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A B S T R A C T

Despite the decades of scientific studies for developing promising new therapies, cancer remains a major cause of
illness and mortality, worldwide. Several cancer types are the major topic of research in drug discovery programs
due to their global incidence cases and growing frequency. In the present study, using two different statistical
approaches PCA (principal component analysis) and PLS (partial least squares), six 2D-QSAR (quantitative
structure activity relationship) models have been developed for the set of compounds retrieved against seven
cancer cell lines vizPC-3, B16F10, K562, MDA-MB-231, A2780, and ACHN. For the creation and validation of 2D-
QSAR models, OECD (Organization for Economic Co-operation and Development) requirements have been strictly
followed. All of the generated 2D-QSAR models produce a significant and high correlation coefficient value with
several other statistical parameters. Moreover, developed 2D-QSAR models have been used for activity pre-
dictions of in-house synthesized 63 pyrazole derivatives compounds. Precisely, most statistically significant and
accepted2D-QSAR model generated for each cancer cell line has been used to predict the pIC50 value (anti-cancer
activity) of all 63 synthesized pyrazole derivatives. Furthermore, designing of novel pyrazole derivatives has been
carried out by substituting the essential functional groups based on the best derived 2D-QSAR models for each
cancer cell line, more precisely, based on the most significant molecular descriptors with enhanced anti-cancer
activity. Finally, the prediction of the new designed molecules reveals higher pIC50 than the standard compounds.
1. Introduction

According to World Health Organization (WHO) estimates, cancer is
the primary or second major cause of death before the age of 70 in 112 of
183 nations, and it ranks third or fourth in other 23 countries. In this
study we focus our search on 7 types of cancer which are prostate cancer,
melanoma, leukemia, breast cancer, ovarian cancer, kidney cancer and
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stomach cancer represented by 7 cancer cell line that are that arePC-3
(prostate cancer), B16F10 (skin cancer), K562 (chronic myelogenous
leukemia), MDA-MB-231 (breast cancer), A2780 (ovarian cancer), ACHN
(kidney cancer), and NUGC (stomach cancer) respectively. Hereafter we
detailed all cancer type on what we focused in this research.

Prostate cancer is the 2nd most commonly diagnosed cancer type in
men and the 5th highest cause of death globally. It’s expected to cause
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approximately 248,530 new cases and 34,130 deaths in the United States
alone in 2021, according to the American Cancer Society (www.ca
ncer.org/). Around the world, prostate cancer incidence and mortality
cases, in particular, are linked to increasing age, with the average age at
diagnosis being ~66 years elderly men [1]. Beside other cancer type.
Melanoma is a type of skin cancer that accounts for approximately 1% of
all skin cancers, but it is responsible for the vast majority of skin cancer
deaths as well [2]. According the estimated fact and statistics of Skin
Cancer Foundation (www.skincancer.org), by the age of 70, one out of
every five Americans will probably have developed skin cancer and every
hour, more than two people in the United States die of skin cancer.
Another important cancer type i.e., chronic myelogenous leukemia
(CML) is a rare kind of bone marrow cancer that affects the spongy tissue
inside bones that produces white blood cells. The number of white blood
cells in the blood increases as a result of CML. The word "chronic" refers
to the fact that chronic myelogenous leukemia progresses more slowly
than acute types of leukemia. CML has a global yearly incidence rate of
0.87 per 100,000 populations, which rises with age to 1.52 in individuals
over the age of 70 [3]. Like other cancer types, breast cancer is the most
susceptible cancer form in women worldwide, and it is the second largest
cause of mortality after lung cancer. Among the various kinds of breast
cancer observed in women, triple-negative breast cancer (TNBC) is the
most dangerous [4,5]. Womenwho are exposed to this type of TNBC have
a poor prognosis, and therapy options for this disease are also limited and
thus, new therapeutic medicines for this aggressive tumor type are ur-
gently needed [4, 5, 6]. In addition to breast cancer majorly found in
women, other most fatal gynecologic malignancy is ovarian cancer [7].
Women of various ages are developed or affected by the ovarian cancer,
but it is most typically diagnosed after menopause [7]. It’s the 7th most
prevalent malignancy cancer as it was responsible for 4.4 % of all
cancer-related deaths among women in 2018 and is now maintaining an
upward trend in cancer incidence cases over the world [8]. Among the
other important cancer types, kidney cancer is a type of cancer that
increased steadily with age, with a peak of incidence cases identified at
approximately age of 75 years [9]. With more than 330,000 new cancer
cases identified each year, kidney cancer is the world's 13th most prev-
alent disease, accounting for 2.4 percent of all malignancies. Renal cell
carcinoma (RCC) is the most common kind of kidney cancer in adults,
followed by renal transitional cell carcinoma (RTCC), which occurs
predominantly in the renal parenchyma and renal pelvis, respectively
[10]. Although, there are some drugs commonly used in clinical practices
and commercially available as treatment measures for different cancer
types, however most of them shows some level of adverse effect or drug
resistance during course of time, which may be due to tumor cell het-
erogeneity or epigenetic modifications [11,12]. Therefore, identification
or development of novel drug candidates for cancer management will
always remain an unwinding process and thirst areas of research to the
scientific communities.

The present study aims to computationally investigate 63 in-house
synthesized pyrazole derivatives against the seven cancer cell line PC-3
(prostate cancer), B16F10 (skin cancer), K562 (chronic myelogenous
leukemia), MDA-MB-231 (breast cancer), A2780 (ovarian cancer), and
ACHN (kidney cancer) for that, six different quantitative structure activity
relationship (2D-QSAR) models were derived from the collected com-
pounds dataset (datasets of chemical entities collected from literature
where it was experimentally tested and shown wide range of anti-cancer
or inhibitory activities (IC50 value) against the six cancer cell lines
mentioned above). QSAR is one of the most widely utilized computational
methodologies still being adopted in many research areas. Since long
back, many research studies have employed the QSARmodel development
for exploration of relevance of anti-cancer compounds modeling based on
different cancer cell lines data [13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24]. herein the main objective of the current study is to predict the
anti-cancer activity (the potential pIC50 value) of 63 in-house synthesized
pyrazole derivatives using the six developed 2D-QSAR models against the
seven cancer cell lines mentioned above (all compounds and their
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structure are detailed in Supplementary information). In addition, the
study also aimed to design novel molecules by substituting particular or
definite chemical groups having functional activity and then evaluating
their anti-cancer potential effect based on best selected identified molec-
ular descriptors and their anticipated pIC50 value against each cell line.
Interestingly, few compounds were identified to have higher pIC50 value
than the experimentally tested reference compounds for several cancer
cell lines. Overall, the results of the present study suggest that the devel-
oped 2D-QSARmodels might be useful as a theoretical reference for future
wet-laboratory studies, as well as speeding up the anti-cancer therapeutic
development processes specifically employing the pyrazole derivatives.

2. Materials and methods

2.1. Collection of compounds from experimental data sources

In this study, few sets of chemical entities experimentally tested
against seven different cell-lines such as prostate cancer (PC-3), skin
cancer (B16F10), chronic myelogenous leukemia (K562), breast cancer
(MDA-MB-231), ovarian cancer (A2780), kidney cancer (ACHN), and
stomach cancer (NUGC) were retrieved from several literatures (sum-
marized in supplementary information from Table S1 to Table S7). All
collected compounds have a definite endpoint data in terms of their IC50
values (measured in)used for 2D-QSAR model development. Majorly, all
compounds used for the creation of 2D-QSAR models, have shown some
level of ability to suppress cancer cell proliferation or a significant anti-
cancer activity, and reported in different studies. For each cancer cell
line, all experimentally tested activity values (IC50) were standardized in
μM then converted into pIC50 values (i.e., Negative logarithm of IC50
(pIC50 ¼ -log10(IC50)).
2.2. Molecular descriptors calculation

All compound structures were drawn using Marvin Sketch version 4.0
after gathering information on compounds from several scientific works.
The MOE (Molecular Operating Environment) version 2008.10 software
was then used to create a total of 184 two-dimensional (2D) descriptors
for all compounds. The strongly associated descriptors with correlation
values more than 0.75 (R > 0.75) were then removed from the de-
scriptors list for all cancer cell lines. Such elimination of descriptors from
the descriptors list usually aids in selecting the most relevant one, as well
as in avoiding difficulties with over-fitting data following the model
construction, which in turn improves model predictability. Once statis-
tically confirmed 2D-QSAR model will be generated from the set of de-
scriptors, a small number of selective descriptors may be used to predict
the biological activity of untested novel chemical compounds or drug
candidates. In this study, after successful development of the statistically
significant 2D-QSAR models, the best 2D-QSAR model and their repre-
sentative descriptors were used to predict the activity of 63 pyrazole
derivatives synthesized in our laboratory [25, 26, 27, 28, 29, 30, 31].
2.3. Data set division/splitting

For the purpose of developing the statistically validated 2D-QSAR
model, compounds from each cancer line were divided into two sets
i.e., training set for developing 2D-QSAR models, and the test set for
testing and validating the prediction quality of the developed model.
Data set division specifically followed by keeping of around 75% of
molecules into the training set while remaining 25% compounds in the
test set. The test set compounds were selected manually considering the
structural diversity in the data set with 5:1 ratio, interestingly for small
dataset two models can be generated viz. Randomly split dataset (80:20,
90:10 or 95:05 etc.) or Full dataset (100% molecules in training set only,
in this case external validation is not possible). For each cancer line
employed in this investigation, and the number of molecules that
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Table 1. Dataset division of the collected compounds into training and test set for
all six cancer cell lines.

Experimental data Cancer cell line Total Numbers
of compounds

Training set
Compounds

Test set
Compounds

Prostate cancer (PC-3) 30 25 5

Skin cancer (B16F10) 35 28 7

Chronic myelogenous
leukemia (K562)

37 30 7

Breast cancer (MDA-MB-231) 35 28 7

Ovarien cancer (A2780) 27 22 5

Kidney cancer (ACHN) 31 25 5

F.E. Bennani et al. Heliyon 8 (2022) e10003
correspond to their training and test set chemicals summarizes below in
Table 1.

2.4. 2D-QSAR model development and validation

All 2D-QSAR models developed from the respective compounds
data set corresponding to each cancer cell line were generated
following the OECD (Organization for Economic Co-operation and
Development) guidelines for approving developed QSAR models, also
ensured that ambiguity and transparency were checked properly. Spe-
cifically, for the creation of QSAR models, two separate statistical
methodologies were applied, namely principal component analysis
(PCA) and partial least squares (PLS), which are extensively used and
acknowledged methods in the scientific community. The set of vari-
ables/descriptors were used as input parameters in the XLSTAT 2014
software programmed to perform both PCA and PLS analyses.
Following that, numerous statistical parameters were determined to
validate the constructed 2D-QSAR models, parameters such as the
correlation coefficient (R2) and the root mean square error (RMSE).
Internal cross-validation (Q2), external validation (R2 external), cross
validated R2, and cross validated RMSE measurements were also used
to validate all the developed models.

3. Results and discussion

3.1. 1PCA based correlation matrix analyses of all compound dataset for
each cancer cell line

The PCA analyses were carried out for all compounds tested against
six different cancer cell lines to find out correlations between
Figure 1. PCA plots of PC-3 cancer cell line showing the correlation circle of the rel
explained in two axes F1 and F2, the percentages of the variance are estimated as 46.4
variance is 72.22%.
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the various variables/important descriptors under investigation.
Particularly, the descriptors that were highly correlated (R � 0.75),
eliminated from the data matrix to reduce the redundancy. The
remaining descriptors in the training set compounds were submitted
for PCA execution. The two main primary axes named as F1 and F2
were evaluated to explore the information provided by the correlation
matrix for all cell lines. The correlation matrix was created to obtain
information on the descriptors' negative and positive correlations.
Precisely, to better comprehend the effect or influences of each
descriptor on anticancer activity, we used the correlation circle and the
biplot graph to explore the projections of the variables on the
mentioned first two axes, i.e., F1 and F2, which has been discussed in
subsequent section. Additionally, the descriptors selected in this study
including their types and meaning is summarized in table S7 in sup-
plementary information.

3.2. Prostate cancer cell line (PC-3)

The correlation between the 3 selected descriptors and pIC50 against
prostate cancer cell line is illustrated in the correlation matrix given in
Supplementary information Table S8.

The PCA generated correlation circle for compounds belonged to the
prostate cancer cell line has demonstrated good co-linearity between
the different descriptors (variables), and significant association with
partition coefficient for showing anti-cancer activity (Figure 1A). The
density descriptor has been found to be strongly correlated along the F2
axis (r ¼ 0.886). Another descriptor SlogP_VSA4 has also well correlated
along the F1 axis (r ¼ 0.651), and the balabanJ descriptor has negatively
correlated along the F1 axis (r ¼ -0.576), as shown in Figure 1A. In
contrast, the Biplot diagram depicted in Figure 1B demonstrated the
clustering of the training set molecules into three groups. In particular,
the first group formed by the molecules 254, 256–258, and 268–270
found in the bottom right of Biplot diagram, characterized by the surface
of hydrophilic molecules indicated by the descriptor 'SlogP_VSA4' has
shown a positive influence on the anticancer activity with a correlation
coefficient value of r¼ 0.573. The second group formed by the molecules
240, 245, 246, 248, 249, 250, 266, 267, 272, and 275 observed on the
top left in the plot, demonstrated slightly moderate anticancer activity
explained by the negative contribution of descriptor 'BalabanJ' with a
correlation coefficient value of -0.510. It has been revealed that com-
pounds with a high topological index of remote connectivity 'BalabanJ>
1.40' let down the anticancer activity against PC-3 prostate cancer cell
line. Compounds present in the 3rd group includes 251, 252, 254, 256,
evant descriptors allied with anticancer activity (pIC50) (A), Biplot of molecules
0% and 25.81% for the two axes F1 and F2, respectively (B). The total estimated



Figure 2. PCA plot of B16F10 cancer cell line showing the correlation circle of the relevant descriptors allied with anticancer activity (pIC50) (A), biplot of molecules
explained in two axes F1 and F2, the percentages of the variance are estimated as 55.37% and 20.52% for the two axes F1 and F2, respectively (B). The total estimated
variance is 75.90%.
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258, 261, 268, 269, and 270 displayed in the upper right of biplot,
showed a better anticancer activity, as the descriptor 'density' correlated
positively with a correlation coefficient value of 0.391.

3.3. Skin cancer cell line (B16F10)

The correlation scores between the six descriptors (SlogP_VSA5,
PEOE_VSAþ0, Zagreb, Vsa_other, SMR_VSA1, and SMR_VSA7) and the
pIC50 values for compounds evaluated against the skin cancer cell line is
displayed Supplementary information Table S9.

The analyses of correlation circle depicted in Figure 2A has shown
mostly a positive correlation between the descriptors SplgP_VSA5 and
PEOE_VSAþ0 with a correlation coefficient value r ¼ 0.783; for de-
scriptors SlogP_VSA5 and PEOE_VSAþ0 revealed correlation coefficient r
¼ 0.783; another descriptors SlogP_VSA5 and zagreb also shown positive
correlation coefficient r ¼ 0.616; and descriptors SlogP_VSA5 and
SMR_VSA7 revealed correlation coefficient r ¼ 0.676. While a negative
correlation has been also observed between the descriptors zagreb and
Figure 3. PCA plots of K562 cancer cell line showing the correlation circle of the rel
explained in two axes F1 and F2, the percentages of the variance are estimated as 52.1
variance is 84.64%.
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Zagreb (r ¼ -0.768) and another set of descriptors PEOE_VSAþ0 and
Zagreb (r ¼ -0.715).

In addition to correlation circle, the biplot graph (Figure 2B) help
indistinguishing the studied compounds in two distinct groups for skin
cancer cell line. The 1st group consist of molecules 276, 278, 279, 280,
282, 283, 286, 294, 295, 296, and 302 shown moderate anticancer ac-
tivity (pIC50 > 5), and this group is characterized by the topological
descriptor zagreb (the chirality index of a molecule) which has been
found to be contributed positively to the anticancer activity with a cor-
relation coefficient ‘r’ value of 0.397. The 2nd group consisting of rest of
the compounds in the dataset, have shown much better anti-cancer/
cytotoxicity profile (pIC50 < 5), and they are characterized by the
descriptor 'SMR_VSA7' (which defines as approximate accessible van der
Waals surface for atoms with atomic contribution to the molar refraction)
also found to be contributed positively to the anticancer activity with a
correlation coefficient ‘r’ value of 0.359. Another descriptor
'PEOE_VSAþ0’ (van der Waals surface of molecule) also found to be
contributed positively (r ¼ 0.555). In contrast, another descriptor
evant descriptors allied with anticancer activity (pIC50) (A), Biplot of molecules
3% and 32.51% for the two axes F1 and F2, respectively (B). The total estimated



Figure 4. PCA plotsMDA-MB231 cancer cell line showing the correlation circle of the relevant descriptors allied with anticancer activity (pIC50) (A), Biplot of
molecules explained in two axes F1 and F2, the percentages of the variance are estimated as 75.46% and 13.79% for the two axes F1 and F2, respectively (B). The total
estimated variance is 89.25%.
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'Zagreb' has shown negative influences on the activity as correlation
coefficient r has been found to be-0.627.

3.4. Chronic myelogenous leukemia (K562)

The correlation scores between the four descriptors (namely BCUT_-
SLOGP_2, a_nO, a_nS, and SMR_VSA4) and the pIC50 values for com-
pounds evaluated against the chronic myelogenous leukemia cell line is
summarized Supplementary information Table S10.

Figure 3A displayed the correlation circle between descriptors, a
positive correlation is observed between the descriptors BCUT_SLOGP_2
and SMR_VSA4 with a correlation coefficient r ¼ 0.600, while the
negative correlation found for the descriptors between a_nO and a_nS
with correlation coefficient r ¼ -0.543. In addition to this, also relatively
lower correlation has been obtained for the descriptors between a_nO and
SMR_VSA4 (r ¼ 0.459).

The biplot diagram (presented in Figure 3B) identifies two distinct
groups of compounds and their correlations. The first group includes
compounds 348–358, has been characterized by demonstrating
slightly moderate anticancer activity (pIC50 � 8) against the K562 cell
line. Moreover, the descriptor 'a_nO' (number of oxygen atom in the
molecule a_nO > 2') has been found to contributed positively towards
anti-cancer activity (correlation coefficient r ¼ 0.468), indicates that
presence of a greater number of oxygen atoms may increase the anti-
cancer activity. The 2nd group consist of compounds 322–347, has
been characterized by demonstrating better anticancer activity (pIC50
� 4) and indicated by the descriptor 'SMR_VSA4' (sum of the approx-
imate van der Waals accessible surface for atoms with an atomic
contribution to the molar refraction) which found to be contributed
strongly for exhibiting better anticancer activity (correlation coeffi-
cient r ¼ 0.919).

3.5. Breast cancer cell line (MDA-MB231)

The correlation scores between the four descriptors (namely
PEOE_VSAþ1, Q_PC-, and Q_VSA_HYD) and the pIC50 values for com-
pounds evaluated against the breast cancer cell line is displayed in
Supplementary information Table S11.

Figure 4A shows the correlation circle among set of the descriptors
identified through PCA. A good correlation has been observed between
the descriptors 'PEOE_VSAþ1' and 'Q_VSA_HYD' with a correlation coef-
ficient r¼ -0.644, while a negative correlation has also observed between
5

the descriptors 'Q_PC-' and 'Q_VSA_HYD' (correlation coefficient r ¼
-0.594).

The biplot diagram (depicted in Figure 4B) provides visualization
of individual compound on a 2D-map and allowed us to classify the
molecules according to their cytotoxicity. It has been observed that all
compounds considered for breast cancer cell line clustered into three
groups. The 1st group consist of compounds 369, 374–377, 387, 388,
393 and 395 has shown relatively better anticancer activity (pIC50 �
4) against the MDA-MB-231 cell line. This 1st group of compounds has
been characterized by the descriptor 'Q_PC-' (the total negative partial
charge in the molecule 'Q_PC') which found to be contributed nega-
tively toward exhibiting the anticancer activity (correlation coefficient
r ¼ -0.795). The 2nd group consisting of only three compounds 360,
361 and 362 has shown slightly moderate anticancer activity (pIC50 �
6), and characterized by the descriptor 'Q_VSA_HYD' (total hydropho-
bic van der Waals surface area) which found to be contributed posi-
tively towards the anticancer activity (correlation coefficient r ¼
0.487). The 3rd group contains the rest of the molecules such as 359,
363, 364, 368, 370, 371–373, 378–383, 389–392, and 396–398, and
this group has also shown relatively moderate to better anticancer
activity (4 � pIC50 � 6). These compounds present in 3rd group
characterized by the descriptor 'PEOE_VSAþ1' has been found to be
contributed strongly towards anticancer activity with a correlation
coefficient r ¼ 0.800.

3.6. Ovarian cancer cell line (A2780)

The correlation scores between the three descriptors (namely
PEOE_VSA-1, SlogP_VSA5, TPSA) and the pIC50 values for compounds
evaluated against the ovarian cancer cell lines given in supplementary
information Table S12.

Figure 5A represents the correlation circle for the set of descriptors
and their association with pIC50 values. It has been found that a
moderate collinearity with r > 0.5 observed between most of the
variables. A negative correlation has been observed between the
descriptor 'TPSA' and 'pIC50' (correlation coefficient r ¼ -0.649), and
also for other descriptor 'SlogP_VSA5 ' and the 'pIC50' (correlation co-
efficient r ¼ 0.411). In order to better understand the relationship
between the descriptors and the anticancer activity of the studied
compounds, we presented the individual compound in biplot visuali-
zation mode (Figure 5B), that allows us to identify two distinct groups
of molecules according to their cytotoxicity data profile. The 1st group



Figure 5. PCA plot of A2780 cancer cell line showing the Correlation circle of the relevant descriptors allied with anticancer activity (pIC50) (A), Biplot of molecules
explained in two axes F1 and F2, the percentages of the variance are estimated as 48.24% and 31.25% for the two axes F1 and F2, respectively (B). The total estimated
variance is 79.49%.
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represented by molecules 401, 403, 406, 419, and 427–429 observed
in the top left of biplot diagram has shown moderate anticancer ac-
tivity (5.50 � pIC50 � 6.35) against ovarian cancer cell line (A2780).
These set of compounds are characterized by the descriptor 'TPSA' (the
topological polar surface) which found to be contributed negatively
towards exhibiting the anticancer activity (correlation coefficient r ¼
-0.650). The 2nd group consist of compounds 399, 400, 404, 407–418,
and 420–426 can be observed in the lower left of Biplot (Figure 5B),
and this group has shown moderate anticancer activity (6.50 � pIC50
� 7.00) against the A2780 cell line. This group of compounds are
characterized by the descriptor 'PEOE_VSA-1' (indicates van der Waals
surface area) with a correlation coefficient r ¼ -0.402. Other descriptor
'SLOGP_VSA5' (the sum of the approximate accessible van der Waals
surface) also have good correlation with a correlation coefficient value
of r ¼ 0.411.

3.7. Kidney cancer cell line (ACHN)

The correlation scores between the four descriptors (namely Diam-
eter, PEOE_VSA_PNEG, Q_VSA_PNEG, and opr_nrot) and the pIC50 values
for compounds evaluated against the kidney cancer cell line are displayed
in supplementary information Table S13.
Figure 6. PCA plots of ACHN cancer cell line showing the Correlation circle of the re
explained in two axes F1 and F2, the percentages of the variance are estimated as 39.1
variance is 66.30%.
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The correlation circle (depicted in Figure 6A) illustrated the relative
correlations among the identified variables and their association with
pIC50. Precisely, a good correlation has been observed between the
descriptor 'oprt_nrot' and 'diameter' with a correlation coefficient value of
r ¼ 0.540. On the other hand, a negative correlation between the de-
scriptors 'PEOE_VSA_PNEG' and 'Q_VAS_PNEG' has been found with a
correlation coefficient r ¼ -0.484.

The biplot analysis (displayed in Figure 6B) distinguishes clustering
of compounds in three distinct groups, according to their descriptor
values. The 1st group has been formed by molecules 452, 454, and
465–470 observed in the upper left of biplot diagram revealed moderate
anticancer activity against the kidney cell line (ACHN), and this group is
characterized by the descriptor 'Q_VSA_PNEG' which found to be
contributed positively towards anticancer activity (correlation coeffi-
cient r ¼ 0.338). The 2nd group consist of molecules 434, 435, 446,
459–461, 451, 464, and 472–474 observed in the bottom right of biplot
diagram (Figure 6B), shown relatively moderate anti-cancer activity
(pIC50 � 5), and this group has been characterized by the descriptor
'PEOE_VSA_PNEG' (the total negative van der Waals surface area) with a
correlation coefficient r ¼ -0.250. The 3rd group consist of rest of the
molecules 436, 438–441, 444, 445, 447, 448, 458 and 475 found on the
top right of biplot diagram, shown moderate anticancer activity (4.40 �
levant descriptors allied with anticancer activity (pIC50) (A), Biplot of molecules
8% and 27.12% for the two axes F1 and F2, respectively (B). The total estimated



Table 2. 2D-QSAR equations for each cancer cell line derived from the PLS method.

Cancer cell lines 2D-QSAR models developed using the PLS method

PC-3 pIC50 ¼ 3.04136–0.81740 * balabanJ þ0.01517 * SlogP_VSA4þ3.32414 * density #Equation (1)#

B16F10 pIC50 ¼ 7.16690–0.01083 * SlogP_VSA5 þ0.00750 * PEOE_VSAþ0–0.02026 * zagreb-0.04075 * vsa_other þ0.02723 * SMR_VSA1þ0.00853 * SMR_VSA7
#Equation (2)#

K562 pIC50 ¼ 5.25700–1.47700 * BCUT_SLOGP_2-0.17497 * a_nO -1.69613 * a_nS þ0.08339 * SMR_VSA4 #Equation (3)#

MDA-MB-231 pIC50 ¼ 3.52539 þ 0.01852 * PEOE_VSAþ1-0.60365 *Q_PC–0.00942 *Q_VSA_HYD #Equation (4)#

A2780 pIC50 ¼ 11.48171–0.00701 * PEOE_VSA-1 þ0.01031 * SlogP_VSA5-0.05911 * TPSA #Equation (5)#

ACHN pIC50 ¼ 6.64342–0.27307 * diameterþ0.01999 * PEOE_VSA_PNEG þ0.01918 *Q_VSA_PNEG þ0.20834 * opr_nrot #Equation (6)#

Table 3. Value of statistical parameters for the thirteen cancer cell lines.

Cancer cell lines Correlation coefficient (R2) RMSE Cross validated (R2) Cross validated RMSE Internal validation (Q2) External validation (R2)

PC-3 0.83200 0.10710 0.76061 0.12826 0.76061 0.669

B16F10 0.82751 0.19496 0.71697 0.25319 0.71697 0.776

K562 0.98478 0.24926 0.97920 0.29148 0.97920 0.878

MDA-MB-231 0.81342 0.18571 0.76541 0.20896 0.76541 0.798

A2780 0.84065 0.14372 0.73024 0.18770 0.73024 0.647

ACHN 0.87813 0.10311 0.81326 0.12809 0.81326 0.751

Table 4. Anti-cancer potentiality (pIC50) of best in-house synthesized pyrazole
derivatives predicted based on derived 2D-QSAR model of each cancer cell line.

Cancer Cell line/
Cancer types

pIC50 value of the best potential inhibitors for each cell line

PC-3/Prostate cancer M48 ¼ 5.26 M55 ¼ 5.32 M60 ¼ 5.26 M54 ¼ 5.14

B16F10/Skin cancer M36 ¼ 6.75 M41 ¼ 6.51 M42 ¼ 6.30 M43 ¼ 6.73

K562/Leukemia M1 ¼ 7.31

MDA-MB-231/
Breast cancer

M4 ¼ 6.36 M5 ¼ 5.89 M32 ¼ 7.03 M33 ¼ 6.55

A2780/Ovarian cancer M4 ¼ 8.57 M19 ¼ 8.57 M30 ¼ 8.15 M32 ¼ 8.63

ACHN/Kidney cancer M1 ¼ 6.10 M5 ¼ 6.48 M20 ¼ 5.87 M33 ¼ 6.36
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PIC50 � 5.50). This group combines two descriptors one based on the
physicochemical descriptor 'diameter' which revealed a negative contri-
bution for anticancer activity on ACHN cell line with a correlation co-
efficient value of r ¼ -0.419. The other descriptor 'opr-nrot' (the number
of single bonds in rotation) contributed positively towards anti-cancer
activity with a correlation coefficient r ¼ 0.106.

4. PLS based 2D-QSAR models analyses for cancer cell lines

In addition to PCA analyses, six 2D-QSAR models were constructed
using the PLS methodology utilizing the same dataset as used in PCA
method for compounds of all cancer cell lines. Then, all PLS-based
created models were meticulously assessed following some statistical
validation and their acceptable parameters. Many efforts are given to
build a significant connection between the cytotoxicity indicators asso-
ciated variables/descriptors and pIC50 values, and also checked that
satisfy the OECD standard guidelines. The PLS generated results and their
corresponding equations for each cancer cell line studied in the present
study are given in Table 2.

The PLS based 2D-QSAR models generated for all cancer cell line was
discussed deeply in supplementary information in results section page
15–16.

To demonstrate the resilience of derived PLS based 2D-QSAR models,
all models have been thoroughly examined and verified. Table 3 contains
statistically significant PLS based 2D-QSAR model equations with their
appropriate internal and external validations. During the model building
and validation phase, the obtained values of different statistical param-
eters are listed in Table 3, for each cancer cell line. Particularly, the
correlation coefficient (R2), internal validation (Q2), cross verified R2,
external validation R2, and low RMSE, cross validated RMSE values
indicate that all of these models are statistically significant and have good
external predicting capacity as well. All of the presented R2 and Q2 values
are found to be more than 0.5.

5. Prediction of anticancer activity of the in-house synthesized
series of pyrazole derivatives

Objective of the present study also include the prediction of a series of
in-house synthesized pyrazole derivatives for their anticancer activity.
After successfully developing the statistically significant and calibrated
2D-QSAR models, pIC50 values of 63 in-house synthesized pyrazole
7

derivatives has been predicted using the developed 2D-QSAR model, and
the findings of the best pIC50 values of four pyrazole derived compounds
are presented in Table 4. In addition, the predicted pIC50 values of all 63
in-house synthesized compounds, is summarized in supplementary in-
formation Table S14.
5.1. Anti-proliferative effects of in-house synthesized pyrazole derivatives
against the prostate cancer cell line – PC-3

According to the best 2D-QSAR model obtained for the prostate
cancer cell line – PC-3, the predicted best cytotoxic activity has been
found for the in-house synthesized compounds 48, 54, 55 and 60, dis-
played in Figure 7 along with their predicted IC50 values.

Particularly, compounds 48, 55 and 60 containing the methyl and
phenyl groups on the pyrazole ring and the bromo (-Br) group on the
benzene ring exhibited a promising cytotoxic effect against the PC-3 cell
line with cytotoxicity values of pIC50 ¼ 5.26, pIC50 ¼ 5.32 and pIC50 ¼
5.26, respectively. Such observations are corroborated with other study
findings reported earlier by authors Ola S. Aff et al 2019 and Ebtehal M.
Husseiny et al 2020 [32, 33]. On the other hand, the compound 54 car-
rying the phenyl group on the pyrazole ring, as well as the
electron-withdrawing group di-chloro (2,4Cl) on the benzene ring has
been also exhibited slightly moderate cytotoxic effect with a cytotoxicity
value pIC50¼ 5.14. Such prediction and observation suggest that for being
a potential compound for increasing activity, order of functional group
substitutions on the benzene ring can be Br>(-N-CH3)2>O-CH3
>Phenyl>2,4-Cl > CH3 (Figure 8).



Figure 7. Structure of novel series of pyrazole triazole thiol found to exhibit as best pIC50 values against the prostate cancer cell line - PC-3.

Figure 8. Structure-activity relationship study (SAR) of pyrazole triazole thiol
derivative as potent anticancer agents.
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5.2. Anti-proliferative effects of in-house synthesized pyrazole derivatives
against the skin cancer cell line – B16F10

The pIC50 values predicted for all 63 in-house synthesized compounds
using the best 2D-QSAR model obtained for skin cancer cell line revealed
that compounds viz. pyrazole derivatives 36, 41, 42, and 43 have the
8

strongest anti-proliferative potentiality as observed from the model
equation. 2D - chemical structures of those compounds (pyrazole de-
rivatives 36, 41, 42, and 43) and their pIC50 values has been depicted in
Figure 9.

Particularly, the best pyrazole carbohydrazide compounds 36, 41, 42
and 43 exhibited moderate to strong anti-proliferative activity against
the B16F10 skin cancer cell line with cytotoxicity values of pIC50 ¼ 6.75,
6.51, 6.30, and 6.73, respectively. Activities are mostly explained by the
presence of dimethyl on the pyrazole ‘A’ ring as well as other important
Br, OH and OCH3groups on the benzene ‘B’ ring. Similarly, compounds
substituted by dimethyl on the same pyrazole ‘A’ ring and substituted by
N(CH3)2, NO2, -Cl on the benzene ‘B’ ring and furan exhibited slightly
reduced cytotoxic effect against the B16F10 skin cancer cell line.
Therefore, it can be stated that optimal anti-cancer activity can be ach-
ieved for this cancer call line by making substitutions on ring ‘B’ asBr >
OH > OCH3>Furan > NO2>(-N-CH3)2 > 2,4-Cl > CH3for increasing
order of activity (Figure 10).
5.3. Anti-proliferative effects of in-house synthesized pyrazole derivative
against the chronic myelogenous leukemia - K562

For chronic myelogenous leukemia cell line, it has been found that
only one pyrazole derivative compound 1 (Figure 11) exhibited as the



Figure 9. Structure of novel series of pyrazol acetohydrazideshowing the best pIC50 values against the skin cancer cell line - B16F10.

Figure 10. Structure-activity relationship study (SAR) of pyrazole triazole thiol
derivative as potent anti-cancer agents.

Figure 11. Structure of pyrazole carbohydrazide showing the best pIC50 values
against chronic myelogenous leukemia cell line- K562.
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most potential compound with the pIC50 ¼ 7.31 among all in-house
synthesized compounds.

The observed high cytotoxicity profile for the compound 1 might be
due to presence of methyl group on the pyrazole ring and a hydrazide
group linked to the carbonyl function. The other compounds show rela-
tively moderate to less anti-cancer effect against this cancer cell line.
5.4. Anti-proliferative effects of in-house synthesized pyrazole derivative
against the breast cancer cell line- MDA-MB-231

Predicted pIC50 values of in-house synthesized pyrazole derivatives
against the breast cancer cell line discovered that compounds 4, 5, 32 and
33 (Figure 12) have the profound anti-proliferative potentiality than
other predicted values of all in-house synthesized compounds as
observed from the best 2D-QSAR model equation.

Compound 4 and 5 belong to the pyrazole carbohydrazide and ace-
tohydrazide derivatives family shows relatively moderate anticancer po-
tentiality against the MDA-MB-231cancercell line with cytotoxicity values
of: pIC50 ¼ 6.36 and 5.90 μM, respectively. Such activity profile can be
explained by the presence of methyl group (-CH3) on the pyrazole ring ‘A’,
as well as the benzene ring ‘B’ substituted by the dimethylamino
(N(CH3)2) electron-donating group, which contributed to the enhance-
ment of the anti-cancer activity of these compounds. On the other hand,
compound 5 substituted by an electron withdrawing groupe Nitro (-NO2)
group on the benzene ring contributed to decrease the bioactivity. Simi-
larly, compound 32 substituted with dimethyl (-CH3)2 group on the same
pyrazole ring ‘A ‘and also holding the same dimethylamino (N(CH3)2)
group on the benzene ring ‘B’ exhibited much increased cytotoxic effect



Figure 12. Structure of novel series of pyrazole acetohydrazide exhibited the best pIC50 values against the breast cancer cell line - MDA-MB-231.

Figure 13. Structure of novel series of pyrazole acetohydrazide exhibited the best pIC50 values against the ovarian cancer cell line- A2780.
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with pIC50 ¼ 7. 03 μM.Thisobservation might be due to the presence of
two methyl groups on the pyrazole ring. Another potential compound 33
belong to a pyrazole acetohydrazide family also exhibited significant
anticancer activity with pIC50¼ 6.55 μM against the studied breast cancer
cell line. It can be stated that optimal anti-cancer activity might be ach-
ieved by making substitutions on the B ring as following the ascending
order of N-CH3)2>OCH3>2-Cl 2,4-Cl > Furan>4-Cl > F NO2.
10
5.5. Anti-proliferative effects of in-house synthesized pyrazole derivative
against the ovarian cancer cell line -A2780

Based on the model 2D-QSAR equation obtained for ovarian cancer
cell line – A2780, prediction of in-house synthesized pyrazole derivatives
revealed most prominent pIC50 values for four compounds that are
compounds 4, 19, 30 and 32 (Figure 13).



Table 5. Descriptors values for newly designed pyrazole carbohydrazide derivatives and their predicted anticancer activity against prostate cancer cell line PC-3
calculated according to the developed 2D-QSAR mathematical model.

New Designed Molecules BalabanJ SlogP_VSA4 Density pIC50

1

1.3483316 38.932438 1.32578 6.93

2 

1.3310907 35.746861 1.2883024 6.77

3

1.1845576 38.932438 1.1931505 6.63

4

1.3310907 35.746861 1.2318705 6.60

5

1.3143536 35.746861 1.1557729 6.35

F.E. Bennani et al. Heliyon 8 (2022) e10003
The predicted pIC50 value have been found to be 8.57 μM for the
compound 4 which exhibited the best anticancer potentiality against this
ovarian cancer cell line. Such anti-proliferative activity is probably
explained by the presence of methyl (-CH3) group on the pyrazole ring ‘A’
and as well as the benzene ring ‘B’ substituted by the
dimethylaminoelectron-donating group (N(CH3)2). Presence of these
groups might improve the activity of this conjugate. On the other hand,
substitution by the nitro group on the benzene ring, shows relatively low
anticancer activity compared to compound 4. Similarly, compound 19
substituted by phenyl group on the same pyrazole ring ‘A’ and keeping
the same dimethylamino (N(CH3)2) group on the benzene ring exhibited
cytotoxic effect with pIC50 value as 8.57 μM against the ovarian cancer
cell line. Such observation might be explained by the presence of phenyl
group on the pyrazole ring which increases the anticancer activity for this
compound. Other two compounds 30 and 32 belonged to the pyrazole
11
acetohydrazide family also exhibited substantial anti-cancer activity with
pIC50 values 8.14 and 8.63 μM respectively against the studied ovarian
cancer cell line. Such anticancer activity might be due to the presence of
two methyl groups which contributed to increase the activity. Observing
the nature of anti-activity possess by the selected compounds, it can be
stated that optimal activity might achieved through substituting the ‘B’
ring as N-CH3)2 > NO2>phenyl > OCH3>2-Cl,4-Cl, following the
mentioned order.
5.6. Anti-proliferative effects of in-house synthesized pyrazole derivative
against the kidney cancer cell line - ACHN

In case of kidney cancer cell line - ACHN, 2D-QSARmodel's prediction
allowed us to identify best four pyrazole derivatives 1, 5, 20, and 33 with
their pIC50 values of 6.10, 6.48, 5.87, 6.36, respectively (Figure 14).



Figure 14. Structure of novel series of pyrazole carbohydrazide and acetohydrazide derivatives exhibited the best pIC50 values against the kidney cancer cell line
- ACHN.

 
Figure 15. Chemical structure of the candidate triazole pyrazole derivative
used as a template for the design of novel compounds against the PC-3 prostate
cancer cell line.
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Particularly, predicted 2D-QSAR model observed that compound 1
belonging to the pyrazole carbohydrazide family exhibited strong anti-
cancer activity against the kidney cancer cell line. The anti-proliferative
activity of this compound can probably explain by the presence of
methyl (-CH3) group on the pyrazole ‘A’ ring, and as well as the hydrazine
group linked to the ketone. This observation might indicate that presence
of this group probably improves the anti-cancer activity of this compound
12
against the studied cell line. The compound 5 substituted by the same
methyl group linked to the pyrazole ring, and the benzene ring substituted
by the Nitro (-NO2) electron-withdrawing group shows slightly increase in
the anticancer activity (pIC50¼ 6.48 μM) as compared to compound 1. On
the other hand, the conjugates substituted by the various other groups
such as Cl, Br, OCH3, CH3 and F holding on the benzene ring, shows de-
creases in their activities. Similarly, compound 20 substituted by phenyl
on the pyrazole ring ‘A’ and benzene ring ‘Substituted by the Nitro (-NO2)
group shows relatively moderate cytotoxic effect against the studied
cancer cell line. Such observation might be due to the presence of phenyl
group on the pyrazole ring which decreases the anticancer activity of this
compound. Another compound 33 which possess substitution by dimethyl
on the same pyrazole ring ‘A ‘and benzene ring substituted with the same
Nitro group (-NO2) shows comparatively similar or moderate cytotoxic
effects against the kidney cancer cell line. This observation also can be
explained by the presence of two methyl groups on the pyrazole ring
which increases the anticancer activity of this compound 33. Therefore,
the optimal increasing order of anti-cancer activity can be accomplished
by making substitutions on ring ‘A’ following as NO2> Furan > OH >

OCH3>2-Cl > Phenyl > N-CH3)2 > 2,4-Cl.

6. Design and prediction of pIC50 of novel pyrazoles derivatives

Apart from predicting the activities of pyrazoles derivatives that have
been synthesized in-house laboratory, we have also designed a novel
chemical entity by analyzing the contributions of descriptors that may
have more potentiality than those already synthesized. Firstly, we have
calculated the standardized coefficient or t-test values based on the pIC50
obtained from the best 2D-QSAR model equation for each cell line, and
the highest t-test value of the specific descriptors has the most effective
role onmeasuring the pIC50 for novel designed compounds. The results of
each cancer cell line's t-test are provided below. Moreover, the com-
pounds served as a template for the creation of all new structures of
pyrazole derivatives for each cancer cell line are displayed bellow (for
every single cancer cell line), and accompanied by their anticipated pIC50



 
Figure 16. Chemical structure of the candidate pyrazole acetohydrazide de-
rivative used as a template for the design of novel compounds against the skin
cancer cell line - B16F10.

Table 6. Descriptors values for newly designed pyrazole carbohydrazide derivative
calculated according to the developed 2D-QSAR mathematical model.

New Designed Molecules SlogP_VSA5 PEOE_VSA+0 Za

1

41.6416 284.6402 20

2

41.6416 286.8487 21

3

41.6416 329.8571 20

4

60.5100 327.6486 20

5

60.5100 296.0316 20
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values for each cancer cell line, also explained subsequently. We dis-
played the top five ranked designed compounds for each cancer cell line
based on their predicted pIC50, moreover we exhibited the 15 new
designed compounds from Table S15 to Table S20 in supplementary
information.
6.1. Design and prediction of pIC50 of novel potential compounds for
prostate cancer cell line

For the prostate cancer cell line, based on the t-test values evaluated for
the measuring contributions of each descriptor on the anti-cancer activity
of pyrazole carbohydrazide derivatives revealed that-test values for
descriptors density, balabanJ and SlogP_VSA4 are 145.5845168;
35.79896876 and 0.664387517, respectively. Compound 55 (Figure 15),
displayed below with its PLS based QSARmodel #Equation (1)# has been
used as a template for the new designed structures.

pIC50 ¼ 3:04136 � 0:81740 *balabanJ þ 0:01517 *SlogP VSA4

þ 3:32414 density (1)
s and their predicted anticancer activity against skin cancer cell line - B16F10

greb VSA_Other SMR_VSA1 SMR_VSA7 PIC50

8 19.6490 111.2582 291.8642 9.35

0 19.6490 111.2582 291.8642 9.33

8 19.6490 85.8730 325.1902 9.28

8 19.6490 85.8730 325.1902 9.06

4 19.6490 85.8730 325.1902 8.91



Table 7. Descriptors values for newly designed pyrazole carbohydrazide derivatives
calculated according to the developed 2D-QSAR mathematical model.

New Designed Molecules BCUT_SlogP_2 a_n

1

0.55531985 1

2

0.55682582 1

3

0.55521256 1

4

0.55585831 1

5

0.55486697 1

6

0.55486625 1

 
Figure 17. Chemical structure of the candidate carbohydrazide pyrazole de-
rivative used as a template for the design of novel compounds against the leu-
kemia cancer cell line K562.
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Particularly, decreasing the value of descriptor balabanJ (denotes the
topological connectivity index) of new compounds (as balabanJ<1.2993)
may be possible for desired biological activity. To do so, introducing of
benzene rings substituted by various important functional groups such as
Br, CH(Br)2, COBr, CO2CH3, morpholine can lead towards better anti-
cancer activity. This means that a substitution by the groups containing
the substituted benzene ring with electron-withdrawing entities can in-
crease the anti-cancer activity for novel chemical entities. Moreover,
increasing the value of descriptor density (denotes the molecular density:
weight divided by vdw_vol (amu/Å3)), may also offer a better anti-cancer
activity and that can be done on the R ring, substituting by an electron
withdrawinggroup. Thedescriptor SlogP_VSA4>35.746861 contribute to
increase the cytotoxicity values of the new compounds (pIC50 ¼
6.3512–6.937). Electro-attracting groups lead to increased anticancer
activity such as CH (Br) 2, COB groups. In Table 5, newly designed
chemical structures with their substituted chemical groups and also their
predicted activities have been given for prostate cancer.
and their predicted anticancer activity against leukemia cancer cell line K562

O a_nS SMR_VSA4 pIC50

0 65.794373 9.74

0 65.794373 9.74

0 65.794373 9.74

0 65.794373 9.74

0 65.794373 9.74

0 65.794373 9.74



Figure 18. Chemical structure of the candidate pyrazole acetohydrazide de-
rivative used as a template for the design of novel compounds against the MDA-
MB-231 breast cancer cell line.

Table 8. Descriptors values for newly designed pyrazole carbohydrazide derivatives a
calculated according to the developed 2D-QSAR mathematical model.

New Designed Molecules PEOE_VSA+1

1

262.26163

2

248.67508

3

259.86563

4

214.76222

5

194.46271
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6.2. Design and prediction pIC50 of novel potential compounds for skin
cancer cell line

For the skin cancer, several descriptors such as SlogP_VSA5, vsa_Other
and Zagreb shows their contribution in decreasing the anticancer activ-
ity, while other few descriptors PEOE_VSAþ0, SMR_VSA1 and
SMR_VSA7 contributed in increasing the anti-cancer activity. In this2D-
QSAR model, the calculated t-test values have been observed as
0.338999522, 0.234764212, 0.634176392, 1.275552219, 0.8523506
and 0.267005164 for descriptors SlogP_VSA5, PEOE_VSAþ0, Zagreb,
nd their predicted anticancer activity against breast cancer cell line MDA-MB-231

Q_PC- Q_VSA_HYD pIC50

-5.3779998 103.71861 10.65

-4.7010002 105.47758 9.97

-4.6900001 143.79411 9.81

-4.8200002 121.93649 9.26

-5.0570002 121.4611 9.03

(continued on next page)



Table 8 (continued )

New Designed Molecules PEOE_VSA+1 Q_PC- Q_VSA_HYD pIC50

6

185.35376 -5.0570002 128.16064 8.80
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vsa_other, SMR_VSA1 and SMR_VSA7, respectively. Compound 36
(Figure 16), displayed below with its PLS based QSAR model #Equation
(2)# has been used as a template for the new designed structures.

pIC50 ¼ 7:16690 � 0:01083v*SlogP VSA5 þ 0:00750*PEOE VSAþ 0

� 0:02026*zagreb� 0:04075*vsa other þ 0:02723*SMR VSA1

þ 0:00853*SMR VSA7

(2)

Therefore, in order to increase the value of descriptor SlogP_VSA5
(denotes the Sum of the van der Waals area (SlogP_VSA5>19.781),
incorporation of various functional groups such as Br, CH(CH3)2, OH,
Dimethyl, 3-hydroxy-3-methyl, 3-hydroxypropyl substituted by benzene
rings might be helpful. This indicates that substitution with the above-
mentioned groups containing the benzene ring having electron-
withdrawing/donor moieties can lead to higher anti-cancer activity.
Beside this, also to increase the value of descriptor zagreb (The sum of di2
on all heavy atoms i) adding the any R group as benzene ring substituted
by branched alkyl containing OH, Br. On the other hand, decreasing the
value of the descriptor vsa_other (means other van der Waals surface) for
new compounds should be less than 33.2490, and to do adding the
substituents containing either a branched alkyl or a branched bro-
moalkene or a secondary or primary alcohol on the benzene ring might
be helpful, that can lead to increase anti-cancer activity. For the other
descriptors such as PEOE_VSAþ0; SMR_VSA1 and SMR_VSA7 which
contributed positively towards anticancer activity indicated in the
generated model and to make these descriptors more significant, values
should best follow PEOE_VSAþ0 > 67.6947, SMR_VSA1>60.4878, and
SMR_VSA7>129.8205. In Table 6, newly designed chemical structures
with their substituted chemical groups and also their predicted activities
have been given for skin cancer.
Figure 19. Chemical structure of the candidate pyrazole acetohydrazide de-
rivative used as a template for the design of novel compounds against ovarian
cancer cell line A2780.
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6.3. Design and prediction of pIC50 of novel potential compounds for
chronic myelogenous leukemia cell line

In the model equation, the descriptors BCUT_SlogP_2, a_nO and a_ns
has been found to decrease the anticancer activity against leukemia, while
the descriptor SMR_VSA4 contributed to increase the activity. The t-test
values for those descriptors calculated and observed as 37.8029547,
4.478255236, 43.41145941 and 2.134318478 for descriptors BCUT_-
SlogP_2, a_nO, a_nS and SMR_VSA4, respectively. Compound 1
(Figure 17), displayed below with its PLS based QSAR model #Equation
(3)# has been used as a template for the new designed structures.

pIC50 ¼ 5:25700� 1:47700 * BCUT SLOGP 2� 0:17497 * a nO

� 1:69613 * a nS þ 0:08339 * SMR VSA4

(3)

Therefore, in order to increase the value of descriptor BCUT_Slogp-2
(BCUT descriptors using atomic contribution to logP instead of partial
charge, BCUT_SlogP-2> 0.3397), incorporation of nitrogenous groups
containing primary amines, aromatic amines, amides or alkyl imida-
mides might be helpful for exhibiting higher anti-cancer activity or
achieving greater values for descriptor BCUT_Slogp-2. However, to
decrease the value of descriptor a_nO for new compounds, adding any
functional group of chemical entities containing the amide or ketone
function, provided that the total number of oxygen atom introduced does
not exceed 2 (a_nO � 2), so that it could be contributed positively. In
addition, also for decreasing the value of descriptor a_nS for new com-
pounds value must be lower than 1 (a_nS < 1). Indeed, the presence of a
sulfur atom in the group to be substituted can be a negative contribution
to the anticancer activity pIC50. Another descriptor SMR_VSA4 (stands
for Sum of van der Waals surface area to molar refractivity) has been
contributed positively on anticancer activity, and this descriptor’s
contribution can be enhanced significantly by maintaining the value as
SMR_VSA4>32. 7747. In Table 7, newly designed chemical structures
with their substituted chemical groups and also their predicted activities
have been given for leukemia, chronic cancer.



Figure 20. Chemical structure of the candidate pyrazole carbohydrazide de-
rivative used as a template for the design of novel compounds against kidney
cancer cell line – ACHN.

Table 9. Descriptors values for newly designed pyrazole carbohydrazide derivatives and their predicted anticancer activity against ovarian cancer cell line A2780
calculated according to the developed 2D-QSAR mathematical model.

New Designed Molecules PEOE_VSA-1 SlogP_VSA5 TPSA pIC50

1

0 254.67343 60.41 10.53

2

0 298.70892 72.239998 10.30

3

0 265.81174 72.239998 9.95

4

0 232.91454 69 9.80

5

0 217.10124 69 9.64
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6.4. Design and prediction of pIC50 of novel potential compounds for breast
cancer cell line

For the compounds of breast cancer cell line, based on the calculated
t-test scores for the descriptors Q_PC-; PEOE_VSAþ1 and Q_VSA_HYD has
been found to be 20.55850184, 0.630735449 and 0.320816843,
respectively. The influence of each descriptor on the pIC50 or anti-cancer
activity of pyrazole carbohydrazide derivatives has great importance.
Particularly, to design new compounds with appropriate substitutions
that improve the values of descriptors Q_PC- and Q_VSA_HYD can
improve the biological activity as compared to the already investigated
compound. Compound 32 (Figure 18), displayed below with its PLS
based QSAR model #Equation (4)# has been used as a template for the
new designed structures.

PIC50 ¼3:52539þ 0:01852 *PEOE VSAþ 1� 0:60365 *Q PC

� 0:00942 *Q VSA HYD (4)
17



Table 10. Descriptors values for newly designed pyrazole carbohydrazide derivatives and their predicted anticancer activity against kidney cancer cell line - ACHN
calculated according to the developed 2D-QSAR mathematical model.

New Designed Molecules Diameter PEOE_VSA_PNEG Q_VSA_PNEG opr_nrot pIC50

1

14 115.36006 143.62318 8 9.54

2

14 115.36006 143.62318 7 9.33

3

15 115.36006 143.62318 7 9.06

4

14 94.995941 123.25906 7 8.54

5

18 115.36006 157.19011 7 8.50
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To increase the value of descriptor PEOE_VSAþ1 (denotes the sum of
the van der Waals area when the partial charge in the range (0.05–0.10),
PEOE_VSAþ1 > 161.0262), incorporation of nitrogenous species con-
taining partial charges such as tertiary amines, nitro/Cyano or alkyl
imidamides might be helpful. On the other hand, to decrease the value of
descriptor Q_PC- (denotes the total negative partial charge) for new
compounds, connecting the benzene ring with nitro and methoxy group,
as well as replacing the two-methyl bound to the pyrazole ring by
nitrogenous groups such as imidamide, N(CH3)2, NO2, OH, CN, NH2 and
CONH(CH3)2 can provide desired anti-cancer activity and the expected
value for this descriptor as Q_PC- � -2.9590), so for that this descriptor
contribute positively. Moreover, to decrease the value of another de-
scriptors Q_VSA_HYD (stands for total hydrophobic van der Waals surface
area) for new compounds value should be less than 161.1534. Indeed, the
value of this descriptor might decrease with the increasing of the partial
charge of the molecule. In Table 8, newly designed chemical structures
with their substituted chemical groups and also predicted activities have
been given for breast cancer.
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6.5. Design and prediction of pIC50 of novel potential compounds for
ovarian cancer cell line

In the model 2D-QSAR equation for the ovarian cancer cell line, the
descriptor SlogP_VSA5 contributed positively on anticancer activity
against cancer cell line -A2780, while the descriptors PEOE_VSA-1- and
TPSA contributed negatively on the anti-cancer activity. The t-test values
have been calculated as 2.232199341,0.389341486 and 0.264721999
for descriptors TPSA; SlogP_VSA5 and PEOE_VSA-1, respectively. Com-
pound 32 (Figure 19), displayed below with its PLS based QSAR model
#Equation (5)# has been used as a template for the new designed
structures.

pIC50 ¼11:48171� 0:00701*PEOEVSA � 1þ 0:01031*SlogPVSA5

� 0:05911*TPSA (5)

In order to keep the unchanged value for descriptor PEOE_VSA-1
(denotes the sum of the van der Waals area) i.e., zero (PEOE_VSA-1 ¼
0.000), replacing the first methyl group (-CH3) bound to the pyrazole
ring will be helpful and that may be achieved by incorporating the ter-
tiary amine-containing nitrogen species methoxy (OCH3), Br, F, aromatic
tertiary amines and branched alkyls as well as the other methyl group
bound to the pyrazole ring. For increasing the value of descriptor
SlogP_VSA5 (denotes the sum of the van der Waals area) for new com-
pounds, for which we add in the pyrazole ring a benzene ring substituted
by nitrogenous electron-donor and electron-attractant species provided
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that the descriptor values SlogP_VSA5>82.4574, to improve the meaning
of this descriptor. To achieve more effective potentiality of the com-
pounds, another important descriptor like TPSA (designates the topo-
logical polar surface of a molecule) value should be higher than 62.5200
(TPSA> 62.5200). Indeed, the value of this descriptor may increase by
incorporating the electron-donating groups linked to the benzene ring, in
the molecule. In Table 9, newly designed chemical structures with their
substituted chemical groups and also their predicted activities have been
given for ovarian cancer.

6.6. Design and prediction of pIC50 of novel potential compounds for
kidney cancer cell line

For compounds studied for kidney cancer, involvement of few
important descriptors such as diameter, PEOE_VSA_PNEG, Q_VSA_PNEG
and opr_nrot has been found in the developed 2D-QSAR model equation.
The calculated t-test value for those descriptors diameter, PEOE_VSA_P-
NEG, Q_VSA_PNEG and opr_nrot has been observed as 9.930449469,
0.726955304, 0.697498886 and 7.576481643, respectively. Compound
5 (Figure 20), displayed below with its PLS based QSAR model #Equa-
tion (6)# has been used as a template for the new designed structures.

pIC50 ¼ 6:64342� 0:27307*diameter þ 0:01999*PEOE VSA PNEG

þ 0:01918*Q VSA PNEGþ 0:20834*opr nrot (6)

In order to increase the value of the ‘diameter’ descriptor (denotes the
largest value of the distance matrix) as much as greater than (diameter >
13,000), and that can be done following the replacement of the methyl
group (-CH3) bound to the pyrazole ring and by incorporating nitroge-
nous species containing primary amines, methoxy (-OCH3), –NO2, nitro-
ethyl, nitrobenzene, imidamide groups. To achieve the greater anti-
cancer activity value, it is indeed necessary to increase the value of
descriptor PEOE_VSA_PNEG (denotes the Total Area of Negative Polar van
der Waals) for new compounds. Such increment can be made through
substituting the pyrazole ring and benzene ring by nitrogenous electron-
donor species like methoxy (-OCH3) and electron-withdrawing species
like –NO2 and –CONH2. For increasing the value of descriptor Q_VSA_P-
NEG (denotes the Total Negative Polar van der Waals Area of a molecule)
of new compounds, electro attractant groups carrying negative charges
such as NO2, CONH2 can be added to get the higher descriptor value as
Q_VSA_PNEG> 75.7611. Moreover, in order to increase the value of the
descriptor Opr_nrot (denotes the number of rotational bonds) of new
compounds, substitution of benzene ring by various biologically relevant
functional groups such methoxy, NO2, and nitroethyl can be made for
achieving the value greater than (Opr_nrot > 4,000). In Table 10, newly
designed chemical structures with their substituted chemical groups and
also their predicted activities have been given for kidney cancer.
7. Conclusion

In the current work, a collection of set of chemical entities has been
utilized for robust 2D-QSAR models development employing two
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statistical methods, PCA and PLS. All collected compounds studied were
previously tested against seven different cancer cell lines (such as pros-
tate cancer (PC-3), skin cancer (B16F10), chronic myelogenous leukemia
(K562), breast cancer (MDA-MB-231), ovarian cancer (A2780), kidney
cancer (ACHN), and stomach cancer (NUGC)in an experimental setting.
All of the generated and developed 2D-QSAR models have been verified
for statistically acceptable parameters and tested for their robustness
following rigorous validation techniques. Numbers of 2D-QSAR models
derived from the collected compounds have been found to explained the
contributions of some prominent descriptors those have impacted the
anti-cancer activity in various cell lines. According to the results of the
constructed 2D-QSAR models, descriptors such as (balabanJ, Density,
TPSA, opr_nrot, SlogP) are found to be the most important or prominent
descriptors for explaining inhibitory potentiality of chosen compounds in
the dataset. In addition, the best developed 2D-QSAR model from each
cancer cell line was used to predict the anti-cancer efficacy of in-house
synthesized pyrazole derivative compounds. The present study also
intended to design few novel pyrazole compounds by changing important
chemical groups on the synthesized compounds, which served as a
template for elucidating improved inhibitory potentiality against each
cell type. It has been found that few synthesized and newly compounds
from each cell line possess best anti-cancer potentiality than the collected
or experimentally test compounds. Taken together, all the verified 2D-
QSAR models, and predicated activities of in-house synthesized com-
pounds, and finally newly designed novel pyrazole derivative compounds
reported in the present study might be useful for evaluating and identi-
fying much better hit compounds, as well as will be helpful for acceler-
ating the type specific cancer therapeutics developments. Another aspect
of this research's conclusion is that to synthesize the proposed designed
novel pyrazole compounds, which may then be tested in vitro and in vivo
for much better elucidation of anti-cancer activities against all the
studied cell lines.
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