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I N T R O D U C T I O N

Cancer as a dreaded disease still remains one of the
dangerous diseases that troubles both young and adult globally
[1]. The position taken by cancer among the most dangerous
diseases that cause death in the world remains the second [2-
4]. According to report by several researchers, over 65% of
the cancer related death in the world could be traced to under-
developed and developing countries [5,6]. Molina et al. [7]
reported that early detection of cancer in human being and apt
treatment via surgery or radiation or chemotherapy could cure
cancer.

Furthermore, breast cancer which has become a major threat
to women globally has drawn the attention of many researchers
[8]. Helmrich et al. [9] and Keogh et al. [10] revealed the degree
at which breast-cancer increases to be very high and it has
also been observed that almost 95% of women have moderately

Breast cancer still remains one of the precarious ailments among
humans globally. The vulnerability of this ailment in homeopathic
world remains colossal and this has drawn the attention of seasoned
researchers to find lasting solution to this hazard. Therefore, 10 novel
1,2,4-thiadiazole-1,2,4-triazole derivatives were studied so as to
explore their anti-breast cancer activities. The studied compounds
were optimized using Spartan 14 and the QSAR study was executed
by using Gretl and MATLAB. Also, docking study was observed using
Pymol (for treating downloaded protein), Autodock Tool (for locating
binding site in the downloaded protein and for converting ligand and
receptor to .pdbqt format from .pdb format), Auto dock vina (for
docking calculation) and discovery studio (for viewing the non-bonding
interaction between the docked complexes). The selected descriptors
were used to developed effective QSAR model and it was observed
that the developed QSAR model using artificial neural network (ANN)
predicted better than the prediction made by multiple linear regression
(MLR). More so, the calculated binding affinity revealed that compound
g (-11.4 kcal/mol) possess ability to inhibit 3α-hydroxysteroid
dehydrogenase type 3 (PDB ID: 4xo6) than other studied compounds
as well as etoposide (Standard).
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growing risk of breast cancer. Thus, an enhancement in desig-
ning and development of drug-like molecules with anti-breast
cancer properties has increased the rate of survival among many
women with breast cancer in the world [11]. The part played
by three nitrogen present in heterocyclic compounds in drug
design like 1,2,4-triazoles and 1, 2, 3-triazoles cannot be over-
emphasized. As reported by Kaur et al. [12] and Kapron et al.
[13], the nitrogen present in triazole possesses the ability to
form hydrogen bond targeting apt site thereby enhancing its
toxicological and pharmacological features. Triazole derivatives
have been linked with therapeutic activities such as antioxidant
[14], anti-inflammatory [15,16], tubulin inhibitors [17], anal-
gesics [18,19], anticancer [20], diuretics [21], antimicrobial
[22,23].

Likewise, thiadiazole is a five-membered ring with vast
therapeutic activities [24]. As reported by many researchers,
thiadiazole derivatives possess several biological activities such
as antioxidant, anti-inflammatory, central nervous system (CNS)
depressant, antibacterial, analgesic, anticancer, molluscicidal,
antidiabetic, antihypertensive and antitubercular activities,
diuretic [25-34]. In this work, QSAR model was developed
using molecular descriptors with anti-breast cancer obtained
from the studied hybrid to predict the observed biological
activities as well as the molecular interaction between the inves-
tigated 1,2,4-thiadiazole-1,2,4-triazole derivatives and breast
cancer cell line (MCF-7) (PDB ID: 4xo6) [35].

E X P E R I M E N T A L

QSAR and molecular docking analysis: Ten molecular
compounds (Table-1) with anti-breast cancer activities were

adapted from the work carried out by Yazala et al. [36] and
subjected to quantum chemical calculations via density func-
tional theory (6-31G*) using Spartan 14 software [37,38].
Several descriptors were obtained which exposed the anti-breast
cancer activities of 1,2,4-thiadiazole-1,2,4-triazole derivatives
and few were selected out of the numerous descriptors obtained
to develop quantitative structural activities relationship (QSAR)
model (eqn. 1) so as to predict the observed biological activities
of the studied ligands using multiple linear regression (MLR)
(Gretl) and Artificial neural network (ANN) (MATLAB). More
so, molecular interactions between the studied 1,2,4-thia-
diazole-1,2,4-triazole derivatives and MCF-7 (PDB ID: 4xo6)
[35] were studied by observing the binding affinity for indiv-
idual compound, residues involved in the interaction as well
as the type of non-bonding interaction that occur between the
complexes.

IC50 = 656.891 + 104.448(EHOMO) + 0.262031(PSA) –
       0.0608408(VOL) + 11.9384(ELUMO) –
       0.875020(DM) (1)

F = 3.37, P < 0.0001, R2 = 0.894, Adjusted R2 = 0.629, MSE =
0.521.

ADMET properties: Absorption, distribution, metabo-
lism, excretion and the toxicity features of 2,4-thiadiazole-
1,2,4-triazole derivatives were investigated using admet SAR
(http://lmmd.ecust.edu.cn/admetsar1) [39]. The investigated
ADMET properties were Blood-brain barrier, human intestinal
absorption, Caco-2 permeability, P-glycoprotein substrate, P-
glycoprotein inhibitor, renal organic cation transporter, subcel-
lular localization, CYP450 2C9 substrate, CYP450 2D6 subs-
trate, CYP450 3A4 substrate, CYP450 1A2 inhibitor, CYP450

TABLE-1 
SEVERAL DESCRIPTORS VALUES OF 1,2,4-THIADIAZOLE-1,2,4-TRIAZOLE DERIVATIVES 
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 R Observed IC50 MLR ANN Binding affinity (kcal/mol) 
a H 3.57 3.27 3.54 -8.6 
b 3,4,5-Trimethoxy 0.10 1.51 0.07 -9.6 
c 3,5-Dimethoxy 1.12 -0.08 1.11 -8.8 

d* 4-Methoxy 1.44 3.97 1.41 -8.6 
e 4-Nitro 0.23 0.65 0.21 -9.3 
f 3,5-Dinitro 5.66 5.38 5.65 -8.6 
g 4-Chloro 1.02 1.45 1.01 -11.4 

h* 4-Bromo 7.28 -0.55 7.26 -8.4 
i 4-Cyano 1.27 0.83 1.24 -8.7 
j 4-Methyl 5.94 5.89 5.91 -8.3 

Etoposide – 2.11 – – -9.1 
*Denote test set      
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2C9 inhibitor, CYP450 2D6 inhibitor, CYP450 2C19 inhibitor,
CYP450 3A4 inhibitor, CYP inhibitory promiscuity, human
Ether-a-go-go-Related gene inhibition, AMES toxicity, carci-
nogens, fish toxicity, tetrahymena pyriformis toxicity, honey
bee toxicity and biodegradation.

R E S U L T S A N D   D I S C U S S I O N

Molecular descriptors and QSAR analysis: The studied
molecular compounds were optimized using density functional
theory (DFT) method and molecular descriptors obtained were
highest occupied molecular orbital energy (EHOMO), polar
surface area (PSA), lowest unoccupied molecular orbital energy
(ELUMO), weight, lipophilicity (log P), volume (V), dipole moment
(DM), ovality, area, hydrogen bond donor (HBD), Hydrogen
bond acceptor (HBA) and the values are tabulated in Table-2.

According to Table-3, rational correlation was examined
between the investigated variables (calculated descriptors). It
was observed that IC50 fairly correlated with EHOMO and ELUMO

by 0.544 and -0.677 respectively. Also, EHOMO and ELUMO are
negatively correlated as well as polar surface area (PSA) and
dipole moment are positively correlated.

QSAR study via multiple linear regression: As shown
in eqn. 1, five (5) molecular descriptors were selected and
used to develop QSAR model in order to obtain a better predi-
ction of the observed inhibition concentration (IC50). The
molecular compound were divided into two (raining set and
test set). The training set was used in developing the QSAR
model which was used for predicting biological activity of
molecules. However, the selected compounds used as test set
did not undergo any process in developing QSAR model. Thus,
the test set confirmed the dependability of the developed QSAR
model. Also, the obtained calculated statistical parameters using
multiple linear regression (MLR) are correlation coefficient
(R2), adjusted correlation coefficient (Adj R2), P-value, mean
square error (MSE) and the correlation coefficient (R2)
obtained using MLR showed the efficiency of the developed

QSAR model and this was proved via the predicted inhibition
efficiency using MLR (Fig. 1). As reported by Taourati et al.
[40] developed QSAR model can also be approved reliable
when the calculated correlation coefficient (R2) is higher than
the mean squared errors (MSE); therefore, the developed QSAR
model via MLR method proved to be efficient in predicting
the observed inhibition concentration (IC50) [40]. Moreover,
even distribution in Fig. 2 revealed the predictability of the
devel-oped QSAR model thereby resulted to closeness between
the predicted IC50 and observed IC50.

15
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Observations sorted by IC50

IC50

Forecast
95% Interval

Fig. 1. Correlation between the predicted and observed IC50 (MLR)

QSAR study via artificial neural network (ANN): The
role played by machine learning method via artificial neural
network in predicting cytotoxicity of molecular compounds
cannot be overemphasized [41]. Its predicting power has been
reported to be reliable and the result obtained using ANN as
shown in Table-1 proved it dependability. The calculated corre-
lation coefficient (R2) (0.999) is a proof that the employed
ANN method possess the ability to predict than MLR; therefore,
this showed that ANN possess the ability to develop QSAR
model with effective predicting capability.

TABLE-2 
CALCULATED MOLECULAR DESCRIPTORS 

 EHOMO ELUMO DM MW AREA VOL PSA OVALITY POL HBD HBA 
a -5.88 -2.43 7.66 623.646 608.08 584.88 121.493 1.80 88.01 3 12 
b -5.89 -2.44 8.56 713.724 695.76 666.13 141.095 1.89 94.60 3 15 
c -5.90 -2.40 7.16 711.752 705.99 675.28 134.632 1.90 95.33 3 14 
d -5.88 -2.35 8.14 653.672 636.07 611.25 128.242 1.83 90.13 3 13 
e -5.91 -3.04 8.94 668.643 632.71 606.19 160.470 1.83 89.87 3 15 
f -5.93 -3.16 9.81 713.640 659.33 627.96 199.918 1.86 91.66 3 18 
g -5.91 -2.40 5.76 658.091 622.40 597.76 121.789 1.81 89.04 3 12 
h -5.91 -2.43 7.16 702.542 626.42 602.22 121.203 1.82 89.40 3 12 
i -5.91 -2.46 9.75 648.656 628.04 603.83 136.858 1.82 89.54 3 13 
j -5.66 -3.96 8.87 637.673 609.29 599.56 120.940 1.77 89.61 3 12 

 
TABLE-3 

PEARSON’S CORRELATION FOR SELECTED CALCULATED MOLECULAR DESCRIPTORS 

 IC50 EHOMO PSA VOL ELUMO DM 
IC50 1.000      

EHOMO 0.544 1.000     
PSA 0.191 -0.435 1.000    
VOL -0.356 -0.239 0.229 1.000   
ELUMO -0.677 -0.763 -0.203 0.268 1.000  
DM 0.312 0.098 0.587 -0.012 -0.455 1.000 
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Fig. 2. Standardized predicted value against standardized residual (MLR)

Molecular docking analysis: The employed docking
method was validated by re-docking the native ligand into the
active gouge of MCF-7 (PDB ID: 4xo6) in order to observe
the similarity between the re-docked ligand with best confor-
mation to the posture of the native molecule (Fig. 3). Therefore,
the observed similarity and the root mean square deviation
(RMSD) between the re-docked native molecule and the native
ligand were nearer to 1; hence, this proved the dependability
of the molecular docking method used. Therefore, the studied
compounds were subjected to docking study so as to observe
the non-bonding interaction between the studied 1,2,4-thia-
diazole-1,2,4-triazole derivatives and 3α-hydroxy-steroid
dehydrogenase type 3 (PDB ID: 4xo6). It was observed that
three compounds (b, e and g) acted better than the standard
(etoposide) as shown in Table-1. This showed that the addition
of 3,4,5-trimethoxy (compound b), 4-nitro (compound e) and
4-chloro (compound g) enhanced the activity of the studied

parent compound and helped it biological activity than
etoposide (standard). As show in Table-1, compound g
possesses better ability to inhibit than other studied compounds
as well as the standard (etopiside) (Fig. 4). The residues and
the type non-bonding interaction involve in the studied
interactions are shown in Table-4.

Fig. 3. Overlay of native drug-like compounds over re-docked drug compound

ADMET properties of selected compounds describing
the anti-breast cancer activities of 2,4-thiadiazole-1,2,4-
triazole derivatives: The ADMET properties investigated
were blood-brain barrier, human intestinal absorption, Caco-

TABLE-4 
RESIDUES INVOLVED IN THE INTERACTION 

 Residues involved in the interactions Types of Non-bonding interaction involved 

a ASN-105, ARG-101, HIS-53, VAL-128, ALA-27, GLU-224, 
TRP-227, TRP-86, VAL-54 

Conventional hydrogen bond, Pi-Cation, Pi-Sigma, Pi-Pi, Pi-
Alkyl 

b LYS-131, LEU-306, HIS-222, TYR-216, TYR-55, TYR-24, 
TRP-227, VAL-54, VAL-128 

Conventional hydrogen bond, Carbon hydrogen bond, Pi-Sigma, 
Pi-Pi Stacked, Pi-Pi T-Shaped, Pi-Alkyl 

c PRO-30, GLU-28, PRO-26, LYS-270, HIS-222, SER-221, LEU-
219, LEU-236, VAL-29 

Van der waals, Conventional hydrogen bond, Carbon hydrogen 
bond, Pi-Cation, Pi-Anion, Pi-Sigma, Amide-Pi Stacked, Pi-
Alkyl 

d TRP-227, PRO-226, TYR-24, TRP-86, ARG-101, ASN-105, 
ASN-56, VAL-128, HIS-53, GLU-224, ALA-27 

Conventional hydrogen bond, Carbon hydrogen bond, Pi-Cation, 
Pi-Anion, Pi-Donor Hydrogen bond, Pi-Sigma, Pi-Pi T-Shaped, 
Pi-Alkyl 

e VAL-128, ALA-27, VAL-54, TYR-54 LEU-306, HIS-222, 
TYR-55, ASP-50 

Carbon hydrogen bond, Pi-Cation, Pi-Pi Stacked, Pi-Pi T-
Shaped, Pi-Alkyl 

f ASN-56, LYS-31, VAL-54, VAL-128, ILE-129. LYS-131 Conventional hydrogen bond, Unfavourable Acceptor-Acceptor, 
Pi-Sigma, Pi-Alkyl 

g VAL-29, PRO-26, TYR-24, HIS-222, HIS-117, ASN-167, TYR-
216, SER-221, LEU 

Conventional hydrogen bond, Carbon hydrogen bond, Pi-Cation, 
Pi-Sigma, Pi-Pi Stacked, Pi-Pi T-Shaped, Amide-Pi Stacked, 
Alkyl, Pi-Alkyl  

h ASP-112, PHE-15, CYS-7, LYS-4, GLN-6, TYR-5, ASP-78, 
GLU-77, ILE-79 

Conventional hydrogen bond, Pi-Anion, Pi-Sulfur, Pi-Pi Stacked, 
Pi-Pi T-Shaped, Pi-Alkyl 

i ILE-42, ASP-2, GLN-6, VAL-281, GLU-285, GLN-282, LYS-
249, ARG-250 

Conventional hydrogen bond, Carbon hydrogen bond, 
Unfavourable Acceptor-Acceptor, Pi-Cation, Pi-Anion, Pi-
Sigma. 

j PHE-284, LYS-4, TYR-5, CYS-7 Conventional hydrogen bond, Pi-sulfur, Pi-Pi Stacked, Pi-Alkyl 
Etoposide LEU-219, HIS-222, SER-221, ASN-280, GLN-279, PRO-252, 

ARG-276, LYS-270 
Van der waals, Conventional hydrogen bond, Amide-Pi Stacked, 
Alkyl, Pi-Alkyl 
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Fig. 4. Residual interactions between compound g and 3α-hydroxysteroid dehydrogenase type 3

2 permeability, P-glycoprotein substrate, P-glycoprotein
inhibitor, renal organic cation transporter, subcellular
localization, CYP450 2C9 substrate, CYP450 2D6 substrate,
CYP450 3A4 substrate, CYP450 1A2 inhibitor, CYP450 2C9
inhibitor, CYP450 2D6 inhibitor, CYP450 2C19 inhibitor,
CYP450 3A4 inhibitor, CYP inhibitory promiscuity, human
Ether-a-go-go-Related gene inhibition, AMES toxicity,
carcinogens, fish toxicity, tetrahymena pyriformis toxicity,

honey bee toxicity and biodegradation. It was discovered that
the selected compounds have better tendency to be absorbed
in human intestine that the standard used, since higher human
intestinal absorption value denote better efficiency in human
intestinal absorption of drug. The obtained blood brain barrier
value for the selected compounds were within the same range
as shown in Table-5 and the calculated P-glycoprotein (non-
inhibitor) for the selected compounds was similar to etoposide

TABLE-5 
PREDICTED ADMET PROPERTIES OF SELECTED COMPOUNDS THAT DESCRIBE  

ANTI-BREAST CANCER ACTIVITIES OF 2,4-THIADIAZOLE-1,2,4-TRIAZOLE DERIVATIVES 

Compound b Compound e Compound g Etoposide 
Mode 

Result Probability Result Probability Result Probability Result Probability 
Blood-Brain Barrier BBB- 0.8074 BBB- 0.7977 BBB- 0.8024 BBB- 0.9609 
Human intestinal 
absorption 

HIA+ 0.9697 HIA+ 0.9577 HIA+ 0.9759 HIA+ 0.8360 

Caco-2 permeability Caco2- 0.5584 Caco2- 0.5653 Caco2- 0.5739 Caco2- 0.5234 
P-glycoprotein substrate Non-substrate 0.5730 Non-substrate 0.6280 Non-substrate 0.5769 Substrate 0.7019 

Non-inhibitor 0.8444 Non-inhibitor 0.7827 Non-inhibitor 0.8835 Non-inhibitor 0.8005 P-glycoprotein Inhibitor 
Non-inhibitor 0.9355 Non-inhibitor 0.9304 Non-inhibitor 0.9264 Non-inhibitor 0.8381 

Renal organic cation 
transporter 

Non-inhibitor 0.9289 Non-inhibitor 0.9481 Non-inhibitor 0.9217 Non-inhibitor 0.8412 

Subcellular localization Mitochondria 0.6911 Mitochondria 0.6466 Mitochondria 0.6636 Mitochondria 0.7431 
CYP450 2C9 Substrate Non-substrate 0.5491 Non-substrate 0.5668 Non-substrate 0.5607 Non-substrate 0.8228 
CYP450 2D6 Substrate Non-substrate 0.8107 Non-substrate 0.8171 Non-substrate 0.8146 Non-substrate 0.9116 
CYP450 3A4 Substrate Non-substrate 0.5091 Substrate 0.5087 Substrate 0.5373 Substrate 0.6134 
CYP450 1A2 Inhibitor Non-inhibitor 0.6233 Non-inhibitor 0.6687 Non-inhibitor 0.6540 Non-inhibitor 0.9045 
CYP450 2C9 Inhibitor Non-inhibitor 0.5298 Inhibitor 0.5234 Inhibitor 0.5759 Non-inhibitor 0.6884 
CYP450 2D6 Inhibitor Non-inhibitor 0.8561 Non-inhibitor 0.8407 Non-inhibitor 0.8532 Non-inhibitor 0.8392 
CYP450 2C19 Inhibitor Non-inhibitor 0.6182 Non-inhibitor 0.5223 Inhibitor 0.5061 Non-inhibitor 0.5290 
CYP450 3A4 Inhibitor Non-inhibitor 0.6886 Inhibitor 0.6075 Non-inhibitor 0.7196 Non-inhibitor 0.8309 
CYP inhibitory 
promiscuity 

Low CYP 
Inhibitory 
Promiscuity 

0.6130 High CYP 
Inhibitory 
Promiscuity 

0.7338 High CYP 
Inhibitory 
Promiscuity 

0.5337 High CYP 
Inhibitory 
Promiscuity 

0.5576 

Weak inhibitor 0.9970 Weak inhibitor 0.9923 Weak inhibitor 0.9958 Weak inhibitor 0.9847 Human ether-a-go-go-
related gene inhibition  Non-inhibitor 0.5938 Non-inhibitor 0.5838 Non-inhibitor 0.5527 Non-inhibitor 0.8734 
AMES Toxicity Non AMES 

toxic 
0.6289 Non AMES 

toxic 
0.5139 Non AMES 

toxic 
0.6404 Non AMES 

toxic 
0.9132 

Carcinogens Non-
carcinogens 

0.8472 Non-
carcinogens 

0.8055 Non-
carcinogens 

0.7730 Non-
carcinogens 

0.9325 

Fish toxicity High FHMT 0.9850 High FHMT 0.9864 High FHMT 0.9954 High FHMT 0.9815 
Tetrahymena pyriformis 
toxicity 

High TPT 0.9880 High TPT 0.9904 High TPT 0.9942 High TPT 0.9918 

Honey bee toxicity Low HBT 0.7149 Low HBT 0.7298 Low HBT 0.7717 High HBT 0.6868 
Biodegradation Not ready 

biodegradable 
0.9565 Not ready 

biodegradable 
0.9789 Not ready 

biodegradable 
0.9947 Not ready 

biodegradable 
0.9467 
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(Standard). Also, the selected 1,2,4-thiadiazole-1,2,4-triazole
derivatives were observed not to be carcinogenic and this was
similar to the reported obtained for the standard used. Further-
more, the observed cytochrome P450 revealed that it could be
inhibited by some of the selected 1,2,4-thiadiazole-1,2,4-triazole
derivatives.

Conclusion

In summary, the anti-breast cancer properties of 1,2,4-
thiadiazole-1,2,4-triazole derivatives were studied via density
functional theory method, Gretl software (QSAR model),
docking software (Pymol, Autodock Tool, Auto dock vina and
discovery studio) and Gromacs for molecular dynamics simu-
lation. The calculated descriptors obtained from optimization
of 1,2,4-thiadiazole-1,2,4-triazole derivatives were screened
and the selected descriptors were used to develop efficient
QSAR model for effective prediction. The predicted IC50 by
MLR and ANN were observed to be closer to the experiment
al IC50. However, the prediction made by ANN was observed
to be closer to the experimental inhibition concentration (IC50)
than the prediction made by MLR. The non-bonding interaction
between the studied ligands and 3α-hydroxysteroid dehydrog-
enase type 3 (PDB ID: 4xo6) were investigated and it was
observed that compound g possess better inhibiting ability to
inhibit 3α-hydroxysteroid dehydrogenase type 3 than other
studied compounds. Hence, the developed QSAR model will
help in developing effective drug molecules.

A C K N O W L E D G E M E N T S

The authors are grateful to the Computational Chemistry
Research Laboratory, Department of Pure & Applied Chemistry,
Ladoke Akintola University of Technology, Ogbomoso, Nigeria
for the computational resources. Thanks are also due for Mrs
E.T. Oyebamiji and Miss Priscilla F. Oyebamiji for the assistance
in the course of this study.

R E F E R E N C E S

1. A. Jemal, F. Bray, M.M. Center, J. Ferlay, E. Ward and D. Forman,
Global Cancer Statistics, CA Cancer J. Clin., 61, 69 (2011);
https://doi.org/10.3322/caac.20107

2. O.A. Kolawole, F. Olatomide A and S. Banjo, Anti-Gastric Cancer Activity
of 1,2,3-Triazolo[4,5-d]pyrimidine Hybrids (1,2,3-TPH): QSAR and
Molecular Docking Approaches, Heliyon, 6, e03561 (2020);
https://doi.org/10.1016/j.heliyon.2020.e03561

3. J.Y. Zhang, Apoptosis-Based Anticancer Drugs, Nat. Rev. Drug Discov.,
1, 101 (2002);
https://doi.org/10.1038/nrd742

4. J.K. Buolamwini, Novel Anticancer Drug Discovery, Curr. Opin. Chem.
Biol., 3, 500 (1999);
https://doi.org/10.1016/S1367-5931(99)80073-8

5. G. Charitos, D.T. Trafalis, P. Dalezis, C. Potamitis, P. Zoumpoulakis,
V. Sarli and C. Camoutsis, Synthesis and Anticancer Activity of Novel
3,6-Disubstituted 1,2,4-Triazolo[3,4-b]1,3,4-thiadiazole Derivatives,
Arab. J. Chem., 12, 4784 (2019);
https://doi.org/10.1016/j.arabjc.2016.09.015

6. Y.-H. Wu, T.-H. Chang, Y.-F. Huang, H.-D. Huang and C.-Y. Chou,
COL11A1 Promotes Tumor Progression and Predicts Poor Clinical
Outcome in Ovarian Cancer, Oncogene, 33, 3432 (2014);
https://doi.org/10.1038/onc.2013.307

7. J.R. Molina, P. Yang, S.D. Cassivi, S.E. Schild and A.A. Adjei, Non-
Small Cell Lung Cancer: Epidemiology, Risk Factors, Treatment and
Survivorship, Mayo Clin. Proc., 83, 584 (2008);
https://doi.org/10.1016/S0025-6196(11)60735-0

8. B. Ljepoja, J. García-Roman, A.-K. Sommer, E. Wagner and A. Roidl,
Breast, 43, 31 (2019);
https://doi.org/10.1016/j.breast.2018.10.007

9. S.P. Helmrich, S. Shapiro, L. Rosenberg, D.W. Kaufman, D. Slone, C.
Bain, O.S. Miettinen, P.D. Stolley, N.B. Rosenshein, R.C. Knapp, T.
Leavitt Jr., D. Schottenfeld, R.L. Engle Jr. and M. Levy, Risk Factors
for Breast Cancer, Am. J. Epidemiol., 117, 35 (1983);
https://doi.org/10.1093/oxfordjournals.aje.a113513

10. L.A. Keogh, E. Steel, P. Weideman, P. Butow, I.M. Collins, J.D. Emery,
G.B. Mann, A. Bickerstaffe, A.H. Trainer, L.J. Hopper and K. Phillips,
Consumer and Clinician Perspectives on Personalising Breast Cancer
Prevention Information, Breast, 43, 39 (2019);
https://doi.org/10.1016/j.breast.2018.11.002

11. M. Berliere, F. Roelants, C. Watremez, M.A. Docquier, N. Piette, S.
Lamerant, V. Megevand, A. Van Maanen, P. Piette, A. Gerday and F.P.
Duhoux, The Advantages of Hypnosis Intervention on Breast Cancer
Surgery and Adjuvant therapy, Breast, 37, 114 (2018);
https://doi.org/10.1016/j.breast.2017.10.017

12. A.K. Kaur, S. Kumar and P.K. Sharma, Hepatoprotective Activity of
Inula cappa DC. Aqueous Extract against Carbon Tetrachloride induced
Hepatotoxicity in Wistar Rats, Int. Res. J. Pharm., 8, 14 (2017);
https://doi.org/10.7897/2230-8407.08013

13. B. Kaproñ, J.J. Luszczki, A. Plaziñska, A. Siwek, T. Karcz, A. Grybos,
G. Nowak, A. Makuch-Kocka, K. Walczak, E. Langner, K. Szalast, S.
Marciniak, M. Paczkowska, J. Cielecka-Piontek, L.M. Ciesla and T.
Plech, Development of the 1,2,4-Triazole-based Anticonvulsant Drug
Candidates Acting on the Voltage-gated Sodium Channels. Insights from
in-vivo, in-vitro and in-silico Studies, Eur. J. Pharm. Sci., 129, 42 (2019);
https://doi.org/10.1016/j.ejps.2018.12.018

14. A.T. Mavrova, D. Wesselinova, J.A. Tsenov and L.A. Lubenov,
Synthesis and Antiproliferative Activity of Some New Thieno[2,3-d]-
pyrimidin-4(3H)-ones Containing 1,2,4-Triazole and 1,3,4-Thiadiazole
Moiety, Eur. J. Med. Chem., 86, 676 (2014);
https://doi.org/10.1016/j.ejmech.2014.09.032

15. F. Lazrak, E.M. Essassi, Y.K. Rodi, K. Misbahi and M. Pierrot, Synthese
De Nouveaux Systemes Condenses Renfermant Le 1,2,4-triazole, La
1,3-thiazine, La 1,3-thiazepine Et La 1,3,5,7-dithiadiazocine, Phosphorus
Sulfur Silicon Rel. Elem., 179, 1799 (2004);
https://doi.org/10.1080/10426500490466526

16. F. Lazrak, N.H. Ahabchane, A. Keita, E.M. Essassi and M. Pierrot, Synthesis
and Crystal Structure of 3-Methoxycarbonyl-5-methyl-1-p-tolyl-1,2,4-
triazolo[3,4-c]-1,2,4-triazole, J. Indian Chem., 41B, 821 (2002).

17. Q. Zhang, Y. Peng, X.I. Wang, S.M. Keenan, S. Arora and W.J. Welsh,
Highly Potent Triazole-Based Tubulin Polymerization Inhibitors, J.
Med. Chem., 50, 749 (2007);
https://doi.org/10.1021/jm061142s

18. R. Singh, S.K. Kashaw, V.K. Mishra, M. Mishra, V. Rajoriya and V.
Kashaw, Design and Synthesis of New Bioactive 1,2,4-Triazoles,
Potential Antitubercular and Antimicrobial Agents, Indian J. Pharm.
Sci., 80, 36 (2018);
https://doi.org/10.4172/pharmaceutical-sciences.1000328

19. M.T.M. El Wassimy, M. Abdel-Rahman, A.B.A.G. Ghattas and O.A.A.
Abdallah, Synthesis and Reactions of N-Chloromethyl-1,2,4-triazoles
with Sulfur and Oxygen Nucleophiles, Phosphorus Sulfur Silicon Rel.
Elem., 70, 99 (1992);
https://doi.org/10.1080/10426509208049156

20. M.-X. Song and X.-Q. Deng, Recent Developments on Triazole Nucleus
in Anticonvulsant Compounds: A Review, J. Enzyme Inhib. Med. Chem.,
33, 453 (2018);
https://doi.org/10.1080/14756366.2017.1423068

21. H. Kumar, A.S. Javed, A.S. Khan and M. Amir, 1,3,4-Oxadiazole/
Thiadiazole and 1,2,4-Triazole Derivatives of Biphenyl-4-yloxy Acetic
Acid: Synthesis and Preliminary Evaluation of Biological Properties,
Eur. J. Med. Chem., 43, 2688 (2008);
https://doi.org/10.1016/j.ejmech.2008.01.039

22. N.K. Basu and F.L. Rose, S-Triazolopyridazines: Synthesis as Potential
Therapeutic Agents, J. Chem. Soc., 5660 (1963);
https://doi.org/10.1039/jr9630005660

23. G. Wu, Y. Gao, D. Kang, B. Huang, Z. Huo, H. Liu, V. Poongavanam,
P. Zhan and X. Liu, Design, Synthesis and Biological Evaluation of
Tacrine-1,2,3-triazole Derivatives as Potent Cholinesterase Inhibitors,
MedChemComm, 9, 149 (2018);
https://doi.org/10.1039/C7MD00457E

Asian Journal of Organic & Medicinal Chemistry  45

https://doi.org/10.1016/S1367-5931(99)80073-8
https://doi.org/10.1016/S0025-6196(11)60735-0


24. A. Aliabadi, E. Eghbalian and A. Kiani, Synthesis and Evaluation of
the Cytotoxicity of a Series of 1,3,4-Thiadiazole Based Compounds
as Anticancer Agents, Iran. J. Basic Med. Sci., 16, 1133 (2013).

25. N. Kushwaha, S.K.S. Kushwaha and A.K. Rai, Biological Activities of
Thiadiazole Derivatives: A Review, Int. J. Chem. Res., 4, 517 (2012).

26. S.M. Gomha, T.A. Salah and A.O. Abdelhamid, Synthesis, Characteri-
zation and Pharmacological Evaluation of Some Novel Thiadiazoles and
Thiazoles Incorporating Pyrazole Moiety as Anticancer Agents, Monatsh.
Chem., 146, 149 (2015);
https://doi.org/10.1007/s00706-014-1303-9

27. S.M. Gomha and H.M. Abdel-Aziz, Synthesis and Antitumor Activity of
1,3,4-Thiadiazole Derivatives Bearing Coumarine Ring, Heterocycles,
91, 583 (2015);
https://doi.org/10.3987/COM-14-13146

28. N. Siddiqui, P. Ahuja, W. Ahsan, S.N. Pandeya and M.S. Alam,
Thiadiazoles: Progress Report on Biological Activities, J. Chem. Pharm.
Res., 1, 19 (2009).

29. P. Bhattacharya, J.T. Leonard and K. Roy, Exploring QSAR of Thiazole
and Thiadiazole Derivatives as Potent and Selective Human Adenosine
A3 Receptor Antagonists using FA and GFA Techniques, Bioorg. Med.
Chem., 13, 1159 (2005);
https://doi.org/10.1016/j.bmc.2004.11.022

30. A. Foroumadi, Z. Kargar, A. Sakhteman, Z. Sharifzadeh, M. Kazemi,
R. Feyzmohammadi and A. Shafiee, Synthesis and Antimycobacterial
Activity of Some Alkyl [5-(Nitroaryl)-1,3,4-thiadiazol-2-ylthio]propio-
nates, Bioorg. Med. Chem. Lett., 16, 1164 (2006);
https://doi.org/10.1016/j.bmcl.2005.11.087

31. D. Kumar, N. Maruthi Kumar, K.-H. Chang and K. Shah, Synthesis
and Anticancer Activity of 5-(3-Indolyl)-1,3,4-thiadiazoles, Eur. J. Med.
Chem., 45, 4664 (2010);
https://doi.org/10.1016/j.ejmech.2010.07.023

32. B. Sharma, A. Verma, S. Prajapati and U.K. Sharma, Synthetic Methods,
Chemistry, and the Anticonvulsant Activity of Thiadiazoles, Int. J. Med.
Chem., 2013, 348948 (2013);
https://doi.org/10.1155/2013/348948

33. V. Mathew, J. Keshavayya, V.P. Vaidya and D. Giles, Studies on
Synthesis and Pharmacological Activities of 3,6-Disubstituted-1,2,4-
triazolo[3,4-b]1,3,4-thiadiazoles and their Dihydro Analogues, Eur. J.
Med. Chem., 42, 823 (2007);
https://doi.org/10.1016/j.ejmech.2006.12.010

34. K. Jain, S. Sharma, A. Vaidya, V. Ravichandran and R.K. Agrawal,
1,3,4-Thiadiazole and its Derivatives: A Review on Recent Progress in
Biological Activities, Chem. Biol. Drug Des., 81, 557 (2013);
https://doi.org/10.1111/cbdd.12125

35. B. Zhang, X.-J. Hu, X.-Q. Wang, J.-F. Th’eriault, D.-W. Zhu, P. Shang,
F. Labrie and S.-X. Lin, Human 3α-Hydroxysteroid Dehydrogenase
Type 3: Structural Clues of 5α-DHT Reverse Binding and Enzyme Down-
Regulation Decreasing MCF7 Cell Growth, Biochem. J., 473, 1037
(2016);
https://doi.org/10.1042/BCJ20160083

36. Y.J. Pragathi, R. Sreenivasulu, D. Veronica and R.R. Raju, Design,
Synthesis and Biological Evaluation of 1,2,4-Thiadiazole-1,2,4-Triazole
Derivatives Bearing Amide Functionality as Anticancer Agents, Arab.
J. Sci. Eng., 46, 225 (2021);
https://doi.org/10.1007/s13369-020-04626-z

37. A.K. Oyebamiji, I.O. Abdulsalami and B. Semire, Dataset on in silico
Approaches for 3,4-Hihydropyrimidin-2(1H)-one Urea Derivatives as
Efficient Staphylococcus aureus inhibitor, Data Brief, 32, 106195
(2020);
https://doi.org/10.1016/j.dib.2020.106195

38. R.O. Adegoke, A.K. Oyebamiji and B. Semire, Dataset on the DFT-
QSAR and Docking Approaches for Anticancer Activities of 1,2,3-
Triazole-Pyrimidine Derivatives Against Human Esophageal Carcinoma
(EC-109), Data Brief, 31, 105963 (2020);
https://doi.org/10.1016/j.dib.2020.105963

39. A.K. Oyebamiji, G.F. Tolufashe, O.M. Oyawoye, T.A. Oyedepo and
B. Semire, Biological Activity of Selected Compounds from Annona
muricata Seed as Antibreast Cancer Agents: Theoretical Study, J.
Chem., 2020, 6735232 (2020);
https://doi.org/10.1155/2020/6735232

40. A.I. Taourati, M. Ghamali, S. Chtita, H. Zaki, M. Benlyass, F. Guenoun,
T. Lakhlifi and M. Bouachrine, QSAR Studies of the Inhibitory Activity
of a Series of Substituted Indole and Derivatives Againt Isoprenyl-
cysteine Carboxyl Methyltransferase (Icmt), Int. J. Pharm. Sci. Inven.,
6, 6 (2017).

41. H. Rachid, I.T. Abdelhafid, L. Majdouline, A. Azeddine, A. Abdelaziz,
B. Mohammed and L. Tahar, Combining DFT and QSAR Result for
Predicting the Biological Activity of the Phenylsuccinimide Derivatives,
J. Chem. Pharm. Res., 5, 45 (2013).

46  Kolawole et al.


