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a b s t r a c t

Ecto-nucleotidase members i.e., ecto-50-nucleotidase and alkaline phosphatase, hydrolyze extracellular
nucleotides and play an important role in purinergic signaling. Their overexpression are implicated in
a variety of pathological states, including immunological diseases, bone mineralization, vascular calcifi-
cation and cancer, and thus they represent an emerging drug targets. In order to design potent and selec-
tive inhibitors, new derivatives of 4-aminopyridine have been synthesized (10a-10m) and their
structures were established on the basis of spectral data. The effect of nature and position of substituent
was interestingly observed and justified on the basis of their detailed structure activity relationships
(SARs) against both families of ecto-nucleotidase. Compound 10a displayed significant inhibition (IC50

± SEM = 0.25 ± 0.05 µM) that was found �168 fold more potent as compared to previously reported inhi-
bitor suramin (IC50 ± SEM = 42.1 ± 7.8 µM). This compound exhibited 6 times more selectivity towards h-
TNAP over h-e50NT. The anticancer potential and mechanism were also established using cell viability
assay, flow cytometric analysis and nuclear staining. Molecular docking studies were also carried out
to gain insight into the binding interaction of potent compounds within the respective enzyme pockets
and herring-sperm DNA.

� 2017 Elsevier Inc. All rights reserved.

1. Introduction

Ecto-nucleotidases, membrane bound metalloenzymes, are
involved in the regulation of purinergic signaling by maintaining
extacellular nucleotides level. These extracellular nucleotides are
responsible for the activation of purinergic receptors (P2); P2X
and P2Y and ultimately control various physiological processes
such as cell proliferation, motility, differentiation, neurotransmis-
sion, acute inflammation and neuroscretion [1,2]. Ecto-50-
nucleotidase, an important member of ecto-nucleotidase family,
is a purine catabolic enzyme that primarily hydrolyzes the extra-
cellular nucleoside monophosphate into adenosine and inorganic
phosphate [3]. This adenosine maintains various physiological
functions involving vasodilation, cytoprotection, stimulation of

immunosuppression, angiogenesis and regulation of cell growth,
differentiation and maturation [4]. Moreover, e50NT also behave
as an adhesive molecule that attaches with other cells and extra-
cellular matrix such as fibronectin and laminin [5,6]. In cancer
cells, the overexpression of e50NT resulted in excessive adenosine
production that facilitate proliferation of tumor cells. Cancer cell
lines expressing e50NT are more tumorigenic and invasive in nude
mice, than e50NT negative cell lines [7]. Overexpression of e50NT is
remarkably found in more aggressive gastric, pancreatic, breast
and lymphoma cancer [8–12].

Another member of ectonucleotidase family, alkaline phos-
phatase (AP), a phosphate hydrolase uses two metal ions to cat-
alyzes the transfer of inorganic phosphates to an acceptor
substrate i.e., nucleotides [13,14]. There are four isozymes of AP
encoded in distinct gene loci i.e., tissue specific and tissue non-
specific AP. Tissue specific isozymes includes placental, germ cell
and intestinal alkaline phosphastase, whereas, tissue non specific
occurs in different part of body such as liver, bone and kidney
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[15]. In bones, TNAP is involved in the hydrolysis of extracellular
inorganic pyrophosphate (PPi) into inorganic phosphate and thus
regulate the calcification process by maintaining the steady state
level of PPi [16]. However, the overexpression of TNAP resulted
in various pathophysiological abnormalities that can possibly lead
to osteoarthritis, ankylosis, and vascular calcification [17,18].
Another isozyme, intestinal alkaline phosphatase (IAP) present at
the apical brush border of intestine involves in the dephosphoryla-
tion of bacterial lipopolysaccharides (LPS) and reduces the bacte-
rial toxicity and inflammation [19]. It has been found that
overexpression of IAP results in hepatocellular carcinomas [20]. It
has been described previously that AP dephosphorylates the pro-
tein participates in several mechanisms including apoptosis, cell
growth, differentiation, and cell migration [21]. More than half of
breast cancer patients usually develop bone metastasis and ulti-
mately progresses into liver metastases. AP highly expressed in
breast cancer patients with associated bone metastases and/or
liver metastases, are often considered as a useful prognostic indica-
tor [22,23]. Some of the known inhibitors of ecto-50-nucleotidase
and alkaline phosphatase are presented in Figs. 1 and 2,
respectively.

Many inhibitors of APs and e50NT have been identified, but they
exhibited a non-selective behavior [24,25]. Therefore, there is a
need to explore potent and selective inhibitors of APs and e50NT
that would be helpful in treating various relevant pathological con-
ditions i.e., bone mineralization, vascular calcification, inflamma-
tory bowel diseases, immunological diseases and cancers.
Keeping in view the importance of both enzymes in breast cancer
progression and metastasis along with previously reported inhibi-
tors structures, we decided to synthesize 4-aminopyridine deriva-
tives for our study. Importantly, 4-aminopyridine, a pinacidil
precursor [26], acts by blocking potassium channels and prolong-
ing action potentials; thereby increasing neurotransmitter release
at the neuromuscular junction [28]. Additionally, 4-
aminopyridine molecule has been used clinically in the treatment
of Lambert-Eaton myasthenic syndrome [27]. It has been shown to

improve visual function, motor skills and relieve fatigue in patients
with multiple sclerosis (MS). Moreover, 4-aminopyridine also
works as a potent calcium channel activator and can improve
synaptic and neuromuscular function by directly acting on the
calcium channel beta subunit [29]. Here, we synthesized and
tested 4-aminopyridine derivatives against both members of
ecto-nucleotidase. The putative binding modes of these derivatives
within the active site of enzyme were determined by molecular
docking studies. Furthermore, the anticancer potential of potent
derivatives were evaluated against different cell lines.

2. Results and discussion

2.1. Chemistry

2.1.1. Synthesis of N-(pyridin-4-yl)benzamides (10a-m)
Synthesis of the N-(pyridin-4-yl)benzamides (10a-m) was

accomplished by the direct condensation of 4-aminopyridine with
a variety of suitably substituted benzoic acids at low temperature
using dicyclohexylcarbodiimide (DCC) as a coupling agent.

The reaction was monitored by TLC. The Rf value of amides was
higher than either benzoic acids or 4-aminopyridine because of
less polarity than either of reactants. The FTIR data of all synthe-
sized amides showed the characteristic absorption band for
(NAH) stretching in the range of 3248–3275 cm�1, (C@O) stretch-
ing in the region of 1681–1694 cm�1 and (C@C) stretching in the
region of 1571–1597 cm�1. The 1H NMR spectra represented a
characteristic signal of one proton that appeared as singlet in the
range of 8.59–11.5 ppm corresponding to the (NH) of amide. A
doublet of two protons was observed in the range of 7.52–8.55
ppm and another doublet of two protons appeared in the range
of 7.92–7.48 ppm which showed para-disubstituted pattern which
is a characteristic of 4-aminopyridine structure. The 13C NMR spec-
tra of all the N-(pyridin-4-yl)benzamides (10a-m) showed charac-
teristic signal for (C@O) amide carbon and were in the range of
174.1–167.8 ppm, signal for (40) pyridine carbon and characteristic

Fig. 1. Known Inhibitors of e50NT. Sulfanilic acid (I) (1) Reactive blue (II) (2) Suramin (III) (3).

Fig. 2. Structures of known inhibitors of APs: levamisole (I), theophylline (II), 1-methyl-3-phenyl-1H-pyrazole-5-carboxylic acid (III) (4).
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