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Abstract: Background: N-octadecanoyl-5-hydroxytryptamide (C;g-5HT) is an amide that can be
obtained by the coupling of serotonin and octadecanoic acid. This study aims to characterize the
in vivo and in vitro anti-inflammatory activity of C1g-5HT. Methods: A subcutaneous air pouch
model (SAP) was used. The exudates were collected from SAP after carrageenan injection to assess
cell migration and inflammatory mediators production. RAW 264.7 cells were used for in vitro assays.
Results: Cy3-5HT significantly inhibited leukocyte migration into the SAP as well as nitric oxide
(NO) and cytokines production and protein extravasation. We also observed an reduction in some
cytokines and an increase in IL-10 production. Assays conducted with RAW 264.7 cells indicated
that C1g-5HT inhibited NO and cytokine produced. Conclusions: Taken together, our data suggest
that C13-5HT presents a significant effect in different cell types (leukocytes collected from exudate,
mainly polumorphonuclear leukocytes and cell culture macrophages) and is a promising compound
for further studies for the development of a new anti-inflammatory drug.

Keywords: N-octadecanoyl-5-hydroxytryptamide; C13-5HT; serotonin amides; anti-inflammatory
activity; inflammation

1. Introduction

Inflammation is a dynamic response to tissue injury and pathogen invasion.
Macrophages are the first cells to recognize the potential threat, followed by mast cells,
leukocytes, and neutrophils. These cells release inflammatory mediators that amplify the
immune response, such as cytokines, nitric oxide (NO), chemokines, vasoactive amines,
leukotrienes, and prostaglandins (PGs), and they promote fever, redness, edema, and
pain [1]. Cytokines released by cells(e.g., tumor necrosis factor-oc (TNF-ot) and interleukins
(ILs) bind to G protein-coupled receptors (GPCRs) to repair local damage, inducing the
expression of selectins and integrins. The chemokines produced by resident cells recruit,
through their receptors, circulating neutrophils [2]. These neutrophils transmigrate through
the endothelium, reach the inflamed tissue, degranulate, generate reactive oxygen species
(ROS), and produce other mediators such as NO and PGs, amplifying the inflammatory
response [2].

Fatty acid conjugates with ethanolamine, amino acids, or mono-amine neurotransmit-
ters occur in nature. They are subdivided into N-acyl ethanolamines (NAE) and N-acyl
amines (NAA), each with different biological activities [3,4]. The most famous representa-
tive of NAA is anandamide (AEA, N-arachidonoyl ethanolamine), which is an endocannabi-
noid known for its pleiotropic effect varying from homeostasis to immune functions [5]. It
acts as an agonist in cannabinoid receptors 1 (CB1) and 2 (CB2), exerting different activities
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in both the brain and the periphery [5]. Docosahexaenoyl ethanolamine (DHEA), a struc-
tural analogue of AEA, exhibits anti-inflammatory properties, modulating the activity of
cyclooxygenase-2 (COX-2), which is the main enzyme in the synthesis of pro-inflammatory
PGs. In contrast, there is not much information available in the literature on fatty acid
conjugates with 5-hydroxytryptamide, which are known as N-acyl serotonins.

The first investigated N-acyl serotonin was arachidonoyl serotonin (AA-5-HT), which
is a derivative of the conjugation of arachidonic acid with serotonin. AA-5HT inhibits
fatty acid amide hydrolases (FAAH) and is an agonist of type 1 transient potential receptor
(TRVP1). It has potential anxiolytic, antiallergic, and analgesic properties [6]. DHA-5HT,
a conjugate of docosahexaenoic acid and serotonin, presents potent immunomodula-
tory properties by attenuating the IL-23-IL-17 signaling in macrophages stimulated with
lipopolysaccharides (LPS) [7].

Recently, we demonstrated that N-octadecanoyl serotonin (C13-5HT) has antinoci-
ceptive action in the formalin-, capsaicin-, and glutamate-induced licking nociception
and hot plate models. This effect is mediated, in part, by the opioid, serotoninergic, and
cannabinoid systems. C13-5HT also showed an anti-hyperalgesic effect [8]. Our group also
demonstrated that P N-arachinoyl-5-hydroxytryptamide (Cp-5HT) and P N-behenoyl-5-
hydroxytryptamide (Cp-5HT) presented a significant antinociceptive effect [9].

Thus, this study aims to investigate the effect of serotonin derivative C1g-5HT on
in vivo and in vitro models of inflammation.

2. Results
2.1. C14-5HT Synthesis

Cy3-5HT was synthesized using an adapted protocol by Reddy and Swamy [10]. The
NRM spectra, melting point, and exact mass of the pure product are per the literature [10,11].

2.2. C1-5HT Does Not Affect Cell Viability and Inhibit Nitric Oxide and Cytokines Production

Figure 1A shows that concentrations C13-5HT ranging from 0.01 to 1 uM did not alter
the cell viability after 24 or 48 h of incubation. However, it could be noted that 3 uM of
C18-5HT significantly reduced cell viability (in 25%). Hence, the maximum concentration of
1 uM was used in the following assays. Next, we investigated the effect of C1g-5HT on NO
production following LPS (1 ng/mL)activation. LPS activation led to a 3.84-fold increase in
NO production (13.3 & 3.2 uM to 50 & 1.4 uM in vehicle-treated and LPS-activated groups,
respectively). When LPS-activated cells were further incubated with C1g-5HT (0.1, 0.3, or
1 uM), a significant and dose-dependent inhibition of NO production was observed (4%,
20%, and 38%, respectively) (Figure 1B).
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Figure 1. Effect of C;g-5HT on cell viability (A) and NO production (B) in a RAW 264.7 cell line. In
A, cells were incubated with vehicle or C13-5HT (0.01-3 uM) and further incubated with lipopoly,
(1 pg/mL) for 24 or 48 h. Cell viability was measured with an MTT assay. In B, cells were incubated
with vehicle or C3-5HT (0.1-1 uM) and further incubated with LPS (1 pg/mL). After 24 h of
incubation, nitrite concentration in the supernatant was measured with Griess reagent. The results
are expressed as mean =+ SD (n = 3) from three independent experiments. In (A), * p < 0.05 when
compared with the vehicle-treated group. In (B), * p < 0.05 when comparing the C;g-5HT-treated
group with LPS-treated group or # p < 0.05 when comparing the LPS-treated group with the vehicle-
treated group.

We also evaluated a possible inhibitory effect of C;g-5HT in cytokine production by
RAW 264.7 cells. All three concentrations of the compound significantly reduced IL-13
production in a dose-dependent way.On the other hand, there were lower levels of TNF-
a and IL-6 and higher levels of IL-10 only after incubation with 1 uM of C;g-5HT cells
(Figure 2).
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Figure 2. Effect of C1g-5HT on IL-1p3, IL-6, TNF-o,and IL-10 produced by LPS-stimulated RAW
264.7. Cells were treated with C1g-5HT (0.1, 0.3, or 1 uM) for 30 min and then stimulated with LPS
(1 pg/mL) for 24 h. Cytokines were determined by the ELISA method. The results are expressed as
mean %+ SD (n = 3) from three independent experiments. * p < 0.05 when comparing the Cyg-5HT-
treated group with the LPS-treated group or # p < 0.05 when comparing the LPS-treated group with
the vehicle-treated group.
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2.3. C1-5HT Also Presents an Effect When Orally Administered to Mice

Continuing the studies with C1g-5HT, we decided to assess whether it had an effect
when administered orally to mice. In this model, twenty-four hours after carrageenan
injection into the subcutaneous air pouch (SAP), animals from carrageenan-injected group
showed a 20.86-fold increase in cell migration (3.5 + 1.4 x 10° cells/mL and
73 £ 10 x 10° cells/mL, to saline-and carrageenan-treated groups, respectively). Con-
trarily, the treatment of mice with dexamethasone (2.5 mg/kg, i.p.) 1 h prior to carrageenan
injection into the SAP reduced the cell migration to the cavity by 64.3%. Crescent doses
of C13-5HT (0.1, 1 or 10 mg/kg, p.o.) also reduced cell migration to the SAP induced by
carrageenan by 32.9%, 47.9%, and 49.3%, respectively (Figure 3).
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Figure 3. C13-5HT reduced cell migration induced by carrageenan into the subcutaneous air pouch
(SAP). The animals were pretreated with vehicle (tween 80, p.o.), C1g-5HT (0.1, 1, or 10 mg/kg, p.o.),
or dexamethasone (Dex, 2.5 mg/kg, i.p.) 60 min before carrageenan (1%, w/v) injection into SAP.
Results are expressed as mean %+ S.D. (n = 6-8). The statistical significance was calculated by ANOVA
followed Newman’s post-test. # p < 0.05 when comparing the vehicle-treated group that received
carrageenan in SAP with the vehicle-treated group that received saline in SAP and * p < 0.05 when
comparing the dexamethasone or C;g-5HT pretreated groups that received carrageenan in SAP with
the vehicle-treated group that received carrageenan in SAP.

To understand if the effect of C13-5HT on cell migration occurred due to an inhibition
of the transmigration of cells from the blood to the cavity or because of a decrease in the
number of cells produced by the bone marrow, we counted the number of leukocytes in
the blood and bone marrow collected from animals treated with C13-5HT (10 mg/kg). The
data obtained showed that C13-5HT did not demonstrate any hematological alteration or
myelotoxicity, since there were no alterations in the number of cells in the blood and the
bone marrow (data not shown).

2.4. Pretreatment of Mice with C13-5HT Reduces Protein Extravasation, Nitric Oxide, and
Cytokines Production

As expected, carrageenan administration into the SAP led to a 10- and 9.5-fold increase
in protein extravasation and NO production, respectively. In the mice pretreated with
dexamethasone (2.5 mg/kg, i.p.), the reduction observed was 45.9% and 68% to both
parameters. The oral administration of C1g-5HT 1 h previous to carrageenan injection in
the SAP caused a dose-dependent reduction in the amount of protein extravasated to the
exudate, with a reduction in 15.6%, 27.7%, and 35.2%, to 0.1, 1, and 10 mg/kg, respectively.
The same doses also reduced the levels of NO measured in the fluid (51.2%, 64%, and 75%,
respectively) (Figure 4).
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Figure 4. C1g3-5HT reduces protein extravasation and NO production into the subcutaneous air pouch
(SAP). The animals were pretreated with vehicle (tween 80, p.o.), C1g-5HT (0.1, 1, or 10 mg/kg,
p-0.), or dexamethasone (Dex, 2.5 mg/kg, i.p.) 60 min before carrageenan (1%) injection into SAP.
Results are expressed as mean + S.D. (n = 6-8). The statistical significance was calculated by ANOVA
followed by Newman'’s post-test. # p < 0.05 when comparing the vehicle-treated group that received
carrageenan in SAP with the vehicle-treated group that received saline in SAP and * p < 0.05 when
comparing the dexamethasone or C;g-5HT pretreated groups that received carrageenan in SAP with
the vehicle-treated group that received carrageenan in SAP.

We subsequently measured the levels of some cytokines (i.e., TNF-«, IL-1f3, IL-10, and
IFN-y) in the exudates collected in SAP after the treatment of mice. Figure 5 shows that car-
rageenan causes a significant increase in levels of all four cytokines 24 h after its injection in
the SAP. The pretreatment of mice with dexamethasone (2.5 mg/kg, i.p.) reduced by more
than 50% the levels of TNF-«, IL-1$3, and IEN-y (599.7 &+ 8.9 pg/mL in the carrageenan
group versus 257.8 £ 21.8 pg/mL, 282.9 £ 62.6 pg/mL, and 325.4 =+ 33.1 pg/mL of each cy-
tokine, respectively), and increased production of IL-10 by almost 100% (2525 + 215.7 pg/mL
in the carrageenan group versus 5051 & 431.4 pg/mL in the dexamethasone-treated group).
Although all doses of C13-5HT (0.1, 1, or 10 mg/kg, p.o.) significantly reduced TNF-
« levels (55.98 £ 8.9 pg/mL in the saline-injected group versus 599.7 £ 83.15 pg/mL
in the carrageenan-treated group, and 396.1 £ 40.7 pg/mL, 317.1 £ 58 pg/mL, and
271.5 £ 36.15 pg/mL to 0.1, 1, and 10 mg/kg doses, respectively), only the two higher
doses inhibited IL-13 production (768.5 & 149.4 pg/mL in the saline-treated group ver-
sus 1584 £ 350.7 pg/mL in the carrageenan-treated group and 1323 + 192.3 pg/mL,
733.8 £ 69.1 pg/mL, and 622.9 + 53.18 pg/mL to 0.1, 1, and 10 mg/kg doses, respec-
tively). Regarding the cytokine IFN-vy, only the dose of 10 mg/kg demonstrated a signif-
icant effect (62.5 & 25.5 pg/mL in the saline-treated group versus 1302 £132.6 pg/mL
in the carrageenan-treated group and 1212 £ 185.6 pg/mL, 1273 + 151.2 pg/mL, and
808 £ 128.2 pg/mL to 0.1, 1, and 10 mg/kg doses, respectively). The 10 mg/kg dose also
increased IL-10 production and accumulation in the exudate (905.6 + 59.2 pg/mL in the
saline-treated group versus2525 £ 215.7 pg/mL in the carrageenan-treated group and
4214 £ 453.8 pg/mL in 10 mg/kg) (Figure 5).
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Figure 5. C13-5HT reduces cytokine production in the subcutaneous air pouch (SAP). The animals
were pretreated with vehicle (tween 80, p.o.), C15-5HT (0.1, 1 or 10 mg/kg, p.o.), or dexamethasone
(Dex, 2.5 mg/kg, i.p.) 60 min before carrageenan (1%) injection into SAP. Results are expressed as
mean £ S.D. (n = 6-8). The statistical significance was calculated by ANOVA followed Newman'’s
post-test. # p < 0.05 when comparing the vehicle-treated group that received carrageenan in SAP
with the vehicle-treated group that received saline in SAP and * p < 0.05 when comparing the
dexamethasone or Cy3-5HT pretreated groups that received carrageenan in SAP with the vehicle-

treated group that received carrageenan in SAP.

2.5. C18-5HT Reduces Reactive Oxygen Species Production by Leukocytes in an Ex Vivo Assay

We also decided to evaluate a possible antioxidant effect of C13-5HT using an ex vivo
assay with leukocytes collected from the exudate. Figure 6 shows that all concentrations of
C13-5HT (0.1, 0.3, and 1 pM) almost completely abolished reactive oxygen species (ROS)
produced by PMA-activated cells. Values obtained in the Cig-5HT-treated groups were
similar to those obtained in the non-PMA stimulated group. These results corroborate the
anti-inflammatory effects observed in the previous results obtained in the carrageenan-
induced cell migration and in vitro assays.

2x1( 5 Non-stimulated

leukocytes PMA-stimulated leukocytes
I R |
1.5%105
O
=
3
@ 1x105
s)
=
% 5x1044
o) N
& .\Q\& ,bQ@ \$
@ Q Q

Figure 6. C13-5HT presented an antioxidant effect reducing reactive oxygen species (ROS) production.
Leukocytes obtained after carrageenan injection into the subcutaneous air pouch were used ex vivo.
Cells were activated with PMA and further incubated with vehicle or C1g-5HT (0.1, 0.3, or 1 uM).
Fluorescence intensity was measured using DCF-DA. Results are expressed as mean + S.D. of
fluorescence intensity. The statistical significance was calculated by ANOVA followed Newman'’s
post-test. # p < 0.01 when comparing PMA-stimulated leukocytes incubated with vehicle with non-
stimulated leukocytes and * p < 0.05 when comparing PMA-stimulated leukocytes incubated with
Cy8-5HT with PMA-stimulated leukocytes.



Molecules 2021, 26, 3709

7 of 13

3. Discussion

Previous studies by our group showed that C13-5HT has an antinociceptive effect in pe-
ripheral and central nociception models [8]. We also demonstrated that the serotonin amide
presented affects the second phase of the formalin-induced licking response, which is a
well-established model for the screening of possible antinociceptive and anti-inflammatory
compounds. In the second phase of this model, there is a release of inflammatory mediators
that act together in nociceptors and local receptors [12-14]. The involvement of serotonin
and bradykinin in both phases has also been described [15].Thus, we decided to evaluate a
possible anti-inflammatory effect of C1g-5HT.

Acute inflammation is an innate immune system response initiated by a wide range
of injuries (physical, chemical, or biological)that involves a cascade of biochemical and
cellular events, which include fluid extravasation, enzymatic activation, cell migration,
mediator release, receptor sensitization, activation, lysis, and tissue repair [16]. One of these
events is the cellular transmigration from the circulation to the injured site. The migration
of leukocytes from the circulation to the site of inflammation is mediated by molecular
interactions between neutrophils, endothelial cells, and components of the extracellular
matrix [17]. The neutrophil is the main type of leukocyte involved in the innate mechanisms
of defense. Its recognition is critical for the host’s response against the invasion of tissues
by microorganisms [18]. Neutrophils are attracted to sites of inflammation by various
stimuli, such as microorganism products (LPS) and chemotactic factors released by resident
cells, such as cytokines, chemokines, and eicosanoids [19-21]. In addition, neutrophils
also release cytokines and chemokines that promote their self-activation, as well as the
recruitment of other cells of the immune system [22].

The carrageenan-induced cell migration model is widely used to screen drugs with
potential anti-inflammatory action. The injection of carrageenan into the subcutaneous air
pouch induces an inflammatory process with characteristics and development similar to
that observed in rheumatoid arthritis, with polymorphonuclear infiltration and the release
of pro-inflammatory mediators [23].In the initial phase (2—4 hs) after the carrageenan
injection, an intense process of leukocyte rolling and cell adhesion occurs. Six hours after
the injection, there is a large influx of neutrophils and the release of chemotactic agents at
the inflammatory site [24]. After 24 h cellular influx, exudate formation and the production
of inflammatory mediators (i.e., NO, PGs, leukotrienes, cytokines)are augmented [25-29].

Our results showed that C1g-5HT reduced leukocyte migration into the cavity. To
explain this effect, we hypothesize that C13-5HT could inhibit the production and/or
release of pro-inflammatory substances produced by leukocytes located in the pouch.
Thus, we investigated if C13-5HT could also reduce the production of some inflammatory
mediators, such as NO and the cytokines TNF-«, IL-13, and INF-y.

The fact that Cy3-5HT reduced the levels of TNF-«, IL-1p, and INF-y produced
in the exudate could be correlated with a direct reduction in leukocyte migration or
an effect in leukocytes, inducing an inhibitory effect in the cells. These results are in
accordance with those reported by other studies. Rau and collaborators observed that the
immunosuppressant tacrolimus inhibited the infiltration of neutrophils in rats via reduction
of the expression of the mRNA for TNF-« and IL-1f3 in a model of acute pancreatitis induced
by taurocholate [30]. We also observed that C;g-5HT increased the levels of IL-10,which
is an immunomodulatory cytokine that, together with the pro-inflammatory cytokines,
participates in the expression of adhesion molecules. These molecules are important for the
firm adhesion and diapedesis of leukocytes. Additionally, they form a complex network
of communication that results in effects that are not determined by the action of a single
cytokine but by the interrelationship between several cytokines [31]. Thus, taken together,
these data suggest that C;3-5HT may act on one or more cellular events by inhibiting
the production of mediators that stimulate the expression of adhesion molecules (such as
pro-inflammatory cytokines) or pro-inflammatory transcription factors such as NF-«B.

These inflammatory mediators can also cause increased vascular permeability and
consequent protein extravasation [32,33]. Pretreatment of mice with C1g-5HT resulted in
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a corresponding reduction in protein extravasation, thus confirming and suggesting the
correlation between the inflammatory mediators and plasma and protein leakage. This
effect highlights the action of this compound on inflammatory mediators involved in
increasing vascular permeability, such as cytokines and NO.

The effects of NO along the inflammatory response are complex and involve a series
of events. Our results showed that oral pretreatment with C;3-5HT significantly inhibited
NO production.This decrease may be a consequence of reduced cell transmigration to the
cavity and/or inhibition of the effects of cytokines, eicosanoids, kinins, and glutamate
or even alterations in the expression and/or activity of inducible nitric oxide synthase
(NOS) enzymes [34,35]. Our results support the first hypothesis, since the reduction in NO
production was proportional to the reduction in the number of leukocytes that migrate to
the cavity.Farsky et al. observed that systemic pretreatment with L-nitroarginine methyl
ester (L-NAME), a NOS inhibitor, inhibits the influx of leukocytes into the air pouch
cavity in mice injected with Bothrops jararaca venom [36]. Tunon et al. demonstrated that
tacrolimus inhibits the expression of iINOS mRNA in hepatocytes from rats incubated with
LPS [37]. Finally, Sakaguchi et al. (2006) observed that intraperitoneal administration of
L-NAME in rats reduced exudate formation and albumin levels in carrageenan-induced
pleurisy [38]. These studies corroborate our results, as they highlight the influence of NO
production on neutrophil infiltration.

Higher oxidative stress imbalance activates redox-sensitive factors, such as NF-kB,
induces inflammatory cytokines, and promotes inflammation [39-41].Thus, inflammatory
cytokines activate sequential events, increase oxidative stress, and contribute to the progres-
sion of the disease by the intensification of the inflammatory response [39]. TNF-« synthesis
is inhibited by IL-10, which is an immunomodulatory cytokine that reduces ROS formation
and NO production. TNF-« also increases the levels of ROS, which is prevented by the
action of IL-10 [39]. C1g-5HT reduced ROS formation in PMA-stimulated leukocytes. It
also increased IL-10 and reduced TNF-x and NO levels in the collected exudate. Together,
these results suggest that C1g-5HT has antioxidant and anti-inflammatory effects.

Macrophages are phagocytic cells of the innate immune system that are responsible for
recognizing an infection, presenting antigens, and also for the production of inflammatory
mediators, the removal of apoptotic cells, and the output of growth factors. The subtype M1
is activated by pro-inflammatory cytokines or a microorganism’s molecules (such as LPS),
and it has killing capacity by the production of ROS, NO, and inflammatory cytokines [42].

Non-steroidal anti-inflammatory drugs and some anesthetics inhibit the production
of pro-inflammatory cytokines and chemokines, including TNF-«, IL-13, IL-6, and IL-8,as
well as NO synthesis [43]. Some drugs also modulate the production of immunomodula-
tory cytokines, such as IL-10, which is a cytokine capable of modulating negatively and
indirectly the synthesis of these inflammatory mediators and surface molecules [44].

As Cy3-5HT showed an in vivo anti-inflammatory effect, we decided to investigate
whether it would also have some in vitroactivity, using the LPS-stimulated RAW 264.7 cell
line to evaluate the immunomodulatory effect of C1g-5HT. The data obtained showed that
Cy8-5HT did not present a cytotoxic effect. We also demonstrated that the serotonin amide
did reduce NO production by LPS-activated RAW 264.7 cells.Our results show that the
anti-inflammatory effect of C13-5HT may be related to the inhibition of the synthesis of
TNF-« and IL-1§3 by LPS-stimulated macrophages. It also positively modulated the release
of IL-10. These results suggest that the anti-inflammatory effect of C13-5HT may be IL-10
dependent, and it probably has a direct effect on the transcription and/or translation of
these inflammatory mediators.

The anti-inflammatory activity of C13-5HT, a conjugate of octadecanoic acid with
serotonin, is related to the fatty acid side chain (18 carbons). PA-5HT, a conjugate of
palmitic acid (16:0) and serotonin, has an anti-inflammatory effect in RAW 264.7 cells and
anti-allergic actions in RBL-2H3 cells [45,46]. N-acyl serotonin derivatives with longer
and unsaturated alkyl chains, such as the arachidonic acid (AA-5-HT (20: 4)), eicosapen-
taenoic acid (EPA-5-HT (20: 5)), and docosahexaenoic acid (DHA-5-HT (22: 6)) conjugates,
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have greater ability to suppress IL-17 production in macrophages [3]. Thus, the anti-
inflammatory potency of the serotonin amides and their analogues is directly related to the
fatty acid moiety of the molecule.

4. Materials and Methods
4.1. C14-5HT Synthesis

C;8-5HT was synthesized using a condensation reaction between stearic acid and sero-
tonin, which was adapted from Reddy and Swamy [10]. Stearic acid (1.1 eq), DMAP (1.0 eq),
serotonin hydrochloride (1.0 eq.), and EDC.HCI (1.0 eq.) were dissolved in DMF. The mix-
ture was stirred at room temperature for 24 h and monitored via thin-layer chromatography
(TLC). The crude product was purified on a silica gel column by using increasing con-
centrations of ethyl acetate in dichloromethane (DCM). C1g-5HT was characterized by
1H- and 13C-NMR spectroscopy, melting point determination, and high-resolution mass
spectrometry. NMR spectra were obtained using a Varian VNMRS 500 MHz spectrometer.
The product exact mass was analyzed in a Dionex UltiMate 3000 liquid chromatography
coupled to a hybrid Quadrupole-Orbitrap high-resolution mass spectrometer (Thermo
Q-Exactive Plus, Thermo Fisher Scientific, Waltham, MA, USA) equipped with an electro-
spray ionization (ESI) source. A Syncronis C-18 column (50 mm x 2.1 mm x 1.7 pm) was
used with gradient elution mode with water (mobile phase A) and methanol (mobile phase
B) both with 0.1% formic acid and 5 mM ammonium formate as follows: 0—4 min 5-30%
B, 4.1-10.0 min 30-50% B, 10-14 min 50-98% B, 14-17 min 98% B, and 17.1-22 min 5% B.
The column temperature was set to 40 °C, the solvent flow rate was 0.350 mL/min, and
the injection volume was 8 pL. Mass spectrometry conditions were spray voltage 3.9 kV
(ESI+); ion transfer capillary 300 °C; sheath and auxiliary gases 50 and 15 arbitrary units,
respectively; and normalized collision energy (NCE) of 22 for positive mode. Data were
acquired by a parallel reaction monitoring (PRM) experiment at a resolution of 35.000,
producing an inclusion list with C1g-5HT theoretical exact mass.

PN-Stearoyl-5-Hydroxytryptamide (C1g-5HT)Data, White solid; 77.8% yield (121.06 mg);
mp 118.5-119.0 °C; 1H NMR (500 MHz, DMSO-d6): 6 0.84 (3H, t, ] = 6.9 Hz, CH3), 1.23
(28H, s, H30-H16H), 1.48 (2H, m, H2,), 2.04 (2H, t, ] = 6.5 Hz, H1,), 2.70 2H, t, ] = 6.8 Hz,
HS8), 3.27 (2H, m, H9), 6.58 (1H, d, ] = 8.2 Hz, H6), 6.82 (1H, s, H4), 7.01 (1H, s, H2), 7.11
(1H, d, ] = 8.2 Hz, H7), 7.86 (1H, m, NH-CO), 8.59 (1H, s, OH), 10.47 (1H, s, NH) ppm;
13C NMR (500 MHz, DMSO-d6):  13.97 (CH3), 22.14 (C31-C18C), 25.35 (C2,), 25.47 (C8),
28.76 (C3'-C18'), 28.88 (C3/-C18’), 29.01 (C3'-C18'), 29.06 (C3'-C18’), 29.09 (C3'-C18"),
31.34 (C3'-C18'), 35.52 (C1’), 39.52 (C9), 102.23 (C4), 110.92 (C3), 111.24 (C6), 111.62 (C7),
122.98 (C2), 127.92 (C3a), 130.82 (C7a), 150.18 (C5), 171.98 (NH-CO) ppm. HRMS (ESI) for
CogHyeN>O, [M+H]+ Exact Mass: 443.36320, found 443.36362.

4.2. Materials and Reagents

Carrageenan (type IV), dexamethasone, lipopolysaccharide (LPS), Roswell Park Memo-
rial Institute (RPMI) 1640 medium, fetal bovine serum (FBS), N-(3-dimethylaminopropyl)-
N’-ethylcarbodiimide hydrochloride 98% (EDC.HCI), 4-dimethylaminopyridine (DMAP),
serotonin hydrochloride, and stearic acid were acquired from Sigma (St. Louis, MO, USA).
The RAW 264.7 murine macrophage cell line was purchased from American Type Culture
Collection (ATTC TIB-71). ELISA antibodies and Kit Pierce BCA™ Protein Assay (Thermo
Scientific, NY, EUA) were obtained from BD Biosciences (New York, NY, USA) and Thermo
Fisher Scientific, Inc (Waltham, MA, USA), respectively. N,N-Dimethylmethanamide 99.8%
(DME), dichloromethane 99.8% (DCM), and ethyl acetate 99.5% were purchased from
Merck Inc. (Sao Paulo, Brazil).

4.3. Drugs and C14-5HT Administration

C;8-5HT was dissolved in dimethylsulfoxide (DMSO) to prepare a 100 mg/mL stock
solution. On the day of the experiments, this solution was diluted in tween 80 and
administered by oral gavage to the animals at the doses of 0.1, 1, or 10 mg/kg in a final
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volume of 0.1 mL. The vehicle group was composed of tween 80 (negative control group)
and the positive control group was composed of dexamethasone (2.5 mg/kg, i.p.). All
drugs were diluted immediately before use.

4.4. Cell Culture

RAW 264.7 murine macrophages (ATCC TIB-71) were cultured in RPMI 1640 medium
supplemented with 10% fetal bovine serum and glutamine (2 mM). Cells were main-
tained in a humidified atmosphere containing 5% CO, at 37 °C, and the medium was
changed every 2 or 3 days. Cells between the 4™ and 6 passages were used for different
pellet preparations.

4.5. Cell Viability

The cell viability was evaluated by MTT (3-(4,5-dimethyl-thiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay. The mitochondrial-dependent reduction of MTT
to formazan was used to measure cell respiration as an indicator of cell viability [47].
When the cells formed a confluent monolayer, they were scrapped, centrifuged, plated
in a 96-well plate at a density of 2.5 x 10* cells/mL, and incubated with different con-
centrations of C;g-5HT. After 24 and 48 h, 20 uL of MTT (5 pg/mL) was added to each
well, and the plates were maintained at 37 °C for 4 h. After the incubation period, the
supernatant was discarded, and DMSO (100 pL) was added to dissolve MTT formazan
crystals. The absorbance was read in a FlexStation reader at 570 nm (Molecular Devices,
San Jose, CA, USA).

4.6. Animals

The male Swiss Webster mice (20-25 g, 8-10 weeks) used in all experiments were
donated by the Instituto Vital Brazil (Niterdi, Rio de Janeiro, Brazil). The animals were
kept in a controlled temperature environment (22 £+ 2 °C, 60% to 80% humidity) and
light-dark cycles of 12 h. Food and water were provided ad libitum, but the feed was
withdrawn 1 h before oral administration of substances. The protocol for this study was
approved by the National Council for the Control of Animal Experimentation (CONCEA),
Biomedical Science Institute/UFR]J, and Ethical Committee for Animal Research, under the
number 35/19.

4.7. Carrageenan-Induced Cellular Migration into the Subcutaneous Air Pouch (SAP)

Carrageenan-induced cell migration was performed according to Raymundo et al. [48].
The mice’s backs were injected subcutaneously with 10 mL of sterile air. Three days later,
a new injection with 8 mL of sterile air was made to guarantee the maintenance of the
cavity in the animal’s back. On the sixth day, the animals were treated orally with the
vehicle, C1g-5HT (0.1, 1,0r10 mg/kg) or intraperitoneally with dexamethasone (2.5 mg/kg)
60 min before receiving 1 mL of a carrageenan solution (1%). After 24 h of carrageenan
injection, the animals were euthanized with chloral hydrate (1%, i.p.), and the cavity was
flushed out with 1 mL of PBS.Exudates were collected and centrifuged at 1200 rpm for
10 min at 4 °C, and samples were stored at —20 °C until the quantifications. The total
leucocytes cells counts were determined in the exudates using a pocH-100iV Diff (Sysmex)
hematology analyzer.

4.8. Nitrate, Nitrite, Protein, and Cytokines Measurement

To evaluate the nitrate accumulated in SAP, exudates were analyzed according to the
method described by Bartholomew [49] and adapted by Raymundo et al. [48], which was
followed by the measurement of nitrite according to the Griess reaction [50].

Protein quantification was performed by the BCA method using the protein dosage
kit BCA™ (Thermo Fisher Scientific Inc., Whaltman, MA, USA). At the time of the dosage,
reagents A (sodium carbonate, sodium bicarbonate, bicinchoninic acid, and sodium tartrate
in 0.1 M of sodium hydroxide and B (4% copper sulfate) were mixed in a ratio of 5:1. A
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volume of 5 pL of the sample was incubated with 195 uL of the BCA reagent for 30 min at
37 °C, and the absorbance was measured in a microplate reader at 562 nm.

Supernatants from the exudates collected from the SAP were used to measure the
levels of the cytokines by enzyme-linked immunosorbent assay (ELISA) using the protocol
supplied by the manufacturer (B&D, Franklin Lakes, NJ, USA).

4.9. Ex Vivo Reactive Oxygen Species (ROS) Measurement

Leukocytes collected from SAP were placed in tubes (1 x 10 cells/mL) and incubated
for 1 h (37 °C and 5% CO,). After incubation with C1g-5HT (0.1, 0.3, and 1 uM) for 30 min
and stimulated with phorbol myristate acetate (PMA, 10 nM) for 45 min, DCF-DA (2'-
7'diclorodihidrofluorescein diacetate, 2 mM) was added, and the cells were incubated
for 30 min (37 °C and 5% CO,) [51]. The emitted fluorescence was captured in the FL-1
channel flow cytometer (BD Accuri™, B&D, Franklin Lakes, NJ, USA) and was expressed
as DCF-DA fluorescence.

4.10. Statistical Analysis

Results are expressed as the mean =+ standard deviation (5.D.). Statistical significance
was calculated by analysis of variance (ANOVA) followed by Newman's post-test. p values
less than 0.05 (* p < 0.05) were considered significant.

In vivo, experimental groups were composed of 6-8 animals. For in vitro assays, each
protocol was repeated at least 3 times, and each concentration tested was done in triplicate
(n=3).

5. Conclusions

We showed that C1g-5HT has potent in vivo and in vitro anti-inflammatory effects,
suggesting that this compound may be a prototype for the development of a new compound
for further tests.

Author Contributions: Conceptualization, PD.F, and T.B.S.G.; methodology, TB.S.G., FA.L,, ALM.B,,
CMR,; CM.d.O,; formal analysis, PD.E,, CM.R., T.B.S.G.; investigation, T.B.S.G.; resources, P.D.F.
and C.M.R;; data curation, P.D.E; writing—original draft preparation, T.B.S.G.; writing—review and
editing, C.M.R. and P.D.E; supervision, P.D.F,; project administration, P.D.F.; funding acquisition,
P.D.F. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Conselho Nacional de Desenvolvimento Cientifico e Tec-
nolégico(CNPq, fellowship and grants for PD.F, CM.R., A.LM.B,, and FA.L.), Fundacao Carlos
Chagas Filho de Apoio a Pesquisa (FAPER], fellowship and grants for PD.F.,, CM.R. and T.B.S.G.).

Institutional Review Board Statement: This study was conducted in accordance with the Guidelines
on Ethical Standards for Investigation of Experimental Pain in Animals (Zimmermann, 1983) and
followed the principles and guidelines adopted by the National Council for the Control of Animal
Experimentation (CONCEA), approved by the Ethical Committee for Animal Research (no. 35/19).

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank Alan Minho for technical assistance and the Instituto
Vital Brazil (Niteroi, Brazil) for the donation of mice.

Conflicts of Interest: The authors declare no conflict of interest.

Sample Availability: Samples of the compound (C1g-5HT) is available from the authors.

1.  Newton, K,; Dixit, V.M. Signaling in innate immunity and inflammation. Cold Spring Harb. Perspect. Biol. 2012, 4, a006049.

[CrossRef]

2. Medzhitov, R. Origin and physiological roles of inflammation. Nature 2008, 454, 428-435. [CrossRef]
3. Meijerink, J.; Balvers, M.; Witkamp, R. N-Acyl amines of docosahexaenoic acid and other n-3 polyunsatured fatty acids-from
fishy endocannabinoids to potential leads. Br. J. Pharmcol. 2013, 169, 772-783. [CrossRef]


http://doi.org/10.1101/cshperspect.a006049
http://doi.org/10.1038/nature07201
http://doi.org/10.1111/bph.12030

Molecules 2021, 26, 3709 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Di Marzo, V.; Bisogno, T.; De Petrocellis, L. Endocannabinoids and related compounds: Walking back and forth between plant
natural products and animal physiology. Chem. Biol. 2007, 14, 741-756. [CrossRef]

Alexander, S.P.H.; Mathie, A.; Peters, ].A. Guide to Receptors and Channels (GRAC), 5th edition. Br. ]. Pharmcol. 2011, 164,
S1-5324. [CrossRef]

Maione, S.; Petrocellis, L.; Novellis, V.; Moriello, A.S.; Petrosino, S.; Palazzo, E.; Rossi, F.S.; Woodward, D.F.; Marzo, V. Analgesic
actions of N -arachidonoyl-serotonin, a fatty acid amide hydrolase inhibitor with antagonistic activity at vanilloid TRPV1
receptors. Br. |. Pharmcol. 2007, 150, 766-781. [CrossRef] [PubMed]

Poland, M.; ten Klooster, ].P.; Wang, Z.; Pieters, R.; Boekschoten, M.; Witkamp, R.; Meijjerink, J. Docosahexaenoyl serotonin, an
endogenously formed n-3 fatty acid-serotonin conjugate has anti-inflammatory properties by attenuating IL-23-IL-17 signaling in
macrophages. Biochim. Biophys. Acta Mol. Cell Biol. Lipids 2016, 1861, 2020-2028. [CrossRef] [PubMed]

Giorno, T.B.S.; Moreira, .G.D.S.; Rezende, C.M.; Fernandes, P.D. New 3N-octadecanoyl-5-hydroxytryptamide: Antinociceptive
effect and possible mechanism of action in mice. Sci. Rep. 2018, 8, 10027. [CrossRef] [PubMed]

Amorim, J.L.; Lima, FA.; Laura, A.; Brand, M.; Cunha, S.; Rezende, C.M.; Fernandes, P.D. Two New {3 N -Alkanoyl-5-
Hydroxytryptamides with Relevant Antinociceptive Activity. Biomedines 2021, 9, 455. [CrossRef]

Reddy, S.T.; Swamy, M.]. Synthesis, physicochemical characterization and membrane interactions of a homologous series of
N-acylserotonins: Bioactive, endogenous conjugates of serotonin with fatty acids. Biochim. Biophys. Acta Biomembr. 2015, 1848,
95-103. [CrossRef] [PubMed]

Lang, R.; Bardelmeier, I.; Weiss, C.; Rubach, M.; Somoza, V.; Hofmann, T. Quantitation of 3 N -Alkanoyl-5-hydroxytryptamides in
Coffee by Means of LC-MS/MS-SIDA and Assessment of Their Gastric Acid Secretion Potential Using the HGT-1 Cell Assay. J.
Agric. Food Chem. 2010, 58, 1593-1602. [CrossRef]

Hunskaar, S.; Hole, K. The formalin test in mice: Dissociation between inflammatory and non-inflammatory pain. Pain 1987, 30,
103-114. [CrossRef]

Wheeler-Aceto, H.; Porreca, F.; Cowan, A. The rat paw formalin test: Comparison of noxious agents. Pain 1990, 40, 229-238.
[CrossRef]

Jaffery, G.; Coleman, ].W.; Huntley, J.; Bell, E.B. Mast cell recovery following chronic treatment with compound 48/80. Int. Arch.
Allergy Immunol. 1994, 105, 274-280. [CrossRef]

Parada, C.A.; Tambeli, C.H.; Cunha, EQ.; Ferreira, S.H. The major role of peripheral release of histamine and 5-hydroxytryptamine
in formalin-induced nociception. Neuroscience 2001, 102, 937-944. [CrossRef]

Lanni, C.; Becker, E.L. Release of phospholipase A2 activity from rabbit peritoneal neutrophils by f-Met-Leu-Phe. Am. J. Pathol.
1983, 113, 90-94. [PubMed]

Ley, K.; Laudanna, C.; Cybulsky, M.I.; Nourshargh, S. Getting to the site of inflammation: The leukocyte adhesion cascade
updated. Nat. Rev. Immunol. 2007, 7, 678-689. [CrossRef] [PubMed]

Malech, H.L.; Gallin, J.I. Current concepts: Inmunology. Neutrophils in human diseases. N. Engl. |. Med. 1987, 317, 687-694.
[CrossRef] [PubMed]

Dinarello, C.A. Interleucin-1. In The Cytokine Handbook; Thompson, A.W., Ed.; Academic Press: San Diego, CA, USA, 199%4; pp.
31-36.

Wagner, ].G.; Roth, R.A. Neutrophil migration mechanisms, with an emphasis on the pulmonary vasculature. Pharmcol. Rev. 2000,
52,349-374.

Kumar, V.L.; Shivkar, Y.M. Involvement of prostaglandins in inflammation induced by latex of Calotropis procera. Mediat.
Inflamm. 2004, 13, 151-155. [CrossRef]

Yamashiro, S.; Kamohara, H.; Wang, ].M.; Yang, D.; Gong, W.H.; Yoshimura, T. Phenotypic and functional change of cytokine-
activated neutrophils: Inflammatory neutrophils are heterogeneous and enhance adaptive immune responses. J. Leukoc. Biol.
2001, 69, 698-704. [PubMed]

Sedgwick, A.D.; Lees, P. Studies of eicosanoid production in the air pouch model of synovial inflammation. Agents Actions 1986,
18, 429-438. [CrossRef] [PubMed]

Dal Secco, D.; Paron, J.A.; de Oliveira, S.H.P,; Ferreira, S.H.; Silva, ].S.; de Cunha, F.Q. Neutrophil migration in inflammation:
Nitric oxide inhibits rolling, adhesion and induces apoptosis. Nitric Oxide Biol. Chem. 2003, 9, 153-164. [CrossRef]

Ferrandiz, M.L.; Gil, B.; Sanz, M.].; Ubeda, A.; Erazo, S.; Gonzalez, E.; Negrete, R.; Pacheco, S.; Paya, M.; Alcaraz, M.]. Effect of
bakuchiol on leukocyte functions and some inflammatory responses in mice. J. Pharm. Pharmcol. 1996, 48, 975-980. [CrossRef]
[PubMed]

Saleh, T.S.; Calixto, ].B.; Medeiros, Y.S. Anti-inflammatory effects of theophylline, cromolyn and salbutamol in a murine model of
pleurisy. Br. J. Pharmcol. 1996, 118, 811-819. [CrossRef] [PubMed]

Frode, T.S.; Medeiros, Y.S. Myeloperoxidase and adenosine-deaminase levels in the pleural fluid leakage induced by carrageenan
in the mouse model of pleurisy. Mediat. Inflamm. 2001, 10, 223-227. [CrossRef]

da Silva, M.B.S.; Farges, R.C.; Frode, T.S. Involvement of steroids in anti-inflammatory effects of PK11195 in a murine model of
pleurisy. Mediat. Inflamm. 2004, 13, 93-103. [CrossRef]

Koo, H.-J,; Lim, K.-H.; Jung, H.-J.; Park, E.-H. Anti-inflammatory evaluation of gardenia extract, geniposide and genipin. |.
Ethnopharmacol. 2006, 103, 496-500. [CrossRef]


http://doi.org/10.1016/j.chembiol.2007.05.014
http://doi.org/10.1111/j.1476-5381.2011.01649_1.x
http://doi.org/10.1038/sj.bjp.0707145
http://www.ncbi.nlm.nih.gov/pubmed/17279090
http://doi.org/10.1016/j.bbalip.2016.09.012
http://www.ncbi.nlm.nih.gov/pubmed/27663185
http://doi.org/10.1038/s41598-018-28355-4
http://www.ncbi.nlm.nih.gov/pubmed/29968799
http://doi.org/10.3390/biomedicines9050455
http://doi.org/10.1016/j.bbamem.2014.09.012
http://www.ncbi.nlm.nih.gov/pubmed/25291601
http://doi.org/10.1021/jf903612h
http://doi.org/10.1016/0304-3959(87)90088-1
http://doi.org/10.1016/0304-3959(90)90073-M
http://doi.org/10.1159/000236769
http://doi.org/10.1016/S0306-4522(00)00523-6
http://www.ncbi.nlm.nih.gov/pubmed/6624881
http://doi.org/10.1038/nri2156
http://www.ncbi.nlm.nih.gov/pubmed/17717539
http://doi.org/10.1056/NEJM198709103171107
http://www.ncbi.nlm.nih.gov/pubmed/3041216
http://doi.org/10.1080/09511920410001713583
http://www.ncbi.nlm.nih.gov/pubmed/11358976
http://doi.org/10.1007/BF01965008
http://www.ncbi.nlm.nih.gov/pubmed/3463170
http://doi.org/10.1016/j.niox.2003.11.001
http://doi.org/10.1111/j.2042-7158.1996.tb06016.x
http://www.ncbi.nlm.nih.gov/pubmed/8910867
http://doi.org/10.1111/j.1476-5381.1996.tb15472.x
http://www.ncbi.nlm.nih.gov/pubmed/8762112
http://doi.org/10.1080/09629350123332
http://doi.org/10.1080/09629350410001688486
http://doi.org/10.1016/j.jep.2005.08.011

Molecules 2021, 26, 3709 13 of 13

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Rau, B.M.; Kriiger, C.M.; Hasel, C.; Oliveira, V.; Rubie, C.; Beger, H.G.; Schilling, M.K. Effects of immunosuppressive and
immunostimulative treatment on pancreatic injury and mortality in severe acute experimental pancreatitis. Pancreas 2006, 33,
174-183. [CrossRef]

Daxecker, H.; Raab, M.; Markovic, S.; Karimi, A.; Griesmacher, A.; Mueller, M.M. Endothelial adhesion molecule expression in an
in vitro model of inflammation. Clin. Chim. Acta 2002, 325, 171-175. [CrossRef]

Aller, M.-A.; Arias, J.-L.; Sanchez-Patan, F,; Arias, J. The inflammatory response: An efficient way of life. Med. Sci. Monit. 2006, 12,
RA225-RA234. [PubMed]

Schmid-Schoénbein, G.W. Analysis of inflammation. Annu. Rev. Biomed. Eng. 2006, 8, 93-131. [CrossRef] [PubMed]

Chichorro, J.G.; Lorenzetti, B.B.; Zampronio, A.R. Involvement of bradykinin, cytokines, sympathetic amines and prostaglandins
in formalin-induced orofacial nociception in rats. Br. J. Pharmcol. 2004, 141, 1175-1184. [CrossRef] [PubMed]

Tassorelli, C.; Greco, R.; Wang, D.; Sandrini, G.; Nappi, G. Prostaglandins, glutamate and nitric oxide synthase mediate
nitroglycerin-induced hyperalgesia in the formalin test. Eur. J. Pharmcol. 2006, 534, 103-107. [CrossRef]

Farsky, S.H.P; Borelli, P; Fock, R.A.; Proto, S.Z.; Ferreira, ]. M.C.; Mello, S.B. V Chronic blockade of nitric oxide biosynthesis in
rats: Effect on leukocyte endothelial interaction and on leukocyte recruitment. Inflamm. Res. 2004, 53, 442-452. [CrossRef]
Tufién, M.].; Sanchez-Campos, S.; Gutiérrez, B.; Culebras, ].M.; Gonzalez-Gallego, J. Effects of FK506 and rapamycin on generation
of reactive oxygen species, nitric oxide production and nuclear factor kappa B activation in rat hepatocytes. Biochem. Pharmcol.
2003, 66, 439-445. [CrossRef]

Sakaguchi, Y.; Shirahase, H.; Kunishiro, K.; Ichikawa, A.; Kanda, M.; Uehara, Y. Synergistic effect of nitric oxide synthase and
cyclooxygenase inhibitors on carrageenan-induced paw edema in rats. Arzneimittelforschung 2006, 56, 695-699. [CrossRef]
Khaper, N.; Bryan, S.; Dhingra, S.; Singal, R.; Bajaj, A.; Pathak, C.M.; Singal, PK. Targeting the vicious inflammation-oxidative
stress cycle for the management of heart failure. Antioxid. Redox Signal. 2010, 13, 1033-1049. [CrossRef]

Noble, E.G.; Shen, G.X. Impact of exercise and metabolic disorders on heat shock proteins and vascular inflammation. Autoimmune
Dis. 2012, 2012, 836519. [CrossRef]

Gordon, ].W,; Shaw, J.A.; Kirshenbaum, L.A. Multiple facets of NF-«B in the heart: To be or not to NF-kB. Circ. Res. 2011, 108,
1122-1132. [CrossRef]

Fleetwood, A.J.; Lawrence, T.; Hamilton, J.A.; Cook, A.D. Granulocyte-macrophage colony-stimulating factor (CSF) and
macrophage CSF-dependent macrophage phenotypes display differences in cytokine profiles and transcription factor activi-ties:
Implications for CSF blockade in inflammation. . Immunol. 2007, 178, 5245-5252. [CrossRef]

Hsing, C.-H.; Lin, M.-C.; Choi, P-C.; Huang, W.-C.; Kai, J.-I.; Tsai, C.-C.; Cheng, Y.-L.; Hsieh, C.-Y.; Wang, C.-Y.; Chang, Y.-P;
et al. Anesthetic propofol reduces endotoxic inflammation by inhibiting reactive oxygen species-regulated Akt/IKK{ /NF-«B
signaling. PLoS ONE 2011, 6, €17598. [CrossRef] [PubMed]

Chang, L.-P; Lai, Y.-S.; Wu, C.-].; Chou, T.-C. Liquid perfluorochemical inhibits inducible nitric oxide synthase expression and
nitric oxide formation in lipopolysaccharide-treated RAW 264.7 macrophages. J. Pharm. Sci. 2009, 111, 147-154. [CrossRef]
[PubMed]

Yoo, ].M,; Sok, D.E.; Kim, M.R. Effect of endocannabinoids on IgE-mediated allergic response in RBL-2H3 cells. Int. Immunopharmacol.
2013, 17, 123-131. [CrossRef] [PubMed]

Min, A.Y;; Doo, C.N.; Son, EJ.; Sung, N.Y,; Lee, KJ.; Sok, D.E.; Kim, M.R. N-palmitoyl serotonin alleviates scopolamine-induced
memory impairment via regulation of cholinergic and antioxidant systems, and expression of BDNF and p-CREB in mice. Chem.
Biol. Interact. 2015, 242, 153-162. [CrossRef] [PubMed]

Denizot, F; Lang, R. Rapid colorimetric assay for cell growth and survival. Modifications to the tetrazolium dye procedure giving
improved sensitivity and reliability. J. Immunol. Methods 1986, 89, 271-277. [CrossRef]

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

Bartholomew, B. A rapid method for the assay of nitrate in urine using the nitrate reductase enzyme of Escherichia coli. Food
Chem. Toxicol. 1984, 22, 541-543. [CrossRef]

Green, L.C.; Wagner, D.A.; Glogowski, ].; Skipper, P.L.; Wisnok, ].S.; Tannenbaum, S.R. Analysis of nitrate, nitrite, and [5SN] nitrate
in biological fluids. Anal. Biochem. 1982, 126, 131-138. [CrossRef]

Cordeiro, N.M.; Freitas, R H.C.N.; Fraga, C.A.M.; Fernandes, P.D. Discovery of Novel Orally Active Tetrahydro-Naphthyl-N-
Acylhydrazones with In Vivo Anti-TNF-« Effect and Remarkable Anti-Inflammatory Properties. PLoS ONE 2016, 11, e0156271.
[CrossRef] [PubMed]


http://doi.org/10.1097/01.mpa.0000226895.16817.a1
http://doi.org/10.1016/S0009-8981(02)00244-9
http://www.ncbi.nlm.nih.gov/pubmed/17006415
http://doi.org/10.1146/annurev.bioeng.8.061505.095708
http://www.ncbi.nlm.nih.gov/pubmed/16834553
http://doi.org/10.1038/sj.bjp.0705724
http://www.ncbi.nlm.nih.gov/pubmed/15006904
http://doi.org/10.1016/j.ejphar.2006.01.023
http://doi.org/10.1007/s00011-004-1288-7
http://doi.org/10.1016/S0006-2952(03)00288-0
http://doi.org/10.1055/s-0031-1296775
http://doi.org/10.1089/ars.2009.2930
http://doi.org/10.1155/2012/836519
http://doi.org/10.1161/CIRCRESAHA.110.226928
http://doi.org/10.4049/jimmunol.178.8.5245
http://doi.org/10.1371/journal.pone.0017598
http://www.ncbi.nlm.nih.gov/pubmed/21408125
http://doi.org/10.1254/jphs.09043FP
http://www.ncbi.nlm.nih.gov/pubmed/19834286
http://doi.org/10.1016/j.intimp.2013.05.013
http://www.ncbi.nlm.nih.gov/pubmed/23731947
http://doi.org/10.1016/j.cbi.2015.09.016
http://www.ncbi.nlm.nih.gov/pubmed/26408985
http://doi.org/10.1016/0022-1759(86)90368-6
http://doi.org/10.1016/j.jep.2011.01.027
http://doi.org/10.1016/0278-6915(84)90224-2
http://doi.org/10.1016/0003-2697(82)90118-X
http://doi.org/10.1371/journal.pone.0156271
http://www.ncbi.nlm.nih.gov/pubmed/27227468

	Introduction 
	Results 
	C18-5HT Synthesis 
	C18-5HT Does Not Affect Cell Viability and Inhibit Nitric Oxide and Cytokines Production 
	C18-5HT Also Presents an Effect When Orally Administered to Mice 
	Pretreatment of Mice with C18-5HT Reduces Protein Extravasation, Nitric Oxide, and Cytokines Production 
	C18-5HT Reduces Reactive Oxygen Species Production by Leukocytes in an Ex Vivo Assay 

	Discussion 
	Materials and Methods 
	C18-5HT Synthesis 
	Materials and Reagents 
	Drugs and C18-5HT Administration 
	Cell Culture 
	Cell Viability 
	Animals 
	Carrageenan-Induced Cellular Migration into the Subcutaneous Air Pouch (SAP) 
	Nitrate, Nitrite, Protein, and Cytokines Measurement 
	Ex Vivo Reactive Oxygen Species (ROS) Measurement 
	Statistical Analysis 

	Conclusions 
	References

