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a b s t r a c t 

Background: Sideroxylon obtusifolium (Roem. & Schult.) T.D. Penn., Sapotaceae family, is a medicinal 

species native to the Brazilian Northeastern region. The plant is popularly used as an anti-inflammatory 

and hypoglycemic. 

Purpose: To evaluate the anti-inflammatory properties of the N-methyl-(2S,4R)- trans -4-hydroxy- l -proline 

(NMP) from S. obtusifolium leaves in models of inflammation and to clarify its action mechanisms. 

Methods: Male Swiss mice were distributed intocontrols and groups treated with NMP (25, 50 and 

100 mg/kg, p.o.), indomethacin or morphine (reference drugs). The animals were subjected to the for- 

malin, carrageenan-induced edema and peritonitis tests. Furthermore, peritoneal lavage and slices from 

edematous paws were used for histological and immunohistochemical (iNOS, TNF-alpha, COX-2 and NF- 

kB) assays. 

Results: Decreases in licking time, in the 1st and mainly in the 2nd phases of the formalin test, were 

shown after NMP treatments. In addition, decreases (around 50%) in paw edema were noticed at the 3rd 

h. The HE staining of paw slices demonstrated a complete reversion of the increased PMN cell number- 

after NMP treatment. Similarly, decreases higher than 70% were also demonstrated in PMN cells, in the 

peritoneal fluid. Furthermore, NMP significantly decreased iNOS, TNF-alpha, COX-2 and NF-kB immunore- 

activities. 

Conclusions: We showed that S. obtusifolium presents a potent anti-inflammatory activity, due to the pres- 

ence of the N-methyl-(2S,4R)- trans -4-hydroxy- l -proline(NMP) in the plant extract. This action is related 

to the inhibition by NMP of TNF-alpha and inflammatory enzymes. 

© 2016 Elsevier GmbH. All rights reserved. 
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Introduction 

The species Sideroxylon obtusifolium (Roem. & Schult.) T.D. Penn.

belongs to the Sapotaceae family and is a tree native to Central
Abbreviations: NMP, N-methyl-(2S,4R)-trans-4-hydroxy-L-proline; MPO, myelo- 

peroxidase; PMA, phorbol myristate acetate; COX-2, cyclooxygenase 2; INDO, 

indomethacin; DEXA, dexamethasone; PBS, phosphate buffered saline; HE, 

hematoxylin-eosin; TNF-alpha, tumor necrosis factor alpha; iNOS, inducible isoform 

of nitric oxide synthase; PMN, polymorphonuclear cells; NO, nitric oxide. 
∗ Corresponding author at: Rua Barbosa de Freitas, 130/1100, Fortaleza 60170-020, 

Brazil. 

E-mail address: gbviana@live.com (G.S.d.B. Viana). 
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nd South America. In Brazil, it is found in the “caatinga” (xeric

hrubland and thorn forest), an eco region characteristic of the

razilian Northeastern region. S. obtusifolium is popularly used for

ts antinociceptive, anti-inflammatory and hypoglycemic proper-

ies, among others ( Araujo-Neto et al., 2010 ). For this purpose, sev-

ral parts of the tree, as the inner bark and leaves, are used. 

Chemical and pharmacological studies on S. obtusifolium are few

nd, until some years ago, only common pentacyclic triterpenoids

ad been reported. Lately ( Passos-Oliveira et al. 2012 ), saponins

nd flavonoids were shown to be the main constituents of the

eaves of S. obtusifolium . Thus, four saponins and ten flavonol gly-

osides were isolated, by those authors, from the butanol-soluble

raction of an ethanolic extract. The compounds include a new

http://dx.doi.org/10.1016/j.phymed.2016.11.010
http://www.ScienceDirect.com
http://www.elsevier.com/locate/phymed
http://crossmark.crossref.org/dialog/?doi=10.1016/j.phymed.2016.11.010&domain=pdf
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Fig. 1. Chemical Structure of N-methyl-(2S,4R)- trans -4-hydroxy- l -proline (NMP) 

isolated from the leaves of Sideroxylon obtusifolium . 
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riterpene glycoside, as well as new flavonol glycosides. In addition,

atechin and a glycerogalactolipid were obtained from the ethyl

cetate-soluble fraction. 

In the present work, N-methyl-(2S,4R)- trans -4-hydroxy- l -

roline (NMP) was isolated from the methanolic extract of S.

btusifolium leaves, as its main chemical component. This com-

ound was evaluated in experimental models of nociception

nd inflammation, as well as in vitro assays (measurement of

yeloperoxidase, MPO, activity in human neutrophils). In ad-

ition, the inflamed mouse paw was processed for histological

nd immunohistochemical studies, in order to clarify the possible

echanism of action involved with the observed effects. 

aterials and methods 

rugs and reagents 

Lambda carrageenan, phorbol myristate acetate (PMA) and in-

omethacin were purchased from Sigma-Aldrich (Mo, USA). The

ntibodies: COX-2 (M-19), sc-1747, goat polyclonal; TNF (52B83),

c-52746, mouse monoclonal; NOS-2 (H-174), sc-8310, rabbit poly-

lonal; NF-kB p50 (NLS), sc-114, rabbit polyclonal were from Santa

ruz Biotechnology Inc. (CA, USA). All other drugs were of analyti-

al grade. 

lant material 

Leaves from the species S . obtusifolium were collected at the

unicipality of Mauriti, Ceará State, in August 2014. A voucher

pecimen (number 10,648) representing the field collection has

een stored at the “Herbário Caririense Dárdano de Andrade Lima”,

egional University of Cariri (URCA), Ceará, Brazil, after identifica-

ion by Dr. Maria Arlene Pessoa da Silva. One hundred grams of

round dry leaves were conditioned into a cotton fabric bag and

hen boiled, for 15 min, with 500 ml distilled water. The process

as repeated once more. Both water soluble materials were pooled

ogether and lyophilized to yield 34.86 g of a light brown residue,

esignated SOL-dec (decoction from S. obtusifolium leaves). Then,

0.0 g SOL-dec were poured into a Whatman® cellulose extraction

imble and, then, extracted with methanol on a glass sohxlet appa-

atus. The methanol solution was rotoevaporated under low pres-

ure to yield 6.76 g of a yellowish amorphous powder, designated

OL-decM. One gram aliquots (6 ×) of this SOL-decM, diluted into

.5 ml distilled water, were chromatographed on a Phenomenex

olid-phase-extraction (SPE),Strata® C-18 reverse phase giga tube

20 g/60 ml), previously conditioned with MeOH and equilibrated

ith distilled water. Fractions (20 ml) of this chromatographed ma-

erial were collected, initially using water as eluent, followed by a

radient mixture of H 2 O/MeOH (varying from 10 to 50%, and then

o MeOH) and finally washed with a THF/MeOH 1:1 solution. Af-

er TLC analysis of all fractions, the H 2 O fractions were pooled to-

ether and lyophilized to afford 1.7 g of compound 1 . 

tructure determination 

Compound 1 , a dark brown resin, [ α] 21 
D = −31 ° (c. 0.1, H 2 O),

howed on its positive ion mode HR-ESI mass spectrum the proto-

ated molecule ion peak at 246.0872 (C 6 H 11 NO 3 ,), 168.0655 (Na + 

dduct) and 184.0586 (K 

+ adduct). Its IR, 1H and 13C NMR data

ere compatible with the structure of a 4-hydroxy-proline deriva-

ive ( Fig. 1 ). The suggested structure was confirmed by analyses

f the COSY and HMBC NMR spectra. The relative stereochem-

stry of all stereogenic centers was suggested based on the ob-

erved J values for the scalar coupling splitting pattern and by the

OESY spectrum analysis. The final structure, including the abso-

ute stereochemistry, was accomplished from the negative specific
otation of compound 1 (see supplementary material), and by com-

arison to data available from the literature ( Winkler, 2006 ). Thus,

ompound 1 was characterized as the N-methyl-(2S,4R)- trans -4-

ydroxy- l -proline ( Fig. 1 ), otherwise designated hydroxylhygrinic

cid or (2R,4S)-4-hydroxy-1-methyl-2-pyrrolidine carboxylic acid 

 Krebs and Ramiarantsoa, 1996; Dekebo et al., 2007 ). 

nimals 

Male Swiss mice (25 – 30 g) were provided by the Animal House

f the Federal University of Ceará (UFC), Brazil. The animals were

oused into plastic cages with sawdust as beddings and kept

n a room with controlled temperature (25 ± 2 °C), under a 12 h

ight/12 h dark cycle and food and water supplied ad libitum .

he experiments were carried out according to the Guide for the

are and Use of Laboratory Animals, of the U.S. Department of

ealth and Human Services (USA, 2011). The project was previ-

usly approved by the Animal’s Ethics Committee, of the Faculty

f Medicine of the Federal University of Ceará. In all tests, the drug

as dissolved in distilled water prior to use. 

ormalin test in mice 

Twenty microliters 2% formalin were administered s.c. to the

ouse’s right hind paw, and the licking time was recorded from 0

o 5 min (phase 1, neurogenic) and from 20 to 25 min (phase 2, in-

ammatory) after the formalin injection. The animals (6 to 17 per

roup) were treated with distilled water (Control, 0.1 ml/100 g, i.p.),

orphine (MOR, 5 mg/kg, i.p.) or NMP(25, 50 and 100 mg/kg, p.o.).

orphine was used as reference. The treatments were performed

0 min before the formalin injection. 

arrageenan-induced mouse paw edema 

In this test, the mice were randomly chosen, divided into the

ollowing groups (ranging from 6 to 8 animals): Control (admin-

stered with distilled water, 0.1 ml/100 g) and groups administered

ith NMP (25, 50 and 100 mg/kg, p.o.). Another group was injected

ith the reference drug, indomethacin (INDO, 20 mg/kg, i.p.). Sixty

inutes later, the edema was induced by the injection of 40 μl 1%

arrageenan solution into the animal’s right hind paw. Measure-

ents of the paw volume were done by means of a plethysmome-

er (Ugo Basile, Italy), immediately prior to the carrageenan injec-

ion and 1, 2, 3, 4 and 24 h after. The paw edema volume (ml)
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Fig. 2. N-methyl-(2S,4R)- trans -4-hydroxy- l -proline (NMP) isolated from the methanolic extract of S. obtusifolium leaves reduces the 1st (neurogenic, A) and mainly the 2nd 

(inflammatory, B) phases of the formalin test. Left, 1st phase: a. vs. control, q = 6.034 ∗∗; b. vs. control, q = 7.626 ∗∗∗; c. vs. control, q = 9.467 ∗∗∗; d. vs. control, q = 11.90 ∗∗∗ . 

Right, 2nd phase: a. vs. control, q = 4.337 ∗; b. vs. control, q = 8.422 ∗∗∗; c. vs. control, q = 12.58 ∗∗∗; d. vs. control, q = 10.84 ∗∗∗ (ANOVA and Tukey as the post hoc test). 
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was determined by the difference between the final and initial vol-

umes. 

In vivo carrageenan-induced neutrophil migration into mice 

peritoneal cavities 

Groups of 6animals were treated with NMP (100 mg/kg, p.o.),

dexamethasone (DEXA, 4 mg/kg, i.p.) or distilled water (Control),

60 min before the induction of inflammation by means of 1% car-

rageenan (250 μl). All drugs were administered at a volume of

10 ml/kg. Then, the animals were returned to their cages and left

with free access to water. After 4 h, the animals were euthanized

and 3 ml PBS containing heparin (5 IU/ml) were interjected into

their peritoneal cavities. Then, the peritoneal fluid was collected

with a Pasteur pipette, through abdominal laparoscopy. A sam-

ple of the peritoneal lavage fluid was diluted (1:20) in Turk liq-

uid, for quantification of cell numbers, using a Neubauer chamber.

The cells were stained by a conventional fast pigment (panoptic-

stained blood smears) and the results were expressed in number

of cells/mm 

3 . 

Myeloperoxidase (MPO) release from human neutrophils 

Polymorphonuclear cells, predominantly neutrophils (80–90%)

presenting a 90% viability were obtained from the Hematology and

Hemotherapy Center of the Ceará State (HEMOCE, Fortaleza, Brazil)

and isolated according to a previously described method ( Lucisano

and Mantovani, 1984 ). The blood was centrifuged, the plasma dis-

carded and the serum washed several times with saline, using a

2.5% gelatin solution as a separation gradient of blood cells. Then,

a suspension of neutrophils (5 × 10 6 cells/ml) was incubated for

15 min with HBSS (Hanks’ balanced salt solution), distilled water

(vehicle, control), NMP (10–100 μg/ml) or indomethacin (INDO, as

reference), at 37 °C. Additionally, except for the HBSS, all other as-

say tubes received phorbol 12-miristate 13-acetate (PMA, 0.1 μM),

for 15 min at 37 °C. This was followed by centrifugation (800 g,

4 °C), then PBS (100 μl), phosphate buffer (50 μl) and H 2 O 2 (0.012%)

were added to the supernatant (50 μl). After 5 min at 37 °C, 20 μl

tetramethylbenzidine (TMB, 1.5 mM) were added and the reaction
topped by the addition of 30 μl sodium acetate (1.5 M, pH 3.0).

he absorbance was determined at 620 nm. 

istological analyses of HE stained sections from paws with 

arrageenan-induced edema in NMP-treated mice 

Sections (10 μm) from mice paws submitted to carrageenan-

nduced edema were used for HE staining. The edematous paw was

ut, sagittally dissected and fixed in buffered formalin for 24 h, fol-

owed by dehydration in a 70% ethanol solution for paraffin em-

edding and sectioning. The slices were analyzed by optic mi-

roscopy for images capture and cell counting. 

mmunohistochemistry analyses for TNF-alpha, iNOS, COX-2 and 

F-kBon edematous paw sections from carrageenan-induced edema 

n NMP-treated mice 

For immunohistochemistry assays, the streptavidin-biotin-

eroxidase method was used ( Hsu and Raine, 1981 ). Three mice

f each group were treated either with distilled water orNMP

100 mg/kg, p.o.) or indomethacin (INDO, 20 mg/kg) and,60 min

ater, with an intraplantar injection of carrageenan (protocol pre-

iously described). When necessary, a 4th untreated group was in-

luded (normal control). Three hours later, the animals were sacri-

ced and 5 mm plantar region sections of the carrageenan-injected

ind paw were immersed in 10% buffered formol for 48 h, followed

y immersion into a 70% alcohol solution. The sections were then

eparaffinized, hydrated in xylol and ethanol, and immersed in

.1 M citrate buffer (pH 6) under 18 min microwave heating, for

ntigen recovery. After cooling at room temperature for 20 min,

he sections were washed with a phosphate-buffered solution, fol-

owed by a 15 min blockade of endogenous peroxidase, with a 3%

 2 O 2 solution. The sections were incubated overnight (4 °C) with

he primary antibodies(anti-iNOS, anti-COX-2, anti-TNF-alpha and

nti-NF-kB) diluted in PBS, according the manufacturers’ instruc-

ions. On the next day, the sections were washed in PBS and in-

ubated for 30 min with the secondary biotinilated rabbit antibody

anti-IgG), also diluted in PBS (1:200 dilution). After washing in

BS, the sections were incubated for 30 min with the conjugated

treptoavidin peroxidase complex (ABC Vectastain® complex, Vec-
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Fig. 3. N-methyl-(2S,4R)- trans -4-hydroxy- l -proline (NMP) isolated from the 

methanolic extract of S. obtusifolium leaves decreases the carrageenan-induced paw 

edema at the 3rd h, similarly to indomethacin (INDO, 20 mg/kg) used as reference. 

a. vs. control, q = 6.682 ∗∗∗; b. vs. control, q = 7.836 ∗∗∗; c. vs. control, q = 11.29 ∗∗∗; d. 

vs. Control, q = 10.54 ∗∗∗ (ANOVA and Tukey as the post hoc test). 
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Fig. 4. N-methyl-(2S,4R)- trans -4-hydroxy- l -proline (NMP) isolated from the 

methanolic extract of S. obtusifolium leaves decreases the carrageenan-induced 

PMN cell migration to the mouse peritoneal cavity. a. vs. control, q = 17.44 ∗∗∗; b. 

vs. control, q = 16.37 ∗∗∗ . The control was injected with carrageenan (Cg) only, and 

dexamethasone (Dexa) was used as reference. For statistical analyses, ANOVA and 

Tukey as the post hoc test were used. 

Fig. 5. N-methyl-(2S,4R)- trans -4-hydroxy- l -proline (NMP) isolated from the 

methanolic extract of S. obtusifolium leaves decreases the myeloperoxidase release 

from human neutrophils. HBSS = Hank’s balanced salt solution; vehicle = destilled 

water; indomethacin (Indo) was used as reference. a. vs.HBSS, q = 12.57 ∗∗∗; b. 

vs. HBSS, q = 12.72 ∗∗∗; c. vs. HBSS, q = 7.786 ∗∗∗; d. vs. HBSS, q = 5.701 ∗∗; e. vs. 

vehicle, q = 5.138 ∗∗; f. vs. vehicle, q = 6.087 ∗∗; g. vs. vehicle, q = 9.959 ∗∗∗; h. vs. 

Indo, q = 13.23 ∗∗∗ (ANOVA and Tukey as the post hoc test). 
or Laboratories, Burlingame, CA, USA). After another washing with

BS, the sections were stained with 3,3 ′ diaminobenzidine-peroxide

DAB) cromophore, counter-stained with Mayer hematoxylin, de-

ydrated and mounted in microscope slides for analyses, and the

ata were semiquantified (as relative optic densitiy) with the Im-

ge J (NIH, USA) software. 

tatistical analysis 

All results are presented as mean ± S.E.M. One-way ANOVA

nd Tukey as a post hoc test were used for comparing the results

mong treatments. The significance level was set at p < 0.05. 

esults 

ffects of NMP on the formalin test in mice 

This is a tonic model of continuous pain, particularly useful

or the evaluation of inflammatory, neurogenic and central mech-

nisms of nociception. The formalin-induced nociceptive behavior

hows an early phase, starting immediately after the formalin in-

ection and lasting for 5 min, and a late phase, lasting for 20 to

0 min and starting 15 to 20 min after the formalin injection. The

st phase ( Fig. 2 A) is due to a direct chemical stimulation of noci-

eptors, and the 2nd phase involves peripheral inflammatory pro-

esses ( Haley et al., 1989; Meunier et al., 1998 ). NMP (25, 50 and

00 mg/kg) reduced the licking time (s) in the 1st phase of the test

y 35, 42 and 52%, respectively. MOR (5 mg/kg) decreased this no-

iceptive behavior by 65%. A similar but more intense effect was

bserved in the 2nd phase ( Fig. 2 B) of the formalin test, where

MP at the same doses decreased by 30, 61 and 78% the licking

ime, as related to controls. MOR showed an 83% reduction of this

ociceptive behavior.Thus, our results indicated that NMP is effec-

ive in both neurogenic and inflammatory phases of the formalin

est ( Fig. 2 A and B). 
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Fig. 6. N-methyl-(2S,4R)- trans -4-hydroxy- l -proline (NMP) isolated from the methanolic extract of S. obtusifolium leaves decreases the PMN cell number in the carrageenan- 

induced edematous paws. Control = normal paw; carrageenan = Cg. Indomethacin (Indo) was used as reference. a. vs. control, q = 10.75 ∗∗∗; b. vs. Cg, q = 12.45 ∗∗∗; c. vs. Cg, 

q = 10.76 ∗∗∗ (ANOVA and Tukey as the post hoc test). 
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Effects of NMP on the carrageenan-induced paw edema in mice 

This test is widely used to test new anti-inflammatory drugs,

as well as to study the mechanisms involved in inflammation. Car-

rageenan caused a progressive increase in the paw edema, present-

ing a peak between 3 and 4 h and decreasing towards the basal

level afterwards. In the present work, edema measurements were

performed 3 h after the carrageenan injection. We showed that

NMP, at the doses of 25, 50 and 100 mg/kg, reduced by 30, 37 and

51% the edema volume, respectively, in relation to controls. The re-

duction was of 48% after INDO (20 mg/kg) injection ( Fig. 3 ). 

Effects of NMP on the carrageenan-induced peritonitis in mice 

The intraperitoneal administration of carrageenan produces a

sustained increase in post-capillary venule permeability, thereby

leading to increased infiltration of PMN cells, particularly neu-

trophils. NMP at the dose of 100 mg/kg reduced by 77% the PMN

cells (predominantly neutrophils) infiltration, as related to controls,

while the reduction was of 72% after DEXA (4 mg/kg) injection ( Fig.

4 ). 
n vitro effect of NMP on myeloperoxidase (MPO) activity in human 

eutrophils 

MPO is an enzyme largely expressed in neutrophils. It has been

emonstrated to be involved in cellular homeostasis and plays an

mportant role in the initiation and progression of acute, as well

s chronic inflammatory diseases ( van et al., 2009 ). NMP, at con-

entrations of 25, 50 and 100 μg/ml, decreased by 24, 31 and 40%,

espectively, the absorbance measurements, in relation to controls

 Fig. 5 ). 

ffect of NMP on PMN cell migration (HE staining) in mice 

demateous paws from carrageenan-induced edema 

The objective was to detect PMN cell migrations to the inflam-

ation site and its possible inhibition after NMP treatment. The

E staining of edematous paw sections revealed a significant 2-

old increase in the average number of PMN cells, 3 h after the

arrageenan injection, as related to normal controls (carrageenan-

ntreated animals). On the other hand, these values were similar

o those of normal controls, in groups pretreated with NMP100 and

NDO20 ( Fig. 6 ). 
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Fig. 7. N-methyl-(2S,4R)- trans -4-hydroxy- l -proline (NMP) isolated from the methanolic extract of S. obtusifolium leaves decreases the immunoreactivity for iNOS in the 

carrageenan (Cg) induced paw edema. The controls represent normal paws and Cg represents paws from animals injected with carrageenan only, and with carrageenan 

plus NMP (100 mg/kg) or carrageenan plus indomethacin (Indo, 20 mg/kg). The data were quantified by Image J software (NIH, USA). a. vs. control, q = 35.82 ∗∗∗; b. vs. Cg, 

q = 31.03 ∗∗∗; c. vs. Cg, q = 25.84 ∗∗∗; d. vs. control, q = 7.088 ∗∗; e. vs. Cg + NMP100 (ANOVA and Tukey as the post hoc test). 
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ffects of NMP on iNOS, COX-2, TNF-alpha and NF-kB 

mmunohistochemical assays in edematous mice paws from 

arrageenan-induced edema 

The objectives were to demonstrate, in mice paws from

arrageenan-induced edema, attenuation or reversion of the in-

ammatory changes after NMP treatments. For that, immunosto-

hemistry assays for iNOS and COX-2 (inflammation-related en-

ymes), TNF-alpha (a pro-inflammatory cytokine) and the nuclear

actor NF-kB(a transcription factor) were performed. NF- κB has

ong been considered a prototypical proinflammatory signaling

athway, largely based on its activation by proinflammatory cy-

okines, such as interleukin 1 (IL-1) and tumor necrosis factor-

lpha (TNF-alpha) ( Lawrence, 2009 ). The assays performed with-

he carrageenan group (Cg) revealed an almost 17-fold increase in

NOS immunoreactivity, as related to the normal control. Lower

ncreases (4-fold) were observed after treatments with NMP100

Cg + NMP100), and also INDO20 (6-fold), used as a reference drug

 Fig. 7 ). A 7-fold increase in immunoreactivity for TNF-alpha was

een in the Cg group,as related to normal controls. However, in-

reases of the order of 2-fold, approximately, were observed in the

g groups after the same treatments with NMP100 and INDO20

 Fig. 8 ). A 2.7-fold increase was demonstrated for COX-2 im-

unoreactivity in the Cg-induced edematous paw, as compared to

he normal paw, while only around 1.8-fold was observed for paws

fter bothNMP100 and INDO 20 treatments ( Fig. 9 ). A similar in-

i  
rease of 2.8-fold in the NF-kB immunostaining was demonstrated

n the Cg group, as related to normal controls. Immunostaining val-

es in the Cg + NMP100 group were similar to those of controls,

hile a 1.5-fold increase was seen in the Cg + INDO20 group ( Fig.

0 ). 

iscussion 

N-methyl-(2S,4R)- trans -4-hydroxy- l -proline (NMP) isolated

rom S. obtusifolium leaves caused significant and dose-dependent

ecreases in the 1st (neurogenic) and mainly in the 2nd phase

inflammatory) of the formalin test. Acute nociceptive, inflam-

atory and neuropathic pains depend, insome degree, on the

eripheral activation of primary sensory afferent neurons. These

eurons can be activated by a range of inflammatory mediators,

uch as prostanoids, bradykinin, ATP, histamine, and serotonin

 Sawynok, 2003 ). Furthermore, the inhibition of their actions

epresents a strategy for the development of new analgesic and

nti-inflammatory drugs. 

NMP also decreased the carrageenan-induced paw edema

n mice. Several mediators, as histamine, serotonin, bradykinin,

rostaglandins, oxygen and nitrogen reactive species are known to

e involved in the increased vascular permeability observed in in-

ammatory processes. Nonsteroidal anti-inflammatory drugs have

een shown to be active in this model, as indomethacin used

n the present work as a reference drug. In addition, the signs
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Fig. 8. N-methyl-(2S,4R)- trans -4-hydroxy- l -proline (NMP) isolated from the methanolic extract of S. obtusifolium leaves decreases the immunoreactivity for COX-2 in the 

carrageenan (Cg) induced paw edema. The controls represent normal paws and Cg represent paws from animals injected with carrageenan only, and with carrageenan 

plus NMP (100 mg/kg) or carrageenan plus indomethacin (Indo, 20 mg/kg). The data were quantified by Image J software (NIH, USA). a. vs. normal, q = 27.80 ∗∗∗; b. vs. Cg, 

q = 16.56 ∗∗∗; c. vs. Cg, q = 16.53 ∗∗∗; d. vs. normal, q = 12.46 ∗∗∗; e. vs. normal, q = 12.49 ∗∗∗ (ANOVA and Tukey as the post hoc test). 
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of inflammation, such as edema, hyperalgesia, and erythema de-

velop immediately after the intraplantar injection of carrageenan,

resulting from the action of the above proinflammatory mediators

that can be generated at the site of the insult and by infiltrat-

ing cells. Rapid migration and degranulation of neutrophils provide

high MPO contents, at the inflammation sites. 

Others ( Araujo-Neto et al., 2010 ) reported that the oral treat-

ment with the ethanol extract from S. obtusifolium elicited an in-

hibitory activity on acetic acid writhings, as well as on the 2nd

phase of the formalin test, but with no effect on the hot plate

test. These authors also found that the ethanolic extract inhibited

the carrageenan-induced edema and leukocyte migration into the

peritoneal cavity. However, all these effects were recorded at dose

intervals (100 to 400 mg/kg) much higher than those used in the

present study. It is important to mention that 100 mg/kg were the

highest dose used by us, which would correspond to a human

equivalent dose (HED) of 19 mg/kg, for a 70 kg person (Nair and

Jacob, 2016). Besides, the recommended dose of oxaceprol, an l -

proline derivative, as NMP, is 200 or 400 mg three times a day,

corresponding to 60 0 or 120 0 mg/day, respectively (HED = 8.5 or

17.0 mg/kg, for a 70 kg person). 

Our results indicate that NMP attenuated carrageenan-induced

inflammation, by reducing neutrophil migration and MPO re-

lease. The injection of carrageenan into the pleural space leads

to pleurisy and PMN infiltration. Models of carrageenan-induced

pleurisy have been widely employed for investigating the patho-

physiology of acute inflammation and evaluating the efficacy of
rugs in inflammation ( Cuzzocrea et al., 1999 ). We observed that

he carrageenan-induced infiltration of neutrophils into the mouse

eritoneal cavity was, in great part, inhibited by previous NMP or

NDO treatments. Furthermore,NMP and INDO significantly inhib-

ted MPO release from human neutrophils. MPO is considered a

allmark of neutrophils infiltration in inflammation. Neutrophils

re highly found in inflammatory diseases where they cause tis-

ue damage through antigen presentation and secretion of cy-

okines, chemokines, prostaglandins and leucotrienes ( Wright et

l., 2010 ). Importantly, although neutrophils are major effectors of

cute inflammation, these cells also contribute to chronic inflam-

atory conditions and adaptive immune responses ( Kolaczkowska

nd Kubes, 2013 ). Thus, by decreasing neutrophils infiltration, NMP

ould be a potential candidate for both acute and chronic inflam-

atory conditions. 

Others ( Pereira et al., 2013 ), by using the cyclophosphamide-

nduced cystitis in rats, observed that the ethanol extract of the in-

er bark of S. obtusifolium decreased MPO activity in bladder tissue,

ccompanied by lipoperoxidation, not supporting, thus, the use of

his species for the treatment of cystitis. Evidences ( Yildrim et al.,

004 ) indicate that oxidants may be important in the pathogen-

sis of cyclophosphamide-induced cystitis. In addition, its patho-

hysiological mechanisms include transcription factors, cytokines

nd free radicals, among other factors ( Korkmaz et al., 2007 ). Re-

ently ( Figueiredo and Lima, 2015 ), the anthocyanins present in the

ruit of S. obtusifolium were found to be a rich source of antioxi-

ants, what could justify the use of this species in the prevention



P.E.A. de Aquino et al. / Phytomedicine 24 (2017) 14–23 21 

Fig. 9. N-methyl-(2S,4R)- trans -4-hydroxy- l -proline (NMP) isolated from the methanolic extract of S. obtusifolium leaves decreases the immunoreactivity for TNF-alpha in the 

carrageenan (Cg) induced paw edema. The controls represent normal paws and Cg represents paws from animals injected with carrageenan only, and with carrageenan 

plus NMP (100 mg/kg) or carrageenan plus indomethacin (Indo, 20 mg/kg). The data were quantified by Image J software (NIH, USA). a. vs. control, q = 37.79 ∗∗∗; b. vs. Cg, 

q = 29.51 ∗∗∗; c. vs. Cg, q = 34.35 ∗∗∗; d. vs. control, q = 8287 ∗∗∗; e. vs.Cg + NMP100, q = 4.841 ∗ (ANOVA and Tukey as the post hoc test). 
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r treatment of inflammatory conditions as the cyclophosphamide-

nduced cystitis. 

In the present study, we demonstrated that NMP treatments

ignificantly attenuated iNOS and COX-2 immunoreactivities in the

arrageenan-induced edematous paw. Evidences indicate that NO

cts as a pro-nociceptive mediator in inflammation, in experimen-

al models, including carrageenan-induced inflammation. PGs are

lso well established inflammatory mediators. Furthermore, COX

nzymes catalyze the bisoxygenation of arachidonic acid to PGH2,

he commited step in PG formation ( Toriyabe et al., 2004 ). Several

n vivo and in vitro studies have suggested an interaction of NO and

G, in which the production of PGE2 is augmented further in the

resence of NO. Inhibition of NO production by iNOS inhibitors has

een found to decrease the production of PGE2 ( Salvemini et al.,

995; Chen and Levine, 1999 ). It is thought that this NO effect is

ue to its ability to activate the COX enzyme. In inflammation, the

unctional relation between NO and COX pathways suggests that

O exacerbates the inflammatory process, through the generation

f additional PG production ( Salvemini et al., 1993 ). 

Furthermore, evidences indicate that the administration of

 NOS-nonselective inhibitor suppresses COX-2 expression in

arrageenan-induced inflammation, and iNOS induces a massive

O production at the inflammatory site, contributing to COX-2

pregulation ( Toriyabe et al., 2004 ). Others ( Chun et al., 2004 )

emonstrated NO-induced COX-2 upregulation, through the tran-

cription factor NF-kB, a known regulator of both COX-2 and
NOS expressions. The nuclear factor NF-kB pathway is consid-

red a proinflammatory signaling pathway, based on its role in

he expression of proinflammatory genes, including cytokines,

hemokines and adhesion molecules ( Lawrence, 2009 ). 

In the present study, we observed that NMPdecreased NF-kB

nd TNF-alpha immunoreactivities. It has been previously demon-

trated ( Cuzzocrea et al., 1999 ) that iNOS and COX-2 expressions

re mediated by TNF-alpha and IL-1. NF-kB is known to upreg-

late signaling proteins, such as inducible nitric oxide synthase

iNOS). Consequently, under normal conditions, NF-kB activation

ill prevent TNF-alpha induced cell death in hepatocytes and other

rimary cells, and NF-kB–regulated signaling pathways become

he predominant biologic response to TNF-alpha. Key regulators

f TNF-alpha signaling pathways are ROS,which can regulate both

poptotic signaling and NF-kB transcription( Han et al., 2009 ). Fur-

hermore, evidences ( Saud et al., 2005; Nandi et al., 2010 ) indicate

hat TNF-alpha modulates iNOS expression in some inflammation

odels in vivo . 

Previously ( Ionac et al., 1996; Bauer et al., 1999; Herrmann et

l., 20 0 0; Veihelmann et al., 20 01; Krüger et al., 2007 ), oxaceprol,

nother proline derivative (N-acetyl- l -hydroxyproline), as NMP,was

hown to present anti-inflammatory properties. Oxaceprol is con-

idered an atypical inhibitor of inflammation, since it acts by in-

ibiting leucocyte adherence and infiltration in inflammatory pro-

esses ( Ionac et al., 1996; Parnham, 1999; Veihelmann et al., 2001 ).

linical studies ( Krüger et al., 2007 ) suggest that oxaceprol is a
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Fig. 10. N-methyl-(2S,4R)- trans -4-hydroxy- l -proline (NMP) isolated from the methanolic extract of S. obtusifolium leaves decreases the immunoreactivity for NF-kB in the 

carrageenan (Cg) induced paw edema. The controls represent normal paws and Cg represents paws from animals injected with carrageenan only, and with carrageenan 

plus NMP (100 mg/kg) or carrageenan plus indomethacin (Indo, 20 mg/kg). The data were quantified by Image J software (NIH, USA). a. vs. control, q = 12.07 ∗∗∗; b. vs. Cg, 

q = 12.57 ∗∗∗; c. vs. Cg, q = 8.998 ∗∗∗ (ANOVA and Tukey as the post hoc test). 
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potential candidate for the therapy of osteoarthritis,with efficacy

equivalent to that of diclofenac. However, the oxaceprol action

mechanism, although similar to that of NMP, differs, in the sense

that while oxaceprol does not inhibit prostaglandin synthesis, NMP

does, as demonstrated by the decrease in COX-2 immunoreactivity.

In conclusion, in the present study we showed, for the first

time, the antinociceptive and mainly the anti-inflammatory prop-

erties of a natural l -proline derivative, isolated from S. obtusi-

folium . This compound inhibited the increased immunoreactivi-

ties for iNOS, COX-2, TNF-alpha and NF-kB,observed in edematous

paws from untreated mice, inhibitions which are certainly related

to the drug effect. Furthermore, additional studies, as those involv-

ing pharmacokinetic and toxicokinetic profiles,would be important

in order to include NMP in translational studies, as a potential new

anti-inflammatory drug. 
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