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a  b  s  t  r  a  c  t

Some  publications  have  described  the  pharmacological  properties  of latices  proteins.  Thus,  in  the  present
study  proteins  from  Plumeria  pudica Jacq.,  Apocynaceae,  latex  were  evaluated  for  anti-inflammatory
and  antinociceptive  activities.  Obtained  data  showed  that  an intraperitoneal  administration  of  different
doses  of latex  was able  to reduce  the  paw  edema  induced  by  carrageenan  in a  dose-dependent  man-
ner  (better  dose 40 mg/kg;  72.7%  inhibition  at 3rd  and  78.7%  at 4th hour)  and  the  edema  induced  by
dextran  (40  mg/kg;  51.5%  inhibition  at 30  min  and  93.0%  at 1st hour).  Inhibition  of  edema  induced  by  car-
rageenan  was  accompanied  by  a reduction  of  myeloperoxidase  activity.  Pre-treating  animals  with  latex
(40 mg/kg)  also  inhibited  the  paw  edema  induced  by  histamine,  serotonin,  bradykinin,  prostaglandin  E2,
compound  48/80.  Additionally,  the  latex (40  mg/kg)  reduced  the leukocyte  peritoneal  migration  induced
by  carrageenan  and  this  event  was  followed  by reduction  of  IL-1�  and  TNF-�  in  peritoneal  fluid.  The

latex-treatment  (40  mg/kg)  reduced  the animal  abdominal  constrictions  induced  by acetic  acid  and  the
first  phase  on paw  licking  model  induced  by  formalin.  When  latex  was  treated  with  heat  (at  100 ◦C
for  30  min),  anti-edematogenic  and  myeloperoxidase  activities  were  significantly  reduced,  indicating
the  involvement  of  heat-sensitive  proteins  on  anti-inflammatory  effect.  Our  results  evidence  that  latex
fluids  are  a source  of  proteins  with  pharmacological  properties.

ileira
©  2015 Sociedade  Bras

ntroduction

Latex is a milkweed fluid produced by specialized plant cells
amed laticifers that is often released after suffering mechanical

njury (Kekwick, 2001; Pickard, 2007). It is mainly composed by
ipids, hydrolytic enzymes, natural polymers, defense proteins and
umerous secondary metabolites (Morcelle et al., 2004; Hagel et al.,
008a; Mazoir et al., 2008). The latex is commonly known as a rich

ource of active compounds bearing pharmacological properties
Dewan et al., 2000; Kumar et al., 2001; Frade et al., 2004; Chin
t al., 2006). In traditional medicine, the latex of different plant
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E-mail: jsolivera@ufpi.edu.br (J.S. Oliveira).
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102-695X/© 2015 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora
 de  Farmacognosia.  Published  by Elsevier  Editora  Ltda.  All  rights  reserved.

species are usually diluted in water and used for the treatment
of inflammation, inflammatory pain, tumors, gastritis and others
(Devprakash et al., 2012; Hagel et al., 2008b).

The curative properties of latices have been confirmed by the
scientific community. The fluid collected from different plants has
undergone extraction procedures with organic or aqueous solvents
and extracts were evaluated using in vivo and in vitro models involv-
ing animals (Sharma and Sharma, 1999; Choedon et al., 2006). In
general, these studies described the presence of pharmacological
activities and no information about putative molecules involved
is proposed. Otherwise, several molecules with pharmacological

importance, such as morphine, papaverine and codeine were found
in latex (Lindner, 1985; Hagel et al., 2008b).

Recently, proteins from laticifer fluids have received spe-
cial attention since they have exhibited the ability to inhibit
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nflammatory and pain process as well as tumor growth (Alencar
t al., 2004; Soares et al., 2005; Oliveira et al., 2010). In these studies,
he latices were collected in water and submitted to centrifugation
nd dialysis steps to obtain a protein fraction free of rubber and
mall molecules. In parallel, characterization of proteins in latex
uids was performed and important advances in the elucidation of
echanism of active proteins were achieved.
Plumeria pudica Jacq. is plant belonging to Apocynaceae known

y its intense latex production. The plant is found abundantly in
ortheastern Brazil, where its latex is mentioned by the poor pop-
lation to be used for the treatment of skin diseases and tooth
ain. In the literature, several reports demonstrated the pharma-
ological properties of different parts of plants belonging to the
enera Plumeria. These studies demonstrated properties such as
nti-inflammatory, antinociceptive, anti-diarrhoeal, skin healing
nd others (Hamburger et al., 1991; Gupta et al., 2006), On the
ther hand, there are no scientific investigations confirming these
roperties in P. pudica latex.

The investigations on latex proteins have demonstrated that
hese proteins are capable to interfere in important events of
nflammatory response, such as neutrophil migration, cytokine and
nflammatory mediator production (Alencar et al., 2006; Ramos
t al., 2009; Matos et al., 2013). Taking into consideration these
revious observations, a protein fraction recovered from P. pudica

atex was obtained and evaluated to exhibit anti-inflammatory and
ntinoceptive effects. In addition, the protein nature and the pos-
ible mechanisms of such actives were investigated.

aterials and methods

atex and extraction of laticifer proteins (LP)

Plants of Plumeria pudica Jacq., Apocynaceae, growing around
he neighbors of Parnaíba-PI, Brazil, were used as the source of fresh
atex. The plant material was identified and the voucher N.52534

as deposited in the Prisco Bezerra Herbarium of the Universidade
ederal do Ceará, Brazil.

The latex was collected in distilled water to give a dilution rate
f 1:2 (v/v) and the mixture was gently agitated during collection.
ater, the samples were centrifuged at 3600 × g for 15 min  at 25 ◦C.
he rubber-rich precipitate was removed and the supernatant was
xhaustively dialyzed against distilled water using membranes of
000 molecular weight cut-off. The dialysis water was renewed
very four hours to flow out ions, salts and other small organic
etabolites and again centrifuged using the conditions described

bove. The clean, rubber-free supernatant was lyophilized named
aticifer proteins (LP) and used for further experiments. Concomi-
antly, the latex was collected in distilled water containing 3 mM
odoacetamide (IAA), and the LPIAA fraction was obtained according
o the procedures described above.

reatment of LP through heat and dithiothreitol (DTT)

To provide evidence of the protein nature of the active
olecules, LP fraction was dissolved in saline (0.9%) and heated

t 100 ◦C for 30 min  (LP100 ◦C) in the attempt to denature protein
tructure. We also dissolved LP in saline containing 3 mM DTT and
ncubated at 37 ◦C for 10 min  (LPDTT). LPDTT was further used to
nvestigate the possible involvement of latex cysteine proteinase-
ontaining proteins.

lectrophoresis analysis of LP and LP treatments
LP and LP treatments (LPDTT, LPIAA and LP100 ◦C) were examined
hrough 12.5% polyacrylamide gel electrophoresis in the presence
f sodium dodecyl sulphate (SDS) according to Laemmli (1970).
 Farmacognosia 25 (2015) 269–277

Samples were treated with 0.0625 M tris buffer pH 6.8 containing
2% SDS and applied into the gel. Runs were performed at 40 mA  at
25 ◦C. Gels were stained with 0.1% coomassie brilliant blue (R-350)
solution in water:acetic acid:methanol (8:1:3.5). Unbound dye was
removed with the same solution without the dye.

Proteolytic activity of LP and LP treatments on gelatin-containing
gels

The samples were separated by means of electrophoresis
through 12.5% polyacrylamide gels containing 0.1% gelatin at 25 ◦C
(Macedo et al., 2004). After electrophoresis, the gels were immersed
in water containing 2.5% of Triton X-100 and gently shaken for
30 min  at 25 ◦C to wash out the SDS and re-nature proteins. The
gels were then incubated in 50 mM  PBS pH 6.0, for 2 h at 37 ◦C con-
taining 3 mM DTT. The incubated gels were stained and revealed as
before. Proteolytic activity was detected as a transparent band that
was not stained by Coomassie Brilliant Blue.

Animals

Female Swiss mice (Mus musculus) weighing 20–30 g were
obtained from the central animal house of the Federal University of
Ceará, Brazil for the present study. Animals were housed in cages
with free access to food and water and were maintained under a
12-h light–dark cycle (lights on at 6 am)  at 25 ◦C. All experimen-
tal procedures were approved and performed in accordance with
the guidelines of Institutional Animal Ethics Committee (Protocol
N. 041/14).

Anti-inflammatory assays

Paw edema model
Paw edema was induced by carrageenan (500 �g/paw) or dex-

tran (500 �g/paw) prepared in 0.9% sterile saline. A volume of 50 �l
was injected into the right hind paw following each treatment.
Paw volume was  measured immediately before the irritant injec-
tion and at selected time intervals, with a plethysmometer (Panlab,
Barcelona, Spain) (Winter et al., 1962). LP (1, 5, 10 and 40 mg/kg)
or LP treatments (LP100 ◦C; LPDTT; LPIAA; 40 mg/kg) were injected
intraperitoneally 1 h before injection of carrageenan or dextran.
Control groups received only sterile saline or indomethacin (Indo:
10 mg/kg; i.p.). Results are expressed according to increase in paw
volume (� ml)  calculated by subtracting the basal volume.

Determination of myeloperoxidase activity
After the paw edema assay, myeloperoxidase (MPO) activity was

measured in the paw of animals injected with carrageenan and
submitted to LP and LP treatments at dose of 40 mg/kg. After 4 h
of inflammatory stimulus administration, 50–100 mg  of the tissue
from the hind paws was collected and MPO  activity was determined
as previously described by (Bradley et al., 1982).

Paw edema induced by different inflammatory agents
Initially, mice were pre-treated with LP (40 mg/kg; i.p.). After 1 h,

the animals received injections of 50 �l of histamine (50 ng/paw),
serotonin (10 ng/paw), compound 48/80 (5 ng/paw), bradykinin
(0.5 ng/paw) or prostaglandin E2 (0.1 ng/paw) into the right hind
paw. Paw volume was measured as described above. Control groups
received only sterile saline or indomethacin (10 mg/kg; i.p.).

Peritonitis model

Carrageenan (500 �g) was injected intraperitoneally in 250 �l

of sterile saline. Four hours later, mice were euthanized and the
peritoneal cavity was  washed with 1.5 ml  of heparinized phos-
phate buffered saline (PBS) to harvest peritoneal fluid contained
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Table  1
Recoveries of rubber and soluble proteins from latex of Plumeria pudica.

Dry mass of rubber Dry mass of lyophilized LP Soluble proteins in
whole latex (mg/ml)a

Soluble proteins in
LP (mg/ml)a,b

mg  % mg %

561.10 ± 168.40 98.62 ± 0.32 7.80 ± 0.10 1.38 ± 0.36 0.417 ± 0.013 0.650 ± 0.040

Four independent samples of 20 ml  of latex were prepared as described in Section ‘Materials and Methods’. Values are given as mean ± S.E.M. Dry mass of lyophilized proteins
(
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LP)  was  considered as the fraction free of rubber.
a Soluble proteins were estimated by Bradford.
b Measurement performed using 1 mg/ml  solution of LP.

n cells. Total cell counts and differential cell counts were per-
ormed as described previously (Souza and Ferreira, 1985). LP
40 mg/kg) was injected via intraperitoneal route 1 h before injec-
ion of carrageenan. Control groups received only sterile saline or
ndomethacin (Indo: 10 mg/kg; i.p.). Results are presented as the
umber of neutrophils per ml  of peritoneal exudates.

easurements of IL-1  ̌ and TNF-˛
After the peritonitis assay, samples of peritoneal fluid were col-

ected and the levels of and IL-1� and TNF-� were evaluated using
andwich Enzyme-Linked Immunoabsorbent Assay (ELISA) (pur-
hased from R&D Systems, Minneapolis, USA) according to the
upplier’s protocol. The results are expressed as picograms (pg/ml)
f each cytokine per peritoneal cavity washed.

ntinociceptive assays

bdominal contortions induced by acetic acid
Mice were injected i.p.  with 0.6% acetic acid (10 ml/kg body

eight). After 10 min, a recording of the number of constrictions
as initiated, which lasted for 20 min, as it has been previously
escribed (Koster et al., 1959). In the experimental group, the
nimals were pretreated (i.p.) with LP (40 mg/kg) 1 h before the
dministration of acetic acid. The control animals were injected
ith sterile saline (0.5 ml). Morphine (5 mg/kg, subcutaneously)
as used as a reference drug.

ormalin test
Animals were pretreated with either LP (40 mg/kg, i.p.) or mor-

hine (5 mg/kg, s.c.) 1 h before the administration of 20 �l of 2.5%
ormalin into the right hind paws of the mice. The licking time was
etermined in two time ranges, from 0 to 5 min  (phase 1, neuro-
enic) and from 20 to 25 min  (phase 2, inflammatory), after the
ntraplantar formalin injection, according to Hunskaar et al. (1985).
ontrol animals were injected with sterile saline (0.5 ml).

ot-plate test
For the hot-plate test, mice were submitted to a plate heated

o 55–56 ◦C according to the methodology of Eddy and Leimbach
1953), with some modifications. Mice were treated with a LP dose
f 40 mg/kg (i.p.), and the control group received sterile saline
0.5 ml). Measurements were performed at time zero (0 min) and
t 30, 60, 90 and 120 min  after the protein fraction administration.
he hot plate cut-off time was 45 s to avoid animal paw lesions.
orphine (5 mg/kg, s.c.) was used as a reference drug.

tatistical analysis
The results are given as the means ± S.E.M. of n = 5. For the

eritonitis model experiments and cytokine measurements, the
tatistical analysis was performed through ANOVA followed by

onferroni’s test. For all the other experiments, the statistical anal-
sis was performed through ANOVA followed by Newman Keuls
ests. p < 0.05 was defined as statistically significant. Data were
nalyzed using GraphPad Prism 5 software.
Results

After collected, the latex of P. pudica was submitted to centrifu-
gation and dialysis steps to remove rubber and water-soluble low
molecular compounds. These procedures rendered a rich protein
fraction (LP) which comprises only 1.38% of the latex dry mass
(Table 1). The whole content of the latex is remarkably composed
by rubber, representing 98.62% of dry mass. Soluble protein content
in LP measured through Bradford’s method showed that the dial-
ysis step was efficient in concentrate proteins from whole latex.
Water-soluble low molecular substances were not recovered and
were not included in the estimation of the latex dry mass.

In order to investigate the anti-inflammatory activity of LP, mice
paw edema was induced by administration of carrageenan into the
animal’s right hind paw. Since peak inflammation induced by car-
rageenan occurs between 3 and 4 h after injection (Souza et al.,
1988), paw edema formation was evaluated at these time inter-
vals. The carrageenan administration promoted significant increase
on mice paw edema when compared to control animals treated
only with saline (Fig. 1). No statistical differences were observed
among control carrageenan-group and LP-treated animals at doses
of 1 or 5 mg/kg (p > 0.05). On the other hand, the administra-
tion of doses 10 or 40 mg/kg of LP prior to inflammatory stimuli
reduced significantly the edematogenic effect promoted by car-
rageenan (p > 0.05). The highest inhibition rate was  seen when
animals received 40 mg/kg dose (72.7% and 78.7%; 3rd and 4th hour,
respectively). As expected, indomethacin (10 mg/kg) inhibited sig-
nificantly the paw edema. Because 40 mg/kg dose exhibited higher
inhibition rate, it was chosen for further evaluations.

Latex proteins were submitted to chemical (DTT and IAA) or
physical (100 ◦C) treatments and the effects of different treatments
upon anti-edematogenic activity were evaluated. As observed in
Fig. 1, LPDTT and LPIAA administered via intraperitoneal route still
inhibited the increase in the animals’ paw volume at evaluated
time intervals (p < 0.05). No statistical differences were observed
comparing LPDTT and LPIAA groups to LP-treated animals at dose of
40 mg/kg (p > 0.05). However, the heat treatment of LP for 30 min
at 100 ◦C prior to injection in mice significantly reduced the anti-
edematogenic effect of LP (p > 0.05).

After the paw edema measurements, the myeloperoxi-
dase activity (MPO) was evaluated in mice’s paw tissue. As
observed in Fig. 2, carrageenan administration provoked an
increase in MPO  activity (9.904 ± 2.006 UMPO/mg  of tissue)
compared to saline group (1.475 ± 0.372 UMPO/mg of tissue).
Significant reduction of MPO  activity was  observed in mice
injected with LP (2.151 ± 0.639 UMPO/mg of tissue) 1 h prior
to carrageenan and this effect was also observed in groups
treated with LPDTT (4.678 ± 1.281 UMPO/mg of tissue) or LPIAA
(2.016 ± 0.613 UMPO/mg of tissue). On the other hand, heat-
treated LP did not reduce significantly myeloperoxidase activity
(7.965 ± 0.876 UMPO/mg of tissue).
To verify the effect of chemical and physical treatments on
protein content in LP, latex proteins and their treatments were eval-
uated through electrophoresis in gel of polyacrylamide and zymo-
gram in gelatin-containing gels (Fig. 3a and b). Electrophoresis
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Fig. 1. The inhibitory effect of LP from Plumeria pudica and LP treatments on paw edema induced by carrageenan. Animals received LP (1, 5, 10 or 40 mg/kg; i.p.) or LP
t 500 �g/paw), and paw edema changes were measured at indicated time intervals. The
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eat treatment abolished proteolytic activity found in LP (Fig. 3b).

The LP fraction was also evaluated to inhibit paw edema induced
y dextran (Fig. 4). The administration of dextran into the paw of
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40 mg/kg) inhibited the peaks of inflammatory effect of dextran by
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ith indomethacin.
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Fig. 5a). A marginal inhibition rate was observed against inflam-

ation induced by prostaglandin E2 (15.5%) (Fig. 5d). LP fraction,
owever, was more effective in inhibiting the paw volume induced
y the other evaluated inflammagens. Inhibition rates of 53.3%,
7.5%, 81.73% were obtained for serotonin, compound 48/80, and
radykinin, respectively (Fig. 5b, c and e). Indomethacin also sig-
ificantly inhibited all the paw edema (p < 0.05).

The anti-inflammatory activity of LP was also confirmed on
eritonitis model and the data obtained corroborated to MPO
easurements (Fig. 6). It was observed that animals treated with

P (40 mg/kg) 1 h before intraperitoneal injection of carrageenan
xhibited a significant reduction in total leukocyte migration
1970 ± 0.354 cells × 103 ml)  and neutrophil count (1244 ± 0.187
ells × 103 ml)  when compared to carrageenan-treated animals
13,220 ± 2610 total leukocytes × 103 ml  and 11,410 ± 2392 neu-
rophils × 103 ml). Indomethacin also inhibited cell migration to
eritoneal cavity of animals (p < 0.05).

The peritoneal cell-migration inhibition displayed by LP was

ccompanied with the reduction of levels of pro-inflammatory
ytokines in the mice’s peritoneal fluid (Fig. 7). The peri-
oneal fluid amount of IL1-� and TNF-� in carrageenan-
reated animals was 1995.0 ± 13.19 pg/ml and 202.2 ± 19.97 pg/ml,
 plantar right paw. The change in paw volume was measured at indicated intervals
/kg, i.p.) was  used as a positive control. The values are given as the mean ± S.E.M.

uli treatment (ANOVA followed by Neuman Keuls post-test).

respectively and significantly decreased in LP-treated mice (IL1-�:
1306.0 ± 189.2 pg/ml and TNF-�: 94.9± 12.73 pg/ml). As expected,
indomethacin significantly reduced cytokine levels in the animals’
peritoneal fluid (p < 0.05).

Furthermore, the LP fraction was  studied in three distinct exper-
imental models of nociception. In the acetic acid-induced writhing
model, the LP showed a strong antinociceptive effect (Fig. 8). The
administration of LP (40 mg/kg) 30 min  prior to stimuli significantly
reduced the acetic acid-induced abdominal writhings (88.1% inhi-
bition) compared to control group (p < 0.05). The reference drug
morphine inhibited the abdominal constrictions by 100%.

The LP also exhibited analgesic effect in the formalin test (Fig. 9).
The intraplantar injection of formalin increased significantly the
licking time at first and second phases compared with saline group
(p > 0.05). Treating the animals with a 40 mg/kg dose of LP prior
formalin injection reduced the paw licking time in the first phase
(64.2%; p < 0.05). However, no statistical significance was observed
with the control in the second phase (24.5%; p > 0.05). The reference
drug morphine significantly inhibited the formalin-induced paw
licking in both phases.
Fig. 10 shows the antinociceptive effect of LP measured in mice
during the hot-plate test. At this model, administration of LP via the
i.p. route did not increase the reaction time at the different intervals
tested, when compared to the control (p > 0.05).
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water-soluble fraction and it was demonstrated that proteins are
involved in such activities (Ramos et al., 2009; Oliveira et al.,
2007; Mousinho et al., 2011). Besides investigating the presence of
n  i.p. injection of carrageenan, and 4 h later the levels of TNF-� (a) and IL-1� (b) 

ndomethacin (Indo: 10 mg/kg) was  used as a positive control for the anti-inflammat
nd  carrageenan, respectively (ANOVA followed by Bonferroni’s post-test).

iscussion

An increasing number of scientific investigations have been

eported dealing with pharmacological properties found within
lant latex such as anti-inflammatory, analgesic and antitu-
or  activities. Some of these studies were developed with a
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ignificant advance concerning the identification of active
olecules and the mechanism of action. This was  the main idea

ehind the present study. The latex of P. pudica,  which is used for
herapeutic treatment in the folk medicine, was evaluated for its
nti-inflammatory and analgesic effects and to detect active pro-
eins.

The paw edema is an experimental animal model for
cute inflammation, which is widely used for screening new
nti-inflammatory drugs (Winter et al., 1962). Herein, it was
emonstrated that LP was able to inhibit the edematogenic effect
romoted by carrageenan or dextran. It is well established that
he inflammatory process triggered by carrageenan involves two
istinct phases. The earlier is sustained by a release of his-
amine, serotonin from mast cells, while the late phase involves
rostaglandin release, cytokine production and intense neutrophil
igration (Vinegar et al., 1969; Kulinsky, 2007). On the other hand,

he inflammation promoted by the administration of dextran leads
o the development of edema as a consequence of the release of
istamine and serotonin by resident mast cells on an edema char-
cterized by few neutrophil migrations (Lo et al., 1982; Metcalfe,
008). Taking into account the results obtained, it is suggested that
nti-inflammatory effect of LP on paw edema model seems to be
elated to the inhibition of neutrophil migration into the inflam-
atory site, as well as the blockage of the release of inflammatory
ediators.
During the early phase of the inflammatory process, sev-

ral mediators are released and they will act on the vascular
ndothelium promoting fluid and protein extravasations into the
nflammatory site (Di Rosa et al., 1971). This process involves the
ction of chemical inflammatory mediators such as histamine, sero-
onin, bradykinin and PGE2 (Vinegar et al., 1969, 1982). The protein
raction recovered from P. pudica was able to block the edema
nduced by the administration of histamine, serotonin, bradykinin
nd PGE2. Our data indicate that LP neutralizes the vascular com-
onent of edema, which involves a reduction in the action of

nflammatory mediators. This idea was reinforced since LP also
nhibited edema induced by compound 48/80, which is known to
elease endogenous histamine and serotonin stored in the mast
ells (Irman-Florjanc and Erjavec, 1983).
The anti-inflammatory effect of LP on paw edema model
nduced by carrageenan was also accompanied by the inhibition of

yeloperoxidase activity in paw tissue. MPO  is an enzyme found
 Farmacognosia 25 (2015) 269–277 275

in neutrophil azurophilic granules (Bradley et al., 1982) and the
reduction of its activity in LP-treated animals indicates inhibition
of infiltration of this cell into the tissues. These data were fur-
ther confirmed by a significant reduction of cell migration into the
peritoneal cavity of animals submitted to LP treatment prior to
carrageenan administration. The carrageenan induces neutrophil
migration into the peritoneal cavity through an indirect mechanism
that involves the activation of macrophages and the release of pro-
inflammatory cytokines, such as IL-1� and TNF-� (Lo et al., 1982).
Such increases in cytokine levels might result in plasma protein
extravasations and cellular infiltration into the site of inflammation
(Rosenbaum and Boney, 1991; Thorlacius et al., 1997). In agreement
with that, it was demonstrated that the levels of IL-1� and TNF-�
were drastically reduced in LP-treated animal proposing that LP
decreased neutrophil migration by decreasing the production and
release of pro-inflammatory cytokines.

Experimental studies have demonstrated that the inhibition of
neutrophil migration reduces hypernociception induced by differ-
ent inflammatory stimuli (Levine et al., 1984; Hopkins, 2003; Verri
et al., 2004). The LP fraction reduced cell migration due to the inhi-
bition of inflammatory mediator release and cytokine production.
These combined events have also been described with other latex
materials (Prabha et al., 2008). This fact is very important because
pain is a classical sign of inflammation and one of the main rea-
sons that lead people to seek treatment. In our experiments, the
LP fraction was  able to reduce significantly writhing induced by
acetic acid. This test is commonly used for screening peripher-
ally active analgesic compounds and involves different nociceptive
mechanisms, such as release of biogenic amines, bradykinin, and
PGE2 (Collier et al., 1968; Duarte et al., 1988). Furthermore, the
nociceptive response caused by acetic acid is also dependent on
the release of some cytokines, such as TNF-� and IL-1� via mod-
ulation of macrophages and mast cells located in the peritoneal
cavity (Ribeiro et al., 2000). According to this information, the LP
effect may  be related to the inhibition of the release of nociceptive
mediators in response to acetic acid, such as those described above.

To verify the effectiveness of the analgesic effect of LP, we  used
the formalin test. The formalin test involves two  phases. The first
one is characterized by releasing of intense noxious mediators,
such as substance P and bradykinin, promoted a direct chem-
ical stimulation of the nociceptors involved with painful state
(Shibata et al., 1989). The second phase is accompanied by the
release of inflammatory mediators (neuropeptides, prostaglandins,
serotonin, histamine and bradykinin) and these mediators stimu-
lated the periferic nociceptive nervous by an indirect mechanism
(Hunskaar et al., 1985; Murray et al., 1988). The administration of
LP during the formalin test promoted pronounced antinociception
only in the first phase of the model. Thus, based on our results, we
can infer that LP promotes peripheral analgesia by blocking directly
the action of bradykinin and other mediators on nociceptive neu-
rons.

Although antinociception in the hot-plate test has already been
described with the latex collected from other plants (Soares et al.,
2005; Prabha et al., 2008), the LP fraction from P. pudica was not
capable to promote an increase in the animals’ reaction time. This
model is performed to evaluate central nociception (Vilela et al.,
2009) indicating analgesic effects via supraspinal and spinal recep-
tors (Nemirovsky et al., 2001). Since no positive effect was  observed
at this model, we concluded that latex proteins cannot inhibit noci-
ception by central mechanisms.

In the present work we have demonstrated the presence of pro-
teins in a water-soluble fraction recovered from P. pudica latex
involvement of proteins in the effects observed. This idea was sup-
ported by the observation that after treating LP at 100 ◦C for 30 min,
the LP anti-edematogenic effect was significantly reduced and this
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ffect was accompanied by an increment in MPO  activity in animals’
aw tissue. In parallel, a drastic reduction of soluble proteins in
P100 ◦C was seen through electrophoresis, indicating that the heat
reatment promoted a reduction in protein solubility, which can
nterfere in their activities. Similar results were observed in protein
ractions recovered from latex of Calotropis procera and Himatantus
rasticus. After treating proteins with heat, their anti-inflammatory
ctivities were abolished (Alencar et al., 2004; Matos et al., 2013).

Some publications have reported the anti-inflammatory activity
romoted by plant cysteine proteinases on experimental animals
Hale et al., 2005; Eric et al., 2007; David et al., 2008). To investi-
ate the involvement of this class of proteins in LP, this fraction was
ubmitted to DTT treatment (LPDTT), an activator of cysteine pro-
einase, or recovered after collecting the latex in the presence of
AA (LPIAA), a non-natural cysteine proteinase inhibitor. The pres-
nce of white bands on zymography evidenced that DTT treatment
ctivated proteolytic activity in LP while IAA provoked its inhibi-
ion (Fig. 3). No changes were seen on anti-inflammatory efficacy of
P treated with DTT or IAA. These data evidence that cysteine pro-
einases activity is not related to the investigated activity promoted
y LP.

In summary, our results showed that LP exhibits anti-
nflammatory and antinociceptive effects by inhibiting the action
f various inflammatory mediators, neutrophil infiltration and
ro-inflammatory cytokines. Proteins present in LP are involved

n the activities evaluated. Our results support latex as a rich
ource of molecules with interesting properties in inflammatory
harmacological models. LP is now a target of fractionation by
hromatography steps in order to purify and identify the molecule
esponsible for evaluated activities. This was the first work devel-
ped investigating anti-inflammatory and nociceptive properties
n protein latex content recovered from P. pudica.
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