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Ethnopharmacological relevance: Croton urucurana (Euphorbiaceae) is popularly used in Brazil to treat
inflammatory processes, pain, and gastric ulcers.
Aim of study: To evaluate the anti-inflammatory and antinociceptive properties of the methanol extract
from the bark of C. urucurana (MECu) in mice and identify its chemical constituents.
Materials and methods: The extract was characterized by UHPLC-DAD-ESI-Q-TOF-MS/MS. Extract doses
of 25, 100, and 400 mg/kg were employed in the biological assays. Evaluation of anti-inflammatory ac-
tivity was based on paw edema and leukocyte recruitment into the peritoneal cavity of mice, both in-
duced by carrageenan. Abdominal writhing caused by acetic acid and duration of formalin-induced paw-
licking were the models employed to evaluate antinociceptive activity.
Results: Ten compounds were identified in the extract: (þ)-gallocatechin (1), procyanidin B3 (2),
(þ)-catechin (3), (�)-epicatechin (4), tembetarine (5), magnoflorine (6), taspine (7), methyl-3-oxo-12-
epi-barbascoate (8), methyl-12-epi-barbascoate (9), and hardwickiic acid (10). This is the first report of
compounds 2, 4, 6, 7, and 10 in C. urucurana and compound 5 in the genus Croton. In addition to in-
hibiting paw edema and leukocyte recruitment (particularly of polymorphonuclear cells) into the peri-
toneal cavity of mice, MECu reduced the number of abdominal writhings induced by acetic acid and the
duration of formalin-induced paw licking.
Conclusions: The methanol extract of C. urucurana bark exhibited anti-inflammatory and antinociceptive
properties, corroborating its use in folk medicine. These effects may be related to the presence of di-
terpenes, alkaloids, and flavonoids.

& 2016 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Globally, non-steroidal anti-inflammatory drugs (NSAIDs) are
currently the most frequently used compounds for medication,
owing to their wide range of therapeutic indications, including
pain, edema, inflammation, osteoarthritis, rheumatoid arthritis,
and skeletal muscle disorders (Al-Saeed, 2011). Gastrointestinal
lesions, however, are the most common, and severe, side effects of
NSAIDs, implicating these drugs as the leading cause of gastro-
duodenal ulcers (Yuan et al., 2006).

Native to Paraguay, Uruguay, Argentina, and Brazil (Rao et al.,
rved.

s e da Saúde, Universidade
ia, Caixa postal 549, Campo

li-Kadri).
2007), Croton urucurana Baillon, popularly known as “sangra-
d'água” in Portuguese, is an arboreal species popularly employed
for its putative anti-inflammatory, analgesic (Peres et al., 1998a)
and wound-healing (Peres et al., 1998b), properties to treat gas-
tritis, ulcers, and back pain (Alves et al., 2008).

The anti-ulcer activity of the methanol extract of C. urucurana
bark has been previously demonstrated in vivo (Wolff Cordeiro
et al., 2012). Antimicrobial (Peres et al., 1997), antidiarrheal (Gur-
gel et al., 2001), and wound-healing properties (Esmeraldino et al.,
2005) have also been observed for this species. Nonetheless, the
effectiveness of the popular use of C. urucurana bark as an anti-
inflammatory and analgesic has not been corroborated by pub-
lished investigations.

This study evaluated the anti-inflammatory and antinociceptive
activities of the methanol extract of C. urucurana bark in mice.
Although the antinociceptive activity of C. urucurana latex had
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preliminarily been investigated by Rao et al. (2007), studies con-
ducted by our group revealed differences in latex chemical com-
position, compared with the bark methanol extract. Although
Peres et al. (1998a) evaluated the antinociceptive activity of
C. urucurana bark, we consider their data inconsistent, since the
doses employed in their assay were not fully reported and a de-
tailed description of the procedure used in the antinociceptive test
was not provided. The present paper therefore reports a novel
investigation of the activities referred above, employing UHPLC-
DAD-ESI-Q-TOF-MS/MS to establish the extract’s phytochemical
profile.
2. Materials and methods

2.1. Plant material and extract preparation

Bark material from C. urucurana was collected in Dourados
county, Mato Grosso do Sul state, Brazil (22°20′013″S; 54°84′014″
W; 388 m mean altitude) in January 2013. Species identification
was performed by Prof. Zefa Valdivina Pereira, of the Universidade
Federal da Grande Dourados (voucher specimen 4869, deposited
at the DDMS Herbarium, in Dourados).

The material was dried in a circulating air oven at 40 °C,
powdered in a four-blade mill, extracted with methanol (99.5%,
Synth, São Paulo, Brazil) by maceration at a ratio of 1 kg of bark
powder to 4 L of solvent for seven days, and filtered. The residue
was re-extracted with methanol three more times following the
same procedure. The resultant methanol extract of C. urucurana
bark (MECu) was concentrated under reduced pressure at 37 °C
and lyophilized, with a 15.4% yield (686.0 g). Before administration
to the animals, the extract was solubilized in distilled water, which
also served as a vehicle (negative control) in all treatments.

2.2. Extract preparation for phytochemical screening

Type I water (Milli-Q Synthesis, Millipore, Bedford, MA, USA),
acetonitrile (ACN), and HPLC-grade methanol (Tedia, Rio de Ja-
neiro, Brazil) were employed to determine the chemical profile of
MECu by UHPLC-DAD-ESI-Q-TOF-MS/MS. Authentic samples
(standards) of (þ)-gallocatechin, (þ)-catechin, (�)-epicatechin,
procyanidin B3, methyl-3-oxo-12-epi-barbascoate, methyl-12-epi-
barbascoate, and (-)-hardwickiic acid, obtained from the Labora-
tory of Research of Natural Bioactive Products (PRONABIO) of the
Universidade Federal de Mato Grosso do Sul were used to interpret
the chromatograms and the high-resolution mass spectra of sec-
ondary metabolites present in the extract.

Five milligrams of MECu were solubilized in 2.5 mL of
MeOH-H2O (85:15 v:v), placed in an extraction cartridge for solid-
phase extraction (SPE; Waters Sep-Pak Classic, C18), and eluted
with further 2.5 mL of MeOH-H2O (85:15 v:v) to remove lipophilic
components. To this end, the SPE cartridge was preconditioned by
elution of 5 mL of MeOH, followed by 5 mL of MeOH-H2O (85:15 v:
v). The eluted materials were dissolved at a concentration of
1 mg/mL in MeOH-H2O (85:15 v:v) and filtered through a 0.22 mm
PVDF membrane (Allcrom, São Paulo, Brazil). For later analysis by
UHPLC-DAD-ESI-Q-TOF-MS/MS, the standards were solubilized in
MeOH-H2O (85:15 v:v) at a concentration of 300 μg/mL and fil-
tered through 0.22 mm PVDF membranes (Allcrom, São Paulo,
Brazil).

2.3. UHPLC-DAD-ESI-Q-TOF-MS/MS analysis

Phytochemical screening involved reversed-phase column se-
paration using an Ultra Fast Liquid Chromatograph (UFLC) system,
a Prominence SIL-20A autosampler, and LC-20AT pumps, coupled
to an M20A diode array detector (DAD) (all Shimadzu, Kyoto, Ja-
pan) and a micrOTOF Q-II high-resolution time-of-flight (TOF)
mass spectrometer (Bruker Daltonics, Germany) with an electro-
spray ionization (ESI) source. The samples were detected online
using the DAD and then directed to the mass spectrometer. The
micrOTOF II-Q device was operated in positive and negative
modes. Positive mode parameters: spray voltage, 4.5 kV; nebulizer
pressure (N2), 4 bar; drying gas (N2) 9.0 L/min; drying gas tem-
perature, 200 °C; collision cell energy, 10 eV; collision gas, N2, 45%.
Negative mode parameters: spray voltage, 3.5 kV; nebulizer pres-
sure, 4 bar (N2); drying gas (N2) 9.0 L/min; drying gas temperature,
200 °C; collision cell energy, �10 eV; collision gas, N2, 45%. The
mass-to-charge ratio was calibrated using TFA adducts, both in
positive and negative modes. Mass spectra were acquired in the
120–1300 range of mass-to-charge ratios (m/z).

For UHPLC-DAD-ESI-Q-TOF-MS/MS analysis, 5 mL aliquots of
MECu and standards were separately injected into an Kinetex RP-
18 column (2.6 mm, 150�2.1 mm, Phenomenex, USA) coupled to a
sub-2 SecurityGuard Ultra cartridge for C18 UHPLC and core-shell
column with an internal diameter of 2.1 mm (Phenomenex, USA).
Column temperature was maintained at 50 °C and the samples
were eluted at a flow of 0.3 mL/min. The mobile phase was pre-
pared using two solvents: 1% (v:v) acetic acid in Milli-Q water
(solvent A) and 1% (v:v) acetic acid in acetonitrile (solvent B).
Separation of analytes entailed isocratic elution in 3% B (0–2 min),
followed by a 3–25% linear gradient in B (2–25 min) and a 25–80%
linear gradient in B (25–40 min). Solvent composition remained
unaltered until elution was complete (43 min). To condition the
column for a new injection, the solvent was linearly modified to
3% B until 44 min and maintained as such until 48 min.

2.4. Animals

Eight weeks old male albino Swiss mice (Mus musculus),
weighing 25–30 g, supplied by the UFMS Central Animal Facility,
were kept in an alternating 12 h light/dark cycle in a temperature-
controlled room (22 °C72 °C) and given standard chow and water
ad libitum. Food and water were withdrawn 6 h and 1 h before the
experiments, respectively. During fasting, the animals were kept in
cages equipped with raised floors to prevent coprophagy. A CO2

chamber was used for euthanasia. The experiments, approved by
the UFMS Animal Ethics Committee (protocol number 563/2013),
complied with National Institutes of Health regulations on the use
and care of animals for scientific purposes.

2.5. Carrageenan-induced paw edema

The method employed to induce paw edema by carrageenan
was adapted from Winter et al. (1962). After fasting, the animals
were assigned to one of five groups (n¼7) and pretreated orally
(gavage) with water (10 mL/kg), indomethacin (15 mg/kg; Sigma
Aldrich, St. Louis, USA), or MECu (25, 100, or 400 mg/kg). Sixty
minutes later, edema was induced by an intraplantar injection of
40 mL of carrageenan (1%, w:v; Sigma Aldrich, St. Louis, USA) in the
right hind paw. As a control, 40 mL of 0.9% saline solution (vehicle)
was injected into the contralateral paw. Edema, measured with a
digital plethysmometer (Insights) 30, 60, 120, and 240 min after
injection, was defined as the difference between the volumes (in
millimeters) of treated and control paws.

2.6. Leukocyte recruitment into the peritoneal cavity

The method employed to induce leukocyte recruitment into the
peritoneal cavity was adapted from Souza and Ferreira (1985). The
animals were distributed into five groups (n¼8) and pretreated
orally (gavage) with water (10 mL/kg), indomethacin (15 mg/kg),
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or MECu (25, 100, or 400 mg/kg). After 60 min, the animals were
intraperitoneally injected with 0.5 mL of 1% carrageenan sus-
pended in saline solution and sham group (n¼4, injected with
0.5 mL saline/cavity). The animals were euthanized in a CO2

chamber 4 h later. For cell collection, a 3 mL volume of phosphate-
buffered saline (PBS) solution containing 10 U/mL of heparin
(Basel, Switzerland) and 0.03% albumin was injected into the
peritoneal cavity, followed by massaging and, finally, collection of
cell suspension with a disposable syringe. Total leukocyte count
was performed in a Neubauer chamber after diluting the exudate
to 1:20 (v:v) with Türk's solution (0.2% crystal violet in 30% acetic
acid). For differential analysis and determination of cell number,
the exudate was centrifuged at 1000 rpm for 5 min, the sediment
was resuspended in 200 μL of 3% bovine serum albumin, smeared
onto slides, and subsequently stained with Hema3 (Instant-Prov,
NewProv). The cells were categorized as polymorphonuclear and
mononuclear, based on conventional morphological criteria. The
results were expressed as cells per cubic millimeter.

2.7. Acetic acid-induced writhing response

The method for inducing abdominal writhing with acetic acid
was adapted from Koster et al. (1959). After fasting, the animals
were assigned to one of five groups (n¼7) and pretreated orally
(gavage) with water (10 mL/kg), indomethacin (15 mg/kg), or
MECu (25, 100, or 400 mg/kg). Sixty minutes later, the animals
were injected intraperitoneally with 10 mL/kg of 0.6% acetic acid
diluted in distilled water. The results were expressed as number of
abdominal writhings within 30 min of injection.

2.8. Formalin test

The method employed in this test was adapted from Hunskaar
et al. (1985). After fasting, the animals were assigned to one of six
groups (n¼8) and pretreated orally (gavage) with vehicle (10 mL/
kg), indomethacin (15 mg/kg), morphine (5 mg/kg), or MECu (25,
100, or 400 mg/kg). Sixty minutes later, the animals were given a
Fig. 1. Analytical UFLC-DAD-ESI-TOF-MS chromatogram of the methanol extract of Croto
40 mL intraplantar injection of 1.2% formalin diluted in saline so-
lution into the right hind paw. Duration of paw licking was eval-
uated during two intervals: from 0 to 5 min (first phase) and 15 to
30 min (second phase). The results were expressed in seconds.

2.9. Statistical analysis

Data were expressed as means7standard error of the mean
(SEM). Statistical differences were determined by analysis of var-
iance followed by Tukey's post-test (for one-way ANOVA) or
Bonferroni’s post-test (for two-way ANOVA) using GraphPad Prism
5 software (GraphPad, USA). Differences were considered statisti-
cally significant when po0.05.
3. Results

3.1. Phytochemical screening

From the chromatogram obtained by UHPLC-DAD-ESI-Q-TOF-
MS/MS (in positive and negative modes) (Fig. 1), ten compounds
were identified (Fig. 2) based on retention times, high-resolution
mass spectrum data (MS and MS/MS), UV data, and comparisons
with authentic samples and published data. These ten compounds
were categorized into three groups, according to metabolite class.

The first group (compounds 1–4) comprised flavonoids, that
exhibited UV bands with absorption maxima in the 270–280 nm
range and were identified by analyzing their deprotonated [M–H]–

peaks and MS and MS/MS fragments (Table 1). The mass spectra of
compounds 3 and 4 showed peaks at m/z 289.0711 [M–H]– and
289.0704 [M–H]–, consistent with the molecular formula C15H13O6

(Δ 2.4 and 4.7 ppm, respectively), identifying these substances as
catechin (3, Rt¼7.2 min) and epicatechin (4, Rt¼11.1 min), while
the [M–H]– ion of 1, at m/z 305.0630, was consistent with the
molecular formula C15H13O7 (Δ 1.9 ppm), identifying the com-
pound as (þ)-gallocatechin (1, Rt¼3.2 min). Substance 2 (m/z
577.1331, [M–H]–), with a molecular formula defined as C30H25O12
n urucurana bark. Injections were performed in positive (A) and negative (B) modes.
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Fig. 2. Compounds identified in the methanol extract of Croton urucurana bark, as determined from UV and HR-ES-MS/MS data.
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(Δ 3.6 ppm), was identified as procyanidin B3 [(þ)-catechin-(4–
8)-(þ)-catechin]. Major fragments (m/z) observed in the ESI-MS
and ESI-MS/MS spectra of 1–4 were consistent with fragmentation
patterns reported for these compounds (Callemien and Collin,
2008; Jaiswal et al., 2012) and with high-resolution ESI-MS and
ESI-MS/MS spectra of the authentic samples.

The second group (5–7) exhibited bands with absorption
maxima in the 275–278 nm range in the UV spectra. The ions
observed in the HR-ESI-MS spectra of 5–7 at m/z 344.1854 [M]þ ,
m/z 342.1695 [M]þ , and m/z 370.1279 [MþH]þ , respectively, were
consistent with the molecular formulas C20H26NO4 (5,Δ 0.6 ppm),
C20H24NO4 (6, Δ 1.4 ppm), and C20H20NO6 (7, Δ 1.7 ppm), sug-
gesting these compounds were alkaloids (Table 1). Based on UV
and HR-ESI-MS data and their respective fragments observed in
the HR-ESI-MS/MS experiments, supplemented by comparisons
against published data for alkaloids with the same molecular
formulas established for 5–7, these compounds were putatively
identified as the aporphinic alkaloids magnoflorine (6) (Yan et al.,
2013) and taspine (7) (Pieters et al., 1993) and the alkaloid tem-
betarine (5) (Pieters et al., 1993).

In the third group, the UV spectra of compound 8 (m/z
373.2386 [M–H]–) exhibited a band with an absorbance maximum
at 275 nm, while compounds 9 (m/z 359.1863 [MþH]þ) and 10
(m/z 315.1977 [M–H]–) showed no absorbance bands in the range
investigated (240–800 nm). The m/z values for these ions were
consistent with the molecular formulas C21H25O6 (8, Δ 3.9 ppm),
C21H27O5 (9, Δ 2.8 ppm), and C20H27O3 (10, Δ 3.5 ppm). Based on
the molecular formulas, together with analysis of HR-ESI-MS and
HR-ESI-MS/MS spectra of authentic samples, the following skele-
tons were proposed: furane clerodane diterpene methyl-3-oxo-12-
epi-barbascoate (8), methyl-12-epi-barbascoate (9), and hard-
wickiic acid (10).

3.2. Effect of extract on carrageenan-induced paw edema

Treatment with MECu inhibited paw edema (Table 2). In-
flammatory response peaked 30 min after stimulus. Indomethacin
inhibited paw edema in all the periods investigated. Administered
at 25 and 400 mg/kg, the extract significantly inhibited paw ede-
ma at the peak of inflammatory response, while at 25 and 100 mg/
kg this effect was sustained beyond peak response.
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3.3. Effect of extract on carrageenan-induced leukocyte recruitment
into the peritoneal cavity

Fig. 3 depicts the effect of MECu on carrageenan-induced re-
cruitment of total leukocytes (A), mononuclear cells (B), and
polymorphonuclear cells (C) into the peritoneal cavity.

Indomethacin (the positive control) reduced the concentration
of total leukocytes by 54.0% (2044.07273.0 cells/mm3). At 25 mg/
kg, MECu inhibited leukocyte recruitment by 41.9% (2581.07387.4
cells/mm3), and by 49.2% (2256.07272.8 cells/mm3) at 100 mg/
kg. At 400 mg/kg, however, the effect exhibited (5475.07460.9
cells/mm3) did not differ significantly from that elicited by the
vehicle (4444.07169.4 cells/mm3) (Fig. 3 A).

Neither indomethacin nor MECu significantly inhibited re-
cruitment of mononuclear cells (Fig. 3B). For polymorphonuclear
cells (Fig. 3 C), indomethacin inhibited recruitment by 76.2%
(485.77106.3 cells/mm3), while treatment with MECu at 25 and
100 mg/kg inhibited by 62.6% (764.17139.7 cells/mm3) and 58.7%
(844.67116.3 cells/mm3), respectively. These values differed sig-
nificantly from those obtained for vehicle (2043.07140.4
cells/mm3) and MECu at 400 mg/kg (2043.07194.8 cells/mm3).

3.4. Effect of extract on acetic acid-induced writhing response

The number of abdominal writhings induced by acetic acid was
60.375.9 in the first 30 min (Fig. 4). Pretreatment with in-
domethacin decreased this effect by 60.2% (24.075.1). Adminis-
tered at 400 mg/kg, the extract reduced writhing by 42.2%
(34.873.5), while doses of 25 and 100 mg/kg failed to sig-
nificantly decrease writhing frequency.

3.5. Formalin test

In the first phase of the formalin test (neurogenic nociception),
MECu reduced paw licking duration when administered at 100 mg/kg
(29.6%; 69.773.3 s) and 400 mg/kg (54.6%; 45.075.6 s). With mor-
phine (the positive control), licking response was reduced by 57.8%
(41.975.4 s), while the effects of extract at 25 mg/kg (93.575.9 s) and
indomethacin (79.674.6 s) did not differ significantly from that ob-
tained with vehicle (99.177.7 s) (Fig. 5 A).

In the second phase (inflammatory nociception), only MECu at
400 mg/kg (64.975.5; 63.8%) and indomethacin (54.276.5;
69.8%) significantly reduced paw licking duration. Morphine
(145.2715.7 s) and extract at 25 mg/kg (165.6735.4 s) and
100 mg/kg (128.2714.8 s) failed to change licking response
(Fig. 5B).
4. Discussion

In the present investigation, the methanol extract of C. ur-
ucurana bark exhibited anti-inflammatory and antinociceptive
properties in the models evaluated, corroborating ethnomedicinal
data available for this species (Alves et al., 2008; Peres et al., 1998a,
1998b).

The phytochemical profile of MECu revealed the presence of
flavonoids, alkaloids and terpenes, of which gallocatechin (1) and
catechin (3) had been previously identified in C. urucurana extracts
(Peres et al., 1998a, 1998b). The alkaloids identified were magno-
florine (6), previously described for other Croton species, such as C.
xalapensis (Arevalo et al., 2009) and C. cumingi (Tomita et al.,
1965); taspine (7), previously described for C. lechleri (Vaisberg
et al., 1989), C. draco, C. palanostigma (Salatino et al., 2007), and C.
heliotropiifolius (Queiroz et al., 2014); and tembetarine (5), a
benzyl tetrahydroisoquinolinic alkaloid, that, although unreported
in the genus Croton, is probably the precursor of alkaloids 6



Table 2
Effects of the methanol extract of Croton urucurana bark (MECu) on carrageenan-induced mouse paw edema.

Group Dose (mg/kg) 30 min 60 min 120 min 240 min

Paw edema (mL) % Inhibition Paw edema (mL) % Inhibition Paw edema (mL) % Inhibition Paw edema (mL) % Inhibition

Water (vehicle) – 0.04370.004a – 0.03370.003a – 0.02070.002ª – 0.02170.004a –

Indomethacin 15 0.02370.002c 46.7 0.01670.002bc 52.2 0.01070.003ª 50.0 0.00970.003bc 60.0
MECu 25 0.02470.005bc 43.3 0.01970.003b 43.5 0.01370.005ª 35.7 0.01070.004b 53.3

100 0.03470.002ab 20.0 0.02170.001b 34.8 0.01170.003ª 42.9 0.00970.003b 60.0
400 0.01670.005c 63.3 0.02370.002ab 30.4 0.01770.003ª 14.3 0.01370.003ab 40.0

Results expressed as means7SEM (n¼7). Data were subjected to two-way ANOVA followed by Bonferroni's post-test. Different letters on the same column indicate
significant difference (po0.05).
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Fig. 3. Effect of methanol extract of Croton urucurana bark (MECu) on total leukocytic (A), mononuclear (B), and polymorphonuclear (C) cell recruitment into the peritoneal
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means7SEM (n¼4–8) of cell numbers. Data were subjected to one-way ANOVA followed by Tukey's post-test. Different letters indicate significant differences (po0.01).
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(aporphinic) and 7 (seco-aporphinic).
Identification of the diterpenes methyl-3-oxo-12-epi-bar-

bascoate (8), methyl-12-epi-barbascoate (9), and hardwickiic acid
(10) drew on chromatographic comparisons, as well as on HR-ESI-
MS and HR-ESI- MS/MS spectra of authentic samples.

This is the first report of procyanidin B3 (2), epicatechin (4),
tembetarine (5), magnoflorine (6), taspine (7), and hardwickiic
acid (10) for C. urucurana and the first for the alkaloid tembetarine
(5) in the genus Croton.

Induction of paw edema by carrageenan is a standard model for
screening novel anti-inflammatory agents (Di Rosa et al., 1971). In
mice, the phenomenon is biphasic and, immediately after in-
traplantar injection of carrageenan, several mediators act se-
quentially to elicit an inflammatory response (Posadas et al.,
2004).

Lasting 30–60 min (Hunskaar and Hole, 1987), the initial phase
of edema has been attributed to release of histamine, serotonin,
and bradykinin, which promote vascular permeability (Di Rosa
et al., 1971). The subsequent phase, in which the edema grows in
volume, is associated with increased levels of prostaglandins
(Hunskaar and Hole, 1987) and cyclooxygenase (COX2) (Posadas
et al. 2004), the latter of which can be blocked by NSAIDs
(Hunskaar and Hole, 1987).

Pretreatment with MECu reduced the edema response to car-
rageenan at the lowest dose, extract effect was similar to that of
indomethacin. The extract may have reduced the release of his-
tamine, serotonin, and bradykinin, as well as prostaglandins,
probably by inhibiting COX activity.

As non-selective COX inhibitors, NSAIDs inhibit the generation of
prostaglandins, and hence the manifestation of gastroprotective
factors such as mucus formation, bicarbonate secretion, proliferation
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of gastric epithelial cells, while also inhibiting increased blood flow.
By inhibiting COX-1, NSAIDs promote the appearance of gastro-
intestinal ulcers (Takeuchi, 2012). Drawing on Wolff Cordeiro et al.
(2012), who showed that the methanol extract of Croton urucurana
bark, tested at different doses, inhibited indomethacin-induced gas-
tric lesions in rats, it can be inferred that the anti-inflammatory ac-
tivity of MECu occurs via selective COX-2 blockade.

Also, the extract reduced leukocyte recruitment into the peri-
toneal cavity (except when administered at 400 mg/kg) – an effect
possibly explained by the presence of phenolic antioxidants such
as gallocatechin (1), proanthocyanin B3 (2), catechin (3), and
epicatechin (4) in MECu, as well as gallic acid, found by Peres et al.
(1997). Despite their antioxidant properties, these compounds can
act as pro-oxidants at higher doses (Sandoval-Acuña et al., 2014).

Evidence suggests that oxidative stress caused by generation of
reactive oxygen species (ROS) in endothelial cells promotes leu-
kocyte recruitment during inflammation. Oxidative stress en-
hances the expression of endothelial cell adhesion molecules
(CAMs) by activating these on the endothelial surface or via a
transcription-dependent mechanism involving redox-sensitive
factors such as nuclear factor kappa B (NF-κB) and activator pro-
tein 1 (AP-1) transcription factors (Mittal et al., 2014).

At the highest dose, MECu may therefore have promoted ROS
generation, exacerbating the inflammatory process, whereas lower
doses inhibited this effect.

Phenolic compounds such as 1, 2, 3, and 4 are known to block
the NF-κB and AP-1 activation pathways, inhibiting the expression
of ICAM-1 (an important adhesion molecule for leukocyte migra-
tion) by the vascular endothelium (Mittal et al., 2014). Moreover,
terpenes 8, 9, and 10 are known to inhibit pro-inflammatory
transcription factors (de las Heras and Hortelano, 2009).

Lipid mediators such as leukotrienes, thromboxanes, platelet-
activating factor (PAF), cytokines, and chemokines (Bishayee and
Khuda-Bukhsh, 2013; Muller, 2002) are also involved in cell re-
cruitment. The reduction in polymorphonuclear cell recruitment
promoted by MECu may therefore have occurred via blockage of
enzymes involved in the production of mediators such as phos-
pholipases, COX, and LOX or in the synthesis and release of cyto-
kines, or even in receptors involved in cell recruitment.

The reduction of polymorphonuclear cell migration promoted
by MECu may also be related to the presence of sulfhydryl com-
pounds, reported by Wolff Cordeiro et al. (2012) as involved in the
antiulcerogenic activity of a C. urucurana bark methanol extract.
Noteworthy among sulfhydryl compounds is γ-glutamylcystei-
nylglycine glutathione peroxidase (a precursor enzyme re-
sponsible for protection against oxidative damage), which at low
cellular levels promotes activation of NF-κB (Staal et al., 1990), and
consequently leukocyte recruitment (Mittal et al., 2014).

In the present study, MECu also reduced writhing induced by
acetic acid. Administered to the peritoneal cavity, acetic acid
causes abdominal writhing by direct activation of primary afferent
nociceptors or, indirectly, by stimulating the release of endogenous
mediators such as histamine, serotonin, bradykinin, pros-
taglandins, and cytokines (IL-1β, IL-6, IL-8, TNF) that enhance
hyperalgesia (Dray, 1995). This activation and peripheral sensiti-
zation of nociceptors triggers writhing, causing the animal to
contract and extend its hind limbs (Le Bars et al., 2001). This
suggests that the antinociceptive activity of MECu may involve
reduction of the nociceptive effect caused by cytokines such as
TNF-α, IL-1β, and IL-8 (Dray, 1995) and/or prostaglandins PGE2,
PGF2α, and PGI2 (Deraedt et al., 1980).

MECu administration reduced the duration of formalin-induced
paw-licking in both nociception phases. In the first phase, which
involves the opioid receptor pathway (Rao et al., 2007), this effect
was confirmed by comparison with morphine. This suggests that
the effect of the extract may be related to the presence of alkaloids
5, 6, and 7 (among other possible metabolites), whose activity may
be similar to that of morphine. Accordingly, the activity of apor-
phinic alkaloids such as tembetarine (5) and magnoflorine (6) can
occur via adrenergic and serotonergic transmission (Stévigny et al.,
2005) involved in the propagation of nociceptive information
(Amaya-Castellanos et al., 2011; Stone et al., 1998).

The second, inflammatory phase of nociception, involves the
release of mediators such as histamine, serotonin, bradykinin, and
prostaglandin (Hunskaar and Hole, 1987), possibly explaining the
activity displayed by MECu. Terpenoids are known to exhibit an-
tinociceptive activity in both phases, albeit more pronounced in
the second phase (de Moraes et al., 2012; Santos et al., 2005). The
activity of the extract may therefore stem from diterpenes 8, 9,
and 10.

In addition, plant-derived terpenes have been shown to parti-
cipate in a number of biological activities, including anti-in-
flammatory (Salae et al., 2012) and antinociceptive processes
(Calixto et al., 2000).

Considering that gastric and duodenal ulcers are the pre-
dominant side effects of commercially available NSAIDs (Yuan
et al., 2006), the phytochemical diversity exhibited by C. urucurana
stimulates the search for novel anti-inflammatory and analgesic
compounds that prove less toxic to the gastrointestinal tract, or
even gastroprotective. Adding to the anti-inflammatory and anti-
nociceptive activities demonstrated in the present investigation, C.
urucurana has proved antiulcerogenic in rats, with no acute or
subacute toxicity when administered orally (Wolff Cordeiro et al.,
2012).
5. Conclusions

The methanol extract of C. urucurana bark exhibited anti-in-
flammatory and antinociceptive properties. Its antinociceptive
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action involves both central and peripheral pathways. These ef-
fects may be related to the presence of diterpenes, alkaloids, and/
or flavonoids in the methanol extract obtained from its bark. These
findings, in addition to the antiulcerogenic properties already re-
ported for the extract of C. urucurana bark corroborate the popular
use of the species and highlight its therapeutic, yet not fully ex-
plored, potential.
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