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ABSTRACT

The species Costus spicatus Swartz, known popuderlycana-do-brejo,” is widely used in folk medieirin
treatment of various health problems, such as paid inflammation. The present study aimed to ifiettitie main
chemical classes present in the crude methanohexaind in the hexane, chloroform, ethyl acetaté arbutanol
phases from leaves of C. spicatus, as well asgesasthe antinociceptive profile of the organicqasin two tests
of nociception: acetic acid-induced writhing andrf@lin-induced nociception in mice. Phytochemiaziesning
revealed the presence of tannins, flavonoids, &terand triterpenoids in the crude methanol extrant in all
organic phases, and the absence of alkaloids anthé n-butanol phase. The tests were negativedponins and
quinones. In the pharmacological evaluation, at tleses of 50, 100 and 200 mg/kg (by oral routd)pajanic
phases showed antinociceptive activity in the acatid-induced writhing test (p < 0.001). In therfmlin test,
during the first phase, only treatment with theocbform fraction demonstrated the antinociceptiesponse (p <
0.05). In the second phase, the hexane, chloroforthethyl acetate fractions showed an antinocieepdictivity (p
< 0.05). Furthermore, the organic phases did nop@in motor coordination of the animals. Therefotiee results
showed antinociceptive activity in all organic phasexcept in the n-butanol phase, indicating thate effects
were probably due to the presence of secondaryhuktes.
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INTRODUCTION

Pain is a complex, multivariate perceptual expegemefined according to the IASP as "an unpleasamory and
emotional experience associated with actual or ghtebtissue damage, or described in terms thatestigenich
damage" [1]. Considering this aspect, pain is aerseid a common symptom of many clinical conditians is
probably the main reason for procuring medical atiation.

Many treatments can be considered for the treatnm#npainful conditions. However, when considering
pharmacological treatment, some problems limitdimenic use of many medications. The side effeetxidbed for
many non-steroidal, anti-inflammatory drugs (NSAI[# and the phenomena of dependence and tole@ncsed
by continuous use of opioids are among the maitacles currently encountered in their clinical [Ble

The main alternatives to the use of currently adéd medications are natural products, the maimcsofor the
discovery of new chemical entities with biologieaition. Pharmaceutical companies have used cruauhé @ktracts
to produce therapeutic formulations for this pus@4$]. According to Nodari and Guerra [5], plantg @ rich
source of biologically active substances that aidely used as models for synthesis of a large nurobelrugs.
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Therefore, the pharmaceutical industry enthusiakyicexplores the contribution of medicinal plants the
development of new pharmaceutical products.

Therefore, the use of plants with antinociceptiagti-inflammatory effects could be pharmacologigddeneficial
without the undesirable effects of synthetic druflus, discovering new compounds with analgesitviagtin
which there are less pronounced side effects, ban bystematically the objective of several studies the years

[6].

In the search for pharmacological characterizatibthe therapeutic action of several species, tiethe study of
Costus spicatuS$Swartz, belonging to the family Costaceae, pophulanown as "cana-do-brejo." In folk medicine,
this species is used to treat inflammation of traeldber (cystitis), urination pain and difficultyidkey stones and
inflammation of the urethra [7].

Studies on some species of the ge@astus using different parts of the plant, have repodeatinociceptive, anti-
inflammatory activity in rodents. Rodriguez andlabbrators [8] demonstrated the antinociceptivévigtof C.
pictusin a study of the extract from the leaves and s@hattacharya and Nagaich [9] suggest the antteptive
activity of rhizomes from the specieS. speciosus Other study demonstrated the anti-inflammatoryl an
antinociceptive activity of the crude methanol egtrobtained fronC. spicatus(MECSs) in different models of
nociception in rodents [10]. Thus, because of ti#gewse of this plant species in northeastern Btealitional
medicine for the treatment of painful conditiongl gharmacological studies on ger@sstus the objective of this
work was the phytochemical investigation of the ME&hd the hexane, chloroform, ethyl acetate rabdtanol
phases from the leaves Gf spicatugHEXPh, CLPh, ETACPh and-BUPh, respectively), aiming to identify their
chemical classes and to assess the antinocicqptifite of these phases in rodents.

EXPERIMENTAL SECTION

Collection of the plant material

Leaves ofC. spicatuswere collected at the University Campus "Prof.idlm de Campos," in the municipality of
Sé&o Cristévao, Sergipe, in November 2009. A vouspecimen of the species was deposited in the Harbaf
the Department of Biology, Federal University of@pe (UFS), Sergipe, Brazil, under number ASE BL45

Preparation of the crude methanol extract of C. spicatus

The plant material was dried in a greenhouse wittulating air at 40 °C and triturated in a kniféllprobtaining
2.100 kg of powder. The powder was subjected tgotigh maceration in methanol for 72 hours at antbien
temperature. Then, the extract was filtered andceoimated in a rotary evaporator, yielding 90 gttef MECs
(4.28% yield).

Fractionation of the methanol extract

The MECs (24.0 g) was subjected to liquid-liquidtpi@n using organic solvents in order of increasipolarity:
hexane, chloroform, ethyl acetate andbutanol. After evaporation of the solvents in @arg evaporator, the
following phases were obtained, respectively: HEX®80 g; CLPh, 2.600 g; ETACPh, 2.500 g; arBUPh,
1.700 g.

Phytochemical screening

The MECs and the HEXPh, CLPh, ETACPh am@8UPh were submitted to a preliminary screeningpulgh
chemical reactions, to detect the presence of thlewing classes of secondary metabolites [11]:alkalikls
(Dragendorff, Bouchardat and Mayer), quinones (Bager direct), tannins (lead acetate and potassium
dichromate), saponins (foam index), flavonoids ghlknetal hydroxides and iron salts), steroids aitdrpenoids
(Liebermann-Buchard).

Drugs
Glacial acetic acid PA, Tween 80, sodium chloriserphine hydrochloride and Diazepam (DZP) were pased
from Sigma Chemical Company (USA). Formaldehyde 3vV&$ purchased from Synth (Brazil).

Animals

Male Swiss mice weighing 25-30 g were used in gllegiments. The animals were housed in polypropyleages
under controlled temperature (23 + 2 °C) and lifight-dark cycle of 12 hours), and with food andter ad

libitum. The mice were acclimated in the laboratory astleaght hours before the experiments, and on #yeod
the experiment were fasted for six hours. All ekpental protocols were approved by the Ethics Cattemifor
Animal Research at the Federal University of SerdipEPA/UFS 20/2010).
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Acetic acid-induced writhing test

This test was performed according to the methodottescribed by Koster and collaborators [12] andlifired by
Broadbear and collaborators [13]. Initially, thecemiwere divided into 14 groups (n = 6) and preg@atith vehicle
(saline/Tween 80 0.2%, p.o.), HEXPh, CLPh, ETACRBUPhH (50, 100 and 200 mg/kg, p.o.) and MOR (3 mg/k
i.p.). After 60 minutes, an acetic acid solutiorB&%0) was administered at a proportion of 0.1 mliieg of animal
body weight (i.p.). Five minutes after acetic aitigiction, the animals were observed individuadigd the number
of writhings was recorded for a period of 15 misute

Formalin test

This study used the formalin test described by Kaasand Hole [14]. The animals were divided indogtoups (n

= 6) and pretreated with vehicle (saline/Tween &%4) p.o.), HEXPh, CLPh, ETACPh;BUPh (50, 100 and 200
mg/kg, p.o.) and MOR (5 mg/kg, i.p.). After 60 mies, 20 ml of a solution of 1% formalin was injetiato the

dorsal surface of the right hind paw of the aninfdde nociceptive response was evaluated by measthrentime

that the animal spent licking the paw that had iseckthe formalin injection, in two periods: thesti period, 0-5

minutes (first phase); and the second period, 1B8ites (second phase).

Motor coordination test

The animals were selected 24 hours before the empet, excluding those that did not remain 180t9(gpm) on
the Rota-rod apparatus (AVSBrazil). The selected animals were divided intgréups (n = 6) and pretreated with
vehicle (saline/Tween 80 0.2%, p.o.), HEXPh, CLPRACPh,n-BUPh (200 mg/kg, p.0.) and DZP (3 mg/kg, i.p.).
After 30, 60 and 120 min, the animals were agabjexied to the Rota-rod test, and the results wgpeessed as
the time (in seconds) that the animals remainethemotating bar up to a maximum of 180 seconds.

Statistical analysis

All results were presented as mean + standard ti@viaf the mean, and the differences between obatrd the
groups treated with the organic phases were ardilyging one-way analysis of variance (ANOVA) folledvby
Tukey’s or Dunnett’s test. Differences were congdesignificant for p < 0.05.

The percentage inhibition was calculated by thi¥ahg formula [15]:
% inhibition = 100 x (control - experiment)/control
RESULTS AND DISCUSSION

This study presented a knowledge of the main semgnaietabolite classes found in the MECs and inotiganic
phases of the speci€s spicatusand conducted an evaluation of the antinociceppirafile of HEXPh, CLPh,
ETACPh anch-BUPh in two tests of nociception in rodents: acatiid-induced writhing and the formalin test.

Of the seven classes of chemical substances egdlirathe preliminary screening, our study detediedpresence
of tannins, flavonoids, steroids and triterpened te absence of saponins and quinones in the MiE@sn all
organic phases. As for the presence of alkalaeBUPh was the only phase that was found negativethis
constituent. The absence of saponins in the ME@srathe organic phases is not consistent witHiteeature data
for the specie€. spicatug16] which can be explained by several factors #iéect the secondary metabolism of
plants, such as seasonality, soil type, temperaiater availability, and climatic factors, amorthers [17].

Figures 1, 2, 3and4 show the results from HEXPh, CLPh, ETACPh ar8UPh, respectively, in the acetic acid-
induced writhing test. Treatment of the animalshwibe organic phases significantly reduced the reundf
writhings induced by the administration of aceti@dasolution (i.p.) compared to animals in the cohgroup.

HEXPh Figure 1) showed an antinociceptive effect at all doseete0 mg/kg, p < 0.01; 100 and 200 mg/kg, p <
0.001). The same occurred with the ETACPh frac(ligure 3) (50 mg/kg, p < 0.05; 100 and 200 mg/kg, p <
0.001). On the other hand, CLPFdure 2) andn-BUPh (Figure 4) required higher doses (100 and 200 mg/kg) to
significantly reduce (p < 0.001) the number of hirgs.
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Figure 1. Effect of administration of vehicle, HEXF (50, 100 and 200 mg/kg, p.o.) and MOR (3 mg/kgpi) on the nociceptive behavior
in the test for writhing induced by 0.85% acetic ail in mice (n = 6)
**p < 0.01, **p < 0.001 significantly different fom control (one-way ANOVA followed by Tukey's test)
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Figure 2. Effect of administration of vehicle, CLPh(50, 100 and 200 mg/kg, p.0.) and MOR (3 mg/kgpi) on the nociceptive behavior in
the test for writhing induced by 0.85% acetic acidn mice (n = 6)
**p < 0.01, **p < 0.001 significantly different fom control (one-way ANOVA followed by Tukey's test)

Secondary metabolites are widely described in iieeature to exhibit various pharmacological prdigst The
correlation between the antinociceptive activitdisplayed by all the organic phases in the acetid-mduced
writhing test is probably associated with the pneseof these chemical constituents (alkaloids ofteids, tannins,
steroids and triterpenes), with the exception efalkaloids fom-BUPh.

The test for writhing is a widely used model foresming compounds with potential analgesic, arfl&smmatory
activity. The intraperitoneal injection of aceticich causes a characteristic behavioral responsesidered a
reflection of visceral pain [18,19].

Inflammation causes the release of prostaglan@insugh to cause spasms translated into writhing2301t is

believed that acetic acid acts indirectly causing telease of endogenous mediators involved in fatidn of

nociception, including bradykinin, serotonin, hieiae and prostaglandins [23,24]. Furthermore, region

induced by acetic acid depends on the release tkiogs such as ILf, TNFa and IL-8 from resident
macrophages and basophils in the abdominal cavity & conjunction with other mediators, can indube

characteristic nociception observed in this te5§t28]. Another important contributing factor is tilieect activation
of nociceptors by protons through the opening efide variety of channels of non-selective catiss;h as the
TRPV1 receptors present in the cutaneous and wdilsperipheral terminations of the primary afferdis,27].
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Figure 3. Effect of administration of vehicle, ETAQPh (50, 100 and 200 mg/kg, p.o.) and MOR (3 mg/kigp.) on the nociceptive behavior
in the test for writhing induced by 0.85% acetic ai in mice (n = 6)
*p < 0.05, ***p < 0.001 significantly different fnm control (one-way ANOVA followed by Tukey's test)
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Figure 4. Effect of administration of vehicle,n-BUPh (50, 100 and 200 mg/kg, p.0.) and MOR (3 mayki.p.) on the nociceptive behavior
in the test for writhing induced by 0.85% acetic ai in mice (n = 6)
**p < 0.01, **p < 0.001 significantly different fom control (one-way ANOVA followed by Tukey's test)

The results support the hypothesis that the orgahéses participate in the inhibition of prostaglansynthesis,
since the nociceptive mechanism of writhing induded acetic acid involves the process or the releafse
arachidonic acid metabolites via cyclooxygenaseXCanhd the biosynthesis of prostaglandins [28].

This method, despite being considered sensitiveigindo allow the identification of substances wéihalgesic
power, is not very specific. In part, this is besmthe test is sensitive to substances with aritieptive action that
act in both the CNS and peripheral nervous systeaking any distinction difficult. It is also comnigrused as a
model of visceral inflammatory pain [29].

To elucidate the effect of the organic phases,stunly used a more specific test, the formalin tekich permits
assessing two phases of pain sensitivity. The fiinstse occurs during the first 5 minutes afterciige of formalin
(nociception of neurogenic origin) and is produdsda direct activation of primary afferent sensomgurons.
Formalin excites these neurons by chemical stinarabf the peripherally located TRPA-1 channels][3he
second phase occurs 15-30 minutes after injectfoforaalin, which causes release of inflammatorydiators
formed in the peripheral tissues - such as prostaghs, serotonin, histamine and bradykinin - anduces
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functional changes in the dorsal horn neurons thaty time, promote transmission at the spinalllewel result in
increased primary afferent conduction, followedskeysitization of the spinal nociceptive neurong.[31

The results of the antinociceptive effect of thgamic phases df. spicatusn the formalin test are summarized in
Table 1 Only the CLPh fraction, at its highest dose (20§/kg), showed an antinociceptive profile in thestfi
phase of the test because it significantly redyped 0.05) the pain response when compared todh&al group.

In the second phase of the test, the HEXPh fradtignificantly reduced the pain response at akbdhdoses tested
(50 and 100 mg/kg, p < 0.01; 200 mg/kg, p < 0.0@tjle the ETACPh fraction was able to significgnttduce the
nociceptive response only at doses of 100 (p <)&f8 200 mg/kg (p < 0.01), and CLPh at a dosed6frag/kg (p

< 0.05). Howevem-BUPh had no antinociceptive effect in this test.

The formalin test produces a nociceptive stimulisonic and moderate character that persists flmwaminutes,
and from which the animal cannot escape. Theretbig,test, which closely resembles the clinicahdion of
pain, is a useful model for investigating potentinblgesic drugs [19]. Drugs that inhibit the fipbiase of this test
are centrally acting, such as the opioid analgesicge this phase is caused by direct stimuladbnociceptors
[14,32]. The second phase of nociception can bibiteld either by NSAIDs or by substances that acthe CNS
[33], as it is characterized by production of inflmatory mediators.

In this context, the results showed that pretreatmath the organic phases reduced the pain regpionthe second
phase of the formalin test, indicating an antineptove action through inhibition of inflammatory diators such as
prostaglandins, histamine and cytokines.

Since only CLPh, at the highest dose, was ablgtoficantly reduce the pain response in the fiisase of the test,
it is possible to suggest an effect mediated bytraemechanisms. However, further experiments aedad to
confirm this hypothesis.

Converselyn-BUPh did not reduce the pain response at anyeofiises tested (50, 100 and 200 mg/kg) in any of
the phases. To make a correlation of this resuth wie phytochemical analysis suggests that thidues to the
absence of alkaloids in this organic phase, siheetésts performed for this chemical class werdtipesor the
other organic phases, which were able to reducéotingalin-induced nociceptive response. This resutionsistent
with several studies in the literature that showttthe alkaloids have important pharmacologicalvaigs,
highlighting their antinociceptive, anti-inflammayoactivity [34,35].

Table 1 Effect of the organic phases or morphine otihe nociception induced by formalin

Licking time (s)

Treatment Dose (mg/kg) 0-5 min 15-30 min

Pain respons@ % inhibition  Pain respons€ % inhibition
Vehicle - 88.0 + 23.7 - 93.83 + 20.7 -
HEXPh 50 65.7+5.4 13.4 38.33+12.4 65.0
HEXPh 100 67.8+7.6 10.5 38.80 £18.2 64.6
HEXPh 200 546+7.2 27.9 11.83+%.8 89.9
CLPh 50 56.3+10.3 35.9 34.16 £10.1 63.6
CLPh 100 38.8+8.3 55.8 48.66 £22.7 48.1
CLPh 200 29.5+8.2 66.4 2250738 76.1
ETACPh 50 60.0 £ 67.5 31.8 56.50 + 13.6 39.7
ETACPh 100 645+11.1 26.7 32.16+13.8 65.7
ETACPh 200 67.6 +15.8 23.1 25.33+8.8 73.0
n-BUPh 50 48.6+7.6 44.7 67.33+12.7 28.2
n-BUPh 100 60.1+6.9 31.6 52.50 £ 13.5 44.1
n-BUPh 200 63.5+11.7 27.8 55.50 +10.1 40.8
MOR 5 1.1+0.8 98.6 25+2% 98.3

n==6

a Values represent the mean + standard deviatidch@mean.
b p < 0.05 (one-way ANOVA followed by Tukey’s tessghificantly different from control.
¢ p <0.01 (one-way ANOVA followed by Tukey'’s tesghificantly different from control.
d p <0.001 (one-way ANOVA followed by Tukey’s teggnificantly different from control.

According to Rodrigues [36], alkaloids, terpenoighenolic compounds and coumarins predominate arntoag
plants indicated as analgesic for 26 indigenousiggan Brazil, indicating that these secondary imglites have an
important action against pain processes. AccortiinBarbosa-Filho and collaborators [37], of the Exhluated
alkaloids, 137 have anti-inflammatory activity.

To assess an animal’'s behavioral response in ameoedwith the intensity of an applied stimulussihecessary to
observe the integrity of locomotor function [38h& Rota-rod test is used to verify if a drug ireees with animal
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locomotor activity, either by a depressant effattttte CNS and/or by muscle relaxation [14]. If thst substance
reduces the spontaneous motoordination response of the animal by one of thmsehanisms, the nociceptive
behavioral tests are invalidated [39].

Figure 5 shows the Rota-rod test results. The inéaged with HEXPh, CLPh, ETACPh aneBUPh at a dose of
200 mg/kg showed no significant changes in motardioation compared to the control group. As expecDZP
reduced the residence time of the animals on the-Ral at a dose of 3 mg/kg (i.p.).

As mentioned above, systemic treatment with HEX@hPh, ETACPh anch-BUPh at a dose of 200 mg/kg

produced no significant change in the performarfcth@® animals to remain on the Rota-rod, confirmihgt the
antinociceptive action of the organic phases de¢®cocur because of inhibitory effects on the CNS.

Motor coordination test

200+
° o . _ —1 Control
% CIHEXPh
v mm CLPh
o mm n-BUPh
© 1007 B ETACPh
O E==DZP
Lok
E
|_

0 = =

30.00 60.00 120.00

Time (s) after treatment

Figure 5. Effect of administration of vehicle, HEXfh, CLPh, ETACPh and n-BUPh (200 mg/kg, p.o.) and DZP (3 mg/kg, i.p.) ithe Rota-
rod test in mice (n = 6). Values represent mean tamdard deviation of the mean
*p < 0.001 significantly different from control (eaway ANOVA followed by Dunnett's test).

CONCLUSION

The data from this work demonstrated that all oig@ihases presented antinociceptive activity inabetic acid-
induced writhing test, and onlyBUPh failed to show an antinociceptive effectliwe formalin test. A correlation
with the phytochemical analysis suggests that themical classes found in the phases are resporfsiblinis
pharmacological activity.
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