
1646 | Cardiometry | Issue 25. December 2022

ORIGINAL RESEARCH Submitted: 22.11.2022; Accepted: 4.12.2022; Published online: 25.12.2022

Comparative Study of Molecular 
Interactions of Thymol 
and Imatinib with BCR-ABL Fusion 
Protein In-Silico for the Selective 
Anti-CML Activity of Thymol
Lokesh D, Mamilla R Charan Raja

Department of Biomedical Engineering, Saveetha School of 
Engineering, Saveetha Institute of Medical and Technical Sci-
ences, Saveetha University, Chennai, Tamilnadu, India. Pincode: 
602105.

ABSTRACT
Aim: To study the comparative molecular interactions of Thy-
mol and Imatinib with the active sites of Breakpoint Cluster Re-
gion (BCR)-Abelson (ABL) fusion protein using molecular dock-
ing analysis for the selective anti-Chronic myeloid leukemia 
(CML) activity. Materials and Methods: In this study, Group 1 
is binding affinity of Imatinib with BCR-ABL Fusion Protein and 
Group 2 is binding affinity of Thymol with BCR-ABL Fusion Pro-
tein. The sample size was calculated with pretest power 80%. 
The sample size per group is 10 and total sample size is 20. 
The protein structure of BCR-ABL fusion protein was collect-
ed from the protein data bank (PDB) website and the ligand 
structures were collected from the NCBI-PUBCHEM website. 
The binding energy (kcal/mol) was calculated using Autodock 
Vina Software. Results: The mean binding affinity of Imatinib 
(-10.4 kcal/mol) was significantly (p=<0.001, p<0.001, 2-tailed 
t-test) higher than Thymol (-6.89 kcal/mol) towards the active 
sites of BCR-ABL fusion protein. Conclusion: In Spite of lesser 
binding affinity of Thymol compared to Imatinib, Thymol can 
make strong hydrogen bond and hydrophobic interactions with 
the aminoacid residues at the active sites of BCR-ABL fusion 
protein. It suggests that, thymol may bind selectively to the cells 
of CML and inhibit their proliferation and can act as novel An-
ti-CML agent. 
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INTRODUCTION 
Cancer is a major cause of death and disease all 

over the world. Tens of millions of people are diag-
nosed with cancer each year around the world, with 
more than half of those diagnosed dying from it. 
Chronic myeloid leukemia (CML) is a hematolog-
ical condition that is characterized by the malignant 
growth of bone marrow stem cells caused by a recip-
rocal translocation between chromosomes 9 and 22, 
resulting in the BCR-ABL fusion gene, which produc-
es a 210-kd protein with tyrosine kinase activity (Melo 
1996). A tyrosine kinase is an enzyme that can trans-
fer a phosphate group from Adenosine triphosphate 
(ATP) to the tyrosine residues of specific proteins in-
side a cell. Tyrosine kinases belong to a larger class of 
enzymes known as protein kinases which also attach 
phosphates to other amino acids such as serine and 
threonine. Phosphorylation of proteins by kinases is 
an important mechanism for communicating signals 
within a cell and regulating cellular activity, such as cell 
division. Protein kinases can become mutated, stuck 
in the «on» position, and cause unregulated growth of 
the cell, which is a necessary step for the development 
of cancer (Arora and Scholar 2005). Researchers dis-
covered that aberrant activation of a variety of recep-
tor tyrosine kinases (RTKs) and their ligands can lead 
to uncontrolled tumor cell growth, which is relevant 
to the study. Hence, this BCR-ABL fusion protein be-
comes a molecular target site for the selective inhibi-
tion of CML progression. The compounds that can 
interact with BCR-ABL fusion protein and suppress 
it’s tyrosine kinase activity serve as novel anti-CML 
agents. In silico studies are used to examine and mod-
el molecular interactions between target macromole-
cules and ligands (Meacham and Morrison 2013). The 
molecular docking analysis describes the atomic level 
interaction between a small molecule and a protein, 
allowing us to characterize small molecule behavior 
in target protein binding sites and highlight important 
biochemical processes (Meng 2011). Molecular dock-
ing studies have profound importance in the discov-
ery of novel anti-cancer drugs with greater selectivity. 
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The higher binding affinity of drugs towards the target 
molecules indicates the more selectivity of the drugs 
(Cui et al. 2020). In the current study, the binding af-
finity of Thymol towards the promising target site of 
CML i.e BCR-ABL fusion protein was studied, which 
helps in the In silico validation of Thymol as a novel 
anti-CML agent. 

The total number of articles published related to 
this topic are 22 in Pubmed, 9,140 in google scholar, 
and 975 in science direct. Imatinib mesylate is a newly 
developed anticancer drug that is rationally designed 
to inhibit certain protein tyrosine kinases implicated 
in oncogenesis (Guilhot 2004). Imatinib is a novel, 
molecularly targeted anticancer medication that has 
shown promising therapeutic results in CML patients. 
Imatinib has been used as a standard inhibitor to de-
velop novel tyrosine kinase inhibitors for targeted 
anti-CML therapy (Waller 2018). Thymol, a natural 
monoterpene phenol derivative of cymene (C10H14O), 
is chemically known as 2-isopropyl-5-methylphenol. 
The common botanical sources of thymol are Euphra-
sia rostkoviana, Monarda didyma, M. fistulosa, Nigella 
sativa, Trachyspermum ammi, Origanum compactum, 
O. dictamnus, O. onites, O. vulgare, Thymus glandulo-
sus, T. hyemalis, T. vulgaris, and T. zygis (Marchese et 
al. 2016). Thymol has diverse biological activities in-
cluding anticancer (Güvenç et al. 2019), antioxidant, 
anti-inflammatory (Botelho et al. 2016), antimicrobial, 
antidiabetic, antiobesity, neuropharmacological, anti-
hyperglycemic, and hypolipidemic effects (Sobczak et 
al. 2014). Thymol’s anti-inflammatory properties are 
mostly responsible for its notable effects (via inhib-
iting the recruitment of cytokines and chemokines). 
Apoptosis is an important mechanism of chemothera-
peutic agents. Thymol is evident to cause caspase-de-
pendent apoptosis at 5–100 μM in HL60. Conversely, 
thymol at 7.5 mg/kg in a 7-day treatment exhibited 
an antiapoptotic effect, possibly via a Bcl-2/Bax path-
way in rats (Scorilas 2014). Our team has extensive 
knowledge and research experience that has translate 
into high quality publications(Chellapa et al. 2020; La-
vanya, Kannan, and Arivalagan 2021; Raj R, D, and S 
2020; Shilpa-Jain et al. 2021; S, R, and P 2021; Rama-
doss, Padmanaban, and Subramanian 2022; Wu et al. 
2020; Kalidoss, Umapathy, and Rani Thirunavukkara-
su 2021; Kaja et al. 2020; Antink et al. 2020; Paul et al. 
2020; Malaikolundhan et al. 2020)

From the early reports, thymol and its derivatives 
are evident for its anticancer activities. But, the selec-

tive inhibition of CML by Thymol has not been re-
ported. The authors are expertise in the field of mo-
lecular docking using Autodock Vina Software. In the 
current study, The in-silico molecular interaction be-
tween Thymol and BCR-ABL fusion protein was stud-
ied in comparison with a standard BCR-ABL inhibitor 
Imatinib for the selective anti-CML activity of thymol. 

MATERIALS AND METHODS 
This study was conducted in a Simulation lab, at 

Saveetha School of Engineering. There is no Ethical 
concern for this study. There are two groups involved, 
Group 1 is the binding affinity of Imatinib (N=10 Pos-
itive control group) with BCR-ABL Fusion Protein and 
Group 2 (N=10 Study group) is the binding affinity of 
Thymol with BCR-ABL Fusion Protein. The sample 
size calculation was done using previous study results 
by keeping the alpha error threshold by 0.05, pretest 
power 80%, and 95% Confidence Interval (CI) (Rajen-
dran et al. 2016). Therefore the total sample size was 20.

Preparation of protein: The structure of the BCR-
ABL (PDB ID 5MO4) protein has been obtained from 
the PDB (Protein Data Bank) database at the reso-
lution 2.17Å. The structure of the protein is in PDB 
format. Using autodock tools (1.5.6), the PDB format 
of the protein structure is converted into PDBQT for-
mat. During conversion, the water molecules in the 
protein structure get removed and added to the polar 
hydrogen atoms. Finally, Kollman charges are includ-
ed in the protein structure and the resultant PDBQT 
structure is stored (Rajendran et al. 2016; Makala et 
al. 2021).

Preparation of ligands: Ligand structures like 
Imatinib and Thymol (Pubchem CID 5291 and 6989 
respectively) have been obtained from the PubChem 
database. The structures of the ligand are in SDF for-
mat. Using PYMOL software, the SDF format can be 
converted into PDB format. The PDB format of the 
ligand structures is converted into PDBQT format by 
using Autodock tools (1.5.6) (Rajendran et al. 2016; 
Makala et al. 2021).

Molecular docking using autodock vina soft-
ware: AutoDock Vina is an open-source program for 
doing molecular docking in silico. It was designed 
and implemented by Dr. Oleg Trott in the Molecular 
Graphics Lab at The Scripps Research Institute. This 
was done to predict the scores of the binding energy 
for the interactions of the targeted protein-ligand. The 
sites of binding of the residues of amino acids of the 
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defined protein have been determined and applied for 
the autodock vina software. However, the docked con-
formations that had the higher score of fitness have 
been taken for analyzing the binding mode. Eventu-
ally, the program of autodock vina has been run, and 
then binding energies have been observed, saved, and 
visualized (Rajendran et al. 2016; Makala et al. 2021). 

Statistical Analysis 
The comparison of binding affinities for the BCR-

ABL fusion protein with Imatinib and BCR-ABL fu-
sion protein with Thymol was done in IBM-SPSS 
(28.0.0). Since the variables were independent of each 
other, an independent t-test was used to compare the 
binding affinities of different inhibitors.

RESULTS
In the current study, The binding energy of the pro-

tein-ligand complex was estimated by the molecular 
docking analysis using autodock vina software. Table 
1 shows the binding affinities of Imatinib inhibitor to-
wards the active sites of the BCR-ABL fusion protein. 
The compound Imatinib binds with BCR-ABL protein 
with a higher affinity of -10.5 kcal/mol (Mean of -10.4 
kcal/mol). Table 3 and Fig. 1 show the interaction of 
Imatinib with amino acid residues and the nature of 
interaction at the active site of the BCR-ABL fusion 
protein. The active binding site residues of Imatinib 
namely ASN240, THR243, PRO315, LEU395, and 
LEU159 form hydrophobic interactions. The residues 
namely ASN240, LYS241, GLN319, GLU335, and 
TYR361 form hydrogen interaction. Binding energy 
and nonbonding interactions of Imatinib with the tar-
get were demonstrated in Fig. 3.

Table 1
The binding affinities of Imatinib with the active sites of BCR-
ABL protein analyzed through Autodock Vina Software. 

S. No. Binding affinity (kcal/mol)
1 -10.2
2 -10.2
3 -10.5
4 -10.5
5 -10.4
6 -10.5
7 -10.5
8 -10.5
9 -10.2
10 -10.5

Table 2 shows the binding affinities of Thymol 
towards the active sites of BCR-ABL fusion protein 
measured using autodock vina software. Thymol has 
a mean binding affinity of -6.9 kcal/mol towards the 
active site amino acid residues of the BCR-ABL fusion 
protein. Table 2, Fig. 2, and Fig. 4 show the different 
types of interactions of thymol with the amino acid 
residues at the active sites of the BCR-ABL fusion pro-
tein. Thymol interacts with the aminoacid residues 
LEU267, TYR272, ALA288, ILE334, and LEU389 via 
hydrophobic interactions, and TYR272 through hy-
drogen bonding.

Table 2
The binding affinities of Thymol with the active sites of BCR-ABL 
protein analyzed through Autodock Vina Software. 

S. No. Binding Affinity (kcal/mol)
1 -6.9
2 -6.9
3 -6.9
4 -6.8
5 -6.9
6 -6.9
7 -6.9
8 -6.9
9 -6.9
10 -6.9

Table 3
Interaction of Imatinib with BCR-ABL fusion protein. The ac-
tive binding site residues of Imatinib namely ASN240, THR243, 
PRO315, LEU395, LEU159 forms hydrophobic interactions. The 
residues namely ASN240, LYS241, GLN319, GLU335, TYR361 
forms hydrogen interaction.

S 
NO

COM-
POUND 
NAME

RESI-
DUE

AA DIS-
TANCE

NATURE OF 
INTERACTIONS

1 IMATINIB 159 LEU 3.71 Hydrophobic
240 ASN 3.41 Hydrophobic
243 THR 3.91 Hydrophobic
315 PRO 3.52 Hydrophobic
395 LEU 3.60 Hydrophobic
240 ASN 2.63 Hydrogen
241 LYS 2.41 Hydrogen
319 GLN 3.47 Hydrogen
361 TYR 3.88 Hydrogen
335 GLU 4.34 Hydrogen

The statistical significance of the results was an-
alyzed by performing an independent sample t-test 
using IBM SPSS software. Table 4 and Table 5 demon-
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strate the grouping of samples for the analysis of inde-
pendent sample t-tests using IBM SPSS software. Fig. 
5 and Table 5 show that there was a statistically sig-
nificant difference (p=<0.001, p<0.001, 2-tailed t-test) 
between the binding affinities of Imatinib and Thymol 

towards BCR-ABL fusion protein. Table 6 shows the 
mean difference, significance, and std. error difference 
of the binding energies of the BCR-ABL fusion protein 
with Imatinib and Thymol. 

DISCUSSION 
In the present study, the probability of selective an-

ti-CML activity of Thymol was tested in comparison 
with a standard BCR-ABL inhibitor Imatinib in silico
using AutoDock Vina software by molecular docking 
analysis. The results show that Imatinib and Thymol 
can interact with BCR-ABL fusion protein with a mean 

Table 4
Interaction of Thymol with the amino acids at the active sites 
of BCR-ABL fusion protein. The active binding site residues of 
Thymol namely LEU267, TYR272, ALA288, ILE334,LEU389 form 
hydrophobic interactions. The residue namely TYR272 forms 
hydrogen interaction.
S. No. Com-

pound 
Name

Residue Aa Dis-
tance

Nature Of 
Interactions

1 Thymol 267 LEU 3.79 Hydrophobic
272 TYR 3.67 Hydrophobic
288 ALA 3.56 Hydrophobic
334 ILE 3.80 Hydrophobic
389 LEU 3.77 Hydrophobic
389 LEU 3.60 Hydrophobic
272 TYR 4.88 Hydrogen

Table 6
Independent sample t-test in predicting the significance, mean difference, std error difference of BCR-ABL fusion protein with 
different inhibitors. 

 Independent Samples Test
Levene’s Test for 

equality of variances
 t-test for Equality of means

Energy F Sig. t df Signifi-
cance

( 2-tailed)

Mean
difference

Std.Error
Difference

95% Confidence Interval 
of the Difference

Lower Upper
Equal variances 
assumed

22.422 <.001 -76.594 18 <.001 -3.510 .046 -3.606 -3.414

Equal variances 
not assumed

-76.594 9.898 <.001 -3.510 .046 -3.612 -3.408

Fig. 1. Interaction analysis of Imatinib in the active pocket site of BCR-ABL fusion protein. The structure of BCR ABL and Imatinib are 
represented in green and red sticks. Amino acid residues of BCR ABL protein namely GLN319, GLU335, THR243, PRO315, LEU395, 
TYR361, LEU159 interact with Imatinib.

Table 5
The group statistics data of binding affinities of Imatinib and 
Thymol performed through Independent sample t-test using 
IBM SPSS Software.

Group N Mean Std. Devi-
ation

Std. Error 
Mean

Imatinib 10 -10.4 .141 .045
Thymol 10 -6.89 .032 .010
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Fig. 2. Interaction analysis of Thymol in the active site pocket of BCR-ABL fusion protein.The structure of BCR ABL and Thymol are 
represented in pink and green sticks. Amino acid residues of BCR ABL fusion protein namely ILE334, ALA288, LEU267, TYR272, 
LEU289 interact with Thymol.

Fig. 3. Interaction chains of Imatinib with BCR-ABL fusion pro-
tein with residues in which blue color represents the protein, 
orange represents the ligand, sky blue represents water, yellow 
represents charge center, white represents aromatic ring center, 
pink represents metal ion, … represents hydrophobic interac-
tion, --hydrogen bond,...represents salt bridge.

Fig. 4. Interaction chains of Thymol with BCR-ABL fusion pro-
tein with residues in which blue color represents the protein, 
orange represents the ligand, sky blue represents water, yellow 
represents charge center, white represents aromatic ring center, 
pink represents metal ion, … represents hydrophobic interac-
tion,--- represents π-Stacking.

Fig. 5. The binding energies of Imatinib and Thymol towards the active sites of BCR-ABL fusion protein. The X axis represents the 
screening of inhibitors and the Y axis represents binding energy of the targeted molecules. Results were represented as Mean ± 
1SD and the error bars with 95% CI. 
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binding affinity of -10.4 kcal/mol and -6.9 kcal/mol, 
respectively. The active binding site residues of Thy-
mol namely LEU267, TYR272, ALA288, ILE334, and 
LEU389 via hydrophobic interactions, and TYR272 
through hydrogen bonding.

Many of the current challenges in the field of cyto-
toxic chemotherapy, such as the creation of substantial 
host cell toxicity could be reduced or eliminated with 
targeted therapy (Danchev, Nikolova, and Momekov 
2008). Imatinib is a well-known BCR-ABL inhibitor 
and molecularly targeted anticancer medicine that has 
shown promising results in patients with CML and 
other malignancies (Guilhot 2004). The binding af-
finity of thymol was significantly (p=<0.001, p<0.001, 
2-tailed t-test) less when compared to Imatinib. But, 
still, it can make effective interaction with the active 
sites of the BCR-ABL fusion protein via both hydro-
gen bonds and hydrophobic interactions. The binding 
affinity of the molecule is based on the effective hydro-
phobic and hydrogen interactions present between the 
protein and ligand (Danchev, Nikolova, and Momekov 
2008). As It has already been reported that thymol has 
anti-cancer properties (Güvenç et al. 2019) and it can 
interact with amino acid residues at the active sites of 
the BCR-ABL fusion protein, it may selectively bind to 
the CML cells and inhibit their proliferation. 

The limitation of the present study is that it is en-
tirely In-silico simulation work which will provide 
only the details of possible interactions between the 
target molecule and the test compounds. To validate 
these In-silico interactions further experimentation is 
required through in vitro and in vivo methods. 

CONCLUSION 
The in silico probability of selective anti-CML ac-

tivity of Thymol was tested in the current study. The 
results suggest that Thymol can make both hydrogen 
and hydrophobic interactions with the amino acid res-
idues present at the active sites of the BCR-ABL fusion 
protein. This indicates Thymol may bind selectively 
at the active sites of BCR-ABL protein and inhibit the 
proliferation of CML cells. But, further validation is 
required through in vitro and in vivo studies to con-
firm the thymol as a novel anti-CML agent.
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