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Tubulin is a protein that controls several key cellular functions. It plays a central role 
in the progression and development of cancer. A series of forty-six 5,6,7-trimethoxy-
Naryl-2-styrylquinolin-4-amines derivatives have recently been identified as promising 
tubulin inhibitors with potent cytotoxicity activity against human ovarian carcinomas. 
To evaluate their pharmacological essentiality in terms of tubulin inhibitory action, the 
described compounds were submitted to a 3D-QSAR approach using CoMFA and 
CoMSIA models. With (R2 = 0.93, Q2 = 0.74, r2ext = 0.92) and (R2 = 0.96, Q2 = 0.85, 
r2ext = 0. 98), respectively, the CoMFA and CoMSIA models demonstrated high 
reliability. By examining the contour maps, the H-Bond donor interactions were 
discovered to be important for increasing inhibitory efficacy. Based on these, four new 
tubulin inhibitors (Compounds Z1, Z2, Z3, and Z4) were designed based on the 
confirmed 3D-QSAR models. Moreover, molecular docking was used to compare the 
stability of complexes (ligand-receptor), the types of binding, and the total score. The 
ADMET was utilized to evaluate the pharmacokinetic characteristics of the designated 
drugs. Among four newly designed compounds, compounds Z3 and Z4 were the best-
designed drug treatments for human ovarian carcinoma. 
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INTRODUCTION 
 
Cancer is a disease that is complex, widespread, and deadly. 
It is widely acknowledged as a major public health concern 
throughout the globe [1]. This illness begins when cells 
become aberrant and begin to grow exponentially outside of 
their usual boundaries; it may then invade adjacent regions 
and spread to other body parts [2]. Microtubules are usually 
found in all eukaryotic cells, they play a part in a variety of 
cellular functions, cell division, cell shape maintenance, 
cellular motility, and intracellular transit are examples of 
these processes [3-5]. Microtubules, as essential 
cytoskeleton components, are formed by heterodimers of α, 
β-tubulin, they are extensively utilized in cancer therapy and 
as research tools for the cytoskeleton of microtubules [6]. 
Taxol, vinblastine, and colchicine bind to tubulin at three 
different binding sites, which are anticancer therapeutic 

targets [7], colchicine prevents cell division by inhibiting the 
polymerization of tubulin [8]. Ultrasound requires no 
contrast medium and is cheaper, radiation-free, non-
invasive, faster, and more widely available than other 
imaging modalities for the evaluation of ovarian cancer [9]. 
According to global statistics, ovarian cancer is one of the 
greatest causes of mortality worldwide [10-11], 
chemoresistant recurrent low-grade serous ovarian cancer is 
relatively rare [12]. Microtubule inhibitors are prevalent in 
patients with high-grade ovarian cancer while treating 
ovarian cancer, a microtubule inhibitor is susceptible to 
tumor resistance, a novel microtubule inhibitor based on 
tubulin that interacts to the colchicine binding site. Now, a 
lot of researches are being done to find new chemotherapy 
medicines [13-14], styrylquinolines have more advantages in 
medicinal chemistry due to the discovery of various 
activities and their many applications. In this context, a novel 
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styrylquinolines have been designed as anticancer drugs and 
tubulin polymerization inhibitors. In this article, a family of 
46 tubulin inhibitor compounds of 2-ethenyl-5,6,7-
trimethoxyquinoline-4-amine was used to perform a 3D-
QSAR study. New compounds were designed with higher 
activities. To describe the different types of interactions and 
obtain a total score, molecular docking was utilized. The 
pharmacokinetic properties of novel design compounds were 
evaluated to ensure the bioavailability through ADMET 
prediction. This study is expected to provide theoretical 
guidance for the identification, prediction, and design of 
novel tubulin polymerization inhibitors against human 
ovarian carcinoma. 

 
MATERIALS AND METHODS 
 
Experimental Data 
 
The 5.6.7-trimethoxy-Naryl-2-styrylquinolin-4-amine 
compounds utilized in this study were found in the literature 
[15] and were used to create 3D-QSAR models. The 
biological activities of the 5.6.7-trimethoxy-Naryl-2-
styrylquinolin-4-amine compounds were expressed as IC50 
in uM and ranged from 4.18 to 6.42 and were converted to 

pIC50 using the formula of pIC50 = -logIC50. The database 
includes 46 compounds of 5.6.7-trimethoxy-Naryl-2-
styrylquinolin-4-amines with the first group including 37 
derivatives for the generation of the 3D-QSAR model and 
the second group containing 9 compounds, which the latter 
were utilized for validation (their numbers are marked with 
a star *). Table 1 displays the structures of molecules as well 
as their experimental activity values. The chemical structures 
of the compounds studied are shown in Figure 1. 
 
 

 
 

Figure 1. Structural template of styrylquinolines derivatives
 
 

Table 1. pIC50 values of novel 5.6.7-trimethoxy-Naryl-2-styrylquinolin-4-amines derivatives against human ovarian carcinoma 
 

N° R1 R2 pIC50 N° R1 R2 pIC50 

1 

 
 

5.12 24 

 

 

6.30 

2 - 

 

5.25 25* - 

 

5.64 

3 - 

 

5.66 26 - 

 

4.89 

4 - 

 

5.48 27 - 

 

5.39 

5 - 

 

4.18 28 - 

 

5.15 
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6 - 

 

4.99 29* 

 

 

5.40 

7 - 

 

4.97 30 - 

 

5.54 

8 - 

 

5.04 31 - 

 

5.83 

9 

  

5.34 32* - 

 

5.71 

10 - 

 

5.51 33 - 

 

4.85 

11 - 

 

5.88 34 - 

 

4.59 

12 - 

 

5.63 35 - 

 

5.39 

13 - 

 

4.53 36 

  

5.49 

14* - 

 

4.96 37  

 

5.90 

15 - 

 

 

5.14 38  

 

5.97 

16* - 

 

4.92 39  

 

5.93 
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17 

  

5.36 40*  

 

4.93 

18* - 

 

5.46 41 

  

5.50 

19 - 

 

5.66 42 - 

 

5.84 

20 - 

 

5.46 43 - 

 

6.42 

21*  

- 
 

5.06 44 - 

 

5.13 

22 

  

5.48 45  

- 
 

5.04 

23  

- 
 

5.77 46* - 

 

5.02 

 

 
Minimization and Optimization  
 
The SYBYL-X 2.0 program [16] was used to optimize the 
3D chemical structures of all derivatives. Tripos force filed 
with Gasteiger-Huckel charges with a convergence criterion 
of 0.01 kcal/mol were used to optimize the geometry of these 
compounds [17-18]. 
  
Molecular Alignment 
 
To create a 3D-QSAR model, the alignment technique was 
utilized to align the compounds [19], with compound 43 
serving as a template. Prior to that, the minimized structures 
were employed as the main conformations. The stacked 
structures of aligned molecules are shown in Figure 2. 
 

 
 

Figure 2. Aligned molecules using compound 43 as a structural 
template 
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Development of 3D-QSAR Models 

To investigate the 3D-QSAR model, the SYBYL-X 2.0 
software was used, and the two contours CoMFA and 
COMSIA [20-21] were utilized to construct this model and 
to explore the relationship between 3D structure and the 
biological activity of these molecules [22]. The CoMFA 
contour used steric and electrostatic fields to enhance 
activity, but in addition to these, the CoMSIA contour used 
hydrogen bond acceptor (HBA), hydrogen bond donor 
(HBD), and hydrophobic properties of molecules. The 
energy cutoff is set at 30 kcal/mol, and the column filtering 
value is set to 2.0 kcal/mol, but the rest parameters of the 
partial least square analysis (PLS) are launched by default 
[23]. There are parameters to consider while choosing a 
better model, such as the high values of the coefficient of 
cross-validation correlation Q2 and correlation coefficient 
R2 (Q2 > 0.50 and R2 > 0.60) [24-25]. Other parameters taken 
into consideration such as the optimum number of 
components (N), the standard error of estimate (SEE) and F-
test value (F). Furthermore, based on a test set, the r2ext 
parameter was utilized to determine the best predictive 
model [26]. 
 
Y-randomization Test 

The Y-Randomization method was used to evaluate the 
correlation between the structures and the pIC50 of these 
molecules, where the computation of the two parameters Q2 
and R2 after each random change in the pIC50 is sufficient 
to assess the model's dependability [27]. 
 
Molecular Docking 

The protein tubulin (PDB ID: 4O2B) was downloaded from 
the RSCB Protein Data Bank (https://www.rcsb.org/) and 
Surflex-Dock module in Sybyl 2.0 was used for 
_____________. The Pymol [28] and Discovery [29] 
softwares were then used for preparation of ____________ 
and to observe the types of interactions. 

ADMET Prediction 

The properties absorption, distribution, metabolism, 
excretion, and toxicity are abbreviated in the word ADMET, 
the swissadmet web server [30] was used to calculate these 
parameters for designed compounds, the Z1 to Z4 and 43. 
 
RESULTS AND DISCUSSION 
 
3D-QSAR analysis 

The correctness of the 3D-QSAR model was evaluated using 
both internal and external validation. The CoMFA contour 
indicates a good non-cross-validated R2 of 0.93 for the 
training set with N of 5 and a satisfactory cross-validated Q2 
value of 0.74, and the value of the lowest SEE was 0.13 and 
a F-test of 161.35. These results suggest that the model 
created is acceptable. This model is divided into two fields 
with percent differences, such as the steric field contributed 
48% of the total contribution, while the electrostatic field 
contributed 52%. The result of CoMSIA model gave an 
excellent R2 of 0.96 with an optimized component of 5, an 
acceptable Q2 of 0.85. The SEE value of 0.10 and an F-test 
value of 199.45 indicated that the generated model had a high 
level of internal predictability. The proportions of steric, 
electrostatic, HBA, HBD, and hydrophobic sites in this 
model were, respectively, 4%, 12%, 9%, 67%, and 8%. The 
CoMFA and CoMSIA provided outstanding predictive 
ability for external validation, with r2

ext values of 0.92 and 
0.98, respectively, the external predictability of the two 
models further showed the stability of the created models. 
The HBD field played important role in CoMSIA model. The 
statistical results of 3D-QSAR PLS analysis are summarized 
in Table 2. The experimental and predicted pIC50 of 
molecules are listed in Table 3. To estimate the correlation 
coefficient, Figure 3 depicts the dispersion of the observed 
and predicted pIC50 values and the correlation value. Our 
model was of good quality, as shown by the magnitude of 
the correlation coefficient and the dispersion of the points.

 
 
Table 2. PLS statistic parameters 
 

Model Q2 R2 SCV F N r2ext 
Fraction 

Ster Elec HBA HBD Hyd 
CoMFA 0.74 0.93 0.13 161.35 5 0.92 0.48 0.52 - - - 
CoMSIA 0.85 0.96 0.10 199.45 5 0.98 0.04 0.12 0.09 0.67 0.08 

 
 
 
 
 
 
 
 

https://www.rcsb.org/
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Table 3. Experimental and predicted activities of 46 novel 5,6,7-trimethoxy-Naryl-2-styrylquinolin-4-amines derivatives 
 

No pIC50 
CoMFA CoMSIA 

Predicted Residuals Predicted Residuals 
1 5.12 5.23 -0.11 5.33 -0.21 
2 5.25 5.25 0.00 5.35 -0.10 
3 5.66 5.70 -0.04 5.60 0.06 
4 5.48 5.45 0.03 5.55 -0.07 
5 4.18 4.30 -0.12 4.40 -0.22 
6 4.99 5.10 -0.11 5.20 -0.21 
7 4.97 5.00 -0.03 4.90 0.07 
8 5.04 5.00 0.04 5.20 -0.16 
9 5.34 5.30 0.04 5.30 0.04 

10 5.51 5.55 -0.04 5.45 0.06 
11 5.88 5.80 0.08 5.70 0.18 
12 5.63 5.70 -0.07 5.60 0.03 
13 4.53 4.62 -0.09 4.65 -0.12 

14* 4.96 5.00 -0.04 5.00 -0.04 
15 5.14 5.10 0.04 5.20 -0.06 

16* 4.92 4.93 -0.01 5.03 -0.11 
17 5.36 5.30 0.06 5.40 -0.04 

18* 5.46 5.38 0.08 5.48 -0.02 
19 5.66 5.70 -0.04 5.60 0.06 
20 5.46 5.52 -0.06 5.62 -0.16 

21* 5.06 5.15 -0.09 5.15 -0.09 
22 5.48 5.50 -0.02 5.40 0.08 
23 5.77 5.88 -0.11 5.68 0.09 
24 6.30 6.20 0.10 6.10 0.20 

25* 5.64 5.74 -0.10 5.54 0.10 
26 4.89 5.00 -0.11 5.02 -0.13 
27 5.39 5.29 0.10 5.49 -0.10 
28 5.15 5.20 -0.05 5.30 -0.15 

29* 5.40 5.35 0.05 5.35 0.05 
30 5.54 5.44 0.10 5.64 -0.10 
31 5.83 5.80 0.03 5.70 0.13 

32* 5.71 5.61 0.10 5.71 0.00 
33 4.85 4.90 -0.05 5.00 -0.15 
34 4.59 4.62 -0.03 4.72 -0.13 
35 5.39 5.39 0.00 5.49 -0.10 
36 5.49 5.55 -0.06 5.65 -0.16 
37 5.90 6.00 -0.10 5.80 0.10 
38 5.97 6.00 -0.03 5.92 0.05 
39 5.93 6.00 -0.07 5.83 0.10 

40* 4.93 5.02 -0.09 5.22 -0.29 
41 5.50 5.40 0.10 5.55 -0.05 
42 5.84 5.93 -0.09 5.73 0.11 
43 6.42 6.43 -0.01 6.23 0.19 
44 5.13 5.10 0.03 5.10 0.03 
45 5.04 5.00 0.04 4.90 0.14 

46* 5.02 4.92 0.10 5.12 -0.10 
*Denotes test compound 
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Figure 3. Plots of observed and predicted pIC50 for CoMFA and CoMSIA models 
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Contour Map Analysis 

To design novel compounds, the most active compound 43 
was utilized as a reference in the CoMFA and CoMSIA 
contours, with default percentages of unfavoured and 
favoured regions of 20% and 80%, respectively. 
 
CoMFA Contour Maps 

The green area of the steric field shown in Figure 4a shows 
a steric contribution to potency, while the yellow zone 
decreases potency. A green contour region is visible at 
positions 3, 4, and 5 of the R2 substituent, suggesting a 

preference for small bulky groups. This explains why 
compound 3 (pIC50 = 5.66) has a greater activity than 
compounds 2 (pIC50 = 5.25) and 1 (pIC50 = 5.12). 

Figure 4b shows electrostatic contour map, the blue 
contour represents the electronegative charge disfavoring, 
and the red contour represents the electropositive group 
disfavoring, respectively. The blue hue seems to be near to 
two of the R2 substituent's groups (O-CH3), while the red 
color looks to be close to the other group (O-CH3). This 
explains why compound 11 (pIC50 = 5.88) has a greater 
activity than compounds 10 (pIC50 = 5.51) and 9 (pIC50 = 
5.34).

 
 

 
 

Figure 4. Std*coeff. Contour maps of CoMFA analysis. a) Steric field; b) Electrostatic field 
 
CoMSIA Contour Map 
 
The electrostatic and steric fields in both fields are identical. 
We can only examine the HBD, hydrophobic, and HBA 
fields in CoMSIA. These fields as shown in Figures 5a, 5b, 
and 5c, respectively.  

The HBD field (Fig 5c) has a higher stake (67%) 
compared to other fields. As a result, we are unable to base 
our design on these fields (HBA and hydrophobic). In field 
HBD the cyan and purple color indicate the HBD groups that 
are favored and unfavorable for the increased activity, 
respectively. The presence of H-bond donor groups causes 
increased activity, as shown by a cyan area around the three 
–O-CH3 groups. This explains the higher activity of 
compound 32 (pIC50 = 5.71) compared to compound 30 
(pIC50 = 5.54), and activity of compound 39 (pIC50 = 5.93) 
compared to compound 36 (pIC50 = 5.49).   

Figure 5d shows the hydrophobic contour map, the 
yellow and white colors represent that the add hydrophobic 
groups can increase and decrease activity, respectively. The 
R1 and R2 substituents are covered in yellow, indicating that 
water repellency is preferred for increasing activity at these 
locations. For example, the higher activity of compound 37 

(pIC50 = 5.90) compared to compound 18 (pIC50 = 5.46), 
and activity of compound 44 (pIC50 = 5.13) compared to 
compound 21(pIC50 = 5.06). 

Figure 5e shows the HBA contour map, the magenta, and 
red colors represent that the addition of HBA groups can 
increase and decrease activity, respectively. The R1 
substituent is covered in magenta, indicating that type of 
HBA group is preferred for increasing activity at these 
locations. This explains the higher activity of compound 43 
(pIC50 = 6.42) relative to the activity of compound 3 (pIC50 
= 5.66), and the activity of compound 45 (pIC50 = 5.04) 
relative also to compound 5 (pIC50 = 4.18). 
 
 
Y-randomization Test 
 
For the Y-randomization test, Table 4 displays the results of 
height random. After all randomization the values of Q2 and 
R2 have been calculated, these values are less than the initial 
value of the model. Therefore, the probability of a random 
correlation has been ruled out, indicating that the original 
models obtained are extremely reliable and accurate. The 
results are recorded in the Table 4. 
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Figure 5. Std*coeff. Contour maps of CoMSIA c) HBD field. d) Hydrophobic field. e) HBA field 
 
 

Table 4. Result of the Y-Randomization test 
 

Iteration CoMFA CoMSIA 
Q2 R2 Q2 R2 

1 0.203 0.465 0.145 0.241 
2 0.09 0.144 0.102 0.209 
3 -0.208 0.182 -0.134 0.168 
4 0. 171 0.169 0.168 0.053 
5 -0.244 0.020 -0.365 0.010 
6 0.125 0.201 0.217 0.172 
7 0.084 0.392 0.047 0.043 
8 0.021 0.201 0.301 0.082 

 
Design and Prediction 
 
Our aim is to designed novel compounds to have higher 
activity compared to that of the most active compound (43) 
in the database. The 3D-QSAR model was used to see the 
types of the most important fields to add the suitable 
substituents to find new derivatives of 5,6,7-trimethoxy-
Naryl-2-styrylquinolin-4-amines as inhibitors of tubulin 
polymerization against the human ovarian carcinoma. 
Consequently, four 5,6,7-trimethoxy-Naryl-2-
styrylquinolin-4-amines (Z1-Z4) targeting tubulin were 
designed with an increased potency profile. The pIC50 value 
of compound 43 was lower than the pIC50 of the compounds 
designed. Table 5 shows the structures of the newly designed 
compounds as well as their calculated pIC50. 
 
Molecular Docking 
 
To compare the stability of complexes (ligand-receptor), the 
types of binding and the total score are used. The results of 

interaction and total score are shown in Table 6. All 
compounds did not have an unfavorable interaction but they 
did have a pi-Donor Hydrogen Bond, Pi-Sigma, Pi-Alkyl, 
Amide-Pi Stacked, Pi-Sulfur, and Pi-Cation type interactions 
but with different values. Therefore, the stability is compared 
based on conventional hydrogen bond interaction types and 
the total score. The most active compound 43 in the database 
has not shown any conventional hydrogen bond interaction 
but it has the lowest total score of 2.7095. 

The newly designed compound Z1 has two conventional 
hydrogen bonds (ASN 258, VAL 315) with a total score of 
3.0815, compound Z2 has three conventional hydrogen 
bonds (ASN 350, VAL 315, LYS 352) with a total score of 
4.1614 while compound Z3 has four conventional hydrogen 
bonds (LEU 242, ALA 250, VAL 238, ASP 251) with a 
maximum total score of 5.1804. Moreover, compound Z4 
has three conventional hydrogen bonds (VAL 238, ASP 251, 
ALA 250) with a total score of 4.5814. We conclude that Z3 
is the most stable, followed by Z4, Z2, Z1, and compound 
43.
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Table 5. New designed molecules and their predicted pIC50 
 

N° R1 R2 
Predicted pIC50 

CoMFA CoMSIA 
43 

 

 

6.43 6.23 

Z1 - 

 

6.55 6.60 

Z2 - 

 

6.62 6.54 

Z3 

 
 

6.87 6.76 

 
ADMET Prediction 
 
Absorption, distribution, metabolism, excretion, and toxicity 
are important properties in determining which drug to 
choose. The results are shown in Table 7. 

Solubility in water is an important characteristic to 
eliminate compounds with poor absorption. These 
compounds have logS value <-4, and in this case the 
compounds Z1 and Z2 are eliminated. After determining the 
solubility in water, intestinal absorption (which is utilized for 
orally given medicines) must be determined. The compounds 
chosen are which have predictive values of > 0.30, which all 
compounds showed good absorbance. Although the blood-
brain barrier (BBB) is established during embryonic 
development, it does not completely protect all regions of the 
brain as the median eminence, the posterior pituitary gland, 
the circumventricular organs, and the hypothalamus are not 
protected. The BBB protects the brain against neuro 
hormones circulating in the blood, variations in ion 
concentration, and it is impermeable to many molecules. The 
compounds that have a log BB value <-1, they cross the 
blood-brain barrier poorly, and all compounds have 
respective value. 

The volume of distribution (VDss) is a second parameter  

characterizing the distribution of the active substance in the 
human body. It is a pharmacokinetic measure that indicates 
whether a drug will stay in the plasma or circulate to the 
different tissue compartments. Vd is a proportionality 
constant that connects the overall amount of drug in the body 
to the drug's plasma concentration at a specific period [31-
32]. The values are not accepted if VDss < -0.15 and are 
considered low. Meanwhile, the compounds that have a 
value of VDss > 0.45 are accepted and have high 
distribution. In table above, only the designed compounds of 
Z3 and Z4 have an acceptable value of distribution.  
The drug detoxification and elimination are important steps 
in metabolism. There are several types of cytochromes like 
2D6 3A4, 1A2, 2C19, 2C9, 2D6, and 3A4. In our study, all 
the designed compounds were discovered to be CYP3A4 
inhibitors and substrates. 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 use. In the table above, the Z3 
and Z4 compounds have a higher clearance value followed 
by the other compounds. For toxicity, all compounds are not 
toxic. We can conclude that by using these results, the two 
compounds, the Z3 and Z4 are the best-designed drug 
treatments for human ovarian carcinoma.
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Table 6. Interaction and total score of selected compounds 
 

N° 2D View Total 
score 

N° 2D View Total 
score 

43 

 

2.7095 Z1 

 

3.0815 

Z2  

 

4.1614 
 
 

Z3 

 

5.1804 

Z4 

 

4.5814  
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Table 7. ADMET prediction of the most potent C43 inhibitor in the dataset and newly designed inhibitors 

Comparison With the References 
 
Several styrylquinolines derivatives have been developed for 
this class of tubulin polymerization inhibitors [13]. Mirzaei 
et al. [15] developed and synthesized new styrylquinolines 
compounds. We establish that our derivatives are more 
active by SARs and molecular docking investigations, which 
is consistent with the previous findings. Furthermore, when 
compared to previously synthesized styrylquinolines 
derivatives, the newly developed compounds presented in 
this study exhibited a significant improvement in inhibitory 
activity. As a result, we are certain that this is a crucial 
theoretical key to develop novel styrylquinolines compounds 
as potent tubulin polymerization inhibitors against human 
ovarian cancer. 
 
CONCLUSION 
 
The 3D-QSAR model based on the CoMFA and CoMSIA 
contours was utilized to develop the novel compounds 5,6,7-
trimethoxy-Naryl-2-styrylquinolin-4-amines derivatives as 
tubulin polymerization inhibitors against human ovarian 
cancer. The different fields of the two contours are the basis 
for choosing the substituents which can enhance the activity 
of the compounds. Consequently, four novel tubulin 
inhibitors (Z1, Z2, Z3, and Z4) were designed to analyze the 
nature of the interaction between tubulin (receptor) and its 
inhibitors. The chemicals (43 and Z1-4) were docked in the 

colchicine binding area of tubulin, and the results showed the 
compounds designed are more stable than 43, however, only 
Z3 and Z4 have excellent pharmacokinetic characteristics 
(ADMET). It is important to synthesize these compounds, 
which may be useful in the development of tubulin 
polymerization inhibitors against human ovarian carcinoma, 
and further in vitro and clinical studies might confirm its 
therapeutic potential. 
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