells that 

overexpress these RTKs. The overexpression or mutation of FLT3, AXL, ALK, and LTK, which are 

found in a number of cancer cell types, is essential for the survival and proliferation of tumour cells. 

 

A selective oral BCL-2 inhibitor and antineoplastic drug, venetoclax [49846579], is used to treat 

refractory chronic lymphocytic leukaemia (CLL). Although there is a modest incidence of temporary 

blood enzyme increases when using venetoclax, it has not been linked to any instances of clinically 

obvious acute liver impairment with jaundice. Venetoclax exhibits strong immunosuppressive 

properties and has the potential to reactivate hepatitis B [23].Both the FDA approved drugs are 

benzoic acid derivatives however, they have impacted the treatment in patients adversely.  Although 

the patients acquire the ability to fight against tumors and the mutated mechanism, it comes at the cost 

of severe side effects. One of the main reasons for these side effects could be due to the fact that the 

above-mentioned drugs were chemically synthesized. This implies that the drugs were processed 

https://pubchem.ncbi.nlm.nih.gov/compound/tyrosine
https://pubchem.ncbi.nlm.nih.gov/compound/tyrosine
https://pubchem.ncbi.nlm.nih.gov/compound/tyrosine
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using many different harmful chemicals to alter them which can lead to various ailments in humans 

including, but not limited to nausea, vomiting, diarrhea.   consequently, in this work we concentrated 

on benzoic acids and their plant-based derivatives.  

 

We noticed that certain phytochemicals have comparable protein-binding affinities to giltertinib, as 

shown in table 2. Particularly for MCL1 and BCL2, the compound Benz has shown binding affinities 

of -7.2 kcal/mol and -6.6 kcal/mol, which are both substantial. Similar findings were made regarding 

FLT3, where it was discovered that the molecule Que displayed an extremely high affinity of -8.9 

kcal/mol. Quercetin, one of the most abundant flavonoids in fruits and vegetables, has been shown to 

have a range of properties that can impede the growth of cancer cells. since quercetin is abundant in 

many foods we consume on a daily basis, such as tomatoes, onions, tea, citrus fruits, and so on, it can 

be introduced into the patient's diet when compared to an FDA-approved medicine, Quercetin has 

performed well in the above-mentioned study, among the 27 ligands. 

 

These results suggest that the designated ligands can act as target protein blockers or inhibitors. 

Through this work, we have also demonstrated that the phytochemicals have better pharmacological 

characteristics and exhibit fewer side effects when compared to chemically synthesised FDA-

approved medicines (Table 3). The types of bonds and their lengths have a substantial impact on the 

ligands high binding affinities. Every bond in specific has a positive hydrogen or hydrophobic 

contact, which increases the binding stabilityof the ligand and the protein. 

The binding energy has also shown potential in reaching the Giltertinib limit, and hence natural 

phytochemicals of benzoic acid derivatives can be initiated to be used as an alternate therapy to 
chemically synthesised medicines. 

 

CONCLUSION 

With additional research and study, it is possible to draw the conclusion that phytochemically 
generated BAs and their derivatives are effective inhibitors of AML targets and may one day be used 

as a form of treatment. 
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