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Introduction
Tubulin is the structural protein of microtubules and a major 

component of the cytoskeleton in eukaryotic cells; it is involved in 
many important cellular processes including mitosis. This protein is 
composed of α- and β-tubulin, microtubules have emerged as a strategic 
target in anticancer drugs [1,2]. On the monomeric unpolymerized 
α/β-tubulin exists the colchicine-binding site which represents another 
potential tubulin target for the development of apoptosis inducing 
chemotherapeutic agents [3]. There is only few examples reached so far 
clinical and commercial success, despite existence of the broad range 
of antimitotic agents [2]. The failure of the plurality of these molecules 
could be attributed to poor therapeutic, related to pharmacokinetics, to 
the problems of solubility, low affinity products by the therapeutic agents 
to tubulin molecules in vivo trials and other unrecognized factors. The 
construction of therapeutic molecules in accordance with the concept of 
multivalency is one way to improve some pharmacological parameters 
[4]. Combretastatin A-4 phosphate (CA-4P) [5], water-soluble prodrug 
of combretastatin A-4 (CA-4), inhibits tubulin polymerization by 
binding at the colchicine site and is currently used in clinical trials. The 
CA-4 is characterized by its potent cytotoxicity, for that it is one of the few 
tubulin targeting agents reported to have selective vascular-disrupting 
activity [6,7]. Recently, Vine and Matesic have designed and reported a 
series of 47 indole-2,3-dione derivatives and assessed their anticancer 
activities against U937 (human monocyte-like histiocytic lymphoma) 
cells [8-10]. The results found by these authors demonstrated that the 
recent compounds prevent the polymerization of the α/β-tubulin by 
binding to the colchicine site and all have pronounced cytotoxicity, 
demonstrating the great potential of developing isatin derivatives as a 
new class of anticancer drug.

The correlation between variations of biological activity and 
properties or molecular structures supposed an important approach 
for understanding action mechanisms drugs and designing new drugs, 
Comparative Molecular Field Analysis (CoMFA) and Comparative 
Molecular Similarity Index Analysis (CoMSIA) have been utilized to 
find the steric, electrostatic, hydrophobic, hydrogen-bond donor and 
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hydrogen-bond acceptor contour maps can helpful to understanding 
the detail of interaction between the ligand and the active site of receptor 
[11,12]. The interaction mechanism studied by docking analysis as also 
an effective method, that is means it can offer vivid interaction picture 
between a ligand and an acceptor [13,14]. In this report, CoMFA and 
CoMSIA and docking studies of 47 tubulin inhibitors, isatin derivatives 
with anticancer activity against U937 cells in vitro, were carried out. 
To construct an optimal 3D-QSAR model for these compounds, we 
have used CoMFA and CoMSIA methods and explored the inhibition 
mechanism via docking analysis.

Material and Methods 
The data of the studied compounds and their biological activity

The experimental values in vitro IC50 of 47 isatin or indole-2,3-dione 
derivatives for inhibition of β-tubulin cholchicine, were taken from 
the literature [10-12]. They are defined as the value of the necessary 
molar concentration of compound to cause 50% growth inhibition 
against the human monocyte-like histiocytic lymphoma U937 cells. 
The compounds and their pIC50 (-logIC50) values are shown in Figure 
1 and Table 1.

Molecular modeling

CoMFA and CoMSIA studies were performed on Windows 7 
computer operating system using SYBYL-X2.0 molecular modeling 
software. 3D structures were built using the SKETCH option in 
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SYBYL. Each structure of 47 isatin compounds is fully geometry-
optimized using the standard tripos molecular mechanics force field 
and energy gradient convergence criterion (0.01 kcal/mol), the partial 
atomic charges required for calculation of the electrostatic potential are 
assigned using the Gasteiger_Huckel formation [15,16].

Alignment

The selected template molecule is typically one of the following 
[17]: the most active and the lead and/or commercial compound 
which containing the greatest number of functional groups. Generally, 
the low energy conformation of the most active compound is set as a 
reference. In this study the compound number 41 is the most potent 
inhibitor, taken as the template molecule, and each molecule has to be 
superimposed onto it Figure 2.

CoMFA and CoMSIA studies

CoMFA: In order to establish the 3D-QSAR towards their anti-
cancer activity, we have performed and evaluated the Comparative 
Molecular Fields Analysis (CoMFA) in SYBYL-X 2.0. The steric (van 
der Waals) and electrostatic (Coulombic with 1=r dielectric) fields 
for the CoMFA were based on both Lennard-Jones and Coulombic 
potentials [18]. They are calculated at every grid point using a sp3-
hybridized carbon probe with van der Waals radius of 1.52 Å, charge of 
+1.0 and grid spacing of 2.0 Å. A 30 kcal/mol energy cutoff is applied, 
which means steric and electrostatic energies greater than 30 kcal/mol 
are truncated to that value [19].

CoMSIA: We have carried out 3D-QSAR studies employing 
the Comparative Molecular Similarity Indices Analysis (CoMSIA) 
technique in SYBYL-X 2.0 [20], and using the same training and test 
sets, the same grid box as used in CoMFA calculation. In this recent 
paper, five physicochemical properties have been calculated and 
evaluated: steric, electrostatic, hydrophobic, and hydrogen-bond donor 
or acceptor properties to develop a CoMSIA model. A sp3 carbon with 
a charge, hydrophobic interaction, hydrogen-bond donor and acceptor 
properties of +1.0 was used as a probe at each grid point to measure the 
five above-mentioned fields. These fields are selected to cover the major 
contributions to ligand binding.

Partial Least Squares (PLS) analysis and validation of 3D-QSAR 
model: Partial least squares (PLS) analysis was used to construct a linear 

correlation between the CoMFA, CoMSIA fields and the anticancer 
activity values. To select the best model, the cross-validation analysis 
was performed using the leave-one-out (LOO) method in which one 
compound was removed from the data set and its activity was predicted 
using the model built from rest of the data set [21], the same way is 
repeated until all compounds have been eliminated once. It results in the 
cross-validation correlation coefficient (Q2), cross-validation standard 
error of estimate (SCV) and the optimum number of components (N). 
The non-cross-validation (R2) was performed with a column filter value 
of 2.0 kcal/mol to speed up the analysis and reduce the noise.

Validation of model: Finally, in order to evaluate the predictive 
abilities of the CoMFA and CoMSIA models derived by the training set, 
an external test set composed of eight compounds was used to predict 
its biological proprieties [22]. By using the same methods described 
above, these molecules were aligned and their activities were predicted 
using the generated CoMFA and CoMSIA models from the training set.

Y-randomization test: The models were also evaluated against 
chance correlation by Y-randomization [23]. Property values were 
randomized within the training set by many iterations. From each 
new randomized data set, a new model QSAR was computed again, 
with performances expected to have lower Q2 and R2 values than 
those the original models. Finally, the average values of the Q2 and R2 
were calculated to check that the original model was strongly more 
performant than the randomized ones.

Molecular docking: To locate the appropriate binding orientations 
and conformations of these indole-2,3-dione derivatives interacting 
with tubulin, docking study was performed with the Autodock vina 
and Autodock tools 1.5.4 programs. The ligand and protein preparation 
steps for the docking protocol were carried out in Autodock tools 1.5.4 
from MGL Tools package [24], a grid box was set to cover the folic 
acid binding site in the tubulin protein PDB code: 1AS0, the bioactive 
conformations were simulated using Autodock vina [25]. The results 
were analyzed using Discovery studio 2017 [26] and PyMol [27].

Protein and ligand preparation: The crystal structure of tubulin 
enzyme was retrieved from the RCSB Protein Data Bank (PDB entry 
code: 1SA0). The ligand already present in 1SA0 (CN2: 2-mercapto-N-
[1,2,3,10-tetramethoxy-9-oxo-5,6,7,9-tetrahydro-benzo[A]heptalen-
7-yl] acetamide) was extracted out, and the most active compounds 
were docked in the active site of the studied enzyme as ligand. All water 
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Figure 1: The structure of indole-2,3-dione compounds used in this study.

Figure 2: Alignment and superposition of 47 isatin compounds for 3D-QSAR 
studies.
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molecules were deleted and the polar hydrogen atoms were added. 
The selected ligands were modeled for docking in the same way for 
the 3D-QSAR studies [15,16] (Tripos standard force field, Gasteiger-
Hückel atomic partial charges, convergence criterion of 0.01 Kcal/mol).

Results and Discussion
The 3D-QSAR model was established from CoMFA and CoMSIA 

analysis and its calculated statistical parameters using SYBYL-X 2.0 
are listed in Tables 2-4 (Q2: Coefficient of determination for cross 
validation; N: Optimum number of components obtained from cross-
validated PLS analysis and the same used in final non cross validation 
analysis; R2: Coefficient of determination for non-cross validation ; Scv: 
Standard error of the estimate; F-t: F -test value; R2

test: Coefficient of 
determination for external validation). For a reliable predictive model, 
the Coefficient of determination for cross validation Q2 should be 
greater than 0.5.

CoMFA model

The statistic indicators of the CoMFA model are: Q2 (0.821), R2 

(0.936), Scv (0.241), F (78.606) with the optimum number of component 
(6) which means that six components are sufficient to contain most
of the information from the original descriptors. Those statistical
parameters indicate that the model has believable predictive ability.
Finally, the prediction ability of the proposed model was confirmed
using the external test of 8 compounds, the R2

test value obtained is 0.607. 
Those statistic results indicated the good stability and the powerful
predictive ability of CoMFA model. The steric field descriptor of the
CoMFA model explains 68.3% of the total variance and 31.7% has been 
explained by electrostatic descriptor. This calculated result indicates
that both the steric and electrostatic fields contribute to the biological
activity, but that the contribution of the steric field is predominant.
Thus alteration of the volume and polarity of the compounds is the
principal way to improving their anticancer activities.

CoMSIA model

In the developed CoMSIA model, the contributions of steric, 
electrostatic, hydrophobic, hydrogen-bond donor and hydrogen-bond 
acceptor fields were found to be 22.1%, 24.3%, 10.1%, 1.2%, and 42.3%, 
respectively. The purpose of using five different fields is to explain the 
effects of substituents of a series of 39 of isatin derivatives on the anti-
cancer activity against U937 in the training set. In CoMSIA model, the 
statistic indicators are: Q2 (0.884), R2 (0.970), Scv (0.166), F (172.498) 
with the optimum number of component (6). Those statistical 
parameters indicate that the model has believable predictive ability. 
Finally, the prediction ability of the proposed model was confirmed 
using the external test of 8 compounds, the R2

test value obtained is 0.650.

Contour maps analysis

The results of CoMFA and CoMSIA can be displayed as vivid 
3D contour maps, providing an opportunity to explain the observed 
variance in the anticancer activity expressed by pIC50. The 3D contour 
maps were generated from the model 3D-QSAR to get information 
about the favorable and unfavorable regions for biological activity of 
the studied compounds.

CoMFA contour maps

The CoMFA model is used also for generating 3D contour maps 
to imply 3D-QSAR model on the target, these contours displayed in 
Figure 3. The steric interactions are represented by yellow and green 
contours, while the electrostatic interactions are represented by red and 

blue contours. The fractions of the steric and electrostatic fields were 
73.2%, and 26.8%, respectively.

In CoMFA steric contour maps Figure 3a, the sterically favorable 
and sterically unfavorable regions are represented by green and yellow 
contours, respectively. A small green contour is found at R6 position 
of isatin ring, which is covered by other big yellow contour maps, 
that means that the substituent R6 is imposed to be an adaptive bulk 
substituent as a naphthylmethyl group, that is a possible reason why 
compounds 41 (R6=1-naphthylmethyl, pIC50=6.72) and 42 (R6=2-
naphthylmethyl, pIC50=6.13) have the higher activities than other 
compounds and not to be more steric than that like methyl, because 
if it is, it will fall within the yellow contour, which is an unfavorable 
region for steric bulk, consequently the activity will decrease, that is 
also a possible reason why compound 35 (R6=CH3, pIC50=3.62) has a 
lower activity than other compounds. The big yellow contour near the 
R3, R4 and R5 groups indicates that these substituents should be small as 
observed in compounds 27(R3=OCH3, pIC50=3.38) and 31 (R5=NO2, 
pIC50=3.59). These contour maps give us some general insight into the 
nature of the receptor-ligand binding region.

In the CoMFA electrostatic contour maps Figure 3b, electronegative 
charge favorable and electropositive charge favorable regions are 
represented by red and blue contours, respectively. On the first hand, 
two red contours are found, one is near the benzene isatin ring 
specially near the substituent R3 and R5, it indicates that the compounds 
with high electronegative groups on these positions would exhibit 
good anticancer activity. For example, compound 13 (R3=Br, R4=H, 
R5=Br, pIC50=6.11) and 14 (R3=H, R4=Br, R5=H, pIC50=5.28), those 
compounds have almost the same structure except for the position 
R3, R4 and R5 but the substituent R4 has not important influence to the 
activity. And the second red contour around the substituent R6 not near 
of its first atom. For example, compound 28 (R6=H, pIC50=4.98) and 
37 (R6=H2CCH2C6H4Br, pIC50=6.11) have the same structure except 
the substituent R6. On the second hand, a large blue contour is found 
around the first atom of substituent R6 and near R1 group, indicating that 
negatively charged substituent in the area is unfavorable but these parts 
should be positively charged in favor of the activity as in compound 19 
(R1=O, pIC50=3.25) and 33 (R1=N-C6H5, pIC50=4.12) which have the 
same structure expect R1.

CoMSIA contour maps

The CoMSIA steric, electrostatic, hydrophobic, hydrogen-bond donor 
and hydrogen-bond acceptor contour maps are shown in Figure 4, the 
molecule in all the maps is the most active inhibitor (compound 41). 
The fractions of the steric, electrostatic, hydrophobic, hydrogen-bond 
donor and hydrogen-bond acceptor fields were 22.1%, 24.3%, 42.3%, 

Figure 3: (a) CoMFA steric contour map of the most active compound 41 
(green contour indicates where bulky group favors activity, whereas yellow 
contour indicates where small group favors activity). (b) CoMFA electrostatic 
contour map of the most active compound 41 (blue contour indicates where 
positive charge favors activity, whereas red contour indicates where negative 
charge favors activity).
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Nº R1 R2 R3 R4 R5 R6 pIC50

1 O H Br H Br H2CCH=CH2 5.18
2 O H Br H Br H2CCH2OCH3 5.46
3 O H Br H Br H2CCH2CH(CH3)2 5.62
4 O H Br H Br H2CC6H5 5.94
5 O H Br H Br H2CC6H4CH3

c 6.31
6 O H Br H Br H2CC6H4OCH3

c 5.74
7 O H Br H Br H2CC6H4OCH3

d 5.75
8 O H Br H Br H2CC6H4NO2

c 6. 05
9 O H Br H Br H2CC6H4NO2

e 5.64
10 O H Br H Br H2CC6H4Clc 6.01
11 O H Br H Br H2CC6H4Brc 6.20
12 O H Br H Br H2CC6H4I

c 5.64
13 O H Br H Br H2CC6H4CF3

c 6.10
*14 O H H Br H H2CC6H4CF3

c 5.28
*15 O H Br H Br H2CC6H4COOCH3

c 5.92
*16 O H Br H Br H2CC6H4C(CH3)3

c 5.95
*17 O H Br H Br H2CCH=CHC6H5 5.63
18 O H Br H Br H2CC6H4C6H5

c 6.12
19 O H H H H H 3.25
20 O Br H H H H 3.67
21 O H Br H H H 4.19
22 O H H Br H H 4.13
23 O H H H Br H 4.08
*24 O H F H H H 4.01
*25 O H I H  H H 4.27
*26 O H NO2 H H H 3.88
*27 O H OCH3 H H H 3.38
28 O H Br H Br H 4.98
29 O H Br Br H H 4.94
30 O H I H I H 5.11
31 O H Br H NO2 H 3.59
32 O H Br Br Br H 5.17
33 N-C6H5 H H H H H 4.12
34 N-C6H5 H Br H Br H 4.86
35 O H H H H CH3 3.62
36 O H Br H Br H2CCH2C6H5 6.11
37 O H Br H Br H2CCH2C6H4Brd 6.11
38 O H Br H Br H2CCH2C6H4Brc 6.06
39 O H Br H Br H2CCH2C6H4OCH3

d 5.97
40 O H Br H Br H2CCH2C6H4OCH3

c 5.63
41 O H Br H Br CH2C10H7

f 6.72
42 O H Br H Br CH2C10H7

g 6.13
43 O H Br H Br CH2COC6H5 5.00
44 O H Br H Br CH2COC6H4Brd 5.20
45 O H Br H Br CH2COC6H4Brc 5.04
46 O H Br H Br CH2COC6H4OCH3

d 5.33
47 O H Br H Br CH2COC6H4CH3

c 5.27

Table 1: Chemical structures and experimental activity anti-cancer of studied molecules. *Test set: cSubstitutions at para position, dSubstitutions at meta position, g2-
naphthylmethyl, eSubstitutions at ortho position, f1-naphthylmethyl.

Model Q2 R2 Scv F-t N R2
test

Fractions
Ster Elec Hyd Don Acc

CoMFA 0.821 0.936 0.241 78.606 6 0,607 0.683 0.317 - - -
CoMSIA 0.884 0,970 0.166 172.498 6 0,650 0.221 0.243 0.101 0. 012 0.423

Table 2: PLS Statistic indicators of CoMFA and CoMSIA models.

1.2%, and 10.1%, respectively. The CoMSIA steric contour maps Figure 
4a were placed almost similar to that of the CoMFA model. In Figure 4b, 
the electrostatic contour maps are summarized, the areas where negatively 
charged group enhance anti-cancer activity are contoured by red maps and 

where positively charged groups increase activity are surrounded by blue 
maps. One red contour is found at R1 position of pyrrole ring of isatin. One 
blue area is above the aromatic ring of isatin, which means positive charge 
in this region corresponds to the more active inhibitor.
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Nº pIC50 (obs)
pIC50 (pred)

Nº pIC50 (obs)
pIC50 (pred)

CoMFA Residu CoMSIA Residu CoMFA Residu CoMSIA Residu
1 5.18 5.023 0.157 5.172 0.008 *25 4.27 3.721 0.549 3.175 1.095
2 5.46 5.298 0.162 5.521 -0.061 *26 3.88 3.734 0.146 3.346 0.534
3 5.62 5.645 -0.025 5.605 0.015 *27 3.38 3.73 -0.35 3.13 0.25
4 5.94 5.886 0.054 5.849 0.091 28 4.98 4.536 0.444 4.776 0.204
5 6.31 6.164 0.146 5.99 0.32 29 4.94 4.672 0.268 4.806 0.134
6 5.74 5.769 -0.029 5.952 -0.212 30 5.11 4.998 0.112 5.387 -0.277
7 5.75 5.926 -0.176 5.89 -0.14 31 3.59 4.531 -0.941 3.573 0.017
8 6.05 6.033 0.017 6.092 -0.042 32 5.17 5.285 -0.115 5.241 -0.071
9 5.64 5.805 -0.165 5.652 -0.012 33 4.12 4.032 0.088 3.99 0.13

10 6.01 5.93 0.08 5.95 0.06 34 4.86 4.944 -0.084 4.994 -0.134
11 6.2 6.079 0.121 6.058 0.142 35 3.62 3.518 0.102 3.687 -0.067
12 5.64 5.863 -0.223 5.958 -0.318 36 6.11 6.04 0.07 5.954 0.156
13 6.1 6.023 0.077 6.035 0.065 37 6.11 6.133 -0.023 6.022 0.088
*14 5.28 4.732 0.548 4.316 0.964 38 6.06 6.014 0.046 5.973 0.087
*15 5.92 4.42 1.5 3.932 1.988 39 5.97 5.943 0.027 5.906 0.064
*16 5.95 4.176 1.774 3.744 2.206 40 5.63 5.803 -0.173 5.775 -0.145
*17 5.63 5.003 0.627 4.422 1.208 41 6.72 6.609 0.111 6.458 0.262
18 6.12 6.033 0.087 6.176 -0.056 42 6.13 6.141 -0.011 6.341 -0.211
19 3.25 4.14 -0.89 3.512 -0.262 43 5 5.088 -0.088 5.196 -0.196
20 3.67 3.404 0.266 3.538 0.132 44 5.2 5.233 -0.033 5.205 -0.005
21 4.19 3.838 0.352 4.338 -0.148 45 5.04 5.171 -0.131 5.111 -0.071
22 4.13 4.356 -0.226 3.983 0.147 46 5.33 5.262 0.068 5.244 0.086
23 4.08 4.231 -0.151 3.95 0.13 47 5.27 5.24 0.03 5.181 0.089
*24 4.01 3.739 0.271 3.209 0.801       

Table 3: Actual and predicted pIC50 along with residual of training and test sets using CoMFA and CoMSIA models.

Figure 4: (a) Steric contour map of the most active compound 41: green 
contours (80% contribution) indicate regions where bulky groups increase 
activity, while yellow contours (20% contribution) indicate regions where bulky 
groups decrease activity. (b) Electrostatic contour map of the most active 
compound 41: red contours refer to regions where electron-donating groups 
are favored, while blue contours indicate regions where electron-withdrawing 
groups are favored. (c) Hydrophobic contour map of the most active compound 
41: Yellow contours (80% contribution) indicate regions where hydrophobic 
substituents are favored, white contours (20% contribution) refer to regions 
where hydrophilic substituents are favored. (d) Hydrogen-bond donor contour 
map of the most active compound 41: The cyan (80% contribution) and 
the purple (20% contribution) contours indicate regions with favorable and 
unfavorable hydrogen-bond donor groups respectively. (e) Hydrogen-bond 
acceptor contour map of the most active compound 41: The magenta contours 
(80% contribution) for hydrogen-bond acceptor groups increase activity; red 
contours (20% contribution) indicate the disfavored region.

The hydrophobic substances are soluble in non-polar solvents 
like benzene but only sparingly or not soluble in water. The CoMSIA 
hydrophobic contour maps are shown in Figure 4c. In general, 
yellow contours indicate that hydrophobic substituents are ‘good’ for 
increasing the activity for anticancer, while hydrophilic substituents are 
beneficial to the activity at the regions of white contours. There are two 
yellows contours above the benzene ring of compound 41 (near R3 and 
R5 positions), which mean favorable for hydrophobic substituents, for 
this reason, compounds 27 (R3=OCH3, pIC50=3.38) and 31 (R5=NO2, 
pIC50=3.59) are less potent than compound 21 (R3=Br, pIC50=4.19) 
and 28 (R5=Br, pIC50=4.98), in that case an alkyl halogenated or a 
long hydrocarbon group are supposed a hydrophobic group. The same 
region has been indicated in the CoMFA steric maps Figure 3a in green 
to favor a more bulky group; this indicates that bulky substituents with 
hydrophobic character are preferred in this region. Presence of a big 
white contour near R3, R4, R5 and R6 substituents of isatin ring shows 
the importance of hydrophilic proups on the anti-cancer activity in this 
region. In CoMSIA hydrogen bond donor and acceptor contour maps 
(Figure 4d and 4e), the cyan color indicates favorable donor group 
regions, purple (not appeared) color indicates unfavorable donor group 
regions, magenta color indicates favorable acceptor group regions and 
red color indicates unfavorable acceptor group regions. On the first 
hand, presence of a small cyan contour near R6 substituent indicated 
that hydrogen bond donor atoms were favored at this position. On 
the other hand, an important magenta contour near R6 substitution 
indicating this area is favorable for hydrogen-bond acceptors.

Validation of 3D-QSAR models

In order to check the reliability and the stability of the 3D-QSAR 
model elaborated by the CoMFA and CoMSIA methods, the authors 
have used the internal and external validations. The leave-one-out 
cross-validation Q2 of the CoMFA and CoMSIA analysis, showing the 
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good robustness of the model. True predictive power of a QSAR model 
is to test their ability to predict accurately the anti-cancer activity of 
isatin compounds from an external test set: 14-15-16-17-24-25-2-27 
(compounds which were not used for the model development). The 
comparison of the values of pIC50 (test) to pIC50 (obs.) shows that a good 
prediction has been obtained for the eight compounds. The R2

test values 
from the CoMFA and CoMSIA models using test set were found to be 
0.607 and 0.650, respectively. The main performance parameters of the 
two models are shown in Table 5.

Y-randomization

In this test, random CoMFA and CoMSIA models are generated 
by randomly shuffling the dependent variable while keeping the 
independent variables as it is. The new QSAR models are expected to 
have significantly low R2 and Q2 values for several trials, which confirm 
that the developed QSAR models are robust and the results of the 
CoMFA and CoMSIA methods are not due to a chance correlation of 
the training set.

Docking analysis

The anticancer mechanism of this kind of compounds can be 
preliminarily regarded as the inhibitors against tubulin colchicine 
(PDB code: 1SA0) [28]. The docking study could offer more insight into 
understanding the protein–inhibitor interactions and the structural 
features of active site of protein. First of all, we adopted the known 
X-ray structure of tubulin in complex with the molecular ligand CN2 
(2-mercapto-N-[1,2,3,10-tetramethoxy-9-oxo-5,6,7,9-tetrahydro-
benzo[A]heptalen-7-yl] acetamide) to validate the docking reliability. 
The RMSD (Root Mean Square Distance) of the docked ligand was 
within the reliable range of 2 Å [28]. The redocked CN2 and crystal CN2 
are almost at the same position in the active site of tubulin. Therefore, 
the docking protocol suggesting that CN2 could interact with the crystal 
structure of 1SA0 similarly to the crystallized CN2. Docking studies 
showing 3 hydrogen bond interactions of CN2 with 1SA0 enzyme at 
CYS 241 which has hydrophilic characters, also at VAL 238 and VAL 
315 whose have hydrophobic characters (Figure 5). The methoxy groups 
of ligand CN2 formed two H-bonds with oxygen atom which exists in 
carbonyl groups of VAL 238 and VAL 315. The oxygen atom which 
exists in methoxy group of CN2 formed one H-bond with thiol group 
(-SH) of SYS 241. The most potent inhibitor compound 41 and the least 
potent inhibitor compound 19 were used as template to elucidate the 
interaction mechanism using. Then they were docked at the binding 
site of 1AS0 enzyme, using the Lamarckian Genetic Algorithm (LGA) 
available in Autodock Vina. The obtained results were then analyzed 
for detailed interactions in Discovery Studio Visualizer 4.5. The most 
possible interacting model between compound 41 and 1SA0 receptor, 
and the main residues involved were generally depicted in Figure 6. The 
more potent inhibitor (compound 41) is suitably situated at the tubulin 
binding site and there are many non-covalent interactions between it 
and the binding region of the enzyme. There are stabilizing hydrophobic 
interactions, originating from Pi-alkyl with LEU 248, LYS 352 and LEU 

255 amino acid. The benzene ring of isatin corresponding to the most 
active compound 41 showed two Pi-alkyl interactions with LEU 248 
and LYS 352 amino acids at distances 5.34 Å and 4.94 Å, respectively. 
The Bromine atom in position R5 was buried under the hydrophobic 
pocket Figure 4c and formed a Pi-alkyl interaction with methyl group 
of LYS 352 amino acid at distance 3.87 Å. One part of naphthalene in 
position R6 showed a Pi-alkyl interaction with LEU 255 amino acid at 
distance 4.94 Å. Three Pi-alkyl interactions were formed with methyl 
group of LEU 248, LYS 352 and LEU 255 amino acid, the aminoacids 
residues of LEU 248 and LEU 255 are hydrophobic in nature, which 
consistent with the yellow hydrophobic contour maps in the CoMSIA 
model Figure 4c, while the amino acid of LYS 352 is positively charged. 
The explanation for a small difference in activity could be presence and 
affected by the position of Bromine group in benzene ring of isatin (the 
binding mode of 3-Br is not the same as 5-Br and such small difference 
in activity). Here, the Figure 7 represents the interaction model of 
the compound 19 (compound with lowest activity has no substituent 
groups) with tubulin, its aromatic ring showed a Pi-donor hydrogen 
bond with residue SYS 241 which has hydrophilic characters at distance 
of 3.48 Å, a Pi-sigma interaction with residue LEU 255 aminoacid at 
distance of 3.49 Å, and a Pi-alkyl interaction with residue ALA 250 
aminoacid at distance of 4.83 Å. In the other side, the pyrrole ring 
of isatin showed a Pi-donor hydrogen bond with residue SYS 241 at 
distance of 3.84 Å and three Pi-alkyl interactions with VAL 318, ALA 
316 and LEU 255 aminoacids whose have hydrophobic characters at 
distances of 5 Å, 4.28 Å and 5.23 Å respectively.

The docking studies and the overall contour maps provide 
significant relationships between structural features and anti-cancer 
activity, it is found that the binding site of the isatin inhibitor is located 
in a hydrophobic pocket in the side of the tubulin enzyme. As aromatic 
and pyrrole rings, whose were capable of playing a principal role of the 

Iteration
CoMFA CoMSIA

Q2 R2 Q2 R2

1 0.421 0.854 0.435 0.876
2 0.347 0.807 0.379 0.89
3 0.291 0.701 0.299 0.721
4 0.111 0.651 0.123 0.654
5 0.369 0.764 0.317 0.792

Table 4: Y-Randomization validation results of the CoMFA and CoMSIA models (Q2 
and R2 values after several Y-randomization tests).

Designed 
compounds Predicted pIC50 Log P H-A H-D P.S R.B MW

R1 R2 R3 CoMFA CoMSIA

Br OCH3 OCH3 6.58 5.02 0.87 7 0 193.85 5 613.95

OCH3 H OCH3 6.52 5.22 0 .20 7 0 199.41 5 534.05

Br H OCH3 6.17 5.03 5.58 6 1 132.22 4 600.05

Br Br H 6.11 5.69 1.99 5 0 159.55 3 557.93

Table 5: Chemical structure of newly designed molecules and their predicted pIC50 
based on CoMFA and CoMSIA 3D-QSAR models.

 
Figure 5: Interactions of CN2 ligand in the site of tubulin enzyme (PDB 
code: 1SA0).
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isatin inhibitor behavior in the studied compounds. The bulky group 
and unfavorable bump (with LYS 254, LEU 255 and ASN 258) such 
as naphthalene ring at the position of R6 substituent was favored for 
its important anticancer activity, this naphthalene can be substituted 
by hydrophilic groups showed in Figure 4c and electron donating 
groups showed in Figure 3b. Moreover, the hydrophobic group as R3 
substituent, hydrophilic group as R5 substituent and bulk aromatic 
group as R6 could be considered essential for the anti-cancer activity.

Design new compounds with higher anticancer activities

Based on the generated docking, CoMFA and CoMSIA studies, 
we have finally designed new isatin compounds to assessing the 
hydrophobicity requirements, who’s showed the enhanced anti-cancer 
activity against human monocyte-like histiocytic lymphoma U937 
cells. Moreover, the designed molecules Figure 8 fulfill the conditions 
of Lipinski’s rule of five for oral bioavailability. Chemical structures and 
predicted pIC50 values for those newly designed isatin inhibitors against 
U937 along with their LogP, H-bond donor (H-D), H-bond acceptor 
(H-A), Polar surface area (P.S), Rotatable Bonds (R.B) and Molecular 
weight (MW)(conditions of Lipinski’s “rule of five”), are given in Table 5.

Conclusion
In this study, CoMFA (Q2=0.821, R2=0.936, R2

test=0.607) and 
CoMSIA (Q2=0.884, R2=0.970, R2

test=0.650) analysis on forty-seven 
isatin derivatives were carried out to develop a 3D-QSAR model that 
provided good predictive ability for the training set and the test set. 
The consistency between the CoMFA, CoMSIA field distributions and 
the 3D topology structure of active site of tubulin enzyme. Further 
shows the robustness and the reliability of the CoMFA and CoMSIA 
model. The results from a combined 3D-QSAR and docking study 
are as follows: (*) R1 should be oxygen, it is better and adaptable 

than azotes to forms a more potent inhibitor. (**) Higher degree of 
electronegativity on the substituent R2, R3, R4 and R5 is favorable to the 
activity of the compound (e.g., OCH3, Br instead of H) because there is 
a big red area in CoMFA electrostatic contour map showed in Figure 
3b. (***) The R6 substituent is the group that has the most influence 
on activity anticancer, it is preferred to be a bulky aromatic group like 
a methylnaphthol monosubstituted or disubstitued by OCH3, these 
groups can enhance the activity of the compound which showed by 
the green area in CoMSIA steric contour map in Figure 4a and they 
can effectively perform the hydrophobic interactions (justified by 
hydrophobic contour map in Figure 4c. The information obtained 
from CoMFA, CoMSIA 3D-maps and docking study can provide more 
useful insight into understanding the QSAR of these compounds and 
the interaction mechanism between ligand and enzyme. In this present 
word all of these techniques were used for the design of new chemical 
entities with high anti-cancer activity against human monocyte-like 
histiocytic lymphoma human U937 cells.
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