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Abstract—The aim of our study was to evaluate the anti-inflammatory, anti-nociceptive, and anti-
oxidant action of Riparin B in vivo. We performed experiments in which we induced paw edema by
carrageenan and other mediators, carrageenan-induced peritonitis and the level of myeloperoxidase
(MPO) activity, pro-inflammatory cytokines (TNF-α and IL-1β), malondialdehyde (MDA) acid, and
glutathione (GSH) from the peritoneal fluid. We also performed behavior tests such as acetic acid-
induced writhing, formalin-induced linking, and the hot plate test. Among the doses tested of the Riparin
B (1, 3, and 10 mg/kg), the dose of 10 mg/kg showed the strongest effect, and this dose was able to
reduce the paw edema induced by carrageenan, dextran, histamine serotonin, bradykinin, 48/80, and
PGE2. Similarly, the Riparin B in the same dose reduced cell migration and significantly decreased the
nociception induced by formalin and acetic acid and reversed the parameters of the oxidative stress.
Thus, we can infer that Riparin B exhibits anti-inflammatory, anti-nociceptive, and anti-oxidant actions
in vivo.
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INTRODUCTION

Natural products, including those derived from plants,
have, over the years, contributed greatly to the develop-
ment of modern therapeutic drugs [1]. However, sub-
stances with interesting activities often present in very

low amounts, and their availability is dependent on factors
such as seasonal variability, day and hour of collection,
growth stage, climate, soil composition, and the part of the
plant from which the active compounds are extracted [2].
Thus, the supply issues can be resolved by synthesis of the
compound, with development of synthetic analogues with
more manageable properties and reduced complexity [3].

Synthesis and modification of substances from me-
dicinal plants to try to obtain new structures with pharma-
cological activity has been a challenge frequently in the
field of pharmacological science [4]. An appreciable
amount of work has been done to improve isolation of
natural substances, increase desirable properties, and min-
imize adverse effects.

Among the prototypes used for synthetic production
are the alkaloids extracted from Aniba riparia [5]. Alka-
loids derivatives of plants possess potent anti-oxidative and
anti-inflammatory properties [6]. It has been described in
the literature that several modified or synthetic compounds
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of substances extracted from Aniba riparia possess several
biological effects, which include an anti-nociceptive effect
(Riparin I) [7], an anti-inflammatory effect (Riparin II) [8],
and an anxiolytic effect (Riparin III) [9]. Some synthetic
Riparin-derived compounds (Riparin A, B, C, D, E, and F)
also demonstrate an anti-oxidant action in vitro [5]. How-
ever, until now, no data have demonstrated the anti-
inflammatory, analgesic, and anti-oxidant activities of
Riparin B in an animal model.

Free radicals have long been implicated in connective
tissue damage, occurring by inflammation [10]. Vast evi-
dence has recently implicated intracellular ROS production
in the modulation of inflammation [11]. Furthermore, dur-
ing inflammation, the mediators released result in sustained
activation and sensitization of both primary nociceptors
and higher-order neurons involved in the transmission of
the nociceptive input [12]. Thus, substances or drugs ca-
pable of inhibiting excessive production of free radicals,
chelating iron, or scavenging free radicals could be evalu-
ated as potential anti-inflammatory compounds [13].

Considering the anti-oxidant potential of Riparin B,
our work aimed to evaluate the activity of this compound
in models of general inflammation and pain, as well as to
demonstrate its anti-oxidant action in vivo.

METHODS

Drugs and Reagents

The λ-carrageenan, indomethacin, bradykinin, sero-
tonin, dextran sulfate, histamine, captopril, acetic acid,
formaldehyde, and dimethyl sulfoxide (DMSO) were pur-
chased from Sigma Chemical (Saint Louis, MO, USA).
Heparin and morphine were provided by Merck (São
Paulo, Brazil). All drugs were dissolved in sterile saline
(0.9 % w/v). Riparin B was dissolved in 2.0 % DMSO. In
all protocols, DMSO (2.0 %) was administered as a control

group to Riparin B; all other chemicals were of analytical
grade and obtained from standard commercial suppliers.

Preparation and Synthesis of Riparin B

The preparation of Riparin B was performed
using methodology described previously in literature
[5]. Using the Schotten-Baumann reaction, N-[2-(3,4-
dimethoxyphenyl)-ethyl]-benzamide (Riparin B) was
prepared with 3.5 mmol of benzoyl chloride plus
7.0 mmol of 3,4-dimethoxyphenethylamine. The re-
action was stopped after 30 min and resulted in
0.82 g of the compound, Riparin B, with a melting
point of 90 °C and a yield of 80.44 % [5].

Animals

Male Swiss mice weighing 25–30 g were used. The
animals were housed in temperature-controlled rooms and
received food and water ad libitum. All experiments were
conducted in accordance with the currently established
principles for the care and use of research animals (Nation-
al Institutes of Health (NIH) guidelines) and were approved
by the Ethics Committee on Animal Use in the College
Integral Differential EAEC/FACID under protocol number
017/13.

Carrageenan-Induced Paw Edema

The animals were randomly divided into six
groups (n=6), and edema was induced by injection
of 50 μL of a suspension of carrageenan (500 μg/
paw) in 0.9 % sterile saline into the right hind paw.
The mice were pretreated intraperitoneally (i.p.) with
either 0.9 % NaCl (group I, untreated control), 2.0 %
DMSO (group II untreated control), indomethacin
10 mg/kg (group III, positive control), or 1, 3, or
10 mg/kg of Riparin B (groups IV, V, and VI, re-
spectively) 1 h before carrageenan injection. Paw
volume was measured with a plethysmometer
(Panlab, Barcelona, Spain) immediately before (Vo)
and at 1, 2, 3, and 4 h after carrageenan treatment
(Vt) as previously described [14]. The effect of pre-
treatment was calculated as the percentage of inhibi-
tion of edema relative to paw volume of the saline-
treated controls as previously described [15] accord-
ing to the following formula: % inhibition of
edema=(Vt−Vo)BControl^− (Vt−Vo)BTreated^)/(Vt−
Vo)BControl^)×100.

Riparin B
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Paw Edema Induced by Different Inflammatory
Agents

To induce paw edema with different inflammatory
agents, in the animals, injections (50 μL each) of
dextran (Dxt, 500 g/paw), serotonin (5-HT, 1 %,
w/v), histamine (Hist, 1 %, w/v), bradykinin (Bk,
6 nmol), 48/80, (12 μg/paw) or prostaglandin E2
(PGE2) (3 nmol/paw) into the right hind paw were
administered. In the experiment with bradykinin, the
animals were pretreated with captopril (5 mg/kg, i.p.)
1 h prior to bradykinin induction to prevent bradyki-
nin degradation. One group received 50 μL of 0.9 %
sterile saline and served as an untreated control group.
Riparin B (10 mg/kg), indomethacin (10 mg/kg, ref-
erence control), or DMSO (2 %) were injected i.p. 1 h
before intraplantar injection of phlogistic agents. Paw
volume was measured immediately before and at se-
lected intervals of time of 30 min per 2 h.

Assessment of Myeloperoxidase Activity in Paw

Following the induction of paw edema by carra-
geenan, segments of the sub-plantar paw tissue
(50 mg) were removed from mice in each group for
assessment of myeloperoxidase (MPO). These samples
were stored at −80 °C in 1.5-mL Eppendorf tubes for
subsequent determination of MPO activity. MPO is an
enzyme found predominantly in the azurophilic gran-
ules of polymorphonuclear leukocytes and has been
used as a quantitative index for evaluating inflamma-
tion in various tissues. Samples were suspended in
buffer hexadecyltrimethylammonium (pH 6.0, 50 mg
of tissue per mL of buffer) and then crushed with a
tissue homogenizer. Thereafter, they were centrifuged
at 4500 revolutions per minute (rpm) for 12 min at a
temperature of 4 °C. The supernatant was then col-
lected. Levels of MPO activity in tissue were deter-
mined using 1 % hydrogen peroxide as a substrate for
MPO. One unit of MPO is defined as the amount
capable of converting 1 μmol of hydrogen peroxide
into water in 1 min at 22 °C. The test measures
hydrogen peroxide degradation and the production of
superoxide anion, which is responsible for the conver-
sion of o-dianisidine to a brown compound. The
change in optical density of the samples following
the addition of o-dianisidine was measured by spec-
trophotometer at 450 nm as a function of reaction
time. The results were expressed as units of MPO
(UMPO)/milligram tissue.

Carrageenan-Induced Peritonitis

Mice were pretreated by oral administration of
250 μL sterile saline or indomethacin 10 mg/kg or Riparin
B (10 mg/kg). One hour later, the animals were injected
(i.p.) with 250 μL of carrageenan (500 μg/cavity). The
mice were euthanized by cervical dislocation under anes-
thesia 4 h later, and the peritoneal cavity was washed with
1.5 mL heparinized phosphate-buffered saline (PBS) to
count peritoneal cells. Total cell counts were performed
in a Neubauer chamber, and differential cell (neutrophils)
counts (total of 100 cells) were carried out on
cytocentrifuge slides stained with hematoxylin and eosin.
The results are presented as the number of total leukocyte
cells or neutrophils per milliliter of peritoneal exudate.

Cytokine Measurements

After the peritonitis assay, samples of peritoneal fluid
were collected, and the levels of interleukin-1 beta (IL-1β)
and tumor necrosis factor alpha (TNF-α) were evaluated
using sandwich ELISA. Briefly, microliter plates were
coated overnight at 4 °C with antibodies against mouse
IL-1β or TNF-α (2 μg/mL). Blocking of nonspecific bind-
ing sites was accomplished by incubating the plates with
PBS containing 2.0 % bovine serum albumin (BSA) for
90 min at 37 °C. After blocking the plates, the test samples
and each standard (at various dilutions) were added in
duplicate and incubated at 4 °C for 24 h. The plates were
washed three times with buffer. After washing the plates,
50 μL of biotinylated sheep polyclonal anti-IL-1β and
anti-TNF-α (diluted 1:1000 with 1.0 % BSA assay buffer)
was added to the wells. After a further incubation at room
temperature for 1 h, the plates were washed, and 50 μL of
streptavidin-HRP (diluted 1:5000) was added to all wells.
The reagent o-phenylenediamine dihydrochloride (50 μL)
was added 15 min later, and the plates were incubated in
the dark at 37 °C for 15–20 min. After color development,
the reaction was stopped with the addition of sulfuric acid
(1 M), and absorbance was measured at 490 nm. The
results are expressed as picograms per milligram of protein
and reported as mean±SD.

Acetic Acid-Induced Writhing Test

The acetic acid writhing test was used to evaluate
analgesic activity [16]. The mice (n=6 per group) were
injected (i.p.) with 0.6 % acetic acid, and the intensity of
nociception was quantified by counting the total number of
writhes, which included abdominal muscle contractions
and hind paw extension over 20 min. The animals received
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Riparin B (10 mg/kg, i.p.) or DMSO (control group, 2.0 %,
v/v) 1 h before acetic acid injection. Morphine (5 mg/kg,
s.c.) was administered 30 min before acetic acid as a
reference condition.

Formalin Test

This test, which produces a local tissue injury to the
paw, has been used as a model for tonic pain and localized
inflammatory pain [17]. Twenty microliters of 2.5 % for-
malin was administered into the right hind paw of the mice.
The licking time was recorded from 0 to 5 min (phase 1,
neurogenic) and from 20 to 25 min (phase 2, inflammato-
ry), after formalin injection [17]. Themice (n=5 per group)
were treated with Riparin B (10 mg/kg, i.p.) or DMSO
(2.0 %) for 30 min before formalin injection. Morphine
(5 mg/kg, s.c.) was also administered 30 min before for-
malin injection and used as a reference compound.

Hot Plate Test

The hot plate test also measures analgesic activity.
Each mouse was placed twice onto a heated plate (50±
1 °C) separated by a 30-min interval. The first trial famil-
iarized the animal with the test procedure, and the second
trial served as the control for the reaction time (licking the
paw or jumping). Animals showing a reaction time greater
than 20 s were excluded. After the second trial (control
reaction time), groups of animals (n=5) received sterile
saline (0.9 %, i.p.), Riparin B (10 mg/kg, i.p.), or morphine
(5 mg/kg, s.c.; reference drug). The reaction times were
measured at time zero (0 time) and 30, 60, 90, and 120 min

after the compounds were administered with a cutoff time
of 4 s to avoid paw lesions.

Measurement of Malondialdehyde

The samples of peritoneal fluid were collected, and
malondialdehyde (MDA) concentration was measured
using the method described previously with modifications
[18].

Measurement of Levels of Glutathione

Glutathione (GSH) levels in the peritoneal fluid were
determined according to the method described previously
with modifications [19].

Statistical Analysis

Results are expressed as means±SEM (n=5–6 ani-
mals per group as indicated), and statistical analysis was
performed using one-way analysis of variance (ANOVA)
followed by the Newman−Keuls post hoc test. Statistical
significance was set at p<0.05.

RESULTS

Chemical Structure

The chemical structure was performed according to
the method described above. The complete reaction of this
synthesis and the results obtained on 1H-NMR and 13C-
NMR was completely described by Nunes et al. 2014.

Table 1. Effect of the Riparin B on the Paw Edema Induced by Carrageenan in Mice

Treatment Dose (mg/kg) Paw edema in mL

1 h 2 h 3 h 4 h

Control (Cg) + DMSO – 0.047±0.011 0.080±0.012 0.100±0.007 0.122±0.005
Saline – 0.011±0.004 0.001±0.001 0.006±0.003 0.006±0.003
Indomethacin 10 0.028±0.007*

(40.42 %)
0.016±0, 004*

(80.00 %)
0.014±0.008*

(86.00 %)
0.014±0.007*

(88.52 %)
1 0.024±0.004*

(48.93 %)
0.030±0.003*

(62.50 %)
0.036±0.005*

(64.00 %)
0.025±0.005*

(79.50 %)
Riparin 3 3 0.002±0.002*

(95.74 %)
0.028±0.004*

(65.00 %)
0.002±0.004*

(78.00 %)
0.015±0.005*

(87.70 %)
10 0.006±0.0024*

(87.23 %)
0.006±0.004*

(92.50 %)
0.004±0.002*

(96.00 %)
0.002±0.002*

(98.36 %)

Values expressed in paw edema (mean±SEM) (n=5). Percent inhibition of edema in brackets
*p<0.05 compared to control (ANOVA followed by Bonferroni’s test)
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Effect of Riparin B on Carrageenan-Induced Paw
Edema in Mice

As shown in Table 1, the administration of carrageen-
an into the right hind paw (500 μg/paw) induced severe
edema within 1 h of injection, which gradually heightened
until reaching its peak at 4 h after injection (1 h: 0.047±
0.011 mL; 2 h: 0.080±0.012 mL; 3 h: 0.100±0.007 mL;
4 h: 0.122±0.005 mL). Indomethacin (10 mg/kg) admin-
istration significantly decreased paw edema after 1 h, and
this inhibitory effect was maintained throughout the exper-
imental period (*p<0.05), with a maximal inhibition of
88.52 %. The pretreatment with Riparin B induced signif-
icant inhibition of paw edema throughout the experimental
period. At 3 h, compared to the carrageenan group, the
animals pretreated with Riparin B at doses of 1, 3, and
10 mg/kg showed reductions in edema of 64.0, 78.0, and
96.0 %, respectively (Table 1). Riparin B, at a dose of
10 mg/kg, showed the maximal effect against
carrageenan-induced paw edema. Therefore, this dose
was selected for all subsequent protocols.

Effect of Riparin B on Paw Edema Induced by Several
Inflammatory Mediators

Our results demonstrate that pretreatment with
Riparin B (10 mg/kg) was able to reduce paw edema at
30 min (peak time) after injection with all stimuli. Pretreat-
ment with Riparin B (0.022±0.0040 mL) reduced paw
edema induced by dextran (0.0980±0.0080 mL; Fig. 1a).
In addition, the same dose of Riparin B showed a signifi-
cant reduction in paw volume after treatment with inflam-
matory mediators (Riparin B+Hist=0.0375±0.0094 mL
(Fig. 1b); Riparin B+ 5-HT= 0.0650 ± 0.0057 mL
(Fig. 1c); Riparin B+Bk=0.0400±0.0081 mL (Fig. 1d);
Riparin B+48/80=0.0350±0.0050 mL (Fig. 1e), and
Riparin B+PGE2=0.0160±0.0060 mL (Fig. 1f)) when
compared with that observed in groups of animals treated
with the mediators alone (histamine (0.0575±0.0047 mL)
(Fig. 1b), serotonin (5-HT) (0.1100±0.0040 mL) (Fig. 1c),
bradykinin (0.0700±0.0100 mL) (Fig. 1d), 48/80 (0.0800
±0.0044 mL) (Fig. 1e), and PGE2 (0.0550±0.0050 mL)
(Fig. 1f)). As expected, the saline group did not present
with any inflammatory effect.

Effect of Riparin B on Carrageenan-Induced
Myeloperoxidase Activity in Paw Tissue

In Fig. 2a, our results demonstrated that carrageenan
produced a marked increase in MPO activity (37.15±8.40
UMPO/mg of tissue), while the group treated with Riparin

B (10 mg/kg, i.p.) showed a considerable inhibition of
MPO activity (13.30±4.87 UMPO/mg of tissue) equiva-
lent to a 64.20 % reduction in the action of this tissue
enzyme (Fig. 2a).

Anti-Inflammatory Effect of Riparin B
on Carrageenan-Induced Peritonitis in Mice

Carrageenan administration into the peritoneal cavity
promoted an increase of leukocytes (16.48×103±0.58×
103 cells/mL) and neutrophil cells (15.22×103±0.81×103

cells/mL) in the peritoneal fluid. However, pretreatment
with Riparin B (10 mg/kg) showed significantly reduced
peritoneal leukocyte migration (2.52×103±0.61×103

cells/mL) (Fig. 2b), and the same dose also considerably
diminished the neutrophil count (1.80×103±0.42×103

cells/mL) (Fig. 2c).

Effect of Riparin B on Carrageenan-Induced Cytokine
Production in Peritonitis

As shown in Fig. 3, intraperitoneal administration of
carrageenan induced a marked increase in IL-1β (564.9±
52.32 pg/mL) (Fig. 3a) and TNF-α (506.6±49.86 pg/mL)
(Fig. 3b). Pretreatment with Riparin B (10 mg/kg, i.p.)
reduced IL-1β (78.91±17.25 pg/mL) and TNF-α (13.77
±5.39 pg/mL) concentrations significantly.

Effect of Riparin B on Nociceptive Tests

In the writhing test, the pretreatment with Riparin B
(10 mg/kg, i.p.), 1 h prior to acetic acid injection, produced
a significantly decreased (p<0.05) abdominal writhing
response (68.54 %) compared to the group treated with
acetic acid alone (Fig. 4a). Morphine (5 mg/kg, subcutane-
ously) administration also reduces the writhingmovements
(97.65 %). In formalin test, our results demonstrated that
administration of Riparin B reduces licking time in the first
or neurogenic phase 52.64 % (Fig. 4b), as well as in the
second or inflammatory phase 94.18 % (Fig. 4b) as com-
pared with the formalin-only group. As expected, mor-
phine significantly reduced the formalin response in both
phases. The morphine inhibitory effect varied from a
69.15 % reduction in licking time in the first phase to a
100 % reduction in the second phase (Fig. 4b). In the hot
plate, we can observe that the animals pretreated with
Riparin B did not show an increase in latency for this test
at any time points analyzed (Fig. 4c), when compared to
the control group (DMSO). Administration of the reference
drug, morphine, induced a significant increase in latency
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time in the hot plate test, as expected, which persisted for at
least 90 min (Fig. 4c).

Effect of Riparin B on MDA and GSH Levels
in the Peritoneal Exudate of Mice

In the Fig. 5, we observe that the injection of carra-
geenan into the peritoneal cavity showed significantly

increased MDA levels (41.83±1.78 nmol/g of tissue)
(Fig. 5a) compared to the saline-treated group (20.38±
2.30 nmol/g of tissue). By contrast, the group pretreated
with Riparin B (10 mg/kg) had significantly reduced MDA
levels (25.74±2.06 nmol/g of tissue), as compared to the
carrageenan group (Fig. 5a). Furthermore, Fig. 5b shows
that treatment with carrageenan (93.67±44.68 mg/g of
tissue) increases the consumption of glutathione as

Fig. 1. Effect of Riparin B on paw edema induced by several inflammatory mediators. Paw edema was induced by dextran (Dxt, a 500 g/paw; 50 μl),
histamine (Hist, b 1 %, w/v; 50 μL), serotonin (5-HT, c 1 %, w/v; 50 μL), bradykinin (Bk, d 6 nmol/paw; 50 μL), 48/80 (e 12 μg/paw; 50 μL), or PGE2 (f
3 nmol/paw; 50 μL) injections into the plantar right paw. Paw volume was measured immediately before and at selected intervals of 30 min for 2 h after
inflammatory stimulus. Each point represents themean±SEM from five animals. Asterisk (p<0.05) indicates a significant difference between the dextran and
inflammatory mediators groups. Statistical analyses were performed using ANOVA, followed by the Newman–Keuls test.
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compared to the saline group (410.7±47.78 mg/g of tis-
sue). It was also observed that pretreatment with Riparin B
caused a significant increase (313.0±38.71 mg/g of tissue)
in glutathione levels compared to the carrageenan-only
group.

DISCUSSION

Riparin B is a synthetic, riparin-derived compound
that has a demonstrated anti-oxidant potential in vitro [5].
Knowing that oxidative stress plays an important role in
the pathogenesis of inflammatory processes [20–22] and
pain maintenance, we evaluated several models in vivo to
establish the anti-inflammatory, anti-nociceptive, and anti-
oxidant effects of Riparin B. Our data showed that Riparin
B exhibited anti-inflammatory, anti-nociceptive, and anti-
oxidant activities in vivo experimental models.

Inflammation is a complex program of intracellular
signal transduction and transcription events, driven by the
release of multiple pro-inflammatory mediators such as
cytokines, chemokines, and growth factors [23, 24]. This
event occurs as a primary protective response of the body.
The inflammatory response is accompanied by intense
leukocytes migration to the site of damage and increased
vascular permeability, causing an accumulation of plasma
proteins and release of the reactive oxygen species [25] and
pain that together contribute to further exacerbation of the
inflammatory reaction and the loss of function [26] on
inflamed tissues [27].

To verify the action of Riparin B in an inflammatory
model, we performed carrageenan-induced paw edema.
Carrageenan administration induces edema in the mouse
paw and is characterized by two phases. The first, or early

phase, is characterized as a low-intensity edema with dif-
fuse cellular infiltrate [23], release of histamine and sero-
tonin, and the subsequent release of bradykinin and pros-
taglandins (vascular phase) [28, 29]. The late, or second
phase, is characterized by cytokine production, release of
macrophages and mast cells, and intense neutrophil infil-
tration into the inflammatory site [30, 31]. Our data dem-
onstrated that the pretreatment with Riparin B reduced the
carrageenan-induced paw edema in both the early (vascular

Fig. 2. Anti-inflammatory effect of Riparin B on carrageenan-induced
myeloperoxidase activity in paw tissue and peritonitis in mice. a Saline
(Sal; s.c.) or carrageenan (Cg; 500 g/paw) was injected into the plantar
surface of mice. One hour before Sal or Cg injection, the animals were
treated with 2.0 % DMSO, indomethacin (Ind; 10 mg/kg, i.p.), or Riparin
B (10 mg/kg, i.p.). Myeloperoxidase (MPO) activity was detected in the
paw tissue after 4 h. b and c represent total leukocyte counts and neutrophil
counts per cavity, respectively. Mice were administered 250 μL of 2.0 %
DMSO, saline (po), indomethacin (Ind; 10 mg/kg, po), or Riparin B
(10 mg/kg, po), followed by the injection of 500 μg of carrageenan diluted
in 250 μL of saline solution (i.p.) after 1 h. The mice were killed 4 h later,
and the peritoneal cavity was washed with 1.5 mL of heparinized
phosphate-buffered saline (PBS) to harvest the peritoneal cells. The values
are represented as the means±SEM. Octothorpe indicates p<0.05 com-
pared to the Sal group; asterisk indicates p<0.05 compared to the carra-
geenan group. Statistical analyses were performed using ANOVA, follow-
ed by the Newman–Keuls test.

b
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phase) and late phases of inflammation, suggesting that its
anti-edematogenic effect is mediated by the inhibition of
several chemical mediators as well as by a reduction of
neutrophil migration.

To specifically evaluate the action of Riparin B on the
vascular phase of carrageenan-induced acute inflamma-
tion, we elicited paw edema, induced by dextran, hista-
mine, serotonin, bradykinin, PGE2, and/or 48/80 com-
pound. The increase in vascular permeability observed
during the acute phase of the inflammatory process can
be induced by administration of dextran sulfate [32, 33].
During dextran-induced paw edema, the increased vascular
permeability is dependent on mast cell degranulation as
well as on the action of histamine, serotonin, bradykinin,
and PGE2 on the vascular endothelium, which causes
leakage of fluid and proteins into the interstitium. The same
process is induced by the synthetic 48/80 compound [33–

38]. In the present study, the Riparin B promoted the
significant reduction of paw edema induced for histamine,
serotonin, bradykinin, PGE2, and 48/80 compound. Ac-
cordingly to our data, we can infer that Riparin B can
modulate the events involved in the vascular phase of the
inflammatory response by inhibiting the release or activity
of inflammatory mediators.

The carrageenan-induced inflammatory response
in paw tissue is known to be accompanied by intense
leukocyte migration, primarily of neutrophils [39].
This response can be measured using the neutrophil-
specific enzyme myeloperoxidase (MPO), which is an
indicator of neutrophil migration into the inflammato-
ry site [40] as this enzyme has been found in neutro-
phil azurophilic granules [41, 42]. Our results demon-
strated that carrageenan administration induced a
marked increase in MPO activity and the pretreatment
with Riparin B (10 mg/kg, i.p.) showed a considerable
reduction of MPO concentration in paw tissue. This
result suggests that the anti-inflammatory action of
Riparin B may involve the inhibition of leukocyte
migration and neutrophil infiltration.

To confirm our hypothesis, we induced peritonitis by
the intraperitoneal administration of carrageenan. This im-
portant pharmacological experimental tool is used to ex-
amine acute peritoneal inflammation, which allows quan-
tification of cell migration, resident cell activation,
and levels of several pro-inflammatory cytokines
[42]. Our results showed that the treatment with
Riparin B also reduced the total (leukocytes) and
differential (neutrophils) count in the peritoneal fluid
during the peritonitis assay.

Previous studies have demonstrated that carrageenan
administration into the peritoneal cavity promotes the over-
production and release of TNF-α and IL-1β by activating
the resident cells [43]. These inflammatory cytokines rep-
resent a powerful chemotactic factor, which activates in-
flammatory cells (such as mature neutrophils) and induces
diapedesis at the inflammatory site [44]. Our results
showed that the intraperitoneal administration of carra-
geenan increases the levels of IL-1β and TNF-α and the
pretreatment with Riparin B reduced the concentrations of
these inflammatory cytokines significantly. Thus, based on
the literature and our own data, we can infer that the anti-
inflammatory effect of Riparin B involves, in part, the
inhibition of neutrophil infiltration and the release of the
pro-inflammatory cytokines, TNF-α and IL-1β, into the
site of inflammation.

There is a strong link between inflammation and pain
sensation. During inflammation, the sensitization of

Fig. 3. Effect of Riparin B on carrageenan-induced cytokine production in
peritonitis. Mice were pretreated with Riparin B (10 mg/kg, i.p.). One hour
later, 250 μL of carrageenan (500 μg/cavity, i.p.) was injected into the
peritoneal cavity, and the levels of interleukin IL-1β (a) and of TNF-α (b)
were measured 4 h later. Each point represents the mean±SEM of six
animals for each group. Asterisk indicates p<0.05 compared to DMSO
(2.0 %) + carrageenan group; octothorpe indicates p<0.05 compared to the
saline group. Statistical analysis was performed using ANOVA, followed
by the Newman–Keuls test.
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primary nociceptive neurons occurs, producing
hyperalgesia. This sensitization is caused by the direct

action of inflammatory mediators such as prostaglandins
(e.g., PGI2, PGE2) and sympathetic amines (epinephrine,

Fig. 4. Effect of Riparin B on nociceptive tests. In all protocols of nociception, DMSO2.0%, saline (Sal), Riparin B (10mg/kg), or morphine (5 mg/kg) were
administered 30 min before introduction of the nociceptive stimulus. In a, we observe the effect of Riparin B in the acetic acid-induced writhing response in
mice. b shows the effect of Riparin B on both phases of the formalin stimulus in mice. c shows the effect of Riparin B in the hot plate test in mice. The values
are expressed as the mean±SEM of six mice. Asterisk (p<0.05) indicates a statistically significant difference from the acetic acid or formalin + DMSO (2.0 %)
groups; octothorpe (p<0.05) indicates a statistically significant difference with saline or Riparin B group. Statistical analyses were performed using ANOVA
followed by the Newman–Keuls test.
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dopamine) on nociceptor receptors [45–47]. Considering
the relationship between inflammation and the develop-
ment of pain, we decided to investigate the anti-nociceptive
action of Riparin B, using three pain models: acetic acid-
induced writhing, formalin-induced nociception test, and
the hot plate test.

The acetic acid-induced writhing reaction in mice has
been largely used as a screening tool for the assessment of
analgesic or anti-inflammatory compounds. It is a typical
model for inflammatory pain, which has long been widely
used as a tool to screen for analgesic or anti-inflammatory
properties of new agents [48]. Administration of acetic acid
into the peritoneal cavity irritates the serous membranes
and provokes a stereotypical behavior in experimental
animals, characterized by abdominal contractions and
twisting of the dorsal abdominal muscles [39]. This model
involves various nociceptive mechanisms, such as the

release of biogenic amines (e.g., histamine and serotonin),
cyclooxygenases, and their metabolites [49]. These medi-
ators activate chemosensitive, nociceptor-dependent pain
by inducing capillary permeability [50, 51] and effectively
reducing the nociception threshold [49].

Our data demonstrated that the pretreatment with
Riparin B (10 mg/kg, i.p.) reduced significantly (p<0.05)
the number of abdominal constrictions. Morphine admin-
istration also reduces the writhing movements. From these
data, we can infer that Riparin B was able to reduce acetic
acid-induced writhing, by modulating the reduction of
synthesis or liberation of inflammatory mediators
involved.

Formalin-induced nociception was another model uti-
lized in this study. Formalin injected into the mice paw
causes an overt, pain-like behavior characterized by two
phases. The first phase (0–5 min) is dependent of the
release of neurotransmitters (such as serotonin), molecules
from resident cells (such as histamine), and activation of
TRPA1 receptors expressed by neurons. The second phase
(25–30 min) depends on inflammatory mediators induced
in response to the formalin stimulus and includes cytokines
[46, 52]. Our results demonstrated that the pretreatment
with Riparin B was able to reduce the licking time on both
phases of the assay. According to these data, we can infer
that Riparin B produces anti-nociceptive effects by
inhibiting the action and release of inflammatory mediators
such as serotonin and histamine and that it blocks the effect
of pro-inflammatory cytokines (IL-1β and TNF-α) on
nociceptive neurons.

In order to evaluate the involvement of central mech-
anisms on the anti-nociceptive effect of Riparin B, the hot
plate test was performed. This test is a well-known model
for evaluating acute thermal nociception and, specifically,
central nociception [53]. It also measures responses to
inflammation and hyperalgesia [54].

In our manuscript, the treatment with Riparin B did
increase the latency time in any time points analyzed. On
the other hand, the morphine induced a significant increase
in latency time. These results suggest that the anti-
nociceptive effect of Riparin B depends on peripheral
inflammatory events, rather than on a central-acting
mechanism.

Oxidative stress has been proposed to play an
important role in the pathogenesis of inflammation
by promoting the production of several cytokines,
including the pro-inflammatory cytokines IL-1β, IL-
6, and TNF-α [21], which are responsible for acti-
vating neutrophils and inducing migration to the in-
flammatory site. TNF-α and IL-1β activate NADPH

Fig. 5. Effect of Riparin B on MDA and GSH levels in the peritoneal e-
xudate of mice. One hour before the experiment, animals were treated with
2.0 % DMSO or Riparin B (10 mg/kg). MDA (a) or GSH (b) levels in the
peritoneal exudate were evaluated 4 h after carrageenan administration.
Values are expressed as means±SEM of MDA in nanomoles per milliliter
of saline or milligrams per gram of tissue for GSH. Asterisk indicates p -
<0.05 compared to carrageenan + DMSO group; octothorpe indicates p -
<0.05 compared to saline group. Statistical analysis was performed using
analysis of variance followed by the Newman–Keuls test.
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oxidase (nicotinamide adenine dinucleotide phosphate
oxidase), resulting in the production of superoxide
anion, activation of NFκB, and, consequently, the
production of cytokines [21, 46, 49–58]. Therefore,
this relationship between cytokines and oxidative
stress explain the importance of oxidative stress in
inflammation and hyperalgesia [55, 58, 59]. Thus, the
present study also investigated the effect of Riparin
B on oxidative stress models in animals with two
measurements: glutathione (GSH) and malondialdehyde
(MDA).

GSH is an endogenous anti-oxidant enzymatic
complex that protects the cells against reactive oxy-
gen species generated during pathological injuries.
GSH exerts this protective effect primarily by keep-
ing the sulfhydryl groups of proteins reduced and
preventing them from reacting with free radicals
[60]. MDA is generated by the lipoperoxidative pro-
cesses that take place as a consequence of oxidative
injury in tissue [61]. Our results clearly demonstrated
that the administration of Riparin B increased the
levels of GSH and decreased the concentration of
MDA in peritoneal fluid. According to our findings
and based on the literature, we can infer that Riparin
B decreases inflammation-induced tissue damage by
stimulating the production and action of endogenous
antioxidants (GSH) and decreasing lipid peroxidation
in the organism.

CONCLUSION

In summary, our manuscript demonstrates that
Riparin B can inhibit inflammatory pathways by mod-
ulating the formation of pathological signs of inflam-
mation including paw edema induced by several me-
diators, neutrophil migration, cytokine release, and
hyperalgesia. Further, these effects seem to be depen-
dent on the inhibition of free radicals in inflammatory
events. These findings suggest that Riparin B repre-
sents an important pharmacological tool to promote
tissue resistance against damage that occurs during an
inflammatory condition.
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