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Abstract: Acetic acid-induced writhing, hot-plate, carrageenan-induced pleurisy,
formalin-induced pain, croton oil-induced ear edema, vascular permeability tests
and phospholipase A, activity assay were used to study the analgesic and/or anti-
inflammatory activity of the hydromethanolic fraction of ethanolic extract from
Spiranthera odoratissima A. St.-Hil., Rutaceae, leaves (HMF) and its subfraction
(sub-Fr, ,.). HMF and sub-Fr , reduced the leukocyte migration on the carrageenan-
induced pleurisy test; sub-Fr . reduced the pain reaction time in the second phase
of formalin-induced pain, as well as the ear edema and vascular permeability. Both
HMF and sub-Fr . inhibited the phospholipase A, activity. These results suggest
that the analgesic effect of this plant could be, in part, due to an anti-inflammatory
action produced by the inhibition of phospholipase A, activity.
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Introduction

Spiranthera odoratissima A. St.-Hil., Rutaceae,
popularly known in Brazil as manaca, is found in the
Brazilian Cerrado region and in folk medicine is used to
treat different pathologies. The leaves and roots are used
to treat rheumatism, abdominal pain, headache, muscle
pain, stomach ache, kidneys and hepatic infections,
urinary retention, as depurative and appetite stimulant
(Galdino et al., 2007; Trevenzol et al., 2006; Ribeiro et
al., 2005; Vila-Verde et al., 2003).

The evaluation of central nervous system (CNS)
activity with the hexane fraction of ethanolic extract
from manaca leaves indicates a depressant activity with
this fraction (Matos et al., 2006). Matos et al. (2003) have
shown the analgesic and anti-inflammatory activities of
aqueous fraction of ethanolic extract from manacé leaves
in the acetic acid-induced writhing, croton oil-induced
ear and carrageenan-induced peritonitis, similarly, these
results also were obtained with the ethanolic extract from
manaca roots, and also a CNS depressant activity (Matos
et al., 2004). These results could explain the popular use
of this plant to treat pain and inflammatory process.

Phospholipases A, (PLA,) form a family
of enzymes catalyzing the hydrolysis of membrane
phospholipids into arachidonic acid, which is the major
precursor of pro-inflammatory eicosanoids (Kini, 2003;

Nevalainen et al., 2008; Burke & Dennis, 2009; Folmer
et al., 2010). These enzymes are the main component of
snake venom and this enzyme have been investigated
because their similarity to mammalian phospholipases
(Evangelista et al., 2008; Soares & Giglio,, 2003).
Due to the role of PLA, in the inflammatory process,
PLA,_ have been considered as potential targets in anti-
inflammatory drug discovery, resulting in an interest in
PLA, inhibitors.

The this work aimed to purify the
hydromethanolic fraction of ethanolic extract from
S. odoratissima leaves (HMF), isolate an active sub-
fraction responsible for the anti-inflammatory effect,
and also assays the effect this sub-fraction upon the
PLA, activity as the possible anti-inflammatory
mechanism.

Material and Methods
Plant material

The leaves from Spiranthera odoratissima A. St.-
Hil., Rutaceae, were collected in a region of Cerrado, in
Senador Canedo City, Goias, Brazil (762 m, 16°45°45.2”
S, 49°07°06.8” W). The samples were authenticated by
Dr. José Realino de Paula (Pharmacy Faculty/UFG) and
a voucher specimen has been deposited in the Federal
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University of Goias herbarium (UFG-30,275).
Crude extract and hydromethanolic fraction

The ethanolic extract from manacé leaves and
fractions were obtained according to Matos et al. (2003).

Subfraction 10-28 (Sub-Fr,, , )

The HMF was fractionated using a column
chromatography packed with Sephadex LH-20® eluted
with methanol solution.

Phytochemical screening

The methods of Harborne (1984) and Ikhiri et al.
(1992) were used to screen the HMF and sub-Fr .. for
second metabolites. Only the second metabolites positive
in HMF were screened in sub-Fr, ..

Animals

Male albino Swiss mice (25-30 g) provided by
the Central Animal House of UFG were used in this study.
The animals were maintained under controlled conditions
of temperature and light (12 h dark/light), with water
and food ad libitum. The experimental protocols were
approved by Research Ethic Council of UFG (Protocol
n°. 102/2008).

Drugs e solvents

Dexamethasone, Decadron (Ache);
indomethacin, Indoci (Merck Sharp & Dohme); morphine,
Dimorf® (Cristalia); acetone (Vetec); acetic acid (Vetec);
hydrochloric acid (Vetec); sulfuric acid (Vetec);
carrageenan (Sigma); aluminum chloride (Vetec); calcium
chloride (Isofar); ferric chloride (Baker analyzed);
sodium chloride (Belga); chloroform (Proquimicos);
ethanol (Vetec); hexane (Proquimico); sodium hydroxide
(Merck); methanol (F.Maia); croton oil (Sigma);
quercetin (Sigma); egg yolk suspension (Newprox);
Tris (hydroxymethyl) aminomethane (Merck); vanillin
(Sigma); Caudisona durissa collilineata venom (Center
of Biological Studies and Research-PUCGO).

Pharmacological tests
Acetic acid-induced abdominal writhing test
Groups of nine mice were treated p.o. with
vehicle (10 mL/kg), HMF (50, 150 and 500 mg/kg), or

indomethacin (10 mg/kg) (Hendershot & Forsaith, 1959;
Koster et al., 1959).
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Hot plate test

Groups of seven mice were treated with vehicle
(10 mL/kg, p.o.), HMF (500 mg/kg, p.o.) or morphine
(10 mg/kg, s.c.) (Woolfe & MacDonald, 1944). The time
to pain reaction was recorded at the times of -60, -30,
0, 30, 60, 90, 120, 150 and 180 min in the hot plate (at
55+0.5 °C).

Carrageenan-induced pleurisy test

Groups of eight mice were treated p.o. with
vehicle (10 mL/kg), HMF (50, 150 and 500 mg/kg), sub-
Fr,, ., (10, 20 and 40 mg/kg) or dexamethasone (2.0 mg/
kg) (Vinegar et al., 1973). The total number of leukocytes
in the exudates was determined using a Neubauer
chamber.

Formalin-induced pain test

Groups of ten mice were treated with vehicle (10
mL/kg, p.o.), sub-Fr, .. (20 mg/kg, p.o.), indomethacin
(10 mg/kg, p.o.) or morphine (10 mg/kg, s.c.) (Hunskar
& Hole, 1987).

Croton oil-induced ear edema test

Groups of nine mice were treated p.o.
with vehicle (10 mL/kg), sub-Fr . (20 mg/kg) or
dexamethasone (2.0 mg/kg) (Zanini et al., 1992).

Vascular permeability test

Each animal received 200 pL of 2.5% Evans
blue dye solution, intravenously, then were submitted
to the protocol of carrageenan-induced pleurisy test
(Vinegar et al., 1973). Groups of nine mice were treated
p-o. with vehicle (10 mL/kg), sub-Fr . (20 mg/kg)
or dexamethasone (2.0 mg/kg). The exudates were
centrifuged (1200 x g, 10 min) and the absorbance of the
collected solution was measured at 600 nm. The amount
of dye leakage was calculated from the absorbance
measurements.

Gel plate assay of phospholipase A, activity

The inhibitory effect of HMF (375, 750 and
1,500 pg/mL) and sub-Fr . (150, 300 and 600 pg/mL)
on PLA  activity was assayed plates containing agarose-
egg yolk gels as substrate (Habermann & Hardt, 1972).
The Caudisona durissa collilineata poison was used
as PLA, source. Eight replicates were done for each
concentration. The results were expressed as hydrolyses
halos area.



Statistical analysis

The data were expressed as meantSEM of
absolute value or percentage of control group. The results
were analyzed using ANOVA and Student-Newman-
Keuls test as post-test, or using only Student’s t-test. P
values less than 0.05 (p<0.05) were considered significant
(Sokal & Rohlf, 1981).

Results
Extractive process and Phytochemical screening

The ethanolic extract yielded 35.7%, compared
to the powder, and the yields of the hexanic (HF),
chloroformic (CF), and hydromethanolic (HMF) fractions
were 0.5, 3.5 and 35% (w/w), respectively, compared to
ethanolic extract. Phytochemical screening showed the
presence of anthraquinones, flavonoids, coumarins and
tannins in HMF and only the presence of tannins in sub-
Fr

10-28"

Fractionation of hydromethanolic fraction

The aliquots (10 to 28) were grouped according
to its Rf on TLC (ethanol:acetic acid solution (80:20, v/v)
as moving phase and sulfuric vanillin 1% was revelator.
The obtained fraction was named sub-Fr with yield
of 13.1% compared to HFM.

10-282

Acetic acid-induced abdominal writhing test

The treatment with HMF (150 and 500 mg/
kg) reduced in a dose-dependent manner the abdominal
writhes from 84.3+4.48 (control group) to 69.8+7.9 and
43.4+5.6%, respectively (Figure 1).
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Figure 1. Effect of hydromethanolic fraction from

Spiranthera odoratissima leaves ethanolic extract (HMF
50, 150 and 500 mg/kg, p.o.) in the number of acetic
acid-induced writhing in mice. Indomethacin (10 mg/kg,
p.o.) was used as positive control. Vertical bars represent
mean+SEM in percentage of control group of accumulated
writhes in 30 min for each experimental group. *p<0.05;
**p<0.01 when compared to control group.
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Hot plate test

The treatment with HMF did not alter the
latency to pain reaction. Morphine increased the latency
at the times 30 and 60 min after the treatment (9.1+0.8
and 10.4£2.1 s, respectively) when compared to control
group (4.8+0.7 and 4.340.7, respectively) (Figure 2).
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Figure 2. Effect of hydromethanolic fraction from
Spiranthera odoratissima leaves ethanolic extract (HMF
500 mg/kg, p.o.) in the latency, in seconds, to reaction
in mice. Morphine (10 mg/kg, s.c.) was used as positive
control. Vertical bars represent mean+SEM for each
experimental group. **p<0.01 when compared to control

group.
Carrageenan-induced pleurisy test

The treatment with HMF (50, 150 and 500
mg/kg) and sub-Fr  , (20 and 40 mg/kg), decreased
the leukocyte migration to pleural cavity from control
value of 6.03+0.61 x 10° leukocytes/mL to 3.63+0.355;
3.542+40.321; 2.97+0.67; 3.74+0.307; 2.79+0.484 x 106
leukocytes/mL, respectively (Figure 3).
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Figure 3. Effect of hydromethanolic fraction from Spiranthera
odoratissima leaves ethanolic extract (HMF 500 mg/kg, p.o.)
in carrageenan-induced pleurisy in mice. Dexamethasone
(2.0 mg/kg, p.o.) was used as positive control. Vertical bars
represent mean+SEM of total number of migrated leukocytes/
mL. *p<0.05; **p<0.01; ***p<0.001 when compared to control
group.

Leukocytes x 16/mL

Formalin-induced pain test

The treatment with sub-Fr, . (20 mg/kg) did

not reduced the licking time (time licking the paw after
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intraplantar injection of formalin) at the neurogenic
phase, but reduced the licking time at the inflammatory
phase from 163.2+10.90 s (control group) to 116.7+8.88
s. Morphine reduced the licking time at both phases and
indomethacin reduced the licking time only at the second
phase (Figure 4).
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Figure 4. Effect of sub-Fr .
induced pain in mice on first phase (0-5 min) and second phase

(20 mg/kg, p.o.) in formalin-

(15-30 min). Morphine (10 mg/kg, s.c.) and indomethacin
(10 mg/kg, p.o.) were used as positive control. Vertical bars
represent mean+=SEM of licking time, in seconds. ***p<0.001
compared with the control group of the first phase. * “p<0.01;
###p<0.001 compared with the control group of the second
phase.

Croton oil—induced ear edema and vascular permeability
tests

The treatment with sub-Fr .. (20 mg/kg)
reduced the ear edema formation as well as the Evan’s
blue dye concentration in pleural exudates (Table 1).
Table 1. Anti-inflammatory effect of sub-Fr, . in croton oil-
induced ear edema and vascular permeability tests.

Test Oedema  Inhibition Evan’s blue Inhibition
Group (mg) %) (ug/mL) (%)
Vehicle
(10 mL/kg) 17.8+0.77 4.10+0.49
Sub-Fr,, - .
(20 mg/kg) 14.0 0.42 21.35 2.07+0.50 49.51
Dexamethasone ) s 7753 1702042 58.54
(2 mg/kg)

Dexamethasone (2.0 mg/kg) was used as positive control. *p<0.05;
**p<0.01; ***p<0.001 when compared to control group.

Gel plate assay of phospholipase A, activity

HMF (375, 750 and 1500 pg/mL) reduced the
halo formatted, in a concentration-dependent manner,
to 76.8+6.0; 54.7+4.3; 26.1+1.2 % of control group,
respectively. Sub-Fr .. (150, 300 and 600 pg/mL)
also reduced the halo formatted to 80.1+7.1; 70.9+4.9;
66.9£3.0 % of control group, respectively (Figure 5).
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Figure 5. Effect of hydromethanolic fraction from Spiranthera
odoratissima leaves ethanolic extract (HMF 1500, 750 and

375 pg/mL) and sub-Fr, ,. (600, 300 and 150 pg/mL) in gel
plate assay of phospholipase A, activity. Vertical bars represent

Halo area (%)

D772

mean+SEM in percentage of halo area of control group. *p<0.05;
**p<0.01; ***p<0.001 when compared to control group.

Discussion

Medicinal plants shown a large range of
secondary metabolites that may show biological activities,
among these plants is Spiranthera odoratissima A. St.-
Hil., Rutaceae, a plant from Brazilian Cerrado with
analgesic and anti-inflammatory activities (Matos et al.,
2003).

With the acetic acid-induced abdominal
writhing test, a high sensibility but low specificity model
(Koster et al., 1959), was demonstrated that HMF posses
antinociceptive activity, this results is in accordance with
Matos et al. (2003), that demonstrated the same effect
with this fraction, and also with Matos et al. (2004), that
demonstrated the antinociceptive effect with the ethanolic
extract from manacad roots in this test.

In order to evaluate the involvement of central
mechanisms in the antinociceptive effect of HMF, we
realized the hot plate test, which is frequently used to
evaluate centrally mediated antinociceptive activity and
utilize thermal stimulus to induce pain (Rinaldi et al.,
2009), in this test HMF did not reduce the latency to
pain reaction which suggests no supra-spinal analgesic
activity.

The reduction in the cell migration and
chemotaxis are important activities shown by different
anti-inflammatory drugs (Catdo-Dias & Sinhorini, 1999;
Cummings, 1999; Servant et al., 2000). The carrageenan-
induced pleurisy is an acute inflammation model that
allows the quantification of leukocytes attracted to pleural
cavity under the action of chemotactic agents, such as
leukotrienes and interleukins, this cell migration is
sensitive to steroidal and non-steroidal anti-inflammatory
drugs (Vinegar et al., 1973; Higgs et al., 1980; Middleton
& Kandaswami, 1992; Brooks & Day, 1991). The HMF
and sub-Fr, . reductions in leukocyte migration suggests
an anti-inflammatory activity that can be associated with
the inhibition of late phase of the inflammatory process,
where the chemotactic process and the cell migration
happen (Di Vaio & Freitas, 2001; Contran et al., 1999),
and this anti-inflammatory activity could explain the
antinociceptive effects already observed.



The formalin-induced pain test is divided in two
phases: the neurogenic phase (first 5 min after formaline
intraplantar injection) that involves a direct activation of
sensory fibers C by formaldehyde as well as participation
of peripheral mediators stimulating directly the
nociceptors; and inflammatory phase (15 to 30 min after
the injection) that involves the release and production of
inflammatory mediators (Rochaetal., 2007). The sub-Fr
. showed an antinociceptive activity only in the second
phase, confirming that the observed effects with the
treatment with sub-Fr, , are not due to central analgesic
effect and possibly due to an anti-inflammatory action,
such as inhibition in synthesis or release of inflammation
mediators (prostaglandins, thromboxanes, leukotrienes,
among others).

The sub-Fr, .. anti-inflammatory activity was
evaluated in the croton oil-induced ear edema and
vascular permeability tests. The croton oil is a vascular
irritant agent and causes leukocyte migration to the
region, edema and topic dermatitis, in the croton oil-
induced ear edema the edema intensity is considered as
an inflammatory parameter that can be measured (Zanini
et al.,, 1992; Montello, 2002). In this test, sub-Fr,
inhibited the edema formation, and considering that sub-
Fr,, ., was able to inhibit the licking time only in the
second phase of formalin test (inflammatory phase), it is
very likely to considerate that the ear edema inhibition
be due to the anti-inflammatory molecules present in
this fraction. Corroborating with the presence of anti-
inflammatory compound in sub-Fr, ., we observed a
reduction in vascular permeability, an effect produce by
anti-inflammatory drugs (Gehlen et al., 2004).

The PLA, catalyzes the hydrolysis of membrane
phospholipids to produces archidonic acid, which is
involved in the synthesis of eicosanoids, this forms the
first step in inflammatory pathway, and in addition to
inflammation this enzyme has been implicated in the
etiology of atherosclerosis and cancer (Sato et al., 2009;
2008; Murakami et al., 2005). The identification of a
specific PLA inhibitor is an important step in the study
of news potential anti-inflammatory agents (Yu et al.,
1998).

Several snakes venom, including Caudisona
durissa collilineata posses among the main constituents
the enzyme PLA,, with has high structural homology
with human PLA, (Ponce-Soto et al., 2002). The used of
snakes PLA  enzyme in the investigation of PLA specific
inhibitors has been described in some studies (Borges et
al., 2005; Cotrim et al., 2011; da Silva et al., 2008). In
our study, HMF and its sub-fraction (sub-Fr ) were
able to inhibit the PLA  activity, indicating that the anti-

inflammatory activity of HMF and sub-Fr .. evolves, at
least in part, the inhibition in PLA  activity.
The phytochemical screening showed the

presence of tannins, anthraquinones, flavonoids, and
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coumarins in HMF, and only the presence of tannins in
sub-Fr ... The ability of tannins to inhibit phospholipase
A, is already established for ellagic acid and derivates
(da Silva et al., 2008; Glaser et al., 1995; Chandra et
al., 2007), a potent anti-inflammatory found in several
plants, for example in Lafoensia pacari, a plant with
anti-inflammatory activity (Galdino et al., 2009; Rogerio
et al.,, 2006). S. odoratissima tannins could presented
a similar activity. The others secondary metabolites,
presents in HMF, have been report as antinociceptive
and anti-inflammatory compounds (Corréa et al., 2008;
Coutinho et al., 2009; Melo et al., 2009; Seo et al., 2009),
this fact could explain the better effect of HMF in PLA2
activity assay.

In conclusion, the present study demonstrated
the inhibition of PLA, activity as one mechanism
involved in the anti-inflammatory effect of sub-fraction
from hydromethanolic fraction of ethanolic extract from
Spiranthera odoratissima leaves. Through identification
of active molecule will be possibly study others
mechanisms involved in inflammation process, like
cytokines level and other enzymatic activities.

Acknowledgements

The authors are grateful to Mrs. Ekaterina
Rivera A. F. B. and Jackson Nascimento de Lima for the
technical support. Thanks also to CAPES, FAPEG, CNPq
and FUNAPE/UFG for financial support.

References

Borges MH, Alves DLF, Raslan DS, Pil6-Veloso D, Rodrigues
VM, Homsi-Brandeburgo MI, de Lima ME 2005.
Neutralizing properties of Musa paradisiaca L.
(Musaceae) juice on phospholipase A,, myotoxic,
hemorrhagic and lethal activities of crotalidae venoms.
J Ethnopharmacol 98: 21-29.

Brooks PM, Day RO 1991. Nonsteroidal antiinflammatory
drugs - differences and similarities. N Engl J Med 324:
1716-1725.

Burke J, Dennis E 2009. Phospholipase A, biochemistry.
Cardiovasc Drugs Ther 23: 49-59.

Catdo-Dias LJ, Sinhorini IL 1999.
environmental temperature on inflammation in Bullfrog
(Rana catesbeiana): qualitavive and  quantitative
evaluation. Braz J Vet Res Anim Sci 36: 75-81.

Chandra JNNS, Ponnappa KC, Sadashiva CT, Priya BS,
Nanda BL, Gowda TV, Vishwanath BS, Rangappa KS
2007. Chemistry and structural evaluation of different
phospholipase A, inhibitors in arachidonic acid pathway
mediated inflammation and snake venom toxicity. Curr
Top Med Chem 7: 787-800.

Contran RS, Kumar V, Collins T 1999. Patologic Basis of
Disease. Rio de Janeiro:Sauders Company.

Influence of low

Rev. Bras. Farmacogn. Braz. J. Pharmacogn. 22(1): Jan./Feb. 2012 141



Mechanism involved in the anti-inflammatory effect of Spiranthera
odoratissima (Manacd)
Daniela B. M. Barbosa et al.

Corréa MFP, Melo GO, Costa SS 2008. Substancias de origem
vegetal potencialmente uteis na terapia da asma. Rev
Bras Farmacogn 18: 785-797.

Cotrim CA, de Oliveira SC, Diz Filho EB, Fonseca FV,
Baldissera L Jr, Antunes E, Ximenes RM, Monteiro HS,
Rabello MM, Hernandes MZ, de Oliveira Toyama D,
Toyama MH 2011. Quercetin as an inhibitor of snake
venom secretory phospholipase A,. Chem Biol Interact
189: 9-16.

Coutinho MAS, Muzitano MF, Costa SS 2009. Flavondides:
potenciais agentes terapéuticos para 0 processo
inflamatorio. Rev Virt Quim 1: 241-256.

Cummings RD 1999. Structure and function of the selectin
ligand PSGL-1. Braz J Med Biol Res 32: 519-528.

Da Silva SL, Calgarotto AK, Chaar JS, Marangoni S 2008.
Isolation and characterization of ellagic acid derivatives
isolated from Casearia sylvestris SW aqueous extract
with anti-PLA activity. Toxicon 52: 655-666.

Di Vaio MAV, Freitas ACC 2001. Inflamacéo, tratamento e
avangos recentes na terapia de doengas inflamatorias.
Rev Cien Biol Saude 2: 37-67.

Evangelista J, Martins A, Nascimento N, Sousa C, Alves R,
Toyama D, Toyama M, Evangelista J, Menezes D,
Fonteles M, Moraes M, Monteiro H. 2008. Renal and
vascular effects of the natriuretic peptide isolated from
Crotalus durissus cascavella venom. Toxicon 52: 737-
744.

Folmer F, Jaspars M, Schumacher M, Dicato M, Diederich M
2010. Marine natural products targeting phospholipases
A,. Biochem Pharmacol 80: 1793-1800.

Galdino PM, Nascimento MVM, Gongalves NZ, Guimaraes HA,
Matos LG, Paula JR, Costa EA 2007. Espécies vegetais
do cerrado, avaliadas no laboratério de Farmacologia
de produtos naturais-ICB-UFG, quanto ao potencial
antiinflamatodrio de seus extratos. Rev Eletron Farm 2:
103-106.

Galdino PM, Nascimento MVM, Sampaio BL, Ferreira RN,
Paula JR, Costa EA 2009. Antidepressant-like effect
of Lafoensia pacari A. St.Hil. ethanolic extract and
fractions in mice. J Ethnopharmacol 124: 581-585.

Gehlen ML, Moreira H, Moreira L, Sabag FP, Repka JCD
2004. Avaliagdo espectrofotométrica do azul de Evans
na reacdo inflamatdria da cornea: estudo experimental
em coelhos. Arq Bras Oftalm 67: 219-225.

Glaser KB, Sung ML, Hartman DA, Lock YW, Bauer J,
Walter T, Carlson RP 1995. Cellular and topical in
vivo inflammatory murine models in the evaluation of
inhibitors of phospholipase A,. Skin Pharmacol 8: 300-
308.

Harbermann E, Hardt KL 1972. A sensitive and specific plate
test for the quantification of phospholipases. Anal
Biochem 50: 163-173.

Harborne JB 1984. Phytochemical Methods: A guide to Modern
Techniques of Plant Analysis. London: Chapman and
Hall.

142  Rev. Bras. Farmacogn. Braz. J. Pharmacogn. 22(1): Jan./Feb. 2012

Hendershot LC, Forsaith J 1959. Antagonism of the frequency
of phenylquinone-induced writhing in the mouse by
weak analgesics and nonanalgesics. J Pharmacol Exp
Therap 125: 237-240.

Higgs GA, Eakins KE, Mugridge KG, Moncada S, Vane JR
1980. The effects of non-steroid anti-inflammatory
drugs on leukocyte migration in carrageenin-induced
inflammation. Eur J Pharmacol 66: 81-86.

Hunskar S, Hole K 1987. The formalin test in mice: dissociation
between inflammatory and non-inflammatory pain. Pain
30: 103-14.

Ikhiri K, Boubima D, Kouloda DD 1992. Chemical screening of
medicinal plants used in the traditional pharmacopoeia
of Niger. Inter J Pharmacogn 30: 251-262.

Kini2003. Excitement ahead: structure, function and mechanism
of snake venom phospholipase A, enzymes. Toxicon 42:
827-840.

Koster R, Anderson M, Beer EJ 1959. Acetic acid for analgesic
screening. Fed Proc 18: 412.

Matos LG, Galdino PM, Maldaner, RR, Costa EA, Paula JR
2006. Estudos das atividades no sistema nervoso central
da fracdo hexanica do extrato etanolico das folhas da
Spiranthera odoratissima. XIX Simpdsio de Plantas
Medicinais do Brasil. Salvador, Brasil.

Matos LG, Pontes IS, Trevenzol LMF, Paula JR, Costa EA
2004. Analgesic and anti-inflammatory activity of the
ethanolic extract from Spiranthera odoratissima A. St.
Hillaire (manacad) roots. Phytother Res 18: 963-966.

Matos LG, Santos LDAR, Vilela CF, Pontes IS, Trevenzol LMF,
Paula JR, Costa EA 2003. Atividade analgésica e/ou
antiinflamatoria da fracdo aquosa do extrato etanolico
das folhas da Spiranthera odoratissima A.St. Hillaire
(manacd). Rev Bras Farmacogn 13: 15-16.

Melo GO, Malvar DC, Vanderlinde FA, Rocha FF, Pires PA,
Costa EA, Matos LG, Kaiser CR, Costa SS 2009.
Antinociceptive and anti-inflammatory kaempferol
glycosides from Sedum dendroideum. J Ethnopharmacol
124:228-232.

Middleton JR E, Kandaswami C 1992. Effects of flavonoids
on immune and inflammatory cell functions. Biochem
Pharmacol 43: 1167-1179.

Montello MSAG 2002. Efeito da terapia com laser de baixa
potencia (HeNe e AsGa) na dermatite induzida por
oleo de croton em orelha de camundongo. Sao José dos
Campos, 220 p. Dissertagdo de Mestrado, Universidade
do Vale do Paraiba.

Murakami M, Masuda S, Shimbara S, Ishikawa Y, Ishii T,
Kudo I 2005. Cellular distribution, post-translational
modification, and tumorigenic potential of human group
Il secreted phospholipase A(2). J Biol Chem 280:
24987-24998.

Nevalainen T, Graham G, Scott K 2008. Antibacterial actions of
secreted phospholipases A2. Review, Biochim Biophys
Acta 1781: 1-9.

Ponce-Soto LA, Toyama MH, Hyslop S, Novello JC,



Marangoni S 2002. Isolation and preliminary enzymatic
characterization of a novel phspholipase A, from
Crotalus durissus collilineatus venom. J Protein Chem
21:131-136.

Ribeiro TAN, Ndiaye EAS, Velozo ES, Vieira PC, Ellena J,
Sousa-Junior PT 2005. Limonoids from Spiranthera
odoratissima St. Hil. J Braz Chem Soc 16: 1347-1352.

Rinaldi S, Silva DO, Bello F, Alviano CS, Alviano DS, Matheus
ME, Fernandes PD 2009. Characterization of the
antinociceptive and anti-inflammatory activities from
Cocos nucifera L. (Palmae). J Ethnopharmacol 122:
541-546.

Rocha APC, Kraychete DC, Lemonica L, Carvalho LR, Barros
GAM, Garcia JBS, Sakata RK 2007. Dor: aspectos
atuais da sensibilizag¢@o periférica e central. Rev Bras
Anestesiol 57: 94-105.

Rogerio AP, Fontanari C, Melo MC, Ambrosio SR, De Souza
GE, Pereira PS, Franga SC, Da Costa FB, Albuquerque
DA, Faccioli LH 2006. Anti-inflammatory, analgesic
and antioedematous effects of Lafoensia pacari extract
and ellagic acid. J Pharm Pharmacol 58: 1265-1273.

Sato H, Kato R, Isogai Y, Saka G, Ohtsuki M, Taketomi Y,
Yamamoto K, Tsutsumi K, Yamada J, Masuda S,
Ishikawa Y, Ishii T, Kobayashi T, Ikeda K, Taguchi R,
Hatakeyama S, Hara S, Kudo I, Itabe H, Murakami M
2008. Analyses of group III secreted phospholipase A,
transgenic mice reveal potential participation of this
enzyme in plasma lipoprotein modification, macrophage
foam cell formation, and atherosclerosis. J Biol Chem
283:33483-33497.

Sato H, Taketomi Y, Isogai Y, Masuda S, Kobayashi T,
Yamamoto K, Murakami M 2009. Group III secreted
phospholipase A, transgenic mice spontaneously
develop inflammation. Biochem J 421: 17-27.

Seo YJ, Kwon MS, Park SH, Sim YB, Choi SM, Huh GH, Lee
JK, Suh HW 2009. The Analgesic Effect of Decursinol.
Arch Pharm Res 32: 937-943.

Servant G, Weiner OD, Herzmark P, Balla T, Sedat JW, Bourne
HR 2000. Polarization of chemoattractant receptor
signaling during neutrophil chemotaxis. Science 287:
1037-1040.

Mechanism involved in the anti-inflammatory effect of Spiranthera
odoratissima (Manaca)
Daniela B. M. Barbosa et al.

Soares A, Giglio J 2003. Chemical modifications of
phospholipases A, from snake venoms: effects on
catalytic and pharmacological properties. Toxicon 42:
855-868.

Sokal RR, Rohlf FJ 1981. Biometry - the principles and practice
of statistics. New York: W.H. Freeman and Company.

Teixeira CFP, Landucci ECT, Antunes E, Chacur M, Curyc Y
2003. Inflammatory effects of snake venom myotoxic
phospholipases A,. Toxicon 42: 947-962.

Trevenzol LM, Paula JR, Ricardo AF, Ferreira HD, Zatta DT
2006. Estudo sobre o comércio informal de plantas
medicinais em Goiania e cidades vizinhas. Rev Eletro
Farm 3: 23-28.

Vila Verde GM, Paula JR, Caneiro DM 2003. Levantamento
etnobotanico das plantas medicinais do cerrado
utilizadas pela populacdo de Mossamedes (GO). Rev
Bras Farmacogn 13: 64-66.

Vinegar R, Truax JF, Selph JL 1973. Some quantitative temporal
characteristics of carrageenan-induced pleurisy in the
rat. Proc Soc Exp Biol Med 143: 711-714.

Woolfe G, MacDonald AD 1944. The evalution of the analgesic
action of pethidine hydrochloride. J Pharmacol Exp
Ther 80: 300-307.

Yu L, Ternansky RJ, Crisologo JF, Chang J, Baker BL, Outts
SM 1998. Carbonothioate phospholipids as substrate
for a spectrophotometric assay of phospholipase A,.
Anal Biochem 265: 35-41.

Zanini JC Jr, Medeiros YS, Cruz AB, Yunes RRA, Calixto JB
1992. Action of compounds from Mandevilla velutina
on croton oil-Induced ear edema in mice: a comparative
study with steroidal and nonsteroidal antiinflammatory
drugs. Phytother Res 6: 1-5.

*Correspondence

Elson Alves Costa

Departamento de Ciéncias Fisiologicas, Instituto de Ciéncias
Biologicas, Universidade Federal de Goias

Caixa Postal 131, 74001-970 Goiania-GO, Brazil
xico@jicb.ufg.br

Tel. + 55 62 3521 1491

Fax: + 55 62 3521 1204

Rev. Bras. Farmacogn. Braz. J. Pharmacogn. 22(1): Jan./Feb. 2012 143





