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A B S T R A C T

Aims: The main aim of this paper was the synthesis and the evaluation of the anti-inflammatory activity of
LASSBio-1828 (an amino-pyridinyl-N-acylhydrazone) and its respective hydrochloride, based on a p38α MAPK
inhibitor (LASSBio-1824) previously synthesized by our group.
Main Methods: The compounds were tested regarding their cell viability effect and on acute models of in-
flammation such as formalin-induced licking test, cell migration and inflammatory mediators quantification.
Key findings: Treatment with the compounds inhibited p38α, reduced inflammatory pain, cell migration and
inflammatory mediators that participate on the MAPK pathway such as TNF-α and IL-1β.
Significance: Taken together, these results suggest that the synthesis of the corresponding hydrochloride of
LASSBio-1828 enhanced its potency as a p38 inhibitor, and also that this compound could be considered a good
anti-inflammatory drug candidate after further studies.

1. Introduction

Inflammation is an event that occurs in response to any injury re-
gardless of its origin that activates many intracellular signaling path-
ways and cells. Leukocytes are attracted to the site of injury and can
produce a diversity of mediators [1,2]. Other signaling pathways par-
ticipating in the process include mitogen-activated protein kinase
(MAPK) pathways. p38α MAPK, one of its isoform, is considered a
central regulator of inflammation [3–7]. Several cytokines mediate
acute inflammatory reactions (e.g. IL-1, TNF-alpha) with similar effects
in acute inflammation and can also trigger activation of MAPKs, in-
cluding p42/p44 MAPK, p38 MAPK and JNK [8–12].

N-acylhydrazones (NAH) are valuable substructures widely used in
medicinal chemistry in the design of drug candidates being considered
privileged structures. Their adequate functionalization could produce
several different bioactive compounds with distinct pharmacological
profiles resultant from selective modulation of different targets [13,14].
For example, NAH have already been described as IκB kinase β in-
hibitors, β-tubulin inhibitors, phosphodiesterase 4 inhibitors, TRPV-1
antagonists, histone deacetylase 6 inhibitors, among many other targets

related to inflammatory, cardiovascular and proliferative diseases
(Fig. 1) [15–21].

In this context, in a previous paper we related the synthesis and
anti-inflammatory actions of LASSBio-1824 (1) [22], an N-acylhy-
drazone derivative designed through molecular simplification of the
IKK-β inhibitor LASSBio-1829 (2) [23], which was characterized as
inhibitor of a different kinase, i.e. p38α MAPK. Based on the structure
of these two prototypes we proposed herein a novel N-acylhydrazone
derivative LASSBio-1828 (3) (Fig. 2) presenting a 2-aminopyridinyl
group, in order to investigate the influence of this structural mod-
ification on the inhibitory actions against the two kinases and also their
activity in different animal models of inflammation. Therefore, in this
paper we reported the synthesis, the structural characterization and the
anti-inflammatory profile of the 2-aminopyridinyl-N-acylhydrazone
derivative LASSBio-1828 and its respective hydrochloride.
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2. Methods

2.1. Synthesis of LASSBio-1828 and its hydrochloride

Compound LASSBio-1828 was prepared through the acid catalyzed
condensation between 2-naphthohydrazide and 4-(2-aminopyridin-4-
yl)benzaldehyde following the experimental procedure previously de-
scribed by our research group [22]. Moreover, the corresponding hy-
drochloride of LASSBio-1828 was obtained after bubbling hydrochloric
acid gas in a solution of LASSBio-1828 free-base in 1,4-dioxane, as
described by Guedes and coworkers [23]. The obtained compounds
presented purity> 95 %.

2.2. Animals

For in vivo assays Swiss Webster mice were randomly allocated in
each group (n = 6–8, 25–30 g), donated by the Animal Production
Centre of the Instituto Vital Brazil (Niteroi, Rio de Janeiro, Brazil).

Animals were kept in a 12-h light/dark cycle and controlled tempera-
ture, with access to water and food ad libitum. To avoid interference of
food on absorption of substances administered to animals, they were
kept for a 3 h fasting period before the experiments. Animals were
acclimatized to the laboratory for at least 1 h before testing and were
used only once throughout the experiments. After assays, animals were
euthanized with an overdose of choral hydrate (5 %, in PBS) and all
efforts were made to minimize suffering. The experimental protocols
used in this work followed the rules advocated by Law #11,794 from
8th October 2008 - National Council of Animal Experimentation
Control (CONCEA) - and were approved by the Ethics Committee of
Animal Use (CEUA), Health Sciences Centre/UFRJ and received the
number DFBCICB015-04/16.

2.3. Preparation and administration of compounds

All compounds tested were prepared as stock solutions at 100 μmol/
ml in dimethyl sulfoxide (DMSO) and stored at −20 °C until assays. For

Fig. 1. Examples of bioactive prototypes presenting the privileged N-acylhydrazone subunit.

Fig. 2. Design concept of N-acylhydrazone derivative LASSBio-1828 (3), based on the structure of two kinase inhibitors.

N.d.M. Cordeiro, et al. Biomedicine & Pharmacotherapy 123 (2020) 109739

2



in vivo assays, LASSBio-1828 and LASSBio-1828 HCl were given orally
at doses of 10, 30 or 100 μmol/kg, in a final volume of 100 μl of vehicle
(Polysorbate 80). The specific inhibitor of p38-MAPK pathway
(SB203580) was given orally at a single dose of 0.01 μmol/kg. LASSBio-
1824 was orally administered at 10 μmol/kg dose. Dexamethasone (65
μmol /kg, i.p.), acetylsalicylic acid (1.10 mmol/kg) and morphine (90
μmol/kg) were used as standard drugs. The doses used for each positive
control group were chosen based on their effective dose to reduce in 50
% (ED50) the effect (previous results from our group).

2.4. Formalin-induced acute inflammatory pain

The animals received LASSBIo-1828 or LASSBio-1828 HCl one hour
prior to formalin injection (2.5 %, 0.1 ml) into their hind paw according
to the previously described method [24,25].

2.5. Cell migration induced by carrageenan in the Subcutaneous Air Pouch
(SAP)

The procedure occurred similarly to previously published metho-
dology [26]. The collected exudates were centrifuged for 10 min at
1200 rpm and 4 °C. Aliquots of supernatant were stored at −20 °C for
subsequent measurements.

2.6. Quantification of cytokines and p38 MAPK activity

Cytokines (TNF-α and IL-1β) collected from the exudate were
quantified using ELISA kits (B&D ELISA OptEIA™) following manu-
facturer protocols. p38 MAPK assays were performed following a pro-
cedure previously reported by Goetterta et al. [27].

2.7. Nitric oxide (NO) measurement

The metabolite of NO (nitrate) accumulated in the SAP was quan-
tified according to the technique described by Bartholomew [28] and
adapted by Raymundo et al. [26]. Nitrite metabolite resulted from
conversion of nitrate to nitrite in biological fluids or obtained from cell
culture supernatants were measured according to Griess method [29].

2.8. Cell culture and viability assay

RAW 264.7 murine macrophage cell line (ATCC® TIB-71™) were
cultured in RPMI medium (Sigma-Aldrich, MA, USA) supplemented
with 10 % (v/v) heat-inactivated fetal bovine serum (Gibco) and 2 mM
L-glutamine at 37 °C and 5 % CO2. To evaluate the effects of LASSBio-
1828 and LASSBio-1828 HCl in cell viability cells were incubated with
compounds (0.01–10 μM) during 24 h after which the MTT test was
used [30].

2.9. Data analysis

All data were analyzed with GraphPad Prism 5.0 software (La Jolla,
USA) and are expressed as mean± standard deviation. Statistical sig-
nificance was calculated by analysis of variance (ANOVA) followed by
Bonferroni post-test. P values less than 0.05 (*p<0.05) were con-
sidered significant.

3. Results

The synthetic methodology exploited in the preparation of com-
pound 3 is described in Scheme 1. One of the key intermediates 4-(2-
aminopyridin-4-yl)benzaldehyde (4) was obtained in 71 % yield
through Suzuki-Miyaura cross-coupling reaction [31] between 4-bro-
mopyridin-2-amine (5) and 4-formylphenylboronic acid in the presence
of bis(triphenylphosphine)palladium(II) dichloride (PdCl2P(Ph3)2), so-
dium carbonate (Na2CO3) in water and acetonitrile under microwave

irradiation [32]. Then, the aldehyde was coupled to the 2-naphthohy-
drazide in ethanol (EtOH) at room temperature to generate 3 in 75 %
yield [33]. The corresponding hydrochloride (3a) was quantitatively
obtained by bubbling hydrochloric acid gas (HClg) in a 1,4-dioxane
solution of 3 [23].

Despite the fact that N-acylhydrazones can be obtained as diaster-
eomers presenting relative configuration (E) or (Z) at the double bond
level, 1H-NMR spectra of 3 and 3a indicate the presence of a single
diastereoisomer, which configuration was attributed to the more stable
(E)-diastereoisomer (Fig. 3), as previously detailed in the literature
[34,35].

Another strong indication of the unique presence of (E)-diastereoi-
somer of 3/3a was obtained from mass spectrometry studies with
compound 3a, which fragmentation pattern revealed the presence of
the peak regarding to the McLafferty rearrangement (m/z 195.9). Such
fragmentation could not be resultant from the geometry of (Z)-dia-
stereoisomer (Fig. 4) [36,37]. Since the HPLC and elemental analysis of
the N-acylhydrazone derivatives LASSBio-1828 and its hydrochloride
indicated a purity profile superior to 95 %, these compounds were next
submitted to the pharmacological assays.

3.1. Inhibitory assays on p38 MAPK

The inhibitory profile of both compounds on p38α MAPK activity
was evaluated (Table 1). SB 203,580 was used as standard, since it is
recognized as a well-known inhibitor of the enzyme [38], presenting an
IC50 = 0.075 μM. LASSBio-1828 demonstrated to be a weak inhibitor of
the enzyme (IC50 = 40.6 μM) while its respective hydrochloride was
shown to be a slightly better inhibitor (IC50 = 28.4 μM).

Moreover, since LASSBio-1828 could be considered a structural
analogue of LASSBio-1829 [23] - an IκB kinase β inhibitor, we decided
to also test LASSBio-1828 and its hydrochloride as inhibitors of this
enzyme. However, none of them was able to inhibit this enzyme (30
μM, in vitro assays performed at EUROFINS-CEREP) [39].

3.2. N-acylhydrazones reduced formalin-induced behavior

The formalin injection significantly increases the licking time of the
animals in the first and second phases (47.5±6.9 s and 204.2±24.7 s,
respectively) when compared with the negative control. Neither
LASSbio-1828 nor its hydrochloride significantly affected the first
phase. However, all doses of both compounds reduced the second phase

Scheme 1. Synthesis of N-acylhydrazone derivative LASSBio-1828 (3) and its
hydrochloride (3a). (a) 4-formylphenylboronic acid, PdCl2(PPh3)2, Na2CO3,
CH3CN/H2O, MW irradiation, 30′ (71 %); (b) 2-naphthohydrazide, EtOH, rt, 24
h (75 %); (c) HCl(g), 1,4-dioxane, 20′ (50 %).
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of response. It is interesting to note that LASSBio-1828 and its hydro-
chloride show a good response in the second phase of, pharmacological
action that neither the original molecule LASSBio-1824 nor the p38α
MAPK inhibitor (SB203580) were able to show (Fig. 5).

3.3. Reduction of cell migration

Injection of carrageenan in SAP increased cell migration sig-
nificantly (73.5±11.3 × 106 cells/ml) when compared to the group
that received PBS in the cavity (3.2± 1.5 × 106 cells/ml). Pre-treat-
ment of mice with LASSBio-1828 or its hydrochloride significantly re-
duced cell migration. Only highest doses of the hydrochloride form
demonstrated inhibitory effect similar to SB203580 and LASSBio-1824
(Fig. 6).

3.4. Reduction of TNF-α and IL-1β secretion

Fig. 7 also shows that the positive control groups SB203580 and
LASSBio-1824 inhibited TNF-α secretion but did not affect IL-1β pro-
duction. Pre-treatment of mice with LASSBio1828 or its hydrochloride
significantly reduced TNF-α secretion at all three doses by almost 50 %.
It is interesting to note that the hydrochloride form reduced IL-1β

secretion by almost 90 % at its higher dose.
Nitric oxide, which is considered a crucial molecule in acute and

chronic inflammation, is also secreted into the SAP. Both N-acylhy-
drazones showed significant inhibitory effect in NO levels when com-
paring to vehicle-treated group or even to SB203580 or LASSBio-1824
(Fig. 8).

3.5. In vitro effects of N-acylhydrazones

Once the compounds remarkably reduced in vivo NO production, we
investigated if this effect could be observed directly in vitro. When RAW
264.7 cells were treated with different concentrations of LASSBio-1828
or its hydrochloride we did not observe any significant difference in NO
production when comparing to the vehicle-treated group (data not
shown). After incubation of cells with the new N-acylhydrazones 1 h
prior to lipopolysaccharide activation and further 24 -h post-LPS ad-
dition, it was possible to observe that both compounds significantly
reduced NO produced by activated cells. Results obtained indicate that
these effects were higher then when compared with the group that
received an inhibitor of nitric oxide synthase, L-NAME (at its IC50

concentration, 150 μM) (Fig. 9).

Fig. 3. (A) 1H NMR spectrum (400 MHz, DMSO-d6) of 3, (B) 1H NMR spectrum (400 MHz, DMSO-d6) of 3a and (C) 1H NMR spectrum (200 MHz, DMSO-d6) of 3a
with D2O.
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4. Discussion

The poor aqueous solubility of LASSBio-1828 could have interfered
with the enzyme assay, decreasing the inhibitory activity of the com-
pound in that test. Therefore, the strategy of synthesizing the hydro-
chloride showed to be slightly beneficial for the inhibitory action on the
p38 MAP kinase, showing a two-fold increase in the action. LASSBio-
1828 hydrochloride synthesis was proposed since in vitro assays are
sensitive to aqueous solubility, highlighting the importance of this
physicochemical parameter in the identification of novel bioactive
prototypes [40–42].

We demonstrated that LASSBio-1828 and its hydrochloride have
significant anti-inflammatory effect, confirmed by two different models.
Inflammatory pain induced in formalin-induced licking test include
local damage with the release of a series of chemical mediators in mice
paws (i.e., cytokines, growth factors, kinins, purines, amines, prosta-
noids and ions) [43,44]. Both compounds demonstrated ability to re-
duce the values on the second phase of this model suggesting an anti-
inflammatory profile. This data led us to investigate their ability in

Fig. 4. Mechanism and mass spectra fragmentation of 3a.

Table 1
Aqueous solubility and p38α MAPK inhibition of SB203580 and N-acylhy-
drazone derivatives.

Compounds Aqueous solubility IC50 (μM)a

LASSBio-1828 0.1 μM 40.6
(32.2–50.98)

LASSBio-1828 hydrochloride 20.2 μM 28.4
(14–54.3)

SB 203580 ND 0.075
(0.053-0.1)

a IC50 represents the compound concentration necessary to reduce by 50 %
the phosphorylation degree of ATF-2. The degree of phosphorylation inversely
correlates with the inhibitory activity of the tested compound. Data are from
three separate experiments± SD.

Fig. 5. Effect of LASSBio-1828 and LASSBio-1828 HCl on licking time after formalin injection.Mice (6–8) were pre-treated by oral administration with 10, 30 or
100 μmol/kg of the compounds, acetylsalicylic acid (ASA, 1.1 mmol/kg), morphine (90 μmol/kg), SB203580 (0.01 μmol/kg), LASSBio-1824 (10 μmol/kg) or vehicle.
Results are expressed as mean±SD. Statistical significance was calculated by analysis of variance (ANOVA) followed by Bonferroni post-test. *p<0.05 when
comparing substances-treated groups versus vehicle-treated group; #p< 0.05 when comparing N-acylhydrazones-treated groups versus SB203580-treated group; &

p< 0.05 when comparing N-acylhydrazones-treated groups versus LASSBio-1824-treated group.
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reducing the inflammatory phenomenon in another model, leukocyte
migration induced by carrageenan into the subcutaneous air pouch
[26]. LASSBio-1828 hydrochloride reduced by almost 50 % the leuko-
cyte infiltration as well as cytokines and nitric oxide production. These
mediators are key factors involved in the pathogeneses of many in-
flammatory-associated diseases and participates of the MAPK pathway
[45–47].

The action of cytokines such as TNF-α or IL-1β, binding to the
tyrosine kinase receptor, induces autophosphorylation and coaptation
of a protein complex leading to activation of MEK 1/2 (MAP kinase)

that in turn, forms a cytoplasmic complex involved in processes such as
cell migration, inflammation and oedema [45–47].

Several authors consider that any cell in the body can produce in-
ducible nitric oxide synthase enzyme (iNOS) under appropriate stimuli,
i.e., when exposed to lipopolysaccharides or pro-inflammatory cyto-
kines, such as IL-1β and TNF-α, generating large amounts of NO [48].
Both compounds significantly reduced NO produced in the exudate. To
investigate if this effect could also be observed directly in the cell, an in
vitro assay was performed. The interaction of LPS with TLR4 receptors
may trigger several signaling pathways, such as MAPK (mitogen-

Fig. 6. Effect of LASSBio-1828 and LASSBio-
1828 HCl on cell migration after carra-
geenan injection in the subcutaneous air
pouch. Mice were pre-treated with 10, 30 or
100 μmol/kg of the compounds (p.o.),
Dexamethasone (65 μmol/kg i.p.), SB203580
(0.01 μmol/kg, p.o.), LASSBio-1824 (10 μmol/
kg, p.o.) or vehicle (p.o.). Results are expressed
as mean±SD (n = 7). Statistical significance
was calculated by analysis of variance
(ANOVA) followed by Bonferroni post-test.
#p<0.05 when comparing group that re-
ceived carrageenan in the pouch versus group
that received PBS in the pouch. * p<0.05
when comparing compounds-treated mice that
received carrageenan in the pouch versus
group that received carrageenan in the pouch.

Fig. 7. Effect of LASSBio-1828 and LASSBio-
1828 hydrochloride on TNF-α and IL-1β
production. Mice were pre-treated with 10, 30
or 100 μmol/kg of the compounds (p.o.),
Dexamethasone (2.5 mg/kg i.p.), SB 203580
(0.01 μmol/kg, p.o.), LASSBio-1824 (10 μmol/
kg, p.o.) or vehicle (p.o.). Results are expressed
as mean±SD (n = 7). Statistical significance
was calculated by analysis of variance
(ANOVA) followed by Bonferroni post-test.
$p<0.05 when comparing group that received
carrageenan in the pouch versus group that
received PBS in the pouch; *p<0.05 when
comparing N-acylhydrazones-treated mice that

received carrageenan in the pouch versus group that received carrageenan in the pouch; #p<0.05 when comparing compounds-treated mice that received car-
rageenan in the pouch versus SB203580-treated group that received carrageenan in the pouch; &p<0.05 when comparing compounds-treated mice that received
carrageenan in the pouch versus LASSBio-1824-treated group that received carrageenan in the pouch.

Fig. 8. Effect of LASSBio-1828 and LASSBio-1828 hydro-
chloride on nitric oxide production. Mice (n = 7) were pre-
treated by oral administration with 10, 30 or 100 μmol/kg of
the compounds, dexamethasone (65 μmol/kg i.p.), SB203580
(0.01 μmol/kg), LASSBio-1824 (10 μmol/kg) or vehicle.
Results are expressed as mean± SD. Statistical significance
was calculated by analysis of variance (ANOVA) followed by
Bonferroni post-test. $p<0.05 when comparing group that
received carrageenan in the pouch versus group that received
PBS in the pouch; *p< 0.05 when comparing N-acylhy-
drazones-treated mice that received carrageenan in the pouch
versus group that received carrageenan in the pouch;
#p<0.05 when comparing N-acylhydrazones-treated mice
that received carrageenan in the pouch versus SB203580-
treated group that received carrageenan in the pouch; &

p< 0.05 when comparing N-acylhydrazones-treated mice that
received carrageenan in the pouch versus LASSBio1824-
treated group that received carrageenan in the pouch.
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activated protein kinase), among others [49–52]. The N-acylhydrazone
compounds reduced NO production by activated cells corroborating
with the data obtained in the SAP model.

5. Conclusion

Although the complete mechanism of action of LASSBio-1828 and
its hydrochloride requires further study, these data suggest that they
were able to attenuate inflammatory effects by blocking p38α, cell
migration, and reducing inflammatory mediators production.

Declaration of Competing Interest

The authors declare that there are no conflicts of interest.

Acknowledgements

We would like to thank Mr. Alan Minho for technical assistance,
prof. Fabio Boylan (Trinity University Dublin) for a complete English
revision and the Instituto Vital Brazil (Niterói, Brazil) for donating the
mice. This work was supported by Conselho Nacional de Pesquisa
(CNPq, Brazil), Coordenação de Aperfeiçoamento de Pessoal de Nível
Superior (CAPES, Brazi), Fundação Carlos Chagas Filho de Amparo a
Pesquisa do Estado do Rio de Janeiro (FAPERJ, Brazil) for fellowships
and grant support.

References

[1] M. Kracht, J. Saklatvala, Transcriptional and posttranscriptional control of gene
expression in inflammation, Cytokine 20 (2002) 91–106.

[2] T. Zarubin, J. Han, Activation and signaling of the p38 MAP kinase pathway, Cell
Res. 15 (2005) 11–18.

[3] A.M. Manning, R.J. Davis, Targeting JNK for therapeutic benefit: from junk to gold?
Nat. Rev. Drug Discov. 2 (2003) 554–565.

[4] M. Karin, F.R. Greten, NF-kB: linking inflammation and immunity to cancer de-
velopment and progression, Nat. Rev. Immunol. 5 (2005) 749–759.

[5] D.A. Hume, D.P. Fairlie, Therapeutic targets in inflammatory disease, Curr. Med.
Chem. 12 (2005) 2925–2929.

[6] S. Kumar, J. Boehms, J.C. Lee, p38 MAP kinases: key signaling molecules as ther-
apeutic targets for inflammatory diseases, Nat. Rev. Drug Discov. 2 (2003)
717–726.

[7] S.A. Eming, T. Krieg, J.M. Davidson, Inflammation in wound repair: molecular and
cellular mechanisms, J. Invest. Dermatol. 127 (2007) 514–525.

[8] C.A. Feghali, T.M. Wright, Cytokines in acute and chronic inflammation, Front
Biosci. 2 (1997) 12–26.

[9] D.J. McEwan, TNF receptor subtype signalling: differences and cellular con-
sequences, Cell. Signal. 14 (2002) 477–492.

[10] J. Campbell, C.J. Ciesielski, A.E. Hunt, N.J. Horwood, J.T. Beech, L.A. Hayes,
A. Denys, M. Feldmann, F.M. Brennan, B.M.J. Foxwell, A novel mechanism for TNF-
alpha regulation by p38 MAPK: involvement of NF-kappa B with implications for
therapy in rheumatoid arthritis, J. Immunol. 173 (2004) 6928–6937.

[11] O.J. Broom, B. Widjaya, J. Troelsen, J. Olsen, O.H. Nielsen, Mitogen activated
protein kinases: a role in inflammatory bowel disease? Clin. Exp. Immunol. 158
(2009) 272–280.

[12] F. Subhan, H.Y. Kang, Y. Lim, M. Ikram, S.Y. Baek, S. Jin, J.H. Jeong, K.Y. Kwak,
S. Yoon, Fish scale collagen peptides protect against CoCl2/TNF-α-induced cyto-
toxicity and inflammation via inhibition of ROS, MAPK, and NF-κB pathways in

HaCaT cells, Oxid. Med. Cell. Longev. 2017 (2017) 9703609.
[13] S. Thota, D.A. Rodrigues, P.S.M. Pinheiro, L.M. Lima, C.A.M. Fraga, E.J. Barreiro, N-

acylhydrazones as drugs, Bioorg. Med. Chem. Lett. 28 (2018) 2797–2806.
[14] C.D. Duarte, E.J. Barreiro, C.A.M. Fraga, Privileged structures: A useful concept for

the rational design of new lead drug candidates, Mini Rev. Med. Chem. 7 (2007)
1108–1119.

[15] C.M. Avila, A.B. Lopes, A.S. Gonçalves, L.L. Silva, N.C. Romeiro, A.L. Miranda,
C.M. Sant’Anna, E.J. Barreiro, C.A.M. Fraga, Structure-based design and biological
profile of (E)-N-(4-Nitrobenzylidene)-2-naphthohydrazide, a novel small molecule
inhibitor of IκB kinase-β, Eur. J. Med. Chem. 36 (2011) 1245–1253.

[16] D.N. Amaral, B.C. Cavalcanti, D.P. Bezerra, P.M. Ferreira, R.P. Castro, J.R. Sabino,
C.M. Machado, R. Chammas, C.O. Pessoa, C.M.R. Sant’Anna, E.J. Barreiro,
L.M. Lima, Docking, synthesis and antiproliferative activity of N-acylhydrazone
derivatives designed as combretastatin A4 analogues, PLoS One 9 (2014) e85380.

[17] A.E. Kümmerle, M. Schmitt, S.V. Cardozo, C. Lugnier, P. Villa, A.B. Lopes,
N.C. Romeiro, H. Justiniano, M.A. Martins, C.A.M. Fraga, J.J. Bourguignon,
E.J. Barreiro, Design, synthesis, and pharmacological evaluation of N-acylhy-
drazones and novel conformationally constrained compounds as selective and po-
tent orally active phosphodiesterase-4 inhibitors, J. Med. Chem. 55 (2012)
7245–7525.

[18] J.L.M. Tributino, M.L. Santos, C.M. Mesquita, C.K.F. Lima, L.L. Silva, R.C. Maia,
C.D. Duarte, E.J. Barreiro, C.A.M. Fraga, N.G. Castro, A.L.P. Miranda,
M.Z.P. Guimarães, LASSBio-881: an N-acylhydrazone transient receptor potential
vanilloid subfamily type 1 antagonist orally effective against the hypernociception
induced by capsaicin or partial sciatic ligation, Br. J. Pharmacol. 159 (2010)
1716–1723.

[19] D.A. Rodrigues, G.A. Ferreira-Silva, A.C. Ferreira, R.A. Fernandes, J.K. Kwee,
C.M.R. Sant’Anna, M. Ionta, C.A.M. Fraga, Design, synthesis, and pharmacological
evaluation of novel n-acylhydrazone derivatives as potent histone deacetylase 6/8
dual inhibitors, J. Med. Chem. 59 (2016) 655–670.

[20] C.A.M. Fraga, E.J. Barreiro, Medicinal chemistry of N-acylhydrazones: new lead-
compounds of analgesic, anti-inflammatory and antithrombotic drugs, Curr. Med.
Chem. 13 (2006) 167–198.

[21] R.C. Maia, R. Tesch, C.A.M. Fraga, Acylhydrazone derivatives: a patent review,
Expert Opin. Ther. Pat. 24 (2014) 1161–1170.

[22] R.H.C.N. Freitas, N.M. Cordeiro, P.R. Carvalho, M.A. Alves, T.S. Valerio,
L.E. Dardenne, L.M. Lima, E.J. Barreiro, P.D. Fernandes, C.A.M. Fraga, Discovery of
naphthyl‐N‐acylhydrazone p38α MAPK inhibitors with in vivo anti‐inflammatory
and anti‐TNF‐α activity, Chem. Biol. Drug Des. 91 (2018) 391–397.

[23] I.A. Guedes, R.H. Freitas, N.M. Cordeiro, T.S. Nascimento, T.S. Valerio,
P.D. Fernandes, L.E. Dardenne, C.A.M. Fraga, LASSBio-1829 hydrochloride:
Development of a new orally activeN-acylhydrazone IKK2 inhibitor with anti-in-
flammatory properties, ChemMedChem 11 (2016) 234–244.

[24] S. Hunskaar, K. Hole, The formalin test in mice: dissociation between inflammatory
and non-inflammatory pain, Pain 30 (1987) 103–114.

[25] N.M. Gomes, C.M. Rezende, S.P. Fontes, M.E. Matheus, P.D. Fernandes,
Antinociceptive activity of amazonian Copaiba oils, J. Ethnopharmacol. 109 (2007)
486–492.

[26] L.J. Raymundo, C.C. Guilhon, D.S. Alviano, M.E. Matheus, A.R. Antoniolli,
S.C. Cavalcanti, P.B. Alves, C.S. Alviano, P.D. Fernandes, Characterisation of the
anti-inflammatory and antinociceptive activities of the Hyptis pectinata (L.) Poit
essential oil, J. Ethnopharmacol. 134 (2011) 725–732.

[27] M. Goetterta, R. Graeserb, S.A. Laufer, Optimization of a nonradioactive im-
munosorbent assay for p38alpha mitogen-activated protein kinase activity,
Biochem. Anal. Biochem. 406 (2010) 233–234.

[28] B. Bartholomew, A rapid method for the assay of nitrate in urine using the nitrate
reductase enzyme of E. Coli, Food Chem. Toxicol. 22 (1984) 541–543.

[29] L.C. Green, D.A. Wagner, J. Glogowski, P.L. Skipper, J.S. Wisnok, S.R. Tannenbaum,
Analysis of nitrate, nitrite, and [15N] nitrate in biological fluids, Anal. Biochem.
126 (1982) 131–138.

[30] F. Denizot, F.R. Lang, Rapid colorimetric assay for cell growth and survival.
Modifications to the tetrazolium dye procedure giving improved sensitivity and
reliability, J. Immunol. Met. 22 (1986) 271–277.

[31] N. Miyaura, A. Suzuki, Palladium-catalyzed cross-coupling reactions of organo-
boron compounds, Chem. Rev. 95 (1995) 2457–2483.

[32] C.M. Nunes, A.L. Monteiro, Pd-catalyzed Suzuki cross-Coupling reaction of

Fig. 9. LASSBio-1828 and LASSBio-1828 hydrochloride
reduced NO production. RAW 264.7 cells were incubated
with the compounds 1 h prior to LPS activation. After 24 h
supernatants were collected for NO measurement. Results are
expressed as mean± SD (n = 5). Statistical significance was
calculated by analysis of variance (ANOVA) followed by
Bonferroni post-test. *p<0.05 when comparing treated
groups with LPS-activated cells. #p<0.05 when comparing
LPS-activated cells to non-activated cells.

N.d.M. Cordeiro, et al. Biomedicine & Pharmacotherapy 123 (2020) 109739

7

http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0005
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0005
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0010
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0010
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0015
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0015
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0020
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0020
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0025
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0025
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0030
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0030
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0030
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0035
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0035
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0040
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0040
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0045
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0045
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0050
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0050
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0050
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0050
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0055
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0055
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0055
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0060
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0060
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0060
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0060
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0065
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0065
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0070
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0070
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0070
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0075
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0075
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0075
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0075
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0080
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0080
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0080
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0080
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0085
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0085
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0085
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0085
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0085
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0085
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0090
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0090
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0090
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0090
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0090
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0090
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0095
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0095
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0095
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0095
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0100
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0100
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0100
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0105
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0105
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0110
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0110
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0110
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0110
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0115
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0115
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0115
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0115
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0120
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0120
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0125
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0125
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0125
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0130
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0130
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0130
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0130
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0135
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0135
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0135
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0140
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0140
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0145
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0145
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0145
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0150
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0150
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0150
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0155
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0155
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0160


bromostilbene: insights on the nature of the boron Species, J. Braz. Chem. Soc. 18
(2007) 1443–1447.

[33] P.C. Lima, L.M. Lima, K.C.M. da Silva, P.H.O. Léda, A.L.P. Miranda, C.A.M. Fraga,
E.J. Barreiro, Synthesis and analgesic activity of novel N-acylarylhydrazones and
isosters, derived from natural safrole, Eur. J. Med. Chem. 35 (2000) 187–203.

[34] G. Palla, G. Prediere, P. Domiano, Conformational behaviour and E/Z isomerization
of N-acyl and N-aroylhydrazones, Tetrahedron 42 (1986) 3649–3654.

[35] N.M. Cordeiro, R.H.C.N. Freitas, C.A.M. Fraga, P.D. Fernandes, Discovery of novel
orally active tetrahydro-naphthyl-n-acylhydrazones with in vivo anti-TNF-α effect
and remarkable anti-inflammatory properties, PLoS One 11 (2016) e0156271.

[36] A.S. Pereira, F.A. Violante, F.R. Aquino Neto, J.N. Cardoso, C.A.M. Fraga,
E.J. Barreiro, Diastereomeric analysis of bioactive N-Phenylpyrazole-4-acylhy-
drazone derivatives by high resolution gas chromatography, Anal. Lett. 31 (1998)
719–732.

[37] R.C. Maia, L.L. Silva, E.F. Mazzeu, M.M. Fumian, C.M. Rezende, A.C. Doriguetto,
R.S. Corrêa, A.L.P. Miranda, E.J. Barreiro, C.A.M. Fraga, Synthesis and analgesic
profile of conformationally constrained N-acylhydrazone analogues: discovery of
novel N-arylideneamino quinazolin-4(3H)-one compounds derived from natural
safrole, Bioorg. Med. Chem. 17 (2009) 6517–6525.

[38] H. Kankaanranta, P.M. De Souza, P.J. Barnes, M. Salmon, M.A. Giembycz,
M.A. Lindsay, SB 203580, an inhibitor of p38 mitogen-activated protein kinase,
enhances constitutive apoptosis of cytokine-deprived human eosinophils, J.
Pharmacol. Exp. Ther. 290 (1999) 621–628.

[39] Q.K. Huynh, H. Boddupalli, S.A. Rouw, C.M. Koboldt, T. Hall, C. Sommers,
S.D. Hauser, J.L. Pierce, R.G. Combs, B.A. Reitz, J.A. Diaz-Collier, R.A. Weinberg,
B.L. Hood, B.F. Kilpatrick, C.S. Tripp, Characterization of the Recombinant IKK1/
IKK2 Heterodimer: mechanisms regulating kinase activity, J. Biol. Chem. 275
(2000) 25883–25891.

[40] J.P. Hughes, S. Rees, S.B. Kalindjian, K.L. Philpott, Principles of early drug dis-
covery, Brit. J. Pharmacol. 162 (2011) 1239–1249.

[41] K.T. Savjani, A.K. Gajjar, J.K. Savjani, Drug solubility: importance and enhance-
ment techniques, ISRN Pharm. 2012 (2012) 195727.

[42] P. Schneider, S.S. Hosseiny, M. Szczotka, V. Jordan, K. Schlitter, Rapid solubility
determination of the triterpenes oleanolic acid and ursolic acid by UV-spectroscopy

in different solvents, Phytochem. Lett. 2 (2009) 85–87.
[43] Y.S. Su, W.H. Sun, C.C. Chen, Molecular mechanism of inflammatory pain, World J.

Anesthesiol. 3 (2014) 71–81.
[44] T. Yamamoto, N. Nozaki-Taguchi, T. Chiba, Analgesic effect of intrathecally ad-

ministered orexin-A in the rat formalin test and in the rat hot plate test, Br. J.
Pharmacol. 137 (2002) 170–176.

[45] A.R. Nebreda, A. Porras, p38 MAP kinases: beyond the stress response, Trends
Biochem. Sci. 25 (2000) 257–260.

[46] A. Tjølsen, O.G. Berge, S. Hunskaar, J.H. Rosland, K. Hole, The formalin test: an
evaluation of the method, Pain 51 (1992) 5–17.

[47] S. Malik, K. Suchal, S.I. Khan, J. Bhatia, K. Kishore, A.K. Dinda, D.S. Arya, Apigenin
ameliorates streptozotocin-induced diabetic nephropathy in rats via MAPK-NF-κB-
TNF-α and TGF-β1-MAPK-fibronectin pathways, American J. Physiol.-Renal
Physiol. 313 (2017) 2.

[48] Y. Zhou, S.Q. Liu, L. Yu, B. He, S.H. Wu, Q. Zhao, S.Q. Xia, H.J. Mei, Berberine
prevents nitric oxide-induced rat chondrocyte apoptosis and cartilage degeneration
in a rat osteoarthritis model via AMPK and p38 MAPK signaling, Apoptosis. 20
(2015) 1187–1199.

[49] A. Vilar, L. Lemos, I. Patraca, N. Martínez, J. Folch, F. Junyent, E. Verdaguer,
M. Pallàs, C. Auladell, A. Camins, Melatonin suppresses nitric oxide production in
glial cultures by pro-inflammatory cytokines through p38 MAPK inhibition, Free
Radic. Res. 48 (2014) 119–128.

[50] C.D. Yu, W.H. Miao, Y.Y. Zhang, M.J. Zou, X.F. Yan, Inhibition of miR-126 protects
chondrocytes from IL-1β induced inflammation via upregulation of Bcl-2, Bone
Joint Res. 7 (2018) 414–421.

[51] Q. Shi, J. Cao, L. Fang, H. Zhao, Z. Liu, J. Ran, X. Zheng, X. Li, Y. Zhou, D. Ge,
H. Zhang, L. Wang, Y. Ran, J. Fu, Geniposide suppresses LPS-induced nitric oxide,
PGE2 and inflammatory cytokine by downregulating NF-κB, MAPK and AP-1 sig-
naling pathways in macrophages, Int. Immunopharmacol. 20 (2014) 298–306.

[52] C. Wang, X. Nie, Y. Zhang, T. Li, J. Mao, X. Liu, Y. Gu, J. Shi, J. Xiao, C. Wan, Q. Wu,
Reactive oxygen species mediate nitric oxide production through ERK/JNK MAPK
signaling in HAPI microglia after PFOS exposure, Toxicol. Appl. Pharmacol. 288
(2015) 143–151.

N.d.M. Cordeiro, et al. Biomedicine & Pharmacotherapy 123 (2020) 109739

8

http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0160
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0160
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0165
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0165
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0165
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0170
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0170
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0175
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0175
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0175
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0180
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0180
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0180
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0180
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0185
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0185
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0185
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0185
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0185
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0190
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0190
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0190
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0190
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0195
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0195
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0195
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0195
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0195
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0200
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0200
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0205
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0205
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0210
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0210
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0210
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0215
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0215
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0220
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0220
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0220
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0225
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0225
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0230
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0230
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0235
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0235
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0235
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0235
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0240
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0240
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0240
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0240
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0245
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0245
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0245
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0245
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0250
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0250
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0250
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0255
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0255
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0255
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0255
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0260
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0260
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0260
http://refhub.elsevier.com/S0753-3322(19)35361-2/sbref0260

	New 2-amino-pyridinyl-N-acylhydrazones: Synthesis and identification of their mechanism of anti-inflammatory action
	Introduction
	Methods
	Synthesis of LASSBio-1828 and its hydrochloride
	Animals
	Preparation and administration of compounds
	Formalin-induced acute inflammatory pain
	Cell migration induced by carrageenan in the Subcutaneous Air Pouch (SAP)
	Quantification of cytokines and p38 MAPK activity
	Nitric oxide (NO) measurement
	Cell culture and viability assay
	Data analysis

	Results
	Inhibitory assays on p38 MAPK
	N-acylhydrazones reduced formalin-induced behavior
	Reduction of cell migration
	Reduction of TNF-α and IL-1β secretion
	In vitro effects of N-acylhydrazones

	Discussion
	Conclusion
	mk:H1_20
	Acknowledgements
	References




