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Xanthine Oxidase (XO) inhibitors may contribute to the increased incidence of several inflammatory diseases such as gout.
Inhibition of XO enzyme activity plays a significant role in the prevention and treatment of these types of diseases. The aim of
present study were to synthesize, determine the cytotoxicity and biological activity, and molecular docking of a few
Dihydropyridines as XO Inhibitors. The synthesis of a few 1, 4-dihydropyridine (DHP) derivatives (A-C) were evaluated for their
cytotoxicity effects against MCF-7 and L929 cells. All the selected compounds / All the potential candidate compounds were also
evaluated for their XO inhibitory activity. Molecular docking simulation was used to investigate the potential binding modes of
DHP derivatives within XO binding site. The results of this study showed the superior cytotoxic activities of compound B against
both tested cell lines, while no significant XO inhibitory activity was recorded for it. On the basis of molecular docking studies,
different enzyme blocking activities might be attributed to the various binding sites with the enzyme active sites.
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1. Introduction

out and other inflammatory diseases such as
Grheumatoid arthritis (RA), hypertension and

diabetes mellitus are characterized by high uric
acid level in blood (1, 2). These diseases are described by
frequent occurrences of acute inflammatory arthritis
caused by the precipitation of uric acid in the joints and
neighboring soft tissues. The blood uric acid levels (as a
final metabolite of purines) depend on the function of
the kidneys especially in a purine-rich diet (2).
Xanthine oxidase (XO, EC 1.17.3.2) is the enzyme (MW
285 KD) which belongs to the family of xanthine
oxidoreductase. This enzyme can catalyze hypoxanthine
oxidation to xanthine, and further to uric acid and
generates reactive oxygen species (ROS) such as free

superoxide radicals and hydrogen peroxide (3, 4).
Frequent and high intake of pruine-rich foods seem to be
associated with activation and liberation of XO.
Therefore, the treatment of gout and other related
diseases can be achieved by inhibiting high activity of this
enzyme (5). Allopurinol is the only available drug as a
xanthine oxidase inhibitor that decreases the production
of uric acid and has side effects such as Steven-Johnson
syndrome (SJS), allopurinol hypersensitivity syndrome
(AHS), and nephrotoxicity (3, 6). Therefore, the
discovery and development of new XO inhibitors with
fewer adverse and side effects is considered an important
area of research within the contemporary drug discovery
scenario.
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Some 1,4-dihydropyridine (DHP) derivatives have been
shown to reduce the intracellular production of reactive
oxygen species (ROS) (7). The aim of this study was to
evaluate a few derivatives of DHP in terms of cytotoxicity
and XO inhibitory potential (8-11). Previous
investigations demonstrated several biological activities
of DHP derivatives such as calcium channel blocker
(CCBs) (12), antioxidant (13), anticonvulsant (14),
antitumor (15) and anti-inflammatory (16) whereas
some of them including amlodipine, nifedipine,
lecarnidipine and cilinidipine have been widely applied
as therapeutic agents (17). Despite the beneficial
biological activities of DHPs, some reports indicated that
these compounds possessed relatively intrinsic
cytotoxicity. The results of some studies showed that the
intrinsic cytotoxicity of DHPs could favorably be used
against cancer cells (17, 18). By modifying the structure
of some relevant derivatives, it might be possible to
reduce the property of blocking of calcium channels
effect and hence increase their level of selective toxicity
against cancer cells (8, 17, 19, 20). Another application
of DHPs and their derivatives is their usage as anti-
multidrug resistance (MDR) agents. MDR is a serious
health problem in simultaneous administration of
multiple drugs for cancer treatment. The reason of MDR
is the over-expression of P-glycoprotein in cancer cells,
which leads to its more activity and then reduces the
accumulation of drugs in cancer cells and finally
increases the drug resistance cancer cells. Recently, it has
been discovered that the new derivatives of DHPs have a
significant role in inhibition of p-glycoproteins and
hence can act as potential tumor chemo-sensitizers (20,
21). The use of computational methods to estimate and
model the activity of different molecules increases the
pace of drug discovery and development.

Today, molecular docking tools are considered essential
and has been used widely for the rational design of drugs
and this technique is based on molecular structure and
interactions between two molecules (protein-protein or
protein-ligand). In this technique, structure of a small
molecule or drug is randomly changed in terms of
translation, torsion and conformation search algorithms
at the macromolecule level with the aim of finalizing the
ideal location for connecting to macromolecule (22).
The interactions of the new derivatives of DHP as small
molecule with XO as a macromolecule target have been
explored through molecular docking (5, 6, 23, 24). In this
study, the inhibitory activity and cytotoxicity of three
1,4-DHP  derivatives (A-C) were assessed by
spectrophotometric analysis and MTT assay on MCF-7
and L929 cells, respectively. Moreover, molecular
docking studies were conducted on candidate structures
to explore the binding features within XO binding sites.

2. Material and Methods

Two previously identified compounds (A and B) consist
of 2,6-dimethyl-3,5-bis-N-(2-benzothiazolyl)
carbamoyl-4-(4-methoxyphenyl)-1,4-dihydropyridine

and 2,6-dimethyl-3,5-bis-N-(2-benzothiazolyl)
carbamoyl-4-(3-nitrophenyl)-1,4-dihydropyridine were
synthesized according to the Hantzsch reaction (11, 25),
while 2,6-dimethyl-3,5-bis-N-(2-benzothiazolyl)
carbamoyl-4-(4-chloro-3-nitrophenyl)-1,4-
dihydropyridine (C; Fig 1) was synthesized at this study.
For this purpose, in a 100 ml round-bottom flask 1 mmol
4-chloro-3-nitrophenyl was added to 2 mmol of N-aryl
acetamide and 2 mmol AcONH4. Absolute ethanol (20
ml) was used as a solvent and the mixture was refluxed
with stirring for 48 h at 80 °C. The progress of the
reaction and purity of the products were monitored by
thin-layer chromatography (TLC) which supported by
Merck silica gel 60 F254 aluminum plates. After the
reaction is completed, the mixture was condensed under
reduced pressure and washed tree times with cooled
ethanol. The final product was separated and re-
crystallized three times from ethanol. The structure of
the synthesized compound was confirmed by IHNMR
(A-380, Bruker, USA) and Fourier-transform infrared
spectroscopy (FTIR) (8400S, Shimadzu, Japan) while for
two other derivatives, spectroscopic properties were
compared and confirmed with previous reports.

R1
Figure 1. Chemical structure of assessed dihydropyridine derivatives
(A: Ri=0OCH3;, R>=H, B: Ri=H, R,=NO,, C: R;=Cl, R»=NO>)

2.1. Synthesis of  2,6-dimethyl-3,5-bis-N-(2-
benzothiazolyl) carbamoyl-4-(4-chloro-3-nitrophenyl)-
1,4 dihydropyridine (C)

Pale yellow powder, Yield 63%, FTIR (KBr, cm) 3412
(N-H, DHP), 3066 (C-H, aliphatic), 1708 (C=0, amide),
1599 (C=C, alkene), 'HNMR (DMSO-d6) & (ppm) 12.10
(2H, brs, NH-amide), 9.19 (1H, brs, NH-DHP), 8.03 (1H,
d, J =7.6 Hz, CH-phenyl), 7.89 (IH, s, CH-phenyl), 7.82
(1H, d, J = 8 Hz, CH-phenyl), 7.76 (2H, d, J = 8.4 Hz,
C4'H-benzothiazole), 7.56 (2H, d, J = 8.4 Hz, C7'H-
benzothiazole), 752 (2H, t, J = 8.4 Hz, C6'H-
benzothiazole), 738 (2H, t, J = 8 Hz, C5H-
benzothiazole), 5.53 (1H, s, C4H-DHP), 2.36 (6H, s,
CHs-DHP).

2.2. Biological Assessment

2.2.1. Methyl thiazolyl tetrazolium (MTT) Assay
Cell toxic activity of the synthesized compounds were
assessed by their cytotoxic effects using MTT assay
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method against two cell lines L929 (the parent L strain
was derived from normal subcutaneous areolar and
adipose tissue of a 100-day-old male C3H/An mouse,
this cell line can be widely used for toxicity testing) and
MCEF-7 (as human breast cancer cell line) (8, 19, 26)
which were purchased from Pasteur institute, Iran.
MCF-7 and L929 cells were cultured in RPMI-1640
medium containing 10% FBS in a wet atmosphere of CO;
(5%) at 37 °C, 100 U/ml penicillin, and 100 pg/mL
streptomycin, then cells were trypsinized in and then
seeded into plastic 96-well plates at a density of 5000-
10000 cells per well and incubated for 24 and 48 hours.
Serial concentrations of compounds (5, 10, 20, 40, 60, 80,
and 100 pg/ml) were prepared in RPMI media using
dimethyl sulfoxide (DMSO) as co-solvent. Samples were
further incubated for 48 hours and the assay was started
with 20 pl of MTT reagent (Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (5 mg/ml) and incubated
for 4 hours at 37 °C. After removing the reagent and cell
culture medium, 200 pl of DMSO was added to dissolve
the forming formazan crystals. The spectrophotometric
absorbance of the samples was recorded using an ELISA
reader at 570 nm (Thermo, USA).

2.2.2. Preparation of Xanthine Oxidase Enzyme

Enzyme preparation was conducted in accordance to the
method of Johnson et al. (27). Briefly, the rat was killed
by cervical dislocation, and then its liver was
immediately separated and located in a mixture of water
and ice containing isotonic potassium chloride solution
(1.15% KCI w/v) and 0.1 mM EDTA. Then, the sample
was homogenized at 4000-5000 rpm for 4 min at 4 °C
using Potters homogenizer. The homogenate was heated
in a steam bath at 55-57 °C for 15 min, cooled down to 4
°C and centrifuged at 15000 g for 45 min at 4 °C, and then
the saturated solution of ammonium sulphate (50%, 35.3
g/100 ml) was added to supernatant fluid at 4 °C. The
resulting suspension was centrifuged at 6000 g for 20 min
at 4 °C. The precipitate was then dissolved in 500 ml of
0.1 mM EDTA solution and then was frozen until use.
The Ethics Committee of Tabriz University of Medical
Sciences approved the study (Code of ethics committee:
IR TBZMED.REC.1395.146).

2.2.3. Enzyme Assays

The XO enzyme activity and the inhibition activity of it
by DHP derivatives were carried out at 37 °C using a
Shimadzu 2550 UV/VIS spectrophotometer which was
connected to cell temperature control unit (Shimadzu
UV Probe personal software). XO activity was
determined by using xanthine (50 mM) as a specific
substrate, allopurinol (50 mM) as a xanthine oxidase
inhibitor (control test) by monitoring absorbance
changes at 296 nm. The substrate was dissolved in
Sorenson’s phosphate buffer (pH 7.0) containing 0.1 mM
EDTA and the initial oxidation was carried out up to 2
min. Then, the inhibition activity of DHP derivatives (A,
B, and C at 500 pl & 50 pM) were measured. The

inhibition activity results were also compared with the
inhibitory effect of allopurinol (500 ul and 50 pM) as a
control.

2.3. Molecular Docking

The development in any scientific field, particularly
biology, cheminformatics, and computers as well as the
availability of the crystallographic structures of targets
such as proteins for three-dimensional structure of
bioactive agents like drugs, facilitated the control of the
diseases by scientists. Molecular docking approach is a
new computer-aided drug design method for predicting
the preferred interactions and binding orientations of
proteins with drugs that is usually compared with the
experimental biological tests. It were considered into
account to study the interactions between the active site
of XO, ligands AutoDock (version 4.2) (28) and Gold
(version 5.0) (29). Also the X-ray crystallographic
structure of bovine XO was downloaded from Protein
Data Bank (PDB) with the code 3BNVW. The B, C, ], K, L
chains, and all small molecules were removed from the
protein structure, and finally the C-chain was selected for
molecular docking procedure. Mode of molecular
docking during this process was rigid receptor. The
proteins and the ligands are considered respectively as
rigid and flexible receptors (30). To perform docking
process, several steps were done such as preparation of
target and ligand files prior the analysis, grid box
definition, ligands docking, and analyzing the results of
docking experiments. Auto Grid analysis was used as an
efficient computational method for calculating protein-
ligand for atomic affinity. Docking was carried out using
Lamarckian genetic algorithm (LGA) which is an
adaptive local search method (31). To perform docking
simulations, a grid box was defined to enclose the
binding site of XO with dimensions of 60Ax60Ax60A
and the grid space of 0.375 A. The other parameters were
set as default. According to docking results, a cluster
analysis for the obtained 100 structures based on root
mean square with tolerance of 0.2 nm was subsequently
performed and the lowest energy conformation of the
more populated cluster was selected and taken into
account. To generate the schematic 2D representations
of the ligand-receptor hydrogen and hydrophobic
interactions LIGPLOT software program was used (32).

3. Results and Discussion

A few DHP compounds were obtained by condensation
of various aromatic aldehydes, 2-aminobenzothiazole
and ammonium acetate under reflux conditions in
ethanolic solution. The structure of the synthesized
compound was confirmed by 1IHNMR in DMSO
solution. In vitro cytotoxic activities of the synthesized
compounds (A, B, and C) were measured by MTT assay
method on the MCF-7 and L1929 cell lines at
concentrations 5, 10, 20, 40, 60, 80, and 100 pg/ml. The
percentage of cell viability of MCF-7 and L929 after 24,
48 hours incubation against concentrations of A, B, and
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C derivatives for concentrations > 20 uM is shown in
Table 1. It should be notified that no significant cell

cytotoxicity could be observed at concentrations of less
than 20 uM for DHP derivatives.

Table 1. Percentage of cell viability for MCF-7 and L929 cells in the presence of A, B, and C. The cells were seeded in 96 well plate and incubated for 24

& 48 hours. Cell viability was assessed using MTT assa
MCEF-7, % 57 64 33 5 60 55
1929, % 82 64 47 5 80 73

Table 2. Inhibition of Liver xanthine oxidase by compounds A and C and Allopurinol as a positive control
Compound Inhibitor conc. (uM) Substrate 1C50 (uM) Inhibition, %

A 20 Xanthine 11.07 + 1.46 88
C 20 Xanthine 8.96 + 1.40 85
Allopurinol 100 Xanthine 2.10 + 0.80 97.1

The results are expressed as percentage inhibition (mean + SD and n = 3).

Gold fitness score

Free binding energy (kcal/mol)

A -8.05
B -9.61
C -7.93
Allopurinol -4.47

The percentages of cell viability in the presence of
compound A were estimated as 57% and 82% at
concentrations above 40 pg/ml for MCF-7 and 1929
cells, respectively, after 24 hours incubation, whereas
these amounts were found to be 64% for both types of
cell lines after 48 hours incubation. Reduced toxic effect
of the compound A on both cell lines after 48 hours
incubation compared to 24-hours incubation may be due
to drugs’ low half-life and instability after 24 hours. Also
the MTT assay results of compound B showed the
viability percentages for both types of cell lines in the
range of 30-35 percent at concentration above 10 pug/ml
after 24 hours incubation. These amounts were 5 percent
for both types of cell lines after 48 hours incubation. The
evaluation of MTT assay results of compound C showed
that the percentages of cell viability for both types of cell
lines were at the range of 30-35 percent at concentration
above 10 ug/ml after 24 hours incubation, while these
amounts were 5 percent for both types of cell lines after
48 hours incubation. The MTT assay results for
compound B within both cell lines showed that the
toxicity of compound B was more than A and C
compounds. Therefore, it might be possible to extend the
scope of compound B and its derivatives as potential
pharmaceutical agents.

3.1. Xanthine Oxidase Inhibition Assay

XO inhibitory activity of compounds A and C in rat liver
homogenate was assessed using spectroscopic method
(compound B did not show any inhibition of XO). The
results of inhibitory activity assay have been tabulated in
Table 2.

3.2. Molecular Docking

The best docking poses were ranked according to the
scoring function and clustering analysis with regard to
their relevant binding energy. In Table 3, binding free
energy, Ki and Gold fitness score of XO inhibitors (A-C)

1.26 uM 60.3251
90.85 nM 65.2671
1.55 uM 57.8462

545.56 uM -

were summarized. Binding energy of the compounds A-
C were calculated by consideration of intermolecular
energy, van der Waals’ energy, hydrogen bonds,
desolvation free energy, electrostatic hydrogen energy
(kcal/mol), torsional free energy (kcal/mol) and
unbound systems energy (kcal/mol). The energetic
results of docking were shown in Table 3 and the ligand
binding site of the enzyme was shown by the LIGPLOT
software as a 2D visualization program (Fig 3).

The results of the docking process and 2D images of
LIGPLOT showed that the binding site and the number
of interactions of compound B was different from other
two derivatives (Figs 2, 3 and 4 and Table 4). The
observational evidence might explain to some extent the
different behaviors of compound B vs XO in in vitro
assay.

Ghug7l

Phel142(A) T

Serl141(A)
Ghug?d X:’Z
Thrl010(8)

Figure 2. 2D scheme of binding interactions between A and XO
generated by LIGPLOT, PDB deposition code: 3NVY
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Figure 3. 2D scheme of binding interactions between B and XO
generated by LIGPLOT, PDB deposition code: 3NVY

< Thrl122(B)

Frell36(A)

Leul 138(A)

S

Figure 4. 2D scheme of binding interactions between C and XO
generated by LIGPLOT, PDB deposition code: 3NVY

Table 4. Hydrogen bond distances (A) and location for 1,4-DHP XO
inhibitors

Involved  amino  H bond distance atom of the ligand
acids (A)
A
Phel142 2.63 (carbonyl) O
B
Thr1122 3.25 (methylene) C
Thr1135 2.71 (NO2) N
C
Leull38 3.01 (NO2) O
Lys771 2.64 (NO2) O
Leu648 3.27 (NO2) N

4. Conclusions

In the present study, three derivatives of 1,4-DHPs were
assessed for their cytotoxicity on MCF-7 and 1929 cell
lines from which compound B was found to be toxic on
both cell lines within 24 and 48 incubation periods. Thus,
compound B was identified as a candidate for further
cancer care delivery studies. Moreover, the results of XO
inhibition assay revealed that unlike the cytotoxicity
assessment, compound B did not exhibit any inhibitory
effect on XO enzyme which might be attributed to the
different binding sites or/and number of interactions
resulted from molecular docking simulation. Among the
three derivatives, compound C was the superior XO-
binding molecule which was also confirmed by the
fitness score of GOLD software. Comparison of the
binding free energies and XO inhibition constant values
with that of allopurinol indicated that AGb of the three
compounds were higher than allopurinol whereas the
inhibition constant value of allopurinol was superior.

Conflict of Interest
The authors declare that they have no conflict of interest.

Acknowledgments
This work was financially supported by research council
of Tabriz University of Medical Sciences.

References

1. Hall AP, Barry PE, Dawber TR, McNamara PM.
Epidemiology of gout and hyperuricemia. A long-term
population study. Am J Med. 1967;42(1):27-37. pmid:
6016478

2. Yong DT, Zuo D, Chen S, Chen D, Su J. Homology modeling
and molecular docking of URATT with chemotherapeutic
agents in hyperuricemia and gout. / Bioinforma Proteom
Rev. 2017;3(2):1-7. doi: 10.15436/2381-0793.17.1415

3. Riegersperger M, Covic A, Goldsmith D. Allopurinol, uric
acid, and oxidative stress in cardiorenal disease. /nt Urol/
Nephrol. 2011;43(2):441-449. doi: 10.1007/s11255-011-
9929-6 pmid: 21547469

4. Pirouzpanah S, Rashidi MR, Delazar A, Razavieh SV,
Hamidi A. Inhibitory effects of Ruta graveolens L. extract on
guinea pig liver aldehyde oxidase. Chem Pharm Bull
(Tokyo). 2006;54(1):9-13. pmid: 16394541

5. Umamaheswari M, Madeswaran A, Asokkumar K,
Sivashanmugam T, Subhadradevi V, Jagannath P. Discovery
of potential xanthine oxidase inhibitors using in silico
docking studies. Der Pharma Chemica. 2011;3(5):240-247.

6. Umamaheswari M, Madeswaran A, Asokkumar K,
Sivashanmugam T, Subhadradevi V, Jagannath P. Study of
potential xanthine oxidase inhibitors: In silico and in vitro
biological activity. Bangladesh J Pharmacol. 2011;6(2). doi:
10.3329/bjp.v6i2.9175

7. Cominacini L, Fratta Pasini A, Garbin U, Pastorino AM,
Davoli A, Nava C, et al. Antioxidant activity of different
dihydropyridines.  Biochem  Biophys Res Commun.
2003;302(4):679-684. pmid: 12646222

8.  Miri R, Javidnia K, Amirghofran Z, Salimi SH, Sabetghadam
Z, Meili S, et al. Cytotoxic effect of some 1, 4-
dihydropyridine  derivatives containing nitroimidazole
moiety. /fran / Pharm Res. 2011;10(3):497-503. pmid:
24250381

9. Saini A, Kumar S, Sandhu JS. Cheminform Abstract:
Hantzsch Reaction: Recent Advances in Hantzsch 1,4-
Dihydropyridines. Cheminform.  2008;39(51). doi:
10.1002/chin.200851244

Drug and Advanced Sciences Journal. 2019;1(1):3-8 7


www.ncbi.nlm.nih.gov/pubmed/6016478
www.ncbi.nlm.nih.gov/pubmed/6016478
http://dx.doi.org/10.15436/2381-0793.17.1415
http://dx.doi.org/10.1007/s11255-011-9929-6
http://dx.doi.org/10.1007/s11255-011-9929-6
www.ncbi.nlm.nih.gov/pubmed/21547469
www.ncbi.nlm.nih.gov/pubmed/16394541
http://dx.doi.org/10.3329/bjp.v6i2.9175
http://dx.doi.org/10.3329/bjp.v6i2.9175
www.ncbi.nlm.nih.gov/pubmed/12646222
www.ncbi.nlm.nih.gov/pubmed/24250381
www.ncbi.nlm.nih.gov/pubmed/24250381
http://dx.doi.org/10.1002/chin.200851244
http://dx.doi.org/10.1002/chin.200851244

Khosroshabhi et al.

20.

21.

Zonouz AM, Sahranavard N. Synthesis of 1,4-
Dihydropyridine Derivatives Under Aqueous Media. £-/
Chem. 2010;7(s1):S372-5S376. doi: 10.1155/2010/792730
Miri R, Firuzi O, Razzaghi-Asl N, Javidnia K, Edraki N.
Inhibitors  of Alzheimer's BACE-1 with 3,5-bis-N-
(aryl/heteroaryl) carbamoyl-4-aryl-1,4-dihydropyridine
structure. Arch Pharm Res. 2015;38(4):456-469. doi:
10.1007/512272-014-0401-x pmid: 24771353

Mak 1T, Zhang ], Weglicki WB. Protective effects of
dihydropyridine  Ca-blockers against endothelial cell
oxidative injury due to combined nitric oxide and
superoxide.  Pharmacol Res. 2002;45(1):27-33. doi:
10.1006/phrs.2001.0903 pmid: 11820858

Carraway RE, Hassan S, Cochrane DE. Polyphenolic
antioxidants mimic the effects of 1,4-dihydropyridines on
neurotensin receptor function in PC3 cells. / Pharmacol Exp
Ther. 2004;309(1):92-101. doi: 10.1124/jpet.103.060442
pmid: 14718582

Davood A, Amini M, Azimidoost L, Rahmatpour S, Nikbakht
A, Iman M, et al. Docking, synthesis, and pharmacological
evaluation of isoindoline derivatives as anticonvulsant
agents. Med Chem Res. 2012;22(7):3177-3184. doi:
10.1007/s00044-012-0256-y

Dhinakaran I, Padmini V, Bhuvanesh N. One-pot synthesis
of N-aryl 1,4-dihydropyridine derivatives and their
biological activities. / Chem Sci. 2015;127(12):2201-2209.
doi: 10.1007/s12039-015-0983-y

Mehta SK, Nayeem N. Natural xanthine oxidase inhibitors
for management of gout: a review. RR/MHS. 2014;3:1-13.
Zhou XF, Yang X, Wang Q, Coburn RA, Morris ME. Effects
of dihydropyridines and pyridines on multidrug resistance
mediated by breast cancer resistance protein: in vitro and in
vivo studies. Drug Metab Dispos. 2005;33(8):1220-1228.
doi: 10.1124/dmd.104.003558 pmid: 15908473

Kumar RS, Idhayadhulla A, Abdul Nasser AJ, Murali K.
ChemlInform Abstract: Synthesis and Anticancer Activity of
Some New Series of 1,4-Dihydropyridine Derivatives.
Cheminform. 2011;42(52):no-no. doi:
10.1002/chin.201152150

Aswin K, Logaiya K, Sudhan PN, Mansoor SS. An efficient
one-pot synthesis of 1,4-dihydropyridine derivatives through
Hantzsch reaction catalysed by melamine trisulfonic acid.
Journal of Taibah University for Science. 2018;6(1):1-9. doi:
10.1016/j.jtusci.2012.12.001

Shekari F, Sadeghpour H, Javidnia K, Saso L, Nazari F, Firuzi
O, et al. Cytotoxic and multidrug resistance reversal
activities of novel 1,4-dihydropyridines against human
cancer cells. Fur J Pharmacol. 2015;746:233-244. doi:
10.1016/j.ejphar.2014.10.058 pmid: 25445037

Coburger C, Wollmann J, Krug M, Baumert C, Seifert M,
Molnar J, et al. Novel structure-activity relationships and
selectivity profiling of cage dimeric 1,4-dihydropyridines as

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

multidrug resistance (MDR) modulators. Bioorg Med Chem.
2010;18(14):4983-4990. doi: 10.1016/j.bmc.2010.06.004
pmid: 20598550

Huang SY, Zou X. Advances and challenges in protein-
ligand docking. /nt / Mol Sci. 2010;11(8):3016-3034. doi:
10.3390/ijms11083016 pmid: 21152288

Murthy YL, Rajack A, Moturu TR, Jeson babu J, Praveen C,
Aruna Lakshmi K. Design, solvent free synthesis, and
antimicrobial evaluation of 1,4 dihydropyridines. Bioorg
Med  Chem  Lett.  2012;22(18):6016-6023.  doi:
10.1016/j.bmcl.2012.05.003 pmid: 22901391

Sirisha K, Shekhar MC, Umasankar K, Mahendar P,
Sadanandam A, Achaiah G, et al. Molecular docking studies
and in vitro screening of new dihydropyridine derivatives as
human ~ MRP1  inhibitors.  Bioorg ~ Med  Chem.
2011;19(10):3249-3254. doi: 10.1016/j.bmc.2011.03.051
pmid: 21530277

Razzaghi-Asl N, Miri R, Firuzi O. Assessment of the
Cytotoxic Effect of a Series of 1,4-Dihydropyridine
Derivatives Against Human Cancer Cells. /ran / Pharm Res.
2016;15(3):413-420. pmid: 27980576

Sandjo LP, Kuete V, Nana F, Kirsch G, Efferth T. Synthesis
and Cytotoxicity of 1,4-Dihydropyridines and an
Unexpected 1,3-Oxazin-6-one. Helvetica Chim Acta.
2016;99(4):310-314. doi: 10.1002/hlca.201500265
Pirouzpanah S, Rashidi MR, Delazar A, Razavieh SV,
Hamidi AA. Inhibitory effect of Ruta graveolens L. extract on
Guinea pig liver and bovine milk xanthine oxidase. /ran /
Pharm Sci. 2009;5(3):163-170.

Morris GM, Huey R, Lindstrom W, Sanner MF, Belew RK,
Goodsell DS, et al. AutoDock4 and AutoDockTools4:
Automated docking with selective receptor flexibility. /
Comput Chem. 2009;30(16):2785-2791. doi:
10.1002/jcc.21256 pmid: 19399780

Allen FH, Bellard S, Brice MD, Cartwright BA, Doubleday A,
Higgs H, et al. The Cambridge Crystallographic Data Centre:
computer-based search, retrieval, analysis and display of
information. Acta Crystallographica Section B Structural
Crystallography and Crystal Chemistry. 1979;35(10):2331-
2339. doi: 10.1107/s0567740879009249

Karkola S, Wahala K. The binding of lignans, flavonoids and
coumestrol to CYP450 aromatase: a molecular modelling
study. Mol Cell Endocrinol. 2009;301(1-2):235-244. doi:
10.1016/j.mce.2008.10.003 pmid: 19000737

Dar AM, Mir S. Molecular Docking: Approaches, Types,
Applications and Basic Challenges. / Anal Bioanal Tech.
2017;08(02). doi: 10.4172/2155-9872.1000356

Wallace AC, Laskowski RA, Thornton JM. LIGPLOT: a
program to generate schematic diagrams of protein-ligand
interactions.  Protein  £ng.  1995;8(2):127-134.  pmid:
7630882

Drug and Advanced Sciences Journal. 2019;1(1):3-8


http://dx.doi.org/10.1155/2010/792730
http://dx.doi.org/10.1007/s12272-014-0401-x
http://dx.doi.org/10.1007/s12272-014-0401-x
www.ncbi.nlm.nih.gov/pubmed/24771353
http://dx.doi.org/10.1006/phrs.2001.0903
http://dx.doi.org/10.1006/phrs.2001.0903
www.ncbi.nlm.nih.gov/pubmed/11820858
http://dx.doi.org/10.1124/jpet.103.060442
www.ncbi.nlm.nih.gov/pubmed/14718582
http://dx.doi.org/10.1007/s00044-012-0256-y
http://dx.doi.org/10.1007/s00044-012-0256-y
http://dx.doi.org/10.1007/s12039-015-0983-y
http://dx.doi.org/10.1124/dmd.104.003558
www.ncbi.nlm.nih.gov/pubmed/15908473
http://dx.doi.org/10.1002/chin.201152150
http://dx.doi.org/10.1002/chin.201152150
http://dx.doi.org/10.1016/j.jtusci.2012.12.001
http://dx.doi.org/10.1016/j.jtusci.2012.12.001
http://dx.doi.org/10.1016/j.ejphar.2014.10.058
http://dx.doi.org/10.1016/j.ejphar.2014.10.058
www.ncbi.nlm.nih.gov/pubmed/25445037
http://dx.doi.org/10.1016/j.bmc.2010.06.004
www.ncbi.nlm.nih.gov/pubmed/20598550
http://dx.doi.org/10.3390/ijms11083016
http://dx.doi.org/10.3390/ijms11083016
www.ncbi.nlm.nih.gov/pubmed/21152288
http://dx.doi.org/10.1016/j.bmcl.2012.05.003
http://dx.doi.org/10.1016/j.bmcl.2012.05.003
www.ncbi.nlm.nih.gov/pubmed/22901391
http://dx.doi.org/10.1016/j.bmc.2011.03.051
www.ncbi.nlm.nih.gov/pubmed/21530277
www.ncbi.nlm.nih.gov/pubmed/27980576
http://dx.doi.org/10.1002/hlca.201500265
http://dx.doi.org/10.1002/jcc.21256
http://dx.doi.org/10.1002/jcc.21256
www.ncbi.nlm.nih.gov/pubmed/19399780
http://dx.doi.org/10.1107/s0567740879009249
http://dx.doi.org/10.1016/j.mce.2008.10.003
http://dx.doi.org/10.1016/j.mce.2008.10.003
www.ncbi.nlm.nih.gov/pubmed/19000737
http://dx.doi.org/10.4172/2155-9872.1000356
www.ncbi.nlm.nih.gov/pubmed/7630882
www.ncbi.nlm.nih.gov/pubmed/7630882

