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3D-QSAR, ADMET and Docking Studies for Design New
5,5-Diphenylimidazolidine-2,4-dione Derivatives Agents
Against Cervical Cancer
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Cancer is one of the world's causes of death, which requires the discovery of new molecules likely to become
anticancer drugs. In this study, a three—dimensional quantitative structure-activity relationship is employed to
study eighteen compounds of 5,5-diphenylimidazolidine-2,4-dione derivatives against cancer cell lines HelLa, their
pIC50 varied from 3.62 to 5.00. In addition, the 3D-QSAR model was defined on the basis of Comparative Molecular
Field Analysis (COMFA) and Comparative Molecular Similarity Indices (CoMSIA) analysis, the model achieved
strong predictability with the model CoMFA is (Q? =0.70; R? =0.94; r? (st =0.96) and the best one on CoMSIA (Q?
=0.73; R? =0.97; r? «t= 0.98), respectively. We have proposed four compounds with highly potent anticancer
predicted activities, based on successful results obtained by the contour maps formed by the method model.
Furthermore, the ADMET properties of these newly designed compounds were in silico evaluated, among which
two derivatives have respected these properties. These compounds were further evaluated by molecular docking,
showing that two molecules T2 and T4 exhibit favorable interactions with the targeted receptor and a high total
score. These findings may afford valuable more information to design compounds anticancer activity against Hela
cells.
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1. Introduction

Cancer is amongst the most prevalent diseases in the common cancers in the world are breast cancer, prostate
world, there are more than a hundred distinct forms of cancer,  cancer lung cancer, and cancer cell lines (HeLa, A549..). The
it can affect every other organ in the human body, the most  most popular malignancy of woman organs is cervical cancer,
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a common way of treating advanced cervical cancer is
platinum-based chemotherapy and radiotherapy. The
researchers test the therapeutic efficacy of anti-cancer agents
in laboratories by using the human cancer-derived cell lines
[1], the first line of cancer developed was Hela, it emerged in
1951 from Henrietta Lacks taken of cervical cancer cells [2],
the cytogenetic studies showed that many cancer cell lines
used only to model different types of cancers were originally
derived from the cervical cancer line HelLa [3,5]. The treatment
for this cancer is consuming almonds, seeds of apricots, and
apples, as they contain amygdalin [6,8], cyanide toxicity
decreased the use of amygdalin as an anticancer agent [9,11].
This research aims to deseing new against cancer cell lines
HelLa. We have used eighteen compounds of 5,5-
diphenylimidazolidine-2,4- dione derivatives against cancer.
The fight against cancer is progressing in all areas, which have
the path the way to the three-dimensional quantitative
structure-activity relationship (3D-QSAR) to be used to design
new effective anticancer compounds, through the methods of
comparative molecular field analysis (CoMFA) and
comparative molecular similarity indices (CoMSIA). To
determine pharmacokinetic properties and toxicity, the
ADMET online was used. To discover the binding modes of
compounds with the active site of EGFR tyrosine kinase
protein (PDB code: 2ITY), molecular docking was performed
by using surflex-docking, and the reliability of the proposed
compounds was achieved.

2. Results and Discussion

2.1 Molecular alignment

Alignment is an important step in 3D-QSAR, this step
requires the use of sybyl. the core used is 2-(2,5-dioxo-4,4-
diphenylimidazolidin-1-yl) acetaldehyde and the template is
compound 12, for this step, the result is shown in Figure 1.

Table 1. The PLS statistical results of methods models.
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Figure 1. 3D structure of the core (left) and aligned compounds
(right).

2.2 CoMFA and CoMSIA studies

3D-QSAR was built on the CoMFA and CoMSIA contours,
the total number of molecules is divided into two classes,
training and test set composed of 14 and 4 compounds,
respectively. The best results found in the CoMFA model are
good cross-validated correlation coefficient with Q2 = 0.70,
non-cross-validated correlation coefficient R2 = 0.94, Standard
error of the estimate Scv = 0.11, a value of external validation
rext2 =0,96, and F-value with 55.51, with 3 components. The
percentage of participation steric and electrostatic fields is
79% and 21% respectively.

The result of COMSIA model showed an acceptable values
of cross-validated correlation coefficient with Q2 = 0.73, non-
cross-validated correlation coefficient R? = 0.97, Standard
error of the estimate Scv= 0.08, a value of external validation
rext2 =0,98, and F-value with 87.86, with 3 components. The
percentage participation of steric, electrostatic, hydrogen
bond acceptor, hydrogen bond donor, and hydrophobic fields
were 18%, 13%, 6%, 40%, and 32%, respectively. The statistical
parameters associated with the CoMFA and CoMSIA models
are given in Table 1. Table 2 shows the predicted and
observed pIC50 values of the training set and test set.

Lt @ & =5 3 ) e Steric Elec Fra:::fn Don Hyd
CoMFA 0.70 0.94 0.11 55.51 3 0.96 0.79 0.21 - - -
CoMSIA 0.73 0.97 0.08 87.86 3 0.98 0.18 0.13 0.16 0.40 0.32
Table 2. Observed and predicted activities of 5,5-diphenylimidazolidine-2,4- dione derivatives.
CoMFA CoMSIA CoMFA CoMSIA
N PIC= (M) Predicted Predicted N PIC= (M) Predicted Predicted
1 3.62 3.52 3.50 10 4.28 4.22 4.23
2 3.63 3.48 3.47 11 4.41 4.45 4.45
3* 3.77 3.97 3.77 12 5.00 4.83 4.79
4 3.91 3.98 4.00 13 4.52 4.51 4.51
5 3.77 3.93 3.96 14* 4.28 4.28 4.20
6 3.91 4.03 4.06 15 4.73 4.64 4.64
7 4.22 417 4.20 16 4.54 4.58 4.58
8* 4.30 418 415 17 4.52 4.57 4.57
9 3.95 4.04 4.05 18* 3.93 417 416
* test set

The experimental and predicted values are closer, so our
program is accurate. The relationship between observed and
expected activity data for COMFA model and CoMSIA model
is shown in Figure 2.

The values of R? tend towards 1, and the cloud of points
narrows around the regression line, this means that the model

used is reliable.

2.3 Y-randomization

A technique Y-randomization [23] was used to verify the
correlation between the structures of the compounds and
pIC50, this method is based on randomly change the pIC50
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between compounds. Table 3 displays the results produced.
We obtained a new model with lower Q2 and R2 values after
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every randomization, which indicates that the correlation is
not random.
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Figure 2. Experimental versus expected pIC50 values scatter plot (test set represented as red Square).

Table 3. Q? and R? values obtained after several Y —
randomization tests.

. CoMFA CoMSIA
Iteration @ Rz @ Rz
1 -0.236 0.255 -0.235 0.277
2 -0.200 0.213 -0.143 0.443
3 -0.217 0.443 -0.320 0.393
4 -0.091 0.235 -0.111 0.433
5 -0.176 0.200 -0.151 0.335
6 -0.340 0.351 -0.237 0.363

The values obtained suggest that there is no random
correlation between the structures of the compounds and
their pIC50.

2.4 CoMFA and CoMSIA contour maps

The CoMFA and CoMSIA contours are needed to increase
the activity of the compounds using a 3D-QSAR study. The
compound 12 template was used to collect further details on
the decrease or increase activity. The default 20% and 80%
level contributions for unflavored and favored regions were
represented by both models.

2.4.1 CoMFA contour maps

Steric and electrostatic fields have percentages of 79%
and 21% in steric areas, respectively, the steric (a) and
electrostatic (b) fields of the CoMFA and CoMSIA models are
presented in Figure 3.

Figure 3. Steric (a) and electrostatic (b) contours maps of the COMFA and CoMSIA analysis with 2 A grid spacing in combination.

In Figure 3a: The green contours designate a large group
that prefers activity, while yellow contours indicate a large
group that opposes activity. The green color near the 2,5,6 and
7 positions in the R1 (indole) substituents, could explain why
compound 16 (pIC50=4.54) actual activity is higher than that
of compound 14 (pIC50=4.28).

In Figure 3b: The red colors appear closer to position 2 in
the indole, indicate regions where groups with positive
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charges decrease activity, but the blue colors located near all
positions (except position 2) of indole which belongs to R1,
the show of the positive charge in this position increases the
activity, this explains the higher activity of some compounds
15 (pIC50=4.73) and 16 (pIC50=4.54).

2.4.2 CoMSIA contour maps
The hydrophobic, H-bond donor and H-bond acceptor

26



fields of CoMSIA are shown in Figures 4c, 4d, 4e, respectively.
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Figure 4. Hydrophobic (c), H-bond donor(d), and H- bond acceptor (e) contours maps of the COMSIA.

The fields that have a higher participation percentage are
hydrophobic and H-bond donor, with values 32% and 40%
respectively, in to increase the activity of the compounds we
based only on these contours.

In Figure 4e: The white color around the indole location of
1,2 suggests that hydrophilic groups are preferred to increase
activity. In comparison, the yellow contours around the
positions of 3,4,5, and 6 suggest that hydrophilic groups are
not preferred for increasing activity. This explains the higher
activity of compound 7 (pIC50 = 4.22) compared to compound
6 (pIC50 = 3.91).

In Figure 4d: The cyan contours around the indole location

Table 4. The structures of new molecules and their pIC50 values.

of 1 suggests that H-bond donor groups are preferred to
increase activity. The yellow contours around the positions of
2 and 7 suggest that H-bond donor groups are not preferred
for increasing activity. This explains the higher activity of
compound12 (pIC50 = 5.00) compared to the activity values
of other compounds.

2.5 New designed compounds

Four compounds were designed using the template
compound 12 (pIC50= 5.00) and with the positive results
found in CoOMFA and CoMSIA models. The structure and pIC50
values of the predicted compounds are presented in Table 4.

N° R Predicted (pIC50) N° R Predicted (pIC50)
CoMFA CoMSIA CoMFA CoMSIA
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All predicted compounds have higher plCso values
compared to the value of compound 12.

2.6 ADMET prediction
Characterization of absorption, distribution, metabolism,

Table 5. ADMET prediction of newly designed inhibitors.
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and excretion (ADMET) is an essential step in predicting the
properties of drugs, these features were obtained by using
Swissadme and pKSM online tool successively. Table 5
shows the ADMET prediction of compounds 12 and the
proposed compounds (T1-T4).

N° Absorption Distribution Metabolism Excretion Toxicity
> op sze
= o “ = c 2> Substrate Inhibition
5 @s = 69 ® L =
3 £8 g g § = & Total Toxicity
b 29 3 2E 8BS g Cyp Clearance Ames
7] S0 £ o n o 2 £
® < >3 o 2
= 2D6 3A4 1A2 2C19 2C9 2D6 3A4
(log 5 (logl/Kg)  (log BB) (Yes/No) (log (Yes/No)
mol/L) absorbed) mL/min/Kg)
T1 -3.59 77.41 0.17 -1.31 No Yes No Yes Yes No Yes 0.33 No
T2 -3.51 85.42 0.67 -1.90 No Yes No No No No Yes 0.52 No
T3 -3.19 70.60 0.24 -1.33 No Yes No No No No  Yes 0.76 No
T4 -3.71 71.84 0.56 -1.56 No Yes No Yes Yes No Yes 0.93 No
The poor absorption is linked to the poor solubility of the Table 7. Types of interaction and total scoring
dru.gs in water, our o.bjective i.s to eIi.minate the CompoupFis Types of interactions
which soluble a little in water, i.e., which have water solubility Total
values <-4, in this table all compounds respect this value. In N°  Hydrogen Bond U“fa"°|;2l:‘|:rD°“°r' scoring
addition, a drug has a good absorbance if their values exceed
30%, all compounds have values greater than 60%, this shows 12 Leu 788. Leu 745. 4.40
a good absorption in the human intestine. The predicted T2 Pro 794, Met ) 502
distribution (VDss) and blood-brain permeability (log BB), the 793. :
values are accepted if values (VDss)> 0.45 and (log BB <-1), T4 Gln 791, Cys 5.00
respectively, the results obtained show that all compounds 797. . :

have (log BB <-1), but only compounds T2 and T4 have
(VDss)> 0.45. In Metabolism, 3A4 is responsible for the
metabolism, all predicted compounds are substrates and
inhibitors for 3A4, but on the contrary for 2D6 are not. In
Excretion, all compounds are non-toxic and have good total
clearance values, except compound T1 has poor clearance.
Therefore, compounds T2 and T4 are important compounds
against cancer.

2.7 Docking results

To examine and see the 2D view binding modes of the
proposed (T2 and T4) and 12 compounds with the active site
of EGFR tyrosine kinase protein (PDB code: 2ITY), we used
molecular docking, in which the results obtained are shown in
Table 6.

All compounds have conventional hydrogen bond
interactions, which increases the stability of these complexes.
Moreover, only compound 12 has unfavorable donor-donor
interaction, the stability of this complex is decreased. To
continue the comparison of the stability of these complexes,
Table 7 shows the types of interactions and total scoring.

The most stable compounds are T2 and T4 because have
higher values in total scoring (5.02 and 5.00), respectively,
also in types of interactions H-bond, and they have not any
interaction unfavorable donor-donor types, which we can
conclude that these compounds improve the anticancer
activity against Hela cells.

3. Material and Methods

3D-QSAR modeling was executed on a set of 18
substituted 5,5-diphenylimidazolidine-2,4-dione anticancer
derivatives which were taken from the literature [12], the data
set was divided into two sets, 14 compounds were selected
as the training set and the rest 4 were selected as a test set,
these compounds have a star (*), the random choice test set
to determine the performance of a model produced. The
CoMFA and CoMSIA contours are important to build 3D-QSAR
and analyze physical-chemical properties. Originally 1C50
value was observed by unit (uM) and translated into pIC50 (M)
as (pIC50 = Log 1 / IC50), Figure 5 shows the molecular
structure of the substances studied, and the Table 8 shows
the different structures for the test and training substances
and their biological activities pIC50.

Figure 5. Structure of the studied compounds.
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Table 6. 2D View of the binding conformation of the proposed (T2 and T4) and 12 compounds with the active site of EGFR tyrosine kinase

protein.
N° 2D View
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Table 8. The structure and activities of studied compounds.
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3.1. Minimization and alignment

The consistency of molecular alignment was identified as
an important factor for the modifiability and analytical active
power of COMFA and CoMSIA models, compound 12 is the
most active in our database, it's a template of all compounds
(Figure 6). The sybyl software [13] is used to minimize
compounds with Gasteiger-Huckel charge [14].

Figure 6. 3D structure of the core (left) and the template (right).

3.2 CoMFA and CoMSIA studies

The CoMFA [15] and CoMSIA [16] were used to create 3D-
QSAR, and both contours were built using Sybyl-x 2.1 (Tripos,
Inc, USA). The electrostatic and steric fields of COMFA was
produced at every crystal structure point of the grid box of 2.0
A. Threshold values of 30 kcal/mol. In addition to the
electrostatic and steric, COMSIA contour also represents the
Electrostatic, H bond donor and H bond acceptor fields. The
regression technique of partial least square (PLS) [17] was
used to performing our study of CoMFA and CoMSIA. The
leave-One-Out (LOO) cross-validation method was performed
in the first PLS analysis, it is used to determine the coefficient
of cross-validation correlation (Q2), non-cross validated
correlation coefficient (R?), and the optimal number of
components (N), value F Fischer test and lowest value of the
standard error of estimates (SEE). Furthermore, the external
validation r2ext was used as a test set to estimate the
predictive model capable of the obtained models by using 4
molecules. If the values Q2 > 0.50, RZ > 0.60, the optimum
number of component values and the standard error estimate
(SEE) are low, it is best to use this model.

3.3 Y-randomization

The construction of a new QSAR model is carried out with
the change of the pIC50 in a random way, the random
correlation between the structures and their pIC50, the values
found of the Q2 and RZ are low compared to the models of
origin, this step named a Y-Randomization [18].

3.4 Model acceptability criteria

Researchers Golbraikh Alexander and Tropsha determine
the best models such as Q2 value> 0.5, R2> 0.6, and r%est> 0.6,
this type of model is accepted [19].

3.5 ADMET Prediction

Pharmacokinetics include absorption of the molecule,
distribution in  the body, elimination including
biotransformation or Metabolism, Excretion, and toxic
(ADMET). This study used swissadmet web server [20] for
predicting the ADMET properties. ADMET prediction is an
essential part of discovery process, where the precise results
from help to identify the best drug candidates.

Orbital: Electron. J. Chem. 2021, 14(1), 24-32

3.6 Molecular Docking

To confirm the 3D-QSAR, we have analyzed the binding
interactions between The EGFR tyrosine kinase protein (PDB
code: 2ITY) obtained from the Protein databank PDB site
(www.rcsb.org) and ligands. The surflex-Dock module of
Sybyl was used for molecular docking studies, and the total
score. The protein and ligands preparation steps for the
docking protocol were performed in pymol [21]. Consequently,
the results were observed by using Discovery Studio 2016 [22].

4. Conclusions

In this study, series of eighteen 5,5-diphenylimidazolidine-
2,4- dione derivatives anticancer activity against Hela cells,
were studied using 3D-QSAR through CoMFA and CoMSIA
models, showing efficient predictability and stability. The
contour maps generated from 3D-QSAR studies constitute the
major structural features required in terms of favorable and
unfavorable replacements which could influence the activity.
Consequently, based on the useful guidelines developed by
3D-QSAR, news 5,5-diphenylimidazolidine-2,4-dione
derivatives were proposed with high activity against cancer.
The results of the ADMET, molecular docking, and total
scoring studies show that the compounds T2 and T4 were
demonstrated as most active anticancer inhibitors.
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