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Abstract: Cancer is one of the very common diseases requiring long-term treatment, tubulin plays an
important role in the development of cancer, and the use of colchicine binding site inhibitors against
Hepatocellular Carcinoma has become the most common approach. A series of thirty quinoline
derivatives have recently been identified as promising tubulin inhibitors with potent activity against
human Hepatocellular Carcinoma. To design anti-cancer drugs, we applied the 3D-QSAR approach,
this method is based on two contours (CoMFA and CoMSIA), the results obtained in two these contours
are (R? = 0.98, Q? = 0.68, r’ext = 0.96) and (R?= 0.98, Q° = 0.57, r?ext = 0. 97), respectively, this
indicates that the model is trustworthy. The results indicate that the hydrophobic field contributes more
(58% ); based on these results, three quinoline derivatives (Z1, Z2, and Z3) are proposed as potent
colchicine binding site inhibitors against hepatocellular carcinoma activities. Furthermore, molecular
docking was utilized to compare the stability of complexes (ligand-receptor) based on the type of
binding and the total score. The ADME has been utilized to evaluate the pharmacokinetic characteristics
of the designed drugs; we can conclude that by using the results, all designed compounds are the best,
and based on the results found at Docking and ADMET, and to identify the stability of newly
compounds, molecular dynamic simulation was used for compounds Z2-3, the results found show that
these molecules have better stability, which means that they have greater activity against hepatocellular
carcinoma.

Keywords: quinolines; cancer; 3D-QSAR; molecular docking; ADME; molecular dynamics simulation
(MD).
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1. Introduction

Cancer is defined as the uncontrolled proliferation and development of aberrant cells
[1]; researchers have found 100 types of cancer that require urgent treatment and diagnosis [2].
One of these cancers is hepatocellular carcinoma (HCC); this disease will be a global problem
in 2025, affecting one million people worldwide [3]; in 2021 several studies have been done
on this type of cancer [4-6], and each study analyzes one or more of the sides linked to this
problem [7-10], it is the third deadliest and is the sixth most diagnosed cancer (7th in women
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and 5th in men) [11,12] and is considered a serious public health problem [13,14], according
to statistics, more than 800,000 people worldwide are afflicted by this kind of cancer each year
[15,16]. The causes of hepatocellular carcinoma are hepatitis C and B virus (HCV and HBV),
diabetes, alcoholic and non-alcoholic fatty liver disease (AFLD and NAFLD), and obesity.
Additionally, Food pollutants, different environmental toxins, smoking, and familial or
hereditary characteristics are all variables that contribute to the disease’s occurrence [17-19].
Hepatitis C and B viruses (HCV and HBV) have been related to HCC for 1,000 years and
33,600,000 years, respectively [20,21], and most cases of HCC are initiated by liver cirrhosis
[22,23], chemical carcinogens, in addition to viruses, have a part in causing this illness [24].
The number of studies on the causes of this chronic disease is endless and uncountable.
Hormonal therapy, radiotherapy, chemotherapy, and surgery are the most used approaches in
cancer treatment [25].

Due to their critical functions in cell division [26], microtubules are intriguing targets
for cancer therapy [27,28]. It is formed by o—B-tubulin [29], tubulin has a linkage which is
colchicine [30], elimination of colchicine binding site inhibitor (CBSI) microtubule formation
by eliminating the vital tubulin assembly process remains the most widely used method against
cancer [31], Quinoline derivatives are chemicals that have antineoplastic[32], antibacterial
[33,34] antimalarial [35], and they inhibit cancer cell growth in a variety of ways [36], there is
several heterocyclic molecules have the anticancer biological activity such as neocryptolepine,
indoloquinoline, isocryptolepine, carbocycle-fused quinoline [37-40], Continuing to offer new
drugs using the QSAR method [41-47], and those with anticancer activities [48-50], a family
of 30 quinolines as potent colchicine binding site inhibitors against hepatocellular carcinoma
was used to perform a 3D-QSAR study [51]. New compounds have been designed with higher
activities. Molecular docking was used to characterize the different types of interactions and
provide a total score, and the swissadmet web server was used to calculate the pharmacokinetic
properties (ADME) of the compounds and to see the stability of some complexes. The
dynamical simulation MD was used.

2. Materials and Methods

2.1. Prepared database.

The quinolines compounds used in this investigation were discovered in the literature
[51] and were used to build 3D-QSAR models, the biological activities of the quinolines
compounds were represented as (IC50.uM) and varied from (1,89 to 32,91), and the pIC50 was
calculated to use the formula (pIC50 = -logIC50). The database of thirty molecules consists of
all six molecules (*) and twenty-four molecules (training. The structures of compounds, as well
as their experimental activity levels, are shown in Table 1. Figure 1 depicts the chemical
structures of the substances investigated.

2.2. Optimization and alignment.

The 3D chemical structures of all derivatives were optimized using the Sybyl X-2.0
software (Tripos Inc., St. Louis, USA) and then optimized using the Tripos standard force field
with a convergence threshold of 0.01 kcal/mol [52]; the Powell technique was used to add
Gasteiger-Huickel charges to the compounds [53]. The optimization of all the studied
compounds was carried out using the DFT method (B3LYP/6.311 (d, p)), to reach the
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equilibrium geometry of each [54]. Compounds were aligned using the alignment approach;
this step is very important to building a 3D-QSAR model [55], with compound 21 acting as a
template. The primary conformations were previously minimized structures. Figure 2
illustrates the stacked architectures of aligning molecules.
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Figure 1. Structural template of studied compounds.

Table 1. pIC50 values of quinolines derivatives against Hepatocellular Carcinoma.

N° R1 R2 Rs plCso(M) N° R1 R2 R3 pICso (M)
1 H Cl H 4.54 16 H Cl 5.59
2 H NH2 H 4.48 17 H NH2 5.14
3 OCH3 OCH3 OCH3 4.63 18* OCH3 OCH3 5.32
4 H Cl H 451 19 H Cl 5.58
5 H NH2 H 4.78 20* H NH2 5.50
6 OCH3 OCH3 OCH3 481 21 OCH3 OCH3 5.72
7 H Cl H 4.69 22 H Cl 5.44
8 H NH2 H 4.45 23* H NH2 4.79
9 OCH3 OCH3 OCH3 4.89 24 OCH3 OCH3 5.26
10* H Cl H 5.05 25 H Cl 4.78
11 H NH2 H 4.99 26 H NH2 454
12 OCH3 OCH3 OCH3 5.03 27 OCH3 OCH3 5.02
13* H Cl H 4.90 28 H Cl 5.09
14 H NH2 H 4.99 29 H NH2 5.03
15 OCH3 OCH3 OCH3 4.96 30* OCH3 OCH3 4.82

Figure 2. Core(left), 21 compound(middle), and alignment of compounds (Right).
2.3. Development of 3D-QSAR models.

The sybyl-x 2.0 program was used to examine the 3D-QSAR model. The two contours
CoMFA and COMSIA were used to build this model and study the link with both the 3D
structure and biological activity of these compounds [56,57]. The CoMFA contour increased
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activity by using steric and electrostatic fields; in addition to these fields, the COMSIA contour
also exploited hydrogen bond acceptor (HBA), hydrogen bond donor (HBD), and hydrophobic
characteristics of molecules. The column filtering value is set to 2.0 kcal/mol, and the energy
cutoff is set to 30 kcal/mol, while the rest of the partial least square analysis (PLS) settings are
launched by default [58].

High values of the coefficient of cross-validation correlation Q? and correlation
coefficient R? (Q% > 0.50 and R? > 0.60) are two criteria to consider when picking a better
model [59]. Other factors such as the optimal number of components (N), standard error of an
estimate (SEE), and F-test value (F) are considered. The r?ext parameter was also used to find
the best predictive model based on a test set [60].

2.4. Molecular docking.

The first step in molecular docking is to download the protein tubulin (PDB ID: 1SAQ)
from the RSCB Protein Data Bank using the link (https://www.rcsb.org/); the RMSD between
the co-crystal and redocked conformations of 1SAO was less than 2 A°, indicating that the
docking methodology used was reliable and may be used in future research. This active site of
this protein has been chosen recently by several studies [61-63], then use the Surflex-Dock
module in Sybyl 2.0, and finally use Pymol [64] and Discovery [65] software for preparation
and to see the types of interactions.

2.5. ADMET prediction.

All medications influence the body bypass through the circulation, and to become
effective drugs, they must pass through four stages: absorption, body distribution, metabolism,
and excretion. These properties are abbreviated in the word ADMET; the swissadmet web
server [66] was used to calculate these parameters for designed compounds (Z1 to Z3) and 21.

2.6. MD simulation.

The molecular docking was used to obtain the initial structures of the complexes to use
for MD simulations. One of the ions (Na* or CI") and the water molecule were added at a
temperature of 300 K to obtain neutralization. The Desmond Dynamics software [67] obtains
stability and conformational changes with time [68]. For the two proposed compounds, Z1 and
Z2, the MD simulation duration was set to 50 ns for root-mean-square deviation (RMSD) and
root-mean-square fluctuation (RMSF). To maintain the temperature and pressure, the Nose-
Hoover system [69] and a Martyna-Tobias-Klein thermostat [70] were used.

3. Results and Discussion

3.1. 3D-QSAR analysis.

Internal and external validation was used to assess the accuracy of the 3D-QSAR
model. The training set with N of 5 has an excellent non-cross-validated R? of 0.98 and a decent
cross-validated Q? value of 0.68, according to the CoOMFA contour, with an F-test of 186. 54,
the lowest SEE is 0.034; these findings indicate that the model developed is satisfactory, the
steric field-supplied 53 percent of the entire contribution, whereas the electrostatic field gave
47 percent of the total contribution in this model. The R? of the CoMSIA model was 0.98, with
an optimum component of 4 and an acceptable Q? of 0.57. The resulting model exhibited a
https://biointerfaceresearch.com/ 4 of 15



https://doi.org/10.33263/BRIAC133.217
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC133.217

high level of internal predictability, with a SEE value of 0.053 and an F-test score of 176.37.
In this model, the proportions of steric, electrostatic, HBA, HBD, and hydrophobic sites were
11 percent, 10 percent, 13 percent, 8 percent, and 58 percent, respectively. The hydrophobic
field was the most considered in the CoMSIA model when proposing novel anticancer
compounds. For external validation, COMFA and CoMSIA exhibited exceptional prediction
capacity, and the external predictability of the two models, with r?ext values of 0.96 and 0.97,
respectively, further demonstrated the models’ stability. Table 2 summarizes the statistical
findings of the 3D-QSAR PLS study. Table 3 shows the observed and expected pIC50 of
compounds. Figure 3 displays the dispersion of the observed and predicted pIC50 values and
the correlation coefficient.

Table 2. PLS statistics parameters.
Model Q? R? scv F N | rlex Field Contribution (%)
Ster Elec HBA | HBD | Hyd
CoMFA 0.68 0.98 | 0.034 | 18654 | 5 0.96 53 47 - - -

CoMSIA 0.57 098 | 0.053 | 176.37 | 4 0.97 11 10 13 8 58
y = 0,94x + 0,34 y = 1,04x - 0,16
. CoMFA R = 0,99 . CoMSIA R?= 0,97

2,8
@Training set @ Test set

5,6
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Figure 3. Plots of observed and predicted pIC50.

Table 3. Experimental and predicted activities of 30 novel quinolines derivatives.

N° pIC50 CoMFA CoMSIA
predicted Residuals predicted Residuals
1 4.54 4.62 -0.08 4.52 0.02
2 4.48 4.60 -0.12 4.47 0.01
3 4.63 4.74 -0.11 4.62 0.01
4 451 4.61 -0.10 4.49 0.02
5 4.78 4.8 -0.02 4.8 -0.02
6 4.81 4.91 -0.10 4.81 0.00
7 4.69 4.82 -0.13 4.72 -0.03
8 4.45 4.60 -0.15 4.42 0.03
9 4.89 5.02 -0.13 4.93 -0.04
10* 5.05 5.12 -0.07 5.12 -0.07
11 4.99 5.04 -0.05 5.04 -0.05
12 5.03 5.13 -0.10 5.09 -0.06
13* 4.90 4.98 -0.08 4.96 -0.06
14 4.99 5.02 -0.03 5.02 -0.03
15 4.96 5.04 -0.08 5.01 -0.05
16 5.59 5.62 -0.03 5.64 -0.05
17 5.14 5.22 -0.08 5.20 -0.06
18* 5.32 5.42 -0.10 5.41 -0.09
19 5.58 5.61 -0.03 5.61 -0.03
20* 5.50 5.53 -0.03 5.56 -0.06
21 5.72 5.8 -0.08 5.81 -0.09
22 5.44 5.52 -0.08 5.49 -0.05
23* 4.79 4.98 -0.19 4.88 -0.09
24 5.26 5.36 -0.10 5.31 -0.05
25 4,78 4.88 -0.10 4.77 0.01
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N° pIC50 CoMFA CoMSIA
predicted Residuals predicted Residuals
26 454 4.67 -0.13 4.57 -0.03
27 5.02 5.09 -0.07 5.10 -0.08
28 5.09 5.16 -0.07 5.13 -0.04
29 5.03 5.19 -0.16 5.02 0.01
30* 4.82 494 -0.12 484 -0.02

The correlation coefficient and the dispersion of the points around the line show that
our model was of good quality.

3.2. Contour maps analysis.

The most active compound 21, used as a reference in the CoOMFA and CoMSIA
contours, with default percentages of unfavored and preferred areas of 20% and 80%,
respectively, was used to develop new compounds. The steric and electrostatic contours of the
CoMFA field are presented in figure 4, while the Hydrophobic, HBD, and HBA contour maps
of CoMSIA are revealed in Figure 5.

In figure 4 (a), the yellow colors represent that bulky groups are unfavored. The green
colors represent that bulky groups are favored; this explains why compound 21 with a dinitro
group has a maximum value of pIC50 (5.72) compared to other compounds. In figure 4 (b) the
blue colors denote an unfavorable electronegative group, whereas the red colors denote an
unfavorable electropositive group.

Figure 4. Contour maps of CoMFA analysis. a) Steric field; b) Electrostatic field.

The steric and electrostatic contours of COMFA are identical to those of COMSIA; and
we do not discuss them. In Fig 5c, the hydrophobic field has a higher stake (58%) compared to
other fields; as a result, we are unable to base our design on a hydrophobic field. Figure (5 c)
shows the hydrophobic contour. The yellow and white colors represent that the added
hydrophobic groups can increase and decrease activity. The 1,2,3trimethoxy substituents are
covered by white color, indicating that adding hydrophobic groups decrease activity at these
locations; this explains the order of activity of the experimental compounds, 5 > 4, 14 > 13.
The yellow appears closer to one of the nitro and at closer positions; this was supported by the
experimental activity identified in the following compounds, 21 > 10.

In Fig 5d, a cyan contour covers the 4,5-dihydro-1H-pyrazole molecule at the center of
the most active compound, indicating that an HBD at this position was an advantage of the
activity. In contrast, a purple contour covers the 2,4-dinitrobenzene molecule, which belongs
to the most active compound,; this indicates that the group's HBA increases its activity. This
explains why experimental chemical 21 has greater activity (pIC50 = 5.72) than all
experimental compounds.
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In Figure 5e, a magenta outline covers the half surface of the 4,5-dihydro-1H-pyrazole
molecule. The center of the most active compound indicates that an HBA group at this position
was an advantage of the activity, while the red outline appears next to the nitro group, which
belongs to the 2,4-dinitrobenzene molecule, which belongs to the most active compound; this
indicates that the HBD groups can increase the activity. This also explains why compound 21
remains the most active.

c) d) e)
o Lo
» & )"‘L/@ - s i)
7\ N g R "‘S\/

i
Figure 5. Contour maps of CoMSIA c) Hydrophobic field. d) HBD field. ) HBA field.

3.3. Design and prediction.

This article adds value to scientific research by proposing novel quinoline compounds
as hepatocellular carcinoma inhibitors based on the 3D-QSAR model; this model was used to
see the types of the most important fields to choose the substituents that can increase the activity
of quinoline derivatives as inhibitors of hepatocellular carcinoma. As a result, three (Z1-Z3)
novel quinoline compounds targeting tubulin were designed as hepatocellular carcinoma
inhibitors; these compounds have a higher pIC50 than the most active (21) compound in the
database, as shown in Table 4, which shows the structures of the proposed compounds as well
as their calculated pIC50. According to the results of the total score, we can say that the stability
of the complexes is classified in this order Z3> Z2>71>21.

Table 4. Newly designed compounds and their calculated pIC50.

N° Compounds Predicted plIC50
CoMFA CoMSIA
21 \Q/ \ 5.80 5.81
| 3
aseale
> o
N a /
O,N
Z1 NO, 5.89 5.91
OH
SUBs o
C
> OH
O,N,
22 @/”% 5.93 5.98
OH
0. 2
S
0 W Ng N NH,
Z3
6.01 6.04
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N° Compounds Predicted plIC50
CoMFA CoMSIA

3.4. Molecular docking.

The objectives of molecular docking in this part are to find the most stable complexes
based on the interaction types listed in Table 5. All the compounds proposed have a
conventional hydrogen bond interaction, except compound 21, which has none, increasing the
stability of these compounds.

The 21 compound has three carbon hydrogen-bond(ALA 317, LYS 352, VAL 315),
one of Halogen (CI, Br, 1) (ASN249), one of pi-sigma (LEU255), and five mixed Pi-
Alkyl/Alkyl interactions(ALA 317-250,CYS 241,LEU 248,LYS 254).

Table 5. The interaction and total score.

N° 2D View Total |N° 2D View Total
scoring scoring
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The first designed compound Z1 has several types of interaction, four conventional
hydrogen Bond (ALA 317, ASN 249, LEU248, GIN247), one of the unfavorable donor-
donor(ALA250), two mixed between Pi-Donor H-bond/Carbon H-bond (LEU255, ASN258),
two mixed Pi-Alkyl/Alkyl (ALA316-354), and one of pi-cation type (LYS352) interactions.
The existence unfavorable of interaction decreases the stability of this compound compared to
the others proposed. While the second designed compound, Z2, has several types of interaction,
three conventional hydrogen Bond (LYS 352, ASN 349, VAL 315), one of carbon H-bond
(LYS 254), two of Pi-Alkyl (LEU 248, LYS 254), and one of pi-cation type (LYS 352)
interactions. This molecule is stabilized by the presence of three conventional hydrogen bonds
and the absence of any unfavorable interactions. The last compound proposed is Z3 has nine
interactions of which, three conventional hydrogen bonds (ASN 249, LEU 248, GIN 247), two
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carbon H-bond (ASN258, ASN349), two Pi-cation (LYS 352, LYS 254), and two interactions
mixed between Pi-Alkyl/Alkyl (LYS 352, LEU 248).

The compound Z3 has the most favorable interactions, enhancing its stability, followed
by compounds Z2 and Z1.

3.5. ADMET prediction.

The study of the active component of a medicine after it enters the body is known as
pharmacokinetics, or “ADMET.” It comprises four key steps: Absorption, Distribution,
Metabolism, toxicity, and Excretion. The results of our compounds (21, Z1-Z3) are shown in

table 6.
Table 6. ADMET prediction.

Model Compounds
21 | z1 z2 |  z3
Absorption (A)
Intestinal absorption (human) | 90 | 100 | 8422 ]93.865
Distribution (D)
Blood-brain barrier (logBB) | -1.077 -1.735 | -1.888 -1.632
Volume of distributionVDss (human) | 0.14 0.18 0.21 0.41
Metabolism (M) : Yes (+), Non ().
2D6 - - - -
Substrate (CYP) 3A4 + + + +
1A2 - - - -
2C19 + + - +
Inhibition (CYP) 2C9 + + - +
2D6 - - - -
3A4 + + + +
Excretion (E)
Clearence 0.49 0.52 0.60 0.70
Toxicity (AMES) - - - -

The first attribute is absorption, directly connected to the drug’s absorption at the
intestinal level (in humans). If the drug’s absorption is less than 30%, it is deemed poorly
absorbed by the body. All compounds have higher values that exceed the limit (>30%), but the
proposed compound Z1 has higher values (100%).

The blood-brain barrier was identified in 1885 and has the primary purpose of isolating
the central nervous system (CNS) from blood circulation; it prevents viruses, foreign
chemicals, and potentially dangerous compounds from entering the brain and spinal cord.
Compounds have a log BB value <-1; they cross the blood-brain barrier poorly; all compounds
have respected this value; while the volume of distribution (VDss) is a second parameter
characterizing the distribution of the active substance in the human body, the values are not
accepted if (VDss)< -0.15 and are considered low, in the table above all the compounds
designed to have a value of distribution not low.

Many medications can inhibit or increase the activity of a certain isoenzyme. More than
one isoenzyme is involved in the metabolism of certain medicines. Approximately 90% of
generally used medicines have four isoenzymes involved in their metabolism; the names CYP
1A2, CYP 2C9, CYP 2D6, and CYP 3A4 are used to describe these isoenzymes. The results
show that all the compounds are inhibitors and substrates of CYP3A4; however, they are not
inhibitors or substrates for CYP 2D6; in addition, only compounds 21, Z1, and Z3 are inhibitors
of CYP C2C19 and C2C9.

Constant clearance describes the connection between drug concentration in the body
and drug removal rate; when the clearance value is greater, the medication is deemed safe to
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use; in the table above, the Z3 and Z2 compounds have a higher clearance value by Z1
compounds. Moreover, all molecules are not toxic.

We can conclude that all compounds are the best drug treatments for human
hepatocellular carcinoma by using the results.

3.6. Molecular dynamics simulation (MD).

The docked conformers of compounds Z2 and Z3 have the highest hepatocellular
carcinoma inhibitors activity of (pIC50= 5.93) and (pIC50= 6.01) were selected for molecular
dynamics simulations (MD). Therefore, MD was performed for both ligand-protein complexes
tubulin- Z3 and tubulin — Z2, the duration of the dynamic simulation was fixed at 50 ns, and
results were analyzed by RMSD and RMSF. The graphs of RMSD, RMSF, and ligand-protein
contacts diagrams of the two (tubulin-Z3, tubulin-Z2) complexes were illustrated in figures 6
(a, b, e, c, d, and f) successively.

In figure 4a, the RMSD of the designed molecule-protein complex Z3 deviated between
0 and 3.2 A during the MD simulations; the RMSD is unstable between 0 and 20 ns then the
RMSD of the ligand remains constant until 43 ns, then both RMSD (protein-ligand) remains
confounded and remains stable to the rest of the simulation. In figure 4b, the RMSF values of
the Z3 complex show that the maximum fluctuations are at residues
25,50,70,175,212,244,260,275,295, and 350, then with a maximum fluctuation of 4° at residue
420.

a) Protein-Ligand RMSD b) Protein RMSF
< 28 <
[a) 24§
[} D
s 200 2
&
16 ® wh
S v
.
08
04
Time (nsec) S
m=CommLig fit Prot] Residue |
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<) Protein-Ligand RMSD d) Protein RMSF
8
2UQ
3 1> g
. 16 2
c RN
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a ; WA i,
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Protein-Ligand Contacts
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H-bonds i Hydrophobic M lonic M Water bridges| H-bonds = Hydrophobic M lonic M Water bridges|

Figure 6. Root-mean-square deviation (a, ¢), root mean square fluctuations (b, d), and ligand-protein contacts
diagrams.
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The RMSD of the designed molecule-protein complex Z2 deviated between 0 and 2.8
A during the MD simulations; the RMSD of protein and ligands has a value < 3 A at 50 ns,
showing the hence stability of this complex. In figure 4c, the RMSD is unstable between 0 and
18 ns, then the RMSD of the ligand remains constant until 45 ns, then both RMSD (protein-
ligand) remain confounded and stable after this simulation. Figure 6d shows that the maximum
fluctuations appeared at residues 60, 95, 190, and 340, reaching values 1,7 and 1,2, 0,8, and
0,8 A° successively. The rest of the residue has values between 0.3 and 0.7A°.

Hydrogen-bond, hydrophobic contact, ionic contacts, and water bridges were the four
types of interactions studied. As seen in Figures 6(e and f), the findings were represented by
stacked bar plots. The interaction diagrams clearly show that the two compounds Z2 and Z3
interact with the protein more positively.

4. Conclusions

Using in silico techniques, the 3D-QSAR model based on the CoMFA and CoMSIA
contours was used to produce new quinoline derivatives as hepatocellular carcinoma inhibitors;
the hydrophobic field is one of the fields used to select substituents that enhance the activity of
compounds. Consequently, three novel tubulin inhibitors (Z1, Z2, and Z3) were designed, and
to analyze the nature of the interaction between tubulin (receptor) and the designed molecule,
the molecular docking showed that the compound Z3 has the best interactions, which improves
its stability, followed by Z2 and lastly Z1; moreover, all compounds proposed have excellent
pharmacokinetic characteristics (ADMET). The Molecular dynamic simulation showed that
compounds Z3 and Z2 remained stable during the last 20 ns of the 50 ns. It’s critical to
synthesize these compounds, which might aid in developing tubulin polymerization inhibitors
for the treatment of hepatocellular carcinoma.
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