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Primary Sources

A primary source provides direct or firsthand evidence about an event, object, person, or 
work of art. �
Primary sources include results of experiments, statistical data and empirical studies—
research where an experiment was performed or a direct observation was made. The 
results of empirical studies are typically found in scholarly articles or papers delivered at 
conferences.
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Secondary Sources

Secondary sources describe, discuss, interpret, comment upon, analyze, evaluate,�
 summarize, and process primary sources. 

•  Patents
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•  Technical or research reports;
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•  Meeting abstracts;
•  PhD / Master Thesis
•  Books and educational material
•  Lab guedelines
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Scientific	paper	
A scientific paper is a written and published report describing original 
research results. That short definition must be qualified, however, by 
noting that a scientific paper must be written in a certain way and it 
must be published in a certain way, as defined by three centuries of 
developing tradition, editorial practice, scientific ethics, and the interplay 
of printing and publishing procedures.
A Journal is a periodical publication that contain articles on a specific 
topic. 
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The fact that the privately owed journals are highly expansive create a  
limitation of knowledge diffusions. 
This fact create a big controversial inside th4 scientific community that  if 
supporting the rising on the open access Journals 

https://doaj.org/ 

DOAJ is an online directory that indexes and provides access 
to high quality, open access, peer-reviewed journals.
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IF 5,248 

“Asterisc”: this is named “Reference 
author”, the one that is coordinating the 
all project and whose must direct any 
further question. In a complex study, as 
this, could be more then one.

“First name”: this author is supposed 
to have a primary role in the all study.

“Supporting information”: some material (NMR, recipes, figures, …), that just 
support the study but that can be heavy in the manuscript is placed in a 
separate, free of charge, editor web site.

“Affiliations”: the single groups involved. 
More are, better is…
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“Title”: The title of a paper is important because it is one of the first things that an editor/
reviewer/reader sees when they look at your manuscript. Therefore, it is important to grab their 
attention right away and give them an idea of why your paper is a scientific breakthrough! Be 
specific, not too technical, and concise. Must be included inside the keywords for web search.

“Abstract”: Imagine you have twenty 
seconds to explain the project you have 
been working on for months or years to 
another scientist who is not familiar with 
your area of research. You would probably 
try and tell them the one or two main 
outcomes without going into excessive 
technical detail. 
Just grab the reader's attention with the 
first statement and then leave them with 
the overall message of the manuscript in the 
last sentence. 

“Graphical abstract”: Explain everything in 
just a nice attractive image!

Reading a scientific paper
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Inside a manuscript there are no personal 
opinions but just correlations between 
already published fact!

which catalyzes the transfer of the terminal phosphate group of
the ATP to a tyrosine residue of a protein substrate, shows a
typical bilobed structure formed by a small N-terminal domain,
involved in the ATP binding, and a larger C-terminal lobe,
which contains the activation loop (A-loop) characterized by a
tyrosine residue that is autophosphorylated in the active form
of the enzyme.4 The A-loop consists of 28 residues positioned
between two conserved tripeptide motifs, DFG (Asp-Phe-Gly)
and APE (Ala-Pro-Glu).5 Besides sharing the same structure,
the SFKs are also characterized by a common regulatory
mechanism. In fact, the activation or inhibition of kinase activity
depends on intramolecular interactions between SH2 and SH3
with the kinase domain and on phosphorylation/dephosphor-
ylation of two critical tyrosines, the first situated in the A-loop
and the second in the C-terminal region.6 Fyn is able to interact
with almost 300 different proteins and, through these
interactions, participates in many cellular pathways, both in
physiological and pathological situations.7−9 Fyn is involved in
the regulation of the immune system and in T-cell development
and activation. It plays a crucial role in the development of the
central nervous system (CNS), where it is implied in
myelination and morphological differentiation associated with
the formation of neurite in oligodendrocytes, synapse formation
and regulation, oligodendrocyte differentiation, and memory
formation.10 Recent evidence suggest that Fyn hyperactivation/
deregulation might contribute to Alzheimer’s disease (AD)
pathogenesis and other tauopathies. These diseases are
characterized by the alteration in the amount or the structure
of the Tau protein, a microtubule-associated protein that
constitutes a fundamental component of the neurofibrillary
tangles of AD.11 In normal neurons, Tau is present in the
cytoplasm in an unphosphorylated form. On the contrary, Tau
results phosphorylated at multiple sites in AD. In particular,
when associated with neurofibrillary tangles, Tau was found to
be phosphorylated at its amino terminus residue Tyr18,12 with
Fyn being the sole kinase responsible for such event in AD.
Mounting evidence suggest that the phosphorylation of Tyr18
is an early event in the pathophysiology of AD and leads to
conformational changes in Tau, initiating its fibrillarization.13 In
addition, amyloid-beta (Aβ) was found to activate Fyn.14

Moreover, overexpression of Fyn accelerates synapse loss and
the onset of cognitive impairment in a transgenic AD mouse
model, while inhibition of Fyn expression rescues synapse
loss.15 The AD therapeutic approaches currently in clinical
trials are focused on Aβ clearance as well as on the inhibition of
its production or aggregation. Therefore, due to its central role
in Aβ signal transduction, Fyn represents a unique therapeutic
target in AD.9 On the other hand, Fyn overexpression has been
shown to drive a morphologic transformation in normal cells,
leading to tumor development. In fact Fyn is overexpressed in
various cancers, including glioblastoma multiformae, squamous
cell carcinoma of the head and neck, melanoma,16 breast,17

ovarian,18 prostate,19 and pancreatic cancer.20 Recent studies
have shown its involvement also in mesothelioma.21 Lately,
Singh and colleagues22 demonstrated that Fyn kinase activity
plays a role in the progression of chronic myeloid leukemia
(CML) because it contributes to Bcr-Abl induced genomic
instability, a feature of blast crisis CML.23 The terminal, blast
crisis phase of the disease remains a clinical challenge. Blast
crisis CML is difficult to treat due to resistance to tyrosine
kinase inhibitors, increased genomic instability, and acquired
secondary mutations. Knockdown of Fyn leads to decreased
cell growth and proliferation in vitro and in vivo. Moreover, it

has been demonstrated that the complete loss of Fyn using
genetic knockout models decreases the proliferation and
clonogenic potential of cells transduced with Bcr-Abl, under-
scoring a dependency upon Fyn for Bcr-Abl mediated growth
and clonogenicity. Additionally, using a cell line model of blast
crisis CML, they discovered that overexpression of constitu-
tively active Fyn caused increased aneuploidy and genomic
alterations. Because of the involvement of Fyn in such disease,
the search for Fyn inhibitors represents an expanding field of
study. Herein, molecular modeling studies were combined with
organic synthesis toward the development of novel Fyn kinase
inhibitors. Both commercial libraries of small molecules and a
family of pyrazolo[3,4-d]pyrimidines previously identified by
our research group24−32 were virtually screened within the ATP
binding site of Fyn in order to select potential binding
inhibitors. A hit-to-lead optimization process was then carried
out on the most active Fyn inhibitor identified, resulting in the
development of compounds active against Fyn with Ki values in
the nanomolar range. Selected compounds showed an
interesting antiproliferative activity profile against the human
leukemia KU-812, the human breast cancer MDA-MD-231, and
the human glioblastoma multiforme cell lines. Furthermore,
they were found able to inhibit the Fyn-mediated phosphor-
ylation of the protein Tau in an AD model cell line.

■ RESULTS AND DISCUSSION
Molecular Modeling and Enzymatic Activities on

Isolated Fyn Kinase. A docking study was employed herein
by means of the Gold software with the purpose of identifying
novel ATP competitive Fyn kinase inhibitors. First, a library of
commercially available compounds was analyzed to select the
most promising binders of Fyn for biological investigation.
Later, the same computational methodology was applied to
screen an in-house library of pyrazolo[3,4-d]pyrimidines
(consisting of ∼300 structurally characterized compounds
with >98% purity). Once the accuracy of the computational
procedure was checked by reproducing the experimental pose
of the cocrystallized staurosporine as well as those of the known
active ligands PP1 and PP2, the docking protocol was applied
on the Asinex commercial database. A total of 703200 entries
were evaluated in two consecutive pruning steps to optimize
the balance between the quality of docking and the time
required for calculations. Accordingly, the whole compound
collection was first analyzed using the Number of Run parameter
set to 10, thus allowing to speed up the process and to handle a
large number of ligands in a reasonable computing time. The
top 5000 scored hits were selected for a second run of docking
calculations for which the Number of Run parameter was set to
100. The best ranked structures were visually inspected to
evaluate the complementarity between each bound ligand and
the protein surface in terms of size, shape, and interactions. Six
compounds were finally selected and submitted to biological
testing to evaluate their affinity toward Fyn in a cell-free assay.
Results are listed in Table 1. Compounds 1 and 2 were
identified as efficient Fyn inhibitors being endowed with Ki
values of 2.1 and 2.25 μM, respectively. Figure 1 shows the
binding mode of compounds 1 and 2 within the ATP binding
site of Fyn kinase as predicted by docking analysis. The
quinolinone scaffold of 1 forms two H-bonds with the
backbone of Met 345, while the 1,3-benzodioxole ring is
directed toward an hydrophobic cavity of the binding site,
where it forms a H-bond with the nitrogen backbone of Asp408
and interacts with Val327, Ala407, and the aliphatic chain of
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ABSTRACT: Fyn is a member of the Src-family of nonreceptor protein−
tyrosine kinases. Its abnormal activity has been shown to be related to various
human cancers as well as to severe pathologies, such as Alzheimer’s and
Parkinson’s diseases. Herein, a structure-based drug design protocol was
employed aimed at identifying novel Fyn inhibitors. Two hits from commercial
sources (1, 2) were found active against Fyn with Ki of about 2 μM, while
derivative 4a, derived from our internal library, showed a Ki of 0.9 μM. A hit-to-
lead optimization effort was then initiated on derivative 4a to improve its
potency. Slightly modifications rapidly determine an increase in the binding
affinity, with the best inhibitors 4c and 4d having Kis of 70 and 95 nM,
respectively. Both compounds were found able to inhibit the phosphorylation of
the protein Tau in an Alzheimer’s model cell line and showed antiproliferative
activities against different cancer cell lines.

■ INTRODUCTION
Fyn is a nonreceptor tyrosine kinase belonging to the Src family
kinases (SFKs).1 The nine members of this family are grouped
into subclasses: the SrcA subfamily which includes Src, Yes,
Fyn, and Fgr, the SrcB subfamily containing Lck, Hck, Blk, and
Lyn, and finally Frk in its own subfamily. Fyn is a 59 kDa
protein comprising 537 amino acids, encoded by the Fyn gene,
located on chromosome 6q21. Three isoforms of Fyn are
known: FynB mainly expressed in the brain, FynT expressed in
hematopoietic cells (T-cells), and FynDelta7, which has been
identified in peripheral blood mononuclear cells.2 In verte-
brates, SFKs share a similar structure that comprises six distinct

functional domains: Src homology domain 4 (SH4), a unique
domain, SH3 domain, SH2 domain, a catalytic domain (SH1),
and a C-terminal regulatory region. SH4 domain is a region
which contains signals for modification with fatty acids.1 The
unique domain is specific for each Src family protein and is
suggested to be responsible for peculiar interactions with
particular receptors and protein targets.3 SH2 and SH3
domains are involved in interactions with other proteins
which regulate the tyrosine kinase activity. The kinase domain,
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105 cells/mL density and treated with Imatinib 1 μM, and 4c−d
at 2 μM concentration for 48 h. The percentage of apoptotic
CD34+ after Imatinib treatment was found equal to control,
confirming drug resistance. By contrast, 4c and 4d increased
apoptotic levels to 35% and 30%, respectively (Figure 8). It is

important to note that these compounds, when tested in
human normal fibroblasts, did not show any sign of cell toxicity.
In the same way, the viability of differentiated neuron, in the
absence of Aβ42 treatment, resulted in not being affected by the
administration of 4c and 4d (data not shown). On the other
hand, we also evaluated our compound on two solid human
tumor cell lines, MDA-MD-231 (human breast cancer cell line)
and U87 (human glioblastoma multiforme cell line), that have
previously been described as dependent on SFKs for their
proliferation. Cell lines were treated with different dilutions of
4c and 4d, and cell viability and proliferation were measured
considering real-time impedance generated by cells growing in
electric plates. Treated cells showed similar response profiles
with significant difference in cell growth starting from 20 h after
treatment with respect to control cells and with a more evident
inhibition of cell viability from 70 h after treatment (Figure 9).
U87 cells resulted particularly responsive to SFKs inhibitors,
with 4c and 4d treatment that resulted in IC50 values of 0.074
and 0.78 μM, respectively. The tested 4c and 4d compounds
also showed an effective antiproliferative activity on the MDA-
MD-231 cell line, with IC50s in the low micromolar range (3.7
and 8.3 μM for compounds 4c and 4d, respectively).

In Vitro ADME Study. Compounds 4a−e were profiled in
vitro for aqueous solubility, liver microsomal stability, and
membrane permeability (Table 8). Their aqueous solubility
(−log S ranging from 7.26 to 8.25) was very weak and
constituted a deleterious parameter in terms of suitable PK
profile. However, passive membrane permeability in a PAMPA
assay indicated a good cell permeability for compounds 4a−e
(ranging from 9.9 to 17.5 × 10−6 cm/s). Similarly, all of these
compounds were found to cross the blood−brain barrier (BBB)
in a specific PAMPA-BBB assay with good permeability values
(ranging from 8.4 to 14.5 × 10−6 cm/s). Moreover, stability
tests disclosed that all analogues showed good (from 78.9 to
95.6%) metabolic stability in liver microsomes. Metabolite
identification by LC-MS analysis after incubation in human
microsomes indicated the primary metabolites were actually the
products of an oxidative dehalogenation (Table 9) at the
chlorine atom in the N1 side chain as previously reported by us
for similar compounds.49

■ CONCLUSIONS
Because of its central role in AD pathogenesis and in various
human cancers, Fyn kinase could be surely considered an
interesting target for therapeutic intervention. In the present
work, molecular modeling calculations and organic synthesis
were combined together toward the discovery of novel and
potent Fyn inhibitors targeting the ATP binding site. A
structure-based virtual screening approach was initially applied
on commercial libraries and led to the identification of two hit
compounds which showed Ki values in the low micromolar
range. Remarkably, one of these Fyn inhibitors was
characterized by an original chemical scaffold, never discovered
before in the field of kinase. The same computational strategy
based on the use of docking analysis on an internal library of
dual Src/Abl kinase inhibitors allowed as to identify a 3-
substituted pyrazolo[3,4-d]pyrimidine with a Ki of 0.9 μM. An
increase in the in vitro binding affinity of such compound
toward Fyn was then rapidly obtained by the synthesis of a
small family of analogues. The best identified inhibitors, having
nanomolar Ki, were then tested in cell-based assays where they
showed interesting cell growth inhibitory activities in an
antiproliferative assay carried out on the K562 cell line of
CML. Selected compounds were also found to be active against
a CML cell line derived from a patient resistant to both
Imatinib mesylate and Dasatinib. Interesting antiproliferative
activities of SFK inhibitors reported herein were also detected

Figure 7. Analysis of the cell cycle distribution of K562 cells after
treatment with increasing concentrations of 4c and 4d. K562 cells
status was investigated by cytofluorimetry analysis of DNA content,
and results were expressed as percentage of cells in each phase of cell
cycle respect to total viable cells. Apoptosis was evaluated by
calculating the number of hypodiploid cells and was expressed as
percentage of apoptotic cells respect to total cells (viable and dead
cells). Results are the mean of three different experiments. *p < 0.01
with respect to the value of the untreated cells.

Figure 8. Percentage of apoptotic CD34+ cells from bone marrow
sample of CML patient resistant to Imatinib after treatment with
Imatinib 1 μM 4c and 4d at 2 μM concentration for 48 h.

Figure 9. Real-time cell viability of MDA-MB-231 and U87 cell lines
was evaluated by RTCA iCELLigence system. In the graph, a
representative growth profile (with SD) obtained with U87 cells
treated with 0.1 (green line) and 1 μM (blue line) 4c with respect to
control cells (red line) are shown. The time scale starts from the
treatment (time = 0 h). The IC50 was calculated considering the
variation of Cell Index within 72 h of incubation.
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on solid tumors and in particular against glioblastoma, on which
the best compound showed an IC50 of 70 nM. On the other
hand, the studied compounds showed appreciable activities in
an AD model cell line as a consequence of the inhibition of the
Fyn-mediated phosphorylation of the Tau protein. Taken
together, the ability of these compounds to potently inhibit the
SFKs also in cell-based assays, in addition to their promising
toxicity profile, suggest that 3-susbtituted pyrazolo[3,4-d]-
pyrimidines could already be considered as promising early
agents to be further investigate for the treatment of cancer and
AD. Furthermore, the high penetration through the BBB is a
favorable feature for the effective use of such compounds for
the treatment of AD or glioblastoma.

■ EXPERIMENTAL SECTION
Computational Details. Protein Preparation. The Fyn three-

dimensional coordinates was selected from the Protein Data Bank
(PDB entry code 2DQ7)50 and was prepared by means of Protein
Preparation Wizard workflow implemented in Maestro suite.51 In
particular, the inhibitor and the water molecules were deleted,
hydrogen atoms were added, and bond orders and charges were
assigned; the orientation of hydroxyl groups on Ser, Thr, and Tyr, the

side chains of Asn and Gln residues, and the protonation state of His
residues were optimized. Steric clashes were relieved by performing a
small number of minimization steps, not intended to minimize the
system completely. In our study, the minimization (OPLS force field)
was stopped when the RMSD of the non-hydrogen atoms reached
0.30 Å.

Ligand Preparation. A series of about 300 pyrazolo[3,4-d]-
pyrimidines was collected from previous work and were built with
the Schrodinger Maestro 9.2 graphical interface.51 Compounds were
then processed with the Schrodinger LigPrep52 tool to generate
separate files for all possible enantiomers and protonation states at
physiological pH. OPLS_2005 was used as force field. The same
procedure was used on the reference ligands staurosporine, PP1 and
PP2.

Concerning the three-dimensional structure of the commercially
available compounds, we retrieved them from ZINC53 database by
selecting Asinex as vendor. Compounds analyzed were 703200,
belonging to both Gold and Synergy collections.

Docking Simulation. Docking studies were performed within the
ATP binding site of Fyn kinase using the software package Gold 4.1.54

The binding pocket was inserted into a grid box centered on the
bound ligand Staurosporine and enclosing residues lying within about
8 Å from the ligand itself. Chemscore was chosen as the fitness
function for docking calculation. The genetic algorithm parameter
settings were employed using the search efficiency set at 100%, and
different number of runs were carried out for each ligand depending
on the stage of VS (for the first step of the VS of the ASINEX database
the value was set to 10, while for the second step and for the VS of
pyrazolo[3,4-d]pyrimidine library the value was set to 100). Finally,
results differing less than 1 Å in ligand−all atom RMSD were clustered
together. For each inhibitor, the first ranked solution as well as the
lowest energy conformation of the most populated cluster were
selected for further analysis. The known ligands staurosporine, PP1
and PP2, were also docked to validate the docking protocol. The
binding mode predicted for such ligands was in perfect agreement with
that experimentally determined for the same molecules within the
ATP binding site of Src-family kinases.50,55,56

Molecular Dynamic Simulation (MD). Molecular dynamics
simulations were performed starting from the best docking poses of
compounds 4a−d and PP2 within the ATP binding site of Fyn kinase.
The parametrization of ligands was performed by means of the
antechamber module of Amber 11.57 The Generalized Amber Force
Field (GAFF)58 was used to assign the atom type for each molecule,
while the charges were assigned using AM1-BCC method.59 The
parametrization of the protein was performed by means of leap module
of Amber 11 using the ff99SB force field. The parameters set for
phosphotyrosine of the activation loop were that published by
Homeyer and collegues.60 Hydrogens were added at each complex,

Table 8. In Vitro ADME Profile of Compounds 4a−ea

compd PAMPAb Papp × 10−6 (cm/s) PAMPA-BBBb Papp × 10−6(cm/s) water solubility (log S)c metabolic stabilityd (%) major metabolitese,f (%)

4a 12.8 9.5 −7.26 78.9 M1 = M-36 + 16 (18.0)
M2 = M-35 + 17 (3.0)

4b 16.5 12.9 −7.75 95.7 M1 = M-36 + 16 (2.8)
M2 = M-35 + 17 (1.4)

4c 9.9 8.4 −7.60 85.2 M1 = M-36 + 16 (14.7)
M2 = M-35 + 17 (<0.10)

4d 10.9 11.5 −7.30 90.0 M1 = M-36 + 16 (2.4)
M2 = M-35 + 17 (5.0)
M3 = M+16 (2.6)

4e 17.5 14.5 −8.25 95.6 M1 = M-36 + 16 (2.5)
M2 = M-35 + 17 (0.9)
M4 = −14 (0.8)

caffeine 1.12
aCaffeine was used as reference compound. bPAMPA see Experimental Section for details. clog S = log mol L−1. dExpressed as percentage of
unmodified parent drug. eM = mass of the parent drug; M1−4 = experimental mass of the identified metabolites. fThe structure of each metabolite is
reported in Table 9.

Table 9. Structures of Identified Metabolites for Compounds
4a−e
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Sugano et al.69 equation with some modification in order to obtain
permeability values in cm/s,

= + − −P
V V

V V At
rapp

( )
ln(1 )D A

D A

where VA is the volume in the acceptor well, VD is the volume in the
donor well (cm3), A is the “effective area” of the membrane (cm2), t is
the incubation time(s), and r the ratio between drug concentration in
the acceptor and equilibrium concentration of the drug in the total
volume (VD + VA). Drug concentration is estimated by using the peak
area integration. Membrane retentions (%) were calculated according
to the following equation:

= − +MR r D A% [ ( )]100
Eq

where r is the ratio between drug concentration in the acceptor and
equilibrium concentration, D, A, and Eq represent drug concentration
in the donor, acceptor, and equilibrium solution, respectively.
Water Solubility Assay. Each solid compound (1 mg) was added to

1 mL of water. The samples were shaked in a shaker bath at room
temperature for 24−36 h. The suspensions were filtered through a
0.45 μm nylon filter (Acrodisc), and the solubilized compound
determined by LC-MS-MS assay. For each compound, the
determination was performed in triplicate. For the quantification an
LC-MS system was used consisting of a Varian apparatus (Varian Inc.)
including a vacuum solvent degassing unit, two pumps (212-LC), a
triple quadrupole MSD (model 320-LC) mass spectrometer with ES
interface and Varian MS Workstation System Control version 6.9
software. Chromatographic separation was obtained using a Pursuit
C18 column (50 mm × 2.0 mm) (Varian) with 3 μm particle size and
gradient elution: eluent A being ACN and eluent B consisting of an
aqueous solution of formic acid (0.1%). The analysis started with 0%
of eluent A, which was linearly increased up to 70% in 10 min, then
slowly increased up to 98% up to 15 min. The flow rate was 0.3 mL/
min and injection volume was 5 μL. The instrument operated in
positive mode and parameters were: detector 1850 V, drying gas
pressure 25.0 psi, desolvation temperature 300.0 °C, nebulizing gas
45.0 psi, needle 5000 V, and shield 600 V. Nitrogen was used as
nebulizer gas and drying gas. Collision induced dissociation was
performed using Argon as the collision gas at a pressure of 1.8 mTorr
in the collision cell. The transitions as well as the capillary voltage, and
the collision energy used for compound are summarized in Table 1S
(Supporting Information). Quantification of the single compound was
made by comparison with apposite calibration curves realized with
standard solutions in methanol.
Microsomal Stability Assay. Each compound in DMSO solution

was incubated at 37 °C for 60 min in 125 mM phosphate buffer (pH
7.4), 5 μL of human liver microsomal protein (0.2 mg/mL), in the
presence of a NADPH-generating system at a final volume of 0.5 mL
(compounds’ final concentration, 50 μM); DMSO did not exceed 2%
(final solution). The reaction was stopped by cooling in ice and adding
1.0 mL of acetonitrile. The reaction mixtures were then centrifuged,
and the parent drug and metabolites were subsequently determined by
LC-UV-MS. Chromatographic analysis were performed with an
Agilent 1100 LC/MSD VL system (G1946C) (Agilent Technologies,
Palo Alto, CA) constituted by a vacuum solvent degassing unit, a
binary high-pressure gradient pump, an 1100 series UV detector, and
an 1100 MSD model VL benchtop mass spectrometer. Chromato-
graphic separation was obtained using a Varian Polaris C18-A column
(150−4.6 mm, 5 μm particle size) and gradient elution: eluent A being
ACN and eluent B consisting of an aqueous solution of formic acid
(0.1%). The analysis started with 2% of eluent A, which was rapidly
increased up to 70% in 12 min, then slowly increased up to 98% in 20
min. The flow rate was 0.8 mL min−1, and injection volume was 20 μL.
The Agilent 1100 series mass spectra detection (MSD) single-
quadrupole instrument was equipped with the orthogonal spray API-
ES (Agilent Technologies, Palo Alto, CA). Nitrogen was used as
nebulizing and drying gas. The pressure of the nebulizing gas, the flow
of the drying gas, the capillary voltage, the fragmentor voltage, and the

vaporization temperature were set at 40 psi, 9 L/min, 3000 V, 70 V,
and 350 °C, respectively. UV detection was monitored at 280 nm. The
LC-ESI-MS determination was performed by operating the MSD in
the positive ion mode. Spectra were acquired over the scan range m/z
100−1500 using a step size of 0.1 μ. The percentage of not
metabolized compound was calculated by comparison with reference
solutions.
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Sugano et al.69 equation with some modification in order to obtain
permeability values in cm/s,

= + − −P
V V

V V At
rapp

( )
ln(1 )D A

D A

where VA is the volume in the acceptor well, VD is the volume in the
donor well (cm3), A is the “effective area” of the membrane (cm2), t is
the incubation time(s), and r the ratio between drug concentration in
the acceptor and equilibrium concentration of the drug in the total
volume (VD + VA). Drug concentration is estimated by using the peak
area integration. Membrane retentions (%) were calculated according
to the following equation:

= − +MR r D A% [ ( )]100
Eq

where r is the ratio between drug concentration in the acceptor and
equilibrium concentration, D, A, and Eq represent drug concentration
in the donor, acceptor, and equilibrium solution, respectively.
Water Solubility Assay. Each solid compound (1 mg) was added to

1 mL of water. The samples were shaked in a shaker bath at room
temperature for 24−36 h. The suspensions were filtered through a
0.45 μm nylon filter (Acrodisc), and the solubilized compound
determined by LC-MS-MS assay. For each compound, the
determination was performed in triplicate. For the quantification an
LC-MS system was used consisting of a Varian apparatus (Varian Inc.)
including a vacuum solvent degassing unit, two pumps (212-LC), a
triple quadrupole MSD (model 320-LC) mass spectrometer with ES
interface and Varian MS Workstation System Control version 6.9
software. Chromatographic separation was obtained using a Pursuit
C18 column (50 mm × 2.0 mm) (Varian) with 3 μm particle size and
gradient elution: eluent A being ACN and eluent B consisting of an
aqueous solution of formic acid (0.1%). The analysis started with 0%
of eluent A, which was linearly increased up to 70% in 10 min, then
slowly increased up to 98% up to 15 min. The flow rate was 0.3 mL/
min and injection volume was 5 μL. The instrument operated in
positive mode and parameters were: detector 1850 V, drying gas
pressure 25.0 psi, desolvation temperature 300.0 °C, nebulizing gas
45.0 psi, needle 5000 V, and shield 600 V. Nitrogen was used as
nebulizer gas and drying gas. Collision induced dissociation was
performed using Argon as the collision gas at a pressure of 1.8 mTorr
in the collision cell. The transitions as well as the capillary voltage, and
the collision energy used for compound are summarized in Table 1S
(Supporting Information). Quantification of the single compound was
made by comparison with apposite calibration curves realized with
standard solutions in methanol.
Microsomal Stability Assay. Each compound in DMSO solution

was incubated at 37 °C for 60 min in 125 mM phosphate buffer (pH
7.4), 5 μL of human liver microsomal protein (0.2 mg/mL), in the
presence of a NADPH-generating system at a final volume of 0.5 mL
(compounds’ final concentration, 50 μM); DMSO did not exceed 2%
(final solution). The reaction was stopped by cooling in ice and adding
1.0 mL of acetonitrile. The reaction mixtures were then centrifuged,
and the parent drug and metabolites were subsequently determined by
LC-UV-MS. Chromatographic analysis were performed with an
Agilent 1100 LC/MSD VL system (G1946C) (Agilent Technologies,
Palo Alto, CA) constituted by a vacuum solvent degassing unit, a
binary high-pressure gradient pump, an 1100 series UV detector, and
an 1100 MSD model VL benchtop mass spectrometer. Chromato-
graphic separation was obtained using a Varian Polaris C18-A column
(150−4.6 mm, 5 μm particle size) and gradient elution: eluent A being
ACN and eluent B consisting of an aqueous solution of formic acid
(0.1%). The analysis started with 2% of eluent A, which was rapidly
increased up to 70% in 12 min, then slowly increased up to 98% in 20
min. The flow rate was 0.8 mL min−1, and injection volume was 20 μL.
The Agilent 1100 series mass spectra detection (MSD) single-
quadrupole instrument was equipped with the orthogonal spray API-
ES (Agilent Technologies, Palo Alto, CA). Nitrogen was used as
nebulizing and drying gas. The pressure of the nebulizing gas, the flow
of the drying gas, the capillary voltage, the fragmentor voltage, and the

vaporization temperature were set at 40 psi, 9 L/min, 3000 V, 70 V,
and 350 °C, respectively. UV detection was monitored at 280 nm. The
LC-ESI-MS determination was performed by operating the MSD in
the positive ion mode. Spectra were acquired over the scan range m/z
100−1500 using a step size of 0.1 μ. The percentage of not
metabolized compound was calculated by comparison with reference
solutions.
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confirm (or not) the calculations provided. This referee would also suggest to test 
compound 17 for its possible effect on DHODH. 
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Referee (3x) Judgement 

The peer review system… limits

The Schön scandal concerns German physicist Jan Hendrik Schön 
who briefly rose to prominence after a series of apparent 
breakthroughs with semiconductors that were later discovered to 
be fraudulent. The scandal provoked discussion in the scientific 
community about the degree of responsibility of coauthors and 
reviewers of scientific papers. The debate centered on whether 
peer review, traditionally designed to find errors and 
Determine relevance and originality of papers, should 
also be required to detect deliberate fraud. 
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Publishing a scientific paperWhat happen next?

How judge the value of a single article (not only Journal 
Impact Factor)

Science Citation Index

The Science Citation Index (SCI) is a 
sub-set of the Science Citation Index 
Expanded (SCIE), containing journals that 
rank competitively among the most 
highly-cited core journals in their 
category or categories.  The Science 
Citation Index Expanded is essentially the 
web version of what used to be a 
database available only on CDRom/
Diskette.
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Searching the literature

https://login.bibliopass.unito.it/menu 
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Searching the literature https://login.bibliopass.unito.it/menu 

Sezione area biomedica 
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Elsevier ha introdotto nel 2004 in rete Scopus che combina le 
caratteristiche di PubMed e Web of Science.

Search engines
www.scopus.com 



Marco L. Lolli                 University of Torino (UniTO)

Keyword  TITLE-ABS-KEY ( malaria )

DOCTYPE ( ar  OR  re ) 

SUBJAREA �
( mult  OR  agri  OR  bioc  OR  immu  OR  neur  OR  phar  OR  mult  OR  medi  
OR  nurs  OR  vete  OR  dent  OR  heal )

PUBYEAR  >  2009 
 
Keyword ( ( drug  target ) ) 

Keyword ( j  med  CHEM ) 

Example of a SCOPUS related research 

Here is the topic where we start:
“Malaria”

Only article and review, no 
Patent

In which field are we 
looking?

Since the 2009

Answering: 
“what happen in drug design inside the malaria topic in 
the last five years?”

We are interested in new “drug 
targets”, in order to include some 
innovation

We are restrict the field….

www.scopus.com 
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Example of a SCOPUS related research 
Answering: 
“what happen in drug design inside the malaria topic in 
the last five years?”

Hit number#1
The citation number reflex the impact of this 
paper on the field. Already 40 citation in only 
two years

Click here and get 
the PDF

IF 2.42, medium level

www.scopus.com 
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Example of a SCOPUS related research 
Answering: 
“what happen in drug design inside the malaria topic in 
the last five years?”

Hit number#53
Only 1 citation in the same  two years   L

Click here and get 
the PDF

IF 5.44, high level

www.scopus.com 
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 A patent is an exclusive right given by law to inventors to make use 
of, and exploit, their inventions for a limited period of time. By 
granting the inventor a temporary monopoly in exchange for a full 
description of how to perform the invention, patents play a key role 
in developing industry around the world.

•  A patent is done to protect knowledge and not to share
•  A patent coverage is quite expansive
•  Patented literature is also source of information, �

not always reliable

 Protect yourself!!!  

                      Submit a PATENT!
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Few engines allow to search the patent world:

•  Esp@cenet: European Patent Office (EPO) database
   (http://www.epo.org/searching/free/espacenet.html)
•  US Patent and Trademark Office (USPTO)
   (http://www.uspto.gov/patft/) 
•  The World Intellectual Property Organization (WIPO)�

 (http://www.wipo.int/about-wipo/en/what_is_wipo.html).

 Protect yourself!!!      

                      Submit a PATENT!
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Searching the literature https://login.bibliopass.unito.it/menu 

Sezione area Scientifica 



 Fishing the scientific knowledge
How it work?

Chemical	Abstracts	

• Since 1907 the Chemical Abstract Service (CAS) is 
published by the American Chemical Society. It fully cover 
the chemistry related scientific production, patent and more 
then 14 000 specific publication are covered.

https://www.cas.org/ 



 Fishing the scientific knowledge
How it work?

Onchocerca volvulus Molting Inhibitors Identified through Scaffold
Hopping
Major Gooyit,† Tyler L. Harris,† Nancy Tricoche,‡ Sacha Javor,† Sara Lustigman,‡ and Kim D. Janda*,†

†Departments of Chemistry and Immunology and Microbial Science, The Skaggs Institute for Chemical Biology, and The Worm
Institute of Research and Medicine, The Scripps Research Institute, 10550 North Torrey Pines Road, La Jolla, California 92037,
United States
‡Lindsley F. Kimball Research Institute, New York Blood Center, New York, New York 10065, United States

*S Supporting Information

ABSTRACT: The anthelmintic closantel has shown promise in abrogating the
L3 molting of Onchocerca volvulus, the causative agent of the infectious disease
onchocerciasis. In our search for alternative scaffolds, we utilized a fragment
replacement/modification approach to generate novel chemotypes with
improved chitinase inhibitory properties. Further evaluation of the compounds
unveiled the potential of urea-tropolones as potent inhibitors of O. volvulus L3
molting.

KEYWORDS: onchocerciasis, tropolones, molting

The helminth Onchocerca volvulus is the causative pathogen
of onchocerciasis, a neglected tropical disease that

threatens approximately 100 million people, mostly in Africa.
Currently, the only treatment option is the broad-spectrum
antiparasitic agent ivermectin. The exact pharmacological
mechanism of ivermectin is unclear, but research posits the
glutamate-gated chloride channels in neurons and pharyngeal
muscle cells to be activated, resulting in membrane hyper-
polarization and eventual paralysis/death of the parasite.1 In
another study, Moreno et al. had proposed that ivermectin
functions by disrupting the secretion of proteins imperative for
eluding the human host immune system.2 Although ivermectin
has substantially reduced the microfilarial load in infected
patients as well as transmission, it does not kill the adult filariae
and, thus, does not totally eradicate the disease. Several papers
have also documented the failure of infected patients in Ghana
to respond after repeated treatment with ivermectin.3,4 Given
the paucity of preventive efforts and the possible emergence of
ivermectin-resistant strains of O. volvulus,5 the identification of
novel targets and therapeutic strategies is a pressing necessity
for effective intervention of this infectious malady that will meet
the elimination target of 2025.6

O. volvulus undergoes a series of molts before reaching adult
maturity. The L3-to-L4 molt is of particular interest as it
represents the major developmental event necessary for active
infection of the host and, hence, interruption of this transition
is an attractive chemotherapeutic strategy. The stage-specific
chitinase OvCHT1 has been hypothesized to mediate ecdysis
and contribute to L3 infectivity and transmissibility.7 Our group

has previously disclosed the veterinary anthelmintic drug
closantel (1) to exhibit potent inhibition of OvCHT1 with an
IC50 value of 1.60 ± 0.08 μM.8 Additionally, treatment with
closantel inhibited the separation between the old L3 cuticle
and the newly synthesized L4 cuticle, preventing the molting of
the infective L3 larvae.8

A computational study of the closantel−OvCHT1 complex
revealed that the diiodosalicylate moiety anchors closantel in
the binding pocket of the chitinase, whereas the 4-
(chlorophenyl)acetonitrile and the 5-chloro-2-methylaniline
substituents form strong van der Waals interactions with
important residues lining the active site.9 We have conducted
retro-fragment-based8 and preliminary SAR10 studies on
closantel to map the structural requirements for inhibition of
OvCHT1. Removal of the terminal p-Cl phenyl ring in 1
resulted in a >3-fold loss in potency,8 indicating its relevance
for chitinase inhibition. We have also delineated that the
phenolic group is not crucial for activity,10 suggesting that the
diidosalicylate moiety is most likely interacting with nonspecific
hydrophobic contacts within the active site and is therefore
amenable for fragment replacement and manipulation.
In the absence of crystallographic data, we undertook in this

study a “scaffold hopping” strategy in an attempt to explore the
biological space of OvCHT1 and generate novel molecular
frameworks with improved potency. We show that the urea and
oxadiazole congeners efficiently occupy the active site of the

Received: February 2, 2015
Published: March 17, 2015

Letter

pubs.acs.org/journal/aidcbc

© 2015 American Chemical Society 198 DOI: 10.1021/acsinfecdis.5b00017
ACS Infect. Dis. 2015, 1, 198−202

•  Topic

•  Author

•  Structures

•  Abstract : impor tant to 
understand what happened 
also if the access to the 
article is impossible. 

•  Keywords
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Search engines

Topic research…. What we 
want to know??
A topic, a person, a field, a 
molecule name….

A specific structure is 
needed?

A specific reaction???
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Example of a SciFinder related research 

www.scifinder.com 
Answering: �
“Searching for GABA analogues in neurotrasmission”

Let’s limit to the last 6 
years and only to papers
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www.scifinder.com 

First here, then expand to 
the other 296

Example of a SciFinder related research 
Answering: �
“Searching for GABA analogues in neurotrasmission”
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www.scifinder.com 
Here we are….

Reactions Citated references

Example of a SciFinder related research 
Answering: �
“Searching for GABA analogues in neurotrasmission”
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www.scifinder.com 

Substance involved Reactions

Refinement with the keyword 
“bioisosterism”

Example of a SciFinder related research 
Answering: �
“Searching for GABA analogues in neurotrasmission”
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www.scifinder.com 

reference

Substances involved

Authors

Example of a SciFinder related research 
Answering: �
“Searching for GABA analogues in neurotrasmission”



www.scifinder.com 

Write here your moleculeGo on structure research

Example of a SciFinder related research 
Answering: �
Structure research

“Lock” the position that 
you DO NOT want to be 
substituted



www.scifinder.com Go for the Glu analogue

We did not “Lock” this position

Example of a SciFinder related research 
Answering: �
Structure research



www.scifinder.com 

Be AWARE… predicted properties

Example of a SciFinder related research 
Answering: �
Structure research
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ISI Web of Science

L’Institute for Scientific Information (ISI) ha introdotto nel 2001 in rete il 
web ok knowledge, che è un sistema di segnalazione rapida dei documenti 
pubblicati in tutto il mondo dalle fonti primarie più importanti. Tale sistema è 
costituito da altri sottosistemi di alta utilità, tra cui: il Web of Science e il 
Journal Citation Reports.

Search engines
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http://www.orgsyn.org/ Property/Reactions search 
engines
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http://cssp.chemspider.com/ Property/Reactions search 
engines
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Fund rising campaign
Someone that pay your research bill

-  University based sources �
    ex60%

-  Foundations based sources �
    San Paolo, CRT, Bill&Melinda Gates, …

-  European based sources
     H2020, ITN, Marie Curie, … 

-  Company based sources
         Bayer, …
-  Business Angels – seed accelerators
        BiovelocITA, AutoraTT, ..
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Manuals contain a significant amount of data 
scattered in diver se pr imar y sources. 
Encyclopedias allow quick access to concise 
information. They are not updated to the latest 
data (eg . The Merck Index ).
Good for properties….

Other grey sources:
Manuals and Encyclopaedias      
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Other grey sources:
Manuals and Encyclopaedias      

La Farmacopea 
Ufficiale

“La Farmacopea Ufficiale rappresenta la 
norma farmaceutica obbligatoria destinata 
ad assicurare, in una data entità politica, 
l'uniformità di contenuto, di composizione, 
di qualità e concentrazione dei principi 
attivi, nonché ad indicare i mezzi necessari 
al controllo tecnico ed analitico delle varie 
forme farmaceutiche”



CAPITOLI GENERALI

Apparecchiature, metodi generali fisici e 
chimicofisici

Identificazione

Reattivi

MONOGRAFIE
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Prescrizioni generali
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Monografia 

Ibuprofen
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Definizione 

Caratteri 

Identificazione 

Tests 

Impurezze 

Monografia 

Ibuprofen
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Nome IUPAC 

PM 

Formula bruta 

Formula di  
Struttura 
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Monografia 

Ibuprofen
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Profilo di Solubilità 

Forma fisica 

14 

Monografia 

Ibuprofen
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Identificazione 
(Prima e seconda) 

Punto di fusione 

Spettroscopie UV, IR 

Cromatografia su strato sottile 
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Monografia 

Ibuprofen
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CAS number 

CAS number 
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Reattivi


