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Inflammation is a local tissue response to attacks characterized by vascular and cellular events, including
intense oxidative stress. Riparin A, a compound obtained from Aniba riparia, has been shown to have anti-
oxidant activity and cytotoxicity in vitro. This study was aimed at evaluating the anti-inflammatory effect
of riparin A against acute inflammation. The results of our evaluations in various experimental models
indicated that riparin A reduced paw edema induced by carrageenan, compound 48/80, histamine, and
serotonin. Furthermore, it decreased leukocyte and neutrophil counts, myeloperoxidase activity, thiobar-
bituric acid reactive substance (TBARS) levels, and cytokine (tumor necrosis factor-a and interleukin-1b)
levels increased by carrageenan-induced peritonitis, and reversed glutathione levels. Riparin A also
reduced carrageenan-induced adhesion and rolling of leukocytes on epithelial cells and did not produce
gastric-damage as compared with indomethacin. In conclusion, the data show that riparin A reduces
inflammatory response by inhibiting vascular and cellular events, modulating neutrophil migration,
inhibiting proinflammatory cytokine production, and reducing oxidative stress.

� 2015 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Inflammatory responses are a series of well-coordinated events
that depend on an increase in vascular permeability and sequential
release of inflammatory mediators, leading to edema and the arri-
val of inflammatory leukocytes at the site of inflammation [1]. The
drugs commonly used to treat inflammatory conditions, such as
non-steroidal anti-inflammatory drugs (NSAIDs), are associated
with low therapeutic efficacy. In addition, these drugs have major
adverse effects, such as gastrointestinal ulcers, and bleeding and
renal disorders [2].

Natural products are an important source for research aimed at
the discovery of new substances with pharmacological activity
[3,4]. Secondary metabolites of natural products, such as lactones
[5], alkaloids [6], and terpenoids [7] have attracted the attention
of many researchers because of their anti-inflammatory activities.

In our study, alkamide alkaloids were isolated from the green
fruit of Aniba riparia (Nees) Mez (Lauraceae), a typical plant of
the Amazon Region, where it is popularly known as ‘‘louro’’ [8].
After structural elucidation of one of its compounds, O-methyl-N-
(2-hydroxybenzoyl) tyramine [9], new riparin derivatives were iso-
lated and designated riparin A–F [10]. Riparin A, N-(2-phenylethyl)
benzamide, (Fig. 1) the target of this study, is obtained from the
coupling of a methyl ester of tyramine with a benzoyl chloride
[11]. Previously, riparin A has been shown to have antioxidant
activity [8] and fewer toxic effects than classical medicines [12].
However, there are no studies about the possible anti-inflamma-
tory properties of riparin A.

Thus, considering that many studies have been conducted on
alkaloids, and based on the fact that these molecules have impor-
tant pharmacological activities with great therapeutic potential, in
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the current study, we investigated the anti-inflammatory proper-
ties of riparin A, a semisynthetic derivative isolated from A. riparia,
in mice.

2. Materials and methods

2.1. Preparation

Riparin A was prepared using as method described previously
[13]. The purification were performed by column chromatography
using a vertical glass column (silica gel 60 (SiO2) 70–230 Mesh;
SysCroma) and a mixture of organic solvents in increasing order
of polarity (hexane – hexane:dichloromethane (1:1) – dichloro-
methane and dichloromethane:methanol 90:10) and the determi-
nation of the melting point by MQAPF-302 digital apparatus
model manufactured by Micro Chemical [10].

2.2. Obtention and identification of riparin A (N-phenethylbenzamide)

Riparin A was obtained through Schotten–Bauman reaction. In a
50 ml flask 0.41 ml of benzoyl chloride and 0.89 ml of 2-phenyleth-
ylamine were mixed. The reaction mixture without solvent was
left in magnetic stirring for 30 min at room temperature. After
purification by column chromatography it was obtained 0.68 g of
N-phenethylbenzamide (riparin A) with melting point of 115 �C
and yield of 84%. The identification of the riparin A was performed
by analyzing 1H and 13C NMR spectral data consistent with litera-
ture values [10].

2.3. Drugs and reagents

k-Carrageenan, compound 48/80, serotonin and histamine were
purchased from Sigma Chemical (St. Louis, MO, USA). Heparin was
provided by Merck (Brazil). All drugs were dissolved in saline. Rip-
arin A was dissolved in 2% DMSO. All other chemicals were of ana-
lytical grade and obtained from standard commercial suppliers.

2.4. Animals

Male Swiss mice (25–30 g) were randomly housed in appropri-
ate cages with free access to food and water. All procedures were in
accordance with the Guide for Care and Use of Laboratory Animals
(National Institute of Health, Bethesda, MD, USA) and experimental
protocols were approved by the Ethics Committee in Research of
the Federal University of Piauí (protocol No 068/14).

2.5. Effect of riparin A on carrageenan-induced paw edema

Initially, mice received riparin A (1, 3, and 10 mg/kg, i.p.), after
30 min carrageenan (500 lg/paw, 50 ll) was administered into the
right hind paw. The control untreated received only 2% DMSO. The
doses of riparin A were selected based on previous studies in our
research group. Paw volume was measured in a plethysmometer
(Panlab, Barcelona, Spain) before (V0; time zero) at 1, 2, 3, and
4 h after carrageenan treatment (Vt), as previously described [14].
In the 4th hour, samples of paw were removed and fixed in 10%
formalin for subsequent histopathological analysis. Additionally,
Fig. 1. Chemical structure of riparin A.
paw edema was also measured 24, 48, 72 and 96 h after carra-
geenan (500 lg/paw) administration [15]. Data were expressed
as mean ± SEM of 5–6 animals per group.

2.6. Effect of riparin A in paw edema induced by various agents

Mice were pretreated with riparin A (10 mg/kg, i.p.) 30 min
before stimuli. Next, compound 48/80 (12 lg/paw), serotonin
(5-HT; 1% w/v) or histamine (Hist; 100 lg/paw) was administered
into the right hind paw [6]. The control untreated received only 2%
DMSO. Right paw volume was measured before (V0; time zero) at
30, 60, 90 and 120 min after stimuli (Vt). Data were expressed as
mean ± SEM of 5–6 animals per group.

2.7. Histological evaluation

For histological evaluation, the paw samples were embedded in
paraffin and sectioned; 4-lm-thick sections were deparaffinized,
stained with hematoxylin and eosin (H & E), and then examined
under a light microscope by an experienced pathologist without
knowledge of the treatments.

2.8. Carrageenan-induced peritonitis

Mice were pretreated with riparin A (Rip A: 10 mgkg, i.p.) or
indomethacin (10 mg/kg, i.p.) 30 min before carrageenan
(500 lg/cavity) administration. After 4 h, animals were sacrificed
and peritoneal cavity washed with heparinized PBS. Total cell
counts were performed in a Neubauer chamber, and differential
cell counts (100 cells total) in slides stained with hematoxylin
and eosin (H & E). Results are expressed as number of leukocytes
or neutrophils per milliliter of peritoneal exudate. Aliquots of per-
itoneal exudates were collected for analysis of glutathione (GSH)
levels, TBARS levels, myeloperoxidase (MPO) activity and cytokine
(TNF-a and IL-1b) levels. Data were expressed as mean ± SEM of 5–
6 animals per group.

2.9. Myeloperoxidase (MPO) activity

MPO activity of peritoneal exudate was assayed by measuring
the change in absorbance at 450 nm using o-dianisidine and 1%
H2O2 [17]. Results are expressed as MPO units per milliliter of per-
itoneal exudate (UMPO/ml).

2.10. TNF-a and IL-1b levels

The concentrations of tumor necrosis factor-a (TNF-a), interleu-
kin-1b (IL-1b) were measured by ELISA, using commercially avail-
able kits and according to instructions supplied by the
manufacturer (DuoSet ELISA Development kit R & D Systems, Min-
neapolis, MN, USA). Results are expressed as pictograms of cyto-
kines per milliliter of peritoneal exudate (pg/ml).

2.11. Glutathione (GSH) levels

Initially, 400 ll of each supernatant of peritoneal exudate was
mixed with 800 ll of 0.4 M Tris buffer and 20 ll of 0.01 M DTNB.
The samples were stirred for 3 min and read on a spectrophotom-
eter at 412 nm [18]. Results are expressed as micrograms of NPSH
per milliliter of peritoneal exudate (lg/ml).

2.12. Malondialdehyde (MDA) concentration

Initially, 250 ll each supernatant of peritoneal exudate was
added 1% H3PO4 and 0.6% tert-butyl alcohol. Then, mixture was
stirred and heated in a boiling water bath for 45 min, cooled imme-



Fig. 2. Riparin A reduces carrageenan-induced paw edema. Mice were pretreated with 2% DMSO or riparin A (1, 3, and 10 mg/kg, i.p.). After 30 min carrageenan (500 lg/paw)
was administrated. Each line represents the mean ± SEM of 5–6 animals per group. #p < 0.05 versus control group; ⁄p < 0.05 versus carrageenan group. One-way analysis of
variance (ANOVA) followed by Newman–Keuls test.

Fig. 3. Photomicrographs from mice paw stained with hematoxylin and eosin (Panel A, C and E: 40� magnification; Panel B and D: 10� magnification). Panel A: 2% DMSO
group, which exhibit normal histological features, with intact paw and no evidence of inflammation; Panel B and C: carrageenan group, shows a pronounced inflammatory
response with intense polymorphonuclear cells and plasma exudates; Panels D and E: riparin A + carrageenan group, show that cell migration was decreased with riparin A
treatment.
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diately in an ice water bath followed by the addition of 4 ml of n-
butanol. This mixture was shaken and the butanol layer was sepa-
rated by centrifugation at 1200 rpm for 15 min and read on a spec-
trophotometer to be 535 and 520 nm [19]. Results are expressed as
nanomoles per milliliter of peritoneal exudate (nmol/ml).
2.13. Intravital microscopy of leukocytes to assess rolling and adhesion
to the mesentery

Intravital microscopy was used to establish leukocyte rolling
and adhesion to mesenteric microcirculation and examined as pre-



Fig. 4. Riparin A reverse paw edema induced by various stimuli. Mice were pretreated with 2% DMSO or riparin A (10 mg/kg, i.p.). After 30 min the paw edema was induced
by compound 48/80 (12 lg/paw; A), histamine (100 lg/paw; B), or serotonin (1% w/v; C). Each line represents the mean ± SEM of 5–6 animals per group. #p < 0.05 versus
control group; ⁄p < 0.05 versus stimuli. One-way analysis of variance (ANOVA) followed by Newman–Keuls test.

Fig. 5. Riparin A decrease cell migration in carrageenan-induced peritonitis. Mice
were pretreated with 2% DMSO or riparin A (10 mg/kg, i.p.). After 30 min
carrageenan (500 lg/cavity) was administered. Cell migration was evaluated 4 h
later. Leukocyte (A) and neutrophil (B) counts are shows. Each column represents
the mean ± SEM of 5–6 animals per group. #p < 0.05 versus control group; ⁄p < 0.05
versus carrageenan group. One-way analysis of variance (ANOVA) followed by
Newman–Keuls test.
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viously described [16]. Briefly, mice were pretreated with riparin A
(10 mg/kg) 30 min before carrageenan (500 lg/cavity) administra-
tion. After 4 h, mice were anesthetized with a mixture of ketamine
(100 mg/kg, i.p.)/xylazine (10 mg/kg, i.p.) and mesenteric tissue
was exteriorized for microscopic examination in situ. Animals were
maintained on a special board thermostatically controlled at 37 �C,
with a transparent platform on which the tissue to be transillumi-
nated was placed. Vessels selected for study were third-order ven-
ules, defined according to their branch-order location within the
microvascular network. These vessels corresponded to postcapil-
lary venules, with a diameter of 10–15 lm. Leukocyte interaction
with the luminal surface of the venular endothelium was studied
in a vessel segment. Rolling leukocytes were defined as white
blood cells that move at a lower velocity than erythrocytes in the
same stream. The number of rolling leukocytes was determined
at 10-min intervals. These leukocytes moved at a sufficiently slow
pace to be individually visible and were counted as they rolled past
a 10 lm length of venule. Leukocyte was considered to be adherent
to the venular endothelium if it remained stationary for 30 s. The
number of adherent cells (stickers) was expressed as the number
per 10 lm length of venule. Cells were counted in the recorded
image, using 3–4 different fields for each animal to avoid sampling
variability. Data were expressed as mean ± SEM of 5–6 animals per
group.
2.14. Evaluation of gastric damage

Mice received 2% DMSO, riparin A (10 and 100 mg/kg, p.o.) or
indomethacin (20 mg/kg p.o.). After 7 h, the animals were sacri-
ficed; the stomach was located, removed and opened along the
greater curvature. The gastric damage macroscopic was measured



Fig. 6. Riparin A reduces myeloperoxidase (MPO) activity and cytokine (TNF-a and
IL-1b) levels in carrageenan-induced peritonitis. Mice were pretreated with 2%
DMSO or riparin A (10 mg/kg, i.p.). After 30 min carrageenan (500 lg/cavity) was
administrated, and analyses realized after 4 h. (A) MPO activity; (B) TNF-a; and 6C:
IL-1b. Each column represents the mean ± SEM of 5–6 animals per group. #p < 0.05
versus control group; ⁄p < 0.05 versus carrageenan group. One-way analysis of
variance (ANOVA) followed by Newman–Keuls test.
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using digital caliper (Mitutoyo�) and calculated as sum of the
lengths of all linear erosions. In addition, samples were collected
for assay myeloperoxidase (MPO) activity as described above.

2.15. Statistical analysis

Results are expressed as mean ± SEM of 5–6 animals per group
and statistical analysis was performed using one-way analysis of
variance (ANOVA) followed by the Newman–Keuls post hoc test,
when appropriate. Statistical significance was set at p < 0.05.

3. Results

3.1. Effect of riparin A on carrageenan-induced paw edema

Fig. 2 shows that carrageenan administration into the right hind
paw promoted the formation of edema, peaking at 4 h
(0.14 ± 0.01 ml) and 72 h (0.15 ± 0.02 ml), and then declining at
96 h (0.10 ± 0.01 ml). Pretreatment with riparin A (1, 3, and
10 mg/kg) markedly reduced the edematogenic response induced
by the administration of carrageenan in dose-dependent manner.
The maximal effect was observed at a dose of 10 mg/kg riparin,
which significantly (p < 0.05) reduced at all time points evaluated,
including peaking at 4 h (0.06 ± 0.01 ml; 57% reduction) and 72 h
(0.04 ± 0.01 ml; 73% reduction). There was not increased anti-
inflammatory effect with doses of 30 and 60 mg/kg riparin A (data
not shown). Because a riparin A dose of 10 mg/kg afforded the
most antiedematogenic activity, this dose was selected for the
study of the possible mechanisms of action involved in riparin
A-mediated antiinflammatory effects.

3.2. Histological evaluation

The paw tissue of the control animals had a normal histological
appearance, with dispersed cell infiltration and preserved mem-
branes (Fig. 3A). However, 4 h after carrageenan administration,
the paw tissue showed marked cell inflammatory infiltrates, char-
acterized mainly by neutrophils and accompanied by intense
edema (Fig. 3B and C). Furthermore, it was observed that pretreat-
ment with riparin A (10 mg/kg) decreased neutrophilic infiltration
(Fig. 3D and E).

3.3. Effect of riparin A on paw edema induced by various stimuli

Fig. 4 shows paw edema induced by compound 48/80 (Fig. 4A:
0.08 ± 0.01 ml), serotonin (Fig. 4B: 0.07 ± 0.01 ml), and histamine
(Fig. 4C: 0.05 ± 0.01 ml), with the peak occurring at 30 min after
the administration of the phlogistic agent. Riparin A (10 mg/kg) sig-
nificantly reversed all edema, including peaking (0.04 ± 0.01 ml for
compound 48/80, 50% inhibition; 0.02 ± 0.01 ml for serotonin, 71%
inhibition; 0.01 ± 0.01 ml for histamine, 80% inhibition).

3.4. Effect of riparin A on carrageenan-induced peritonitis

As shown in Fig. 5, leukocyte (4.83 ± 0.99 � 103 cells/ml; Fig. 5A)
and neutrophil (3.55 ± 0.32 � 103 cells/ml; Fig. 5B) counts in the
peritoneal cavity significantly (p < 0.05) increased 4 h after carra-
geenan administration, compared to corresponding counts in the
control group (0.25 ± 0.11 � 103 cells/ml and 0.16 ± 0.15 � 103

cells/ml, respectively). However, pretreatment with riparin A
(10 mg/kg) considerably reduced these counts (1.97 ± 0.36 � 103

cells/ml and 0.68 ± 0.11 � 103 cells/ml, respectively). Similarly,
when compared to carrageenan treatment, pretreatment with
indomethacin produced a reduction (2.34 ± 0.43 � 103 cells/ml) in
total leukocyte count and a reduction (0.63 ± 0.09 � 103 cells/ml)
in neutrophil migration to the peritoneal cavity.

3.5. Effect of riparin A on myeloperoxidase (MPO) activity

Carrageenan (7.69 ± 0.80 U/ml of peritoneal exudate) adminis-
tration produced a significant (p < 0.05) increase in MPO activity
in the peritoneal exudates, which is an important marker of neutr-
ophilic infiltration (Fig. 6A). Pretreatment with riparin A (10 mg/
kg) reduced MPO (2.80 ± 0.75 U/ml of peritoneal exudate) levels
to values similar to those in the control group (2.14 ± 0.24 U/ml
of peritoneal exudate).

3.6. Effect of riparin A on TNF-a and IL-1b levels

As shown in Fig. 6, carrageenan administration increased TNF-a
(208.7 ± 39.2 pg/ml; Fig. 6B) and IL-1b (1073.0 ± 180.1 pg/ml;
Fig. 6C) levels in peritoneal fluid, compared to the corresponding
levels in the control group (100.7 ± 15.5 pg/ml and 176.9 ± 9.5
pg/ml, respectively). Pretreatment with riparin A (10 mg/kg) sig-
nificantly (p < 0.05) reduced TNF-a (90.4 ± 32.8 pg/ml) and IL-1b
(635.2 ± 65.9 pg/ml) levels.



Fig. 7. Riparin A decrease rolling and adhesion of leukocyte in the mesentery microcirculation mice. The animals were initially treated with 2% DMSO or riparin A (10 mg/kg,
i.p.) and then administrated carrageenan (500 lg/cavity). The rolling (A) and adhesion (B) of leukocytes were evaluated in the mesentery microcirculation by intravital
microscopy, 4 h after inflammatory stimuli. Video photomicrographs displaying leukocyte-endothelium interaction is shown in Panel C, D and E. Panel C: 2% DMSO group,
show leukocyte rolling basal. Panel D: carrageenan group, showing leukocyte rolling significantly increased on the vascular endothelium. Panel E: riparin A (10 mg/kg, i.p.)
group, showing significantly reduction of leukocyte rolling in the mesenteric microvasculature. Each column represents the mean ± SEM of 5–6 animals per group. #p < 0.05
versus control group; ⁄p < 0.05 versus carrageenan group. One-way analysis of variance (ANOVA) followed by Newman–Keuls test.
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3.7. Effect of riparin A on carrageenan-induced leukocyte rolling and
adhesion

Fig. 7 shows that riparin A (10 mg/kg) administration signifi-
cantly (p < 0.05) reduced leukocyte rolling and adherence in the
mesentery microcirculation, compared to those in the carrageenan
group (5.09 ± 1.14 versus 12.27 ± 2.33 leukocyte rolling (Fig. 7A)
and 0.65 ± 0.09 versus 1.98 ± 0.29 adhering leukocytes (Fig. 7B)).
In addition, Fig. 7 shows a typical video image of the control group
(Panel C); the leukocyte-endothelium interaction increased after
administration of carrageenan (Panel D) and decreased with ripa-
rin A (Panel E) treatment.
3.8. Effect of riparin A on glutathione (GSH) levels

Fig. 8A shows that carrageenan (44.2 ± 8.8 lg/ml) administra-
tion reduced GSH levels, compared to those in the control group
(127.6 ± 20.1 lg/ml). Furthermore, pretreatment with riparin A
(10 mg/kg) reverted the effect of the carrageenan, significantly
(p < 0.05) increasing GSH (95.6 ± 9.7 lg/ml) levels.
3.9. Effect of riparin A on thiobarbituric acid reactive substance
(TBARS) levels

Carrageenan (25.1 ± 4.4 nmol/ml) administration promoted a
significant (p < 0.05) increase in TBARS levels in the peritoneal exu-
date, compared to that in the control group (12.1 ± 1.7 nmol/ml).
However, pretreatment with riparin A (10 mg/kg) inhibits this
effect of carrageenan, significantly reducing TBARS
(15.7 ± 2.8 nmol/ml) levels to values similar to those in the control
group (Fig. 8B).
3.10. Evaluation of gastric damage

This experiment was performed for evaluate the gastric toxicity
of riparin A and compare with indomethacin (20 mg/kg, standard
drug). Fig. 9 shows that indomethacin promoted gastric damage
(9.84 ± 2.37 mm, Fig. 9A) and increased MPO activity (8.01 ± 1.53
UMPO/mg of gastric tissue, Fig. 9B) significantly (p < 0.05), when
compared to the DMSO group (0.95 ± 0.36 UMPO/mg of tissue
Fig. 9B). In addition, the treatment with riparin (10 or 100 mg/
kg) did not promote gastric damage or change in MPO activity
(0.41 ± 0.16 and 0.44 ± 0.30 UMPO/mg of tissue, respectively,
Fig. 9B).
4. Discussion

Natural products, particularly those obtained from medicinal
plants, are commonly used for the treatment of inflammatory dis-
eases and are considered an important source of molecules with
potential therapeutic efficacy [20]. In this study, we show that rip-
arin A, a compound obtained from A. riparia, could reduce inflam-
matory responses in classic experimental models of inflammation;
the underlying mechanism involves inhibition of neutrophil migra-
tion to the damaged site, accompanied by the reduction of proin-
flammatory cytokine levels and oxidative stress.

Initially, carrageenan-induced paw edema model, which is
widely used for the evaluation of anti-inflammatory effects of mol-
ecules with pharmacological potential [21,22], was established.
The method was biphasic, with the initial phase involving the
release of inflammatory mediators such as histamine and seroto-
nin, followed by intense infiltration of polymorphonuclear (PMN)
cells and a peak occurring at the 4th hour after carrageenan admin-
istration [23]. The second phase was observed after 72 h, and was
characterized by the release of TNF-a [15] and monocyte migration



Fig. 8. Riparin A reverse glutathione (GSH) and TBARS levels in carrageenan-induced peritonitis. Mice were pretreated with 2% DMSO or riparin A (10 mg/kg, i.p.). After
30 min carrageenan (500 lg/cavity) was administrated, and biochemical parameters measured 4 h after carrageenan injection. (A) GSH levels; (B) TBARS levels. Each column
represents the mean ± SEM of 5–6 animals per group. #p < 0.05 versus control group; ⁄p < 0.05 versus carrageenan group. One-way analysis of variance (ANOVA) followed by
Newman–Keuls test.

Fig. 9. Effects of riparin A on gastric damage and myeloperoxidase (MPO) activity in mice. Panel A: evaluation of gastric damage; Panel B: assay MPO activity. Mice received
2% DMSO, riparin A (10 and 100 mg/kg, p.o.) or indomethacin (20 mg/kg, p.o.) and evaluated parameters 7 h after administration. Each column represents the mean ± SEM of
5–6 animals per group. ⁄p < 0.05 versus DMSO group. One-way analysis of variance (ANOVA) followed by Newman–Keuls test.
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[24]. Our results showed that riparin A inhibited carrageenan paw
edema in all time points evaluated. This suggested that the anti-
inflammatory effects are associated with the inhibition of vascular
events, such as the reduction of release and/or production of vaso-
active mediators and inhibition of cell migration.

In order to prove this mechanism, paw edema was induced
using different agents (compound 48/80, histamine, and seroto-
nin). Compound 48/80 administration is known to promote edema
through potent induction of mast cell degranulation, followed by a
massive release of vasoactive amines, such as histamine and sero-
tonin, which greatly contributes to the vascular events of the
inflammatory response [25,26]. In this study, riparin A markedly
reduced compound 48/80-induced paw edema, which could be
associated with downregulation of mast cell degranulation,
through the potential stabilization of its outer membrane [6]. This
point was confirmed by the reduction of histamine- and serotonin-
induced paw edema. In addition, this corroborates with the inhib-
itory effect of riparin A on the early phase of the carrageenan-
induced paw edema.

The acute inflammatory response also consists of a cellular
component, primarily represented by neutrophils [27]. In this
study, using histopathological analysis, we demonstrated that cell
recruitment in the inflamed paw tissue 4 h after carrageenan
administration markedly reduced in mice pretreated with riparin
A. Furthermore, our results showed that riparin A inhibited leuko-
cyte and neutrophil migration in the carrageenan-induced perito-
nitis. Corresponding to these findings, riparin A also reduced
MPO activity in the peritoneal fluid. MPO is an enzyme present
in the azurophilic granules of neutrophils, which is released during
the process of migration into the inflammatory site [6,28] and is
determined to be an index of neutrophil infiltration [15].

Several studies have consistently shown that activated neutro-
phils may synthesize and release an arsenal of molecules, such as
cytokines TNF-a, IL-1b, and IL-6, which can subsequently activate
new neutrophils. In addition, they can activate endothelial cells
that lead to neutrophil interaction culminating in the sequential
events of rolling, adhesion, and transmigration [29,30]. Cytokines
are protein messengers released in the circulation, or directly into
the tissue, and are responsible for cell localization through interac-
tion with specific receptors [31]. Overproduction, or inappropriate
production, of proinflammatory cytokines can result in conditions
such as septic shock [32] and rheumatoid arthritis [33], which
involve tissue destruction and exacerbation of inflammation.

Similar to previous studies, our study showed that carrageenan
administration induced an increase in TNF-a and IL-1b levels in the
peritoneal fluid [6,14]. Supporting the effects of riparin A in the
experimental models above, which demonstrated inhibition of cell
migration to the inflamed site, we observed that pretreatment with
riparin A promoted a reduction of cytokine levels to levels similar
to those in the control group. Considering that the effects of carra-
geenan administration on neutrophil migration significantly atten-
uated by pretreatment with riparin A, we suggesting that this
compound can modulate the process of leukocyte recruitment.

Next, to elucidate this mechanism we pretreated mice with rip-
arin A and evaluated carrageenan-induced leukocyte rolling and
adhesion in mesenteric postcapillary venules by using an intravital
microscopy system. The neutrophil migration from the circulation
to the site of inflammation is controlled by interactions with the



Fig. 10. Hypothetical model of modulatory effect of riparin A on inflammatory response in mice. Riparin A promoted a significant reduction in the acute inflammation in
mice. These events involve inhibition of local release of proinflammatory cytokines (TNF-a and IL-1b) by resident cells, such as macrophages (1), leading to a decreased
activation of endothelial cells (2), which result in reducing of neutrophil migration to the injured tissue (3). Inflammatory response can be amplified by intense production of
reactive oxygen species (ROS), leading a reduction of antioxidant compounds. In this context, riparin A acts reducing oxidative stress by increasing the GSH levels (4), another
possibility is that this increase may be secondary to a decrease in the production of free radicals (TBARS levels). In addition, an interesting point was reduction 48/80-induced
paw edema, which can be associated with negative regulation of mast cell degranulation by stabilizing its membrane.
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vascular endothelium [34]. Interestingly, our results demonstrated
that riparin A significantly inhibited leukocyte rolling and adhe-
sion. Riparin A treatment also decreased TNF-a and IL-1b levels.
Considering the important role of these cytokines in neutrophil
recruitment and their involvement of mechanism dependent of
molecular events among leukocytes and endothelial cells, our
results suggest that riparin A reduces the inflammatory response
by mechanisms dependent, at least in part, on the inhibition of
pro-inflammatory cytokine production at inflammatory sites,
which culminate in a decrease in leukocyte rolling and adhesion
in the endothelial cells.

Neutrophils represent the body’s primary line of defense in the
inflammatory process [35]. They play an important role in the
migration events to the inflammation site by releasing proteases
contained within their azurophilic granules, such as myeloperoxi-
dase, elastase, and proteinase-3 [36]. They can generate reactive
oxygen species (ROS) that cause toxic tissue damage that has been
observed in inflammatory diseases [37].

Our results showed a decrease in GSH concentration and an
increase in TBARS levels in the peritoneal fluid in carrageenan-
induced peritonitis. This confirms that neutrophil migration to
the inflamed site produces reactive metabolites that exacerbate
the inflammatory process [6,38]. On the other hand, mice pre-
treated with riparin A showed a marked reduction in these param-
eters. In cases of ROS involvement, the GSH levels decreased, while
the TBARS concentration, an important marker of lipid peroxida-
tion, increased. These data reinforce the results obtained by other
authors that show that riparin A has direct antioxidant activity,
being capable of decreasing the levels of free radicals even in low
concentrations [39,40]. This effect, probably is related to the pres-
ence of unstable hydrogen in riparin A that is captured by the free
radicals, inactivating them.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are widely pre-
scribed for treatment of pain and inflammation. However, these
drugs are associated with low efficacy and specificity and impor-
tant side effects, such as bleeding and perforation in gastrintestinal
tissues [41]. For this reason, our study is conducted to identify a
novel therapeutic option to develop and introduce new drugs with
greater safety and efficacy. We confirm that indomethacin pro-
moted gastric damage and increased MPO activity. Therefore, at
the tested doses, the treatment with riparin A did not promote gas-
tric damage. The present data provide evidence that riparin A is
devoid of side effects on gastric mucosa.

This study demonstrated the anti-inflammatory potential of
riparin A, a compound obtained from A. riparia, in experimental
models of acute inflammation. This compound promotes its effect
through mechanisms dependent on the inhibition of vascular
events and neutrophil migration to the damaged site. In addition,
riparin A reduced the production of proinflammatory cytokines
(TNF-a and IL-1b) and oxidative stress. Fig. 10 summarizes the
modulatory effects of riparin A on inflammatory response. In con-
clusion, the results of this study suggest that riparin A is a major
target for future therapeutic approaches for the treatment of
inflammatory diseases.
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