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Abstract:

 The ethanol extract from Vernonia polyanthes leaves (EEVP) was investigated for antinociceptive and anti-inflammatory effects at the doses (p.o.) of 100, 200 and 400 mg/kg in animal models. The extract reduced the number of abdominal contortions by 16.75% and 31.44% at a dose of 200 and 400 mg/kg, respectively. The results obtained showed that EEVP exerted a significant antinociceptive effect in the two phases of formalin. The EEVP increased the reaction time on a hot plate at the doses of 100, 200 and 400 mg/kg after 90 min of treatment. The paw edema was reduced by EEVP at the doses of 100, 200 and 400 mg/kg after 4 h of application of carrageenan. Doses of 200 and 400 mg/kg, administered 4 h before the carrageenan injection, significantly reduced the exudate volume (29.25 and 45.74%, respectively) and leukocyte migration (18.19 and 27.95%, respectively). These results suggest that V. polyanthes can be an active source of substances with antinociceptive and anti-inflammatory activities.
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1. Introduction

Inflammation is a reaction of the body against an aggressive agent, characterized by vasodilatation and access of fluid and cells to the target tissue [1]. One of the major signs of inflammation is the pain that can be triggered by direct stimulation of nociceptors or by the action of inflammatory mediators [2]. These mediators, for example cytokines, histamine, serotonin, leukotrienes and prostaglandins, increase the vascular permeability and the migration of leukocytes to inflamed tissue [2]. In addition, different pathologic processes, such as cardiovascular and metabolic disorders [3–5], peptic ulcer [6] and cancer [7] are related to inflammation. The usual treatment of inflammatory pain is done by non-steroidal anti-inflammatory drugs, but the adverse effects described as irritation of gastric mucosa and ulcer, water retention and nephrotoxicity prevent the use of these agents [8]. On the other hand, medicinal plants have been widely used in traditional medicine to treat different inflammatory conditions [9]. However, the pharmacological properties and identifying the active compounds of these plants are needed to ensure its effectiveness and safety of users based on scientific support.

The genus Vernonia, one of the largest and most important member of the Asteraceae family, is represented by approximately 1500 species [10]. Plants of this genus, as Vernonia polyanthes Less, are found in South America, and have been traditionally used as diuretic, hypotensive, antihemorragic, sedative, abortive, anthelmintic, antiulcerogenic, antirheumatic, cicatrizing and anti-inflammatory [11,12]. Among different studies of Vernonia, the investigations regarding antinociceptive and anti-inflammatory effects are particularly important [13–15].

V. polyanthes Less (Asteraceae), known as assa-peixe, have been studied and their pharmacological properties such as antihypertensive and diuretic [12,16], antiulcerogenic [17], antifungal and leishmanicidal [18] and antimycobacterial [19] have been established. However, the antinociceptive and anti-inflammatory activities were not previously reported using this plant. Fixed acids, alkaloids, aminoacids, coumarins, steroids, triterpenes, anthraquinones, flavonoids, saponins and tannins were detected in infusions of V. polyanthes [20] and may be responsible for their pharmacological effects.

Considering the medicinal use for treatment of rheumatism, cicatrisation and inflammation and the lack scientific validation supported in pharmacological and clinical studies, the present investigation was designed to evaluate the antinociceptive and anti-inflammatory effects of EEVP using experimental animal models. In addition, preliminary phytochemical screening was conducted in order to determine the presence of the main classes of constituents in this extract.



2. Results and Discussion


2.1. Acute Toxicity

At the doses administered per oral route (p.o.), the EEVP was toxic to animals with LD50 of 2.78 g/kg (95% confidence intervals 1.67–4.64 g/kg). However, in the evaluated period, the animals did not show cyanosis, piloerection, writhing, ptosis, tremors, convulsions, ataxia, hypnosis, red urine or diarrhea. There were not alteration when considered the parameters motor activity, respiration, corneal reflex, righting and withdrawal, body tone and amount of pats.



2.2. Acetic Acid-Induced Writhing Response in Mice

The treatment of animals with EEVP (200 and 400 mg/kg, p.o.) produced a significant (p < 0.01 and p < 0.001, respectively) and dose-dependent inhibition in abdominal writhes produced by acetic acid (Table 1). The control group produced 66.37 ± 2.19 abdominal contortions.


Table 1. Effects of the ethanol extract from Vernonia polyanthes leaves (EEVP) on acetic acid-induced writhing in mice.



	
Group

	
Dose (mg/kg)

	
Number of writhes

	
Inhibition (%)






	
Control

	
Saline

	
66.37 ± 2.19

	
-




	






	

	
100

	
64.62 ± 2.44

	
2.64




	
EEVP

	
200

	
55.25 ± 2.39 **

	
16.75




	

	
400

	
45.50 ± 2.44 ***

	
31.44




	






	
Indomethacin

	
10

	
22.62 ± 1.91 ***

	
65.92




	






	
Acetylsalicylic acid

	
200

	
20.62 ± 1.69 ***

	
68.93






Data are mean ± S.E.M. of eight mice.**p < 0.01,***p < 0.001 vs. control group.






2.3. Formalin-Induced Paw Licking in Mice

In Figure 1, it is shown that pretreatment with morphine (5 mg/kg) or with the extract of V. polyanthes (200 and 400 mg/kg, p.o.) produced significant changes of paw licking time in the first phase of pain response. In the second phase, a dose-dependent and significant (p < 0.05 or p < 0.001) reduction in licking time was observed in mice treated with EEVP (100, 200 and 400 mg/kg, p.o.) as well as with indomethacin (10 mg/kg, p.o.) and morphine (5 mg/kg, s.c.). For the control group, the time spent was 80.87 ± 3.47 s and 85.50 ± 3.19 s in the first and second phases, respectively.

Figure 1. Effects of the EEVP on formalin-induced nociception in mice. First phase = 0–5 min after formalin injection; second phase = 15–30 min. Data are mean ± S.E.M. of eight mice. ** p < 0.01; *** p < 0.001 vs. control group.
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2.4. Effects on Hot-Plate Latency Assay in Mice

Due to the analgesic effect observed in the first phase of formalin test, we decided to evaluate the EEVP using hot plate test, a model of central antinociceptive activity. After 90 min of treatment, doses of 100 (p < 0.01), 200 (p < 0.001) and 400 mg/kg (p < 0.001) increased significantly the latency time in the respective control group (Figure 2). Morphine proved to be a potent analgesic, increasing the latency time within the evaluation periods. Naloxone, an opioid antagonist, blocked the morphine action but did not alter the antinociceptive effect of the EEVP.

Figure 2. Effects of the EEVP on the latency time of mice exposed to the hot plate test. Data are mean ± S.E.M. of eight mice. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. control group.
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2.5. Effects on Carrageenan-Induced Edema in Rats

The activity of the EEVP on carrageenan-induced edema in rat is shown in Table 2. After 2 h of carrageenan application, the paw edema was reduced in 16.95 and 22.03% at the doses of 200 and 400 mg/kg, respectively. Edema inhibition was observed 3 and 4 h after injection of carrageenan at the doses of 100 mg/kg (12.50 and 16.40%; p < 0.05, respectively), 200 mg/kg (16.41 and 27.87%; p < 0.05 and p < 0.01, respectively) and 400 mg/kg (25.78 and 31.97%; p < 0.01 and p < 0.001, respectively) when compared with control group. In these times, indomethacin (reference drug) also inhibited the paw edema (28.12 and 36.06%, respectively).


Table 2. Effects of the EEVP on carrageenan-induced paw edema in rats.



	
Group

	
Dose (mg/kg)

	
Volume of hind paw (mL)




	






	
1 h

	
2 h

	
3 h

	
4 h






	
Control

	
Saline

	
1.05 ± 0.08

	
1.18 ± 0.08

	
1.28 ± 0.06

	
1.22 ± 0.06




	






	

	
100

	
0.97 ± 0.06

	
1.03 ± 0.04

	
1.12 ± 0.05 *

	
1.02 ± 0.08 *




	
EEVP

	
200

	
0.92 ± 0.06

	
0.98 ± 0.05 *

	
1.07 ± 0.04 *

	
0.88 ± 0.04 **




	

	
400

	
0.85 ± 0.04

	
0.92 ± 0.05 *

	
0.95 ± 0.04 ***

	
0.83 ± 0.04 ***




	
Indomethacin

	
10

	
0.82 ± 0.05

	
0.85 ± 0.06 **

	
0.92 ± 0.05 ***

	
0.78 ± 0.04 ***






Data are mean ± S.E.M. of six rats.*p < 0.05,**p < 0.01,***p < 0.001 vs. control group.






2.6. Effects on Carrageenan-Induced Pleurisy in Rats

The pleurisy effects demonstrated that doses of 200 (p < 0.05) and 400 mg/kg (p < 0.001) of EEVP significantly reduced the exudate volume in 13.83 and 43.08% (Table 3) when compared with control group. The number of total leukocytes was also inhibited at the doses of 200 (17.87%; p < 0.001) and 400 mg/kg (28.39%; p < 0.001) (Table 3) in comparison to the respective control. Indomethacin reduced the exudate volume and the leukocyte migration.


Table 3. Effects of the EEVP on number of leukocytes in carrageenan-induced pleurisy in rats.



	
Group

	
Dose (mg/kg)

	
Exsudate volume (mL)

	
Inhibition (%)

	
N° Leukocytes (103 cells/mm3)

	
Inhibiti on (%)






	
Control

	
Saline

	
1.88 ± 0.08

	
-

	
15.50 ± 0.50

	
-




	






	

	
100

	
1.78 ± 0.08

	
5.32

	
14.90 ± 0.43

	
3.87




	
EEVP

	
200

	
1.62 ± 0.04 *

	
13.83

	
12.73 ± 0.21 ***

	
17.87




	

	
400

	
1.07 ± 0.05 ***

	
43.08

	
11.10 ± 0.32 ***

	
28.39




	






	
Indomethacin

	
10

	
0.73 ± 0.09 ***

	
61.17

	
9.87 ± 0.35 ***

	
36.32






Data are mean ± S.E.M. of six rats.*p < 0.05,***p < 0.001 vs. control group.






2.7. Phytochemical Screening

Phytochemical screening of the ethanol extract indicated the presence of flavonoids, tannins, coumarins, terpenoids, sterols, saponins and alkaloids.

The present study assessed the pharmacological effects of the leaves of V. polyanthes, a medicinal plant reputed in Brazilian folk medicine for its anti-inflammatory and cicatrizing properties [11,12]. Based on popular reports, the EEVP was prepared and screened for their antinociceptive and anti-inflammatory effects using classical models of nociception in mice and inflammation in rats. Therefore, considering the results of pharmacological tests observed in the present investigation, the EEVP has antinociceptive and anti-inflammatory effects and this is the first report described in the literature.

The acute toxicity test showed that the doses of EEVP were toxic to mice. Based in this result, the pharmacological dose (400 mg/kg maximal dose), not described previously in the literature, was defined from the LD50. The toxic effects have been described on plants of the genus Vernonia [13,14,21–24]. It is possible that the toxic effect of the EEVP could be due to the presence of phytochemical compounds as saponins detected in this study [24,25].

The writhing test is an experimental model used for the screening of drugs with analgesic activity, based on the irritation caused after intraperitoneal injection of 0.6% acetic acid. The writhing response is considered to be a visceral inflammatory pain model [26], and in this way, this acid causes the release of pain mediators such as bradykinin, prostaglandins, histamine and serotonin in the peritoneal fluid of mice [27]. In the present study, we clearly showed a dose-related antinociceptive effect of EEVP in the writhing test and probably this action could be due the presence of bioactive substances. This action could be mediated by peripherical effects, including the prostaglandin synthesis inhibition.

According to the Figure 1, the EEVP produced significant inhibition in the both phases of formalin-induced pain from the 200 mg/kg. The formalin test is a valid and reliable model of nociception and is sensitive for various classes of analgesic drugs. This test produced a distinct biphasic response and different analgesics may act differentially in the first and second phases [28]. It is considered a model to clinical pain because it causes a local tissue injury to the paw and is also indicative of tonic and localized inflammation pain. Moreover, this model can be used to clarify the possible mechanism of antinociceptive effect of a proposed analgesic [29]. Centrally acting drugs such as opioids inhibit both phases equally [30]. But peripherally acting drugs such as aspirin, indomethacin and dexamethasone only inhibit the late phase. The second phase seems to be an inflammatory response with inflammatory pain that can be inhibited by anti-inflammatory drugs [28,31]. Substance P and bradykinin act as mediators in the first phase, while histamine, serotonin, prostaglandin and bradykinin are involved in the nociceptive response of the second stage [30].

In the hot plate test, a central model that has a selectivity for opioid-derived analgesics [32], oral treatment with EEVP exerts an antinociceptive action confirming the central activity observed in the first phase of formalin test (100, 200 and 400 mg/kg). This test is also considered to be sensitive to drugs acting at the supraspinal modulation level of the pain response [33], suggesting at least a modulatory effect of the investigated extract. Our results indicate that the analgesia induced by the EEVP is not dependent on the opioid system, since previous treatment with naloxone did not change the observed data (Figure 2).

Carrageenan induced paw edema is an experimental model of acute inflammation involving different phases [34]. The first phase (1–2 h) is related with the release of serotonin and histamine; kinins play a role in the middle phase [33], while prostaglandins appear to be the most important mediators in the second phase (3–5 h) of the postcarrageenan response [35–37]. Based on this explanation, it could be argued that the suppression of the first phase may be due to inhibition of the release of early mediators, such as histamine and serotonin, and the action in the second phase may be explained by an inhibition of cyclooxygenase. Therefore, the present result indicates that ethanol extract (100, 200 and 400 mg/kg, p.o.) and indomethacin play a crucial role as protective factors against the carrageenan-induced acute inflammation.

The injection of carrageenan into the pleural cavity of rats elicited an acute inflammatory response, characterized by the accumulation of fluid containing large number of leukocytes [38–40]. It is an interesting method that evaluates the leukocyte migration during the inflammatory process. Non-steroidal anti-inflammatory drugs, such as indomethacin, inhibit the accumulation of exudates and mobilization of leukocytes between 3 and 6 h after application of carrageenan [39,41]. In our experiment, the EEVP in the pleurisy model clearly showed the inhibition of the formation of pleural exudate and the leukocyte migration (Table 3).

Studies have been reported the antinociceptive and anti-inflammatory effects of plants of the genus Vernonia [13–15]. Among the active compounds identified in this important genus, the highlights are the flavonoids [42–44]. In our investigation, phytochemical screening showed the presence of numerous constituents’ classes, such as flavonoids, tannins, coumarins, terpenoids, sterols, saponins and alkaloids. Considering this chemical diversity, pharmacological effects could be attributed to the tannins and flavonoids, since these constituents are well established as antinociceptive and/or anti-inflammatory agents [45–47]. However, complementary studies are necessary to determine the better correlation between activities and chemical composition of V. polyanthes.




3. Experimental Section


3.1. Plant Material and Extraction

The plant material used in the present study was collected in Juiz de Fora, Minas Gerais State, Southeast region of Brazil, in March 2009. The species was identified by Dr. Fátima Regina Gonçalves Salimena and a voucher specimen (CESJ number 10.329) was deposited in the Herbarium of the Federal University of Juiz de Fora, Brazil. Dried and powdered leaves (450 g) were exhaustively extracted in 95% ethanol (2.5 L) by static maceration for 3 weeks at room temperature with renewal of solvent every 2 days. The EEVP was filtered and evaporated under a rotary evaporator at controlled temperature (50–60 °C). This material was placed in a desiccator with silica to yield 36.68 g. The dried extract was dissolved using 1% DMSO in normal saline for pharmacological studies.



3.2. Chemicals

Drugs and reagents used in this study (and their sources) were as follows: acetic acid and acetylsalicylic acid (Vetec Química Farm Ltda, Rio de Janeiro, RJ, Brazil), formaldehyde (Reagen Quimibrás Ind. Química S.A., Rio de Janeiro, RJ, Brazil), morphine hydrochloride (Merck Inc., Whitehouse Station, NJ, USA), naloxone and indomethacin (Sigma Chemical Co, St Louis, MI, USA).



3.3. Animals

Male Wistar rats (90–110 days) weighing 200–240 g and male Swiss albino mice (50–70 days) weighing 25–30 g were used in the experiments. The animals were provided by the Central Biotery of the Federal University of Juiz de Fora. The animals were divided into groups and kept in plastic cages (47 × 34 × 18 cm) under a 12 h light/12 h dark cycle at room temperature (22 ± 2 °C), with free access to Purina rations and water. Animal care and the experimental protocol followed the principles and guidelines suggested by the Brazilian College of Animal Experimentation (COBEA) and were approved by the local ethical committee (protocol number 053/2009).



3.4. Acute Toxicity

Groups of ten mice received oral doses of 0.5, 1, 1.5, 2 and 3 g/kg of EEVP, while the control group received the vehicle (saline). The groups were observed for 48 h and mortality at end of this period was recorded for each group [48]. The LD50 (50% lethal dose) was determined by probit test using the log of the dose versus probit [49]. The determination of LD50 served to define the doses used in the experiments of pharmacological activities.



3.5. Writhing Test

Antinociceptive activity was evaluated on the acetic acid-induced writhing according to Collier et al. protocol [26]. Male Swiss albino mice were divided into groups of eight mice. The animals were pretreated with EEVP (100, 200, and 400 mg/kg, p.o.) or acetylsalicylic acid (200 mg/kg, p.o.) and indomethacin (10 mg/kg, p.o.) used as standard drugs, one hour prior to intraperitoneal (i.p.) of 0.6% v/v acetic acid (0.1 mL/10 g). Ten minutes after i.p. injection of acetic acid, the number of writhing during the following 20 min were counted. Control mice received 1% DMSO in sterile saline orally (10 mL/Kg).



3.6. Formalin Test

The method previously described by Hunskaar and Hole [28] was used. Pain was induced by injecting of 20 μL of 2.5% formalin (37% formaldehyde) in sterile saline in the subplantar right hind paw region. Male mice were divided into groups of eight mice each. Extract was administered orally at doses of 100, 200, and 400 mg/kg body wt., 60 min before formalin injection. The control group received 1% DMSO in sterile saline orally (10 mL/kg), while indomethacin (10 mg/kg, p.o.) and morphine (5 mg/kg subcutaneous) were used as positive controls. The animals were observed to evaluate the licking time (an index of nociception) during the first phase, neurogenic (0–5 min), and the second phase, inflammatory (15–30 min), after formalin injection.



3.7. Hot-Plate Test

The hot plate test was carried out according to the method described by Eddy and Leimbach [50]. Mice were placed on a hot plate (Model LE 7406, Letica Scientific Instruments, Barcelona, Spain) maintained at 55 ± 1 °C. Latency of nociceptive response such as licking, flicking of a hind limb or jumping was measured. Three groups of mice (n = 8) were treated p.o. with EEVP (100, 200 or 400 mg/kg; 0.1 mL per 10 g body weight); the control group received 1% DMSO in sterile saline (10 mL/kg). Measurements were performed at time 0, 30, 60 and 90 min after drug administration, with a cut-off time of 40 s to avoid lesions to the animals’ paws. The effect of pretreatment with naloxone (1 mg/kg, subcutaneously) on the analgesia produced by the EEVP (400 mg/kg) was determined in a separate group of animals. Morphine (5 mg/kg, subcutaneously), in the absence and presence of naloxone treatment, was used as a reference.



3.8. Carrageenan-Induced Paw Edema

According to the method described by Winter et al. [51], the paw edema volume of the rats was measured using a plethysmometer (model LE 7500, Letica Scientific Instruments, Barcelona, Spain). Male Wistar rats were divided into groups of six animals which received, p.o., doses of EEVP (100, 200 and 400 mg/kg; 0.1 mL per 10 g body weight), 1% DMSO in saline or indomethacin (10 mg/kg) 1 h before the injection of carrageenan. The animals were anesthetized with cetamine and xylazine (60 mg/kg and 8 mg/kg, respectively) 30 min before the injection of 0.1 mL of 2% (w/v) carrageenan into the subplantar region of the right hind paw for the induction of edema. In the left hind paw, used as a control, 0.1 mL of sterile saline was injected. The volume of paw edema, recorded three times, was measured at 1, 2, 3 and 4 h after carrageenan injection. The measure of edema was made by the difference between the volume displaced by the right paw and the left paw.



3.9. Carrageenan-Induced Pleurisy

Rats were anesthetized with cetamine and xylazine (60 mg/kg and 8 mg/kg, respectively) and a suspension of saline containing 2% carrageenan (0.4 mL) were injected into the pleural cavity [41]. EEVP (100, 200 and 400 mg/kg), 1% DMSO in saline or indomethacin (10 mg/kg, p.o.) were given 60 min before injection of the irritant. At 4 h after the injection of carrageenan, the animals were killed by overdose of cetamine and xylazine (120 mg/kg and 16 mg/kg, respectively), and the skin and pectoral muscles were retracted. A longitudinal incision was made between the third and fifth ribs on each side of the mediastinum. The exudate was collected and transferred to a 15 mL conical centrifuge tube and the total volume determined. A 20 μL aliquot of the exudate was used to determine the total leukocyte count in Neubauer chambers.



3.10. Phytochemical Screening of the EEVP

Phytochemical screening of the EEVP was performed to detect the eventual presence of different classes of constituents, such as alkaloids, flavonoids, anthraquinones, coumarins, saponins, terpenes and tannins using specific reactions [52].



3.11. Statistical Analysis

Data are expressed as mean ± S.E.M. Statistical significance was determined by one-way analysis of variance followed by the Student–Newman–Keuls test. P values below 0.05 were considered significant. The percentage of inhibition was calculated by using



[image: there is no content]








where C and T indicate non-treated (vehicle) and drug-treated, respectively.




4. Conclusions

Our results clearly demonstrated that the EEVP displayed significant antinociceptive and anti-inflammatory effects in mice and rats models. In addition, these results provided an initial scientific validation of popular use of this plant as a medicine against dolorous and inflammatory processes.






Acknowledgments

The present study was supported by Fundação de Amparo à Pesquisa do Estado de Minas Gerais (FAPEMIG), Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES), Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq), and Pró-Reitorias de Pesquisa and Pós-Graduação of the Federal University of Juiz de Fora. We are grateful to Fátima Maria Gonçalves Salimena for plant identification.



References


	1. 
Schmid-Schönbein, G.W. Analysis of inflammation. Annu. Rev. Biomed. Eng 2006, 8, 93–151. [Google Scholar]

	2. 
Brenner, P.S.; Krakauer, T. Regulation of inflammation: A review of recent advances in anti-inflammatory strategies. Curr. Med. Chem. Anti-Inflamm. Anti-Allergy Agents 2003, 2, 274–283. [Google Scholar]

	3. 
Hansson, G.K. Inflammation, atherosclerosis, and coronary artery disease. N. Engl. J. Med 2005, 352, 1685–1695. [Google Scholar]

	4. 
Hotamisligil, G.S. Inflammation and metabolic disorders. Nature 2006, 444, 860–867. [Google Scholar]

	5. 
Tarzami, S.T. Chemokines and inflammation in heart disease: Adaptive or maladaptive? Int. J. Clin. Exp. Med 2011, 4, 74–80. [Google Scholar]

	6. 
Watanabe, T.; Higuchi, K.; Tanigawa, T.; Tominaga, K.; Fujiwara, Y.; Arakawa, T. Mechanisms of peptic ulcer recurrence: role of inflammation. Inflammopharmacology 2002, 10, 291–302. [Google Scholar]

	7. 
Smith, G.R.; Missailidis, S. Cancer, inflammation and the AT1 and AT2 receptors. J. Inflamm 2004, 1, 1–12. [Google Scholar]

	8. 
Derle, D.V.; Gujar, K.N.; Sagar, B.S.H. Adverse effects associated with the use of nonsteroidal antiinflammatory drugs: An overview. Indian J. Pharm. Sci 2006, 64, 409–414. [Google Scholar]

	9. 
Falcão, H.S.; Lima, I.O.; Santos, V.L.; Dantas, H.F.; Diniz, M.F.F.M.; Barbosa-Filho, J.M.; Batista, L.M. Review of the plants with anti-inflammatory activity studied in Brazil. Rev. Bras. Farmacogn 2005, 15, 381–391. [Google Scholar]

	10. 
Lorenzi, H.; Matos, F.J.A. Plantas Medicinais no Brasil: Nativas e Exóticas, 2nd ed; Instituto Plantarum: Nova Odessa, Brazil, 2008; pp. 165–166. [Google Scholar]

	11. 
Alves, V.F.G.; Neves, L.J. Anatomia foliar de Vernonia polyanthes Less (Asteraceae). Rev. Univ. Rural, Sér. Ciên. da Vida 2003, 22, 1–8. [Google Scholar]

	12. 
Silveira, R.R.; Rúbio, C.R.; Alves, M.J.Q.F. Modificações da diurese e da pressão arterial em ratos Wistar anestesiados, após administração de infuso de assa-peixe (Vernonia polyanthes Less). Rev. Bras. Plantas Med 2003, 2, 31–35. [Google Scholar]

	13. 
Silva, J.B.; Temponi, V.S.; Fernandes, F.V.; Alves, G.A.D.; Matos, D.M.; Gasparetto, C.M.G.; Ribeiro, A.; Pinho, J.J.R.G.; Alves, M.S.; Sousa, O.V. New approaches to clarify antinociceptive and anti-inflammatory effects of the ethanol extract from Vernonia condensata leaves. Int. J. Mol. Sci 2011, 12, 8993–9008. [Google Scholar]

	14. 
Risso, W.E.; Scarminio, I.S.; Moreira, E.G. Antinociceptive and acute toxicity evaluation of Vernonia condensata Baker leaves extracted with different solvents and their mixtures. Indian J. Exp. Biol 2010, 48, 811–816. [Google Scholar]

	15. 
Frutuoso, V.S.; Gurjão, M.R.R.; Cordeiro, R.S.B.; Martins, M.A. Analgesic and anti-ulcerogenic effects of a polar extract from leaves of Vernonia condensata. Planta Med 1994, 60, 21–25. [Google Scholar]

	16. 
Silveira, R.R.; Foglio, M.A.; Gontijo, J.A. Effect of the crude extract of Vernonia polyanthes Less. on blood pressure and renal sodium excretion in unanesthetized rats. Phytomedicine 2003, 10, 127–131. [Google Scholar]

	17. 
Barbastefano, V.; Cola, M.; Luiz-Ferreira, A.; Farias-Silva, E.; Hiruma-Lima, C.A.; Rinaldo, D.; Vilegas, W.; Souza-Brito, A.R.M. Vernonia polyanthes as a new source of antiulcer drugs. Fitoterapia 2007, 78, 545–551. [Google Scholar]

	18. 
Braga, F.G.; Bouzada, M.L.M.; Fabri, R.L.; Matos, M.O.; Moreira, F.O.; Scio, E.; Coimbra, E.S. Antileishmanial and antifungal activity of plants used in traditional medicine in Brazil. J. Ethnopharmacol 2006, 11, 396–402. [Google Scholar]

	19. 
Oliveira, D.G.; Prince, K.A.; Higuchi, C.T.; Santos, A.C.B.; Lopes, L.M.X.; Simões, M.J.S.; Leite, C.Q.F. Antimycobacterial activity of some Brazilian indigenous medicinal drinks. Rev. Ciênc. Farm. Básica Apl 2007, 28, 165–169. [Google Scholar]

	20. 
Souza, F.A.; Sena, J.; Maranho, L.T.; Oliveira, C.M.R.; Guimarães, A.T.B. Caracterização fitoquímica preliminar de infusões populares obtidas das partes aéreas das espécies Apium leptophylum (Pers.) F. Muell. ex Benth. (Apiaceae), Elvira biflora L. (DC.) e Vernonia polyanthes Less. (Asteraceae). Rev. Bras. Farm 2008, 89, 24–27. [Google Scholar]

	21. 
Brum, K.B.; Purisco, E.; Lemos, R.A.A.; Riet-Correa, F. Intoxicação por Vernonia rubricaulisem bovinos no Mato Grosso do Sul. Pesq. Vet. Bras 2002, 22, 119–128. [Google Scholar]

	22. 
Ojiako, O.A.; Nwanjo, H.U. Is Vernonia amygdalina hepatotoxic or hepatoprotective? Response from biochemical and toxicity studies in rats. Afr. J. Biotechnol 2006, 5, 1648–1651. [Google Scholar]

	23. 
Latha, L.Y.; Darah, I.; Jain, K.; Sasidharan, S. Toxicity study of Vernonia cinerea. Pharm. Biol 2010, 48, 101–104. [Google Scholar]

	24. 
Pérez-Amador, M.C.; Ocotero, V.M.; Benitez, S.P.; Jiménez, F.G. Vernonia patens Kunth, an Asteraceae species with phototoxic and pharmacological activity. Phyton 2008, 77, 275–282. [Google Scholar]

	25. 
Nergard, C.S.; Diallo, D.; Michaelsen, T.E.; Malterud, K.E.; Kiyohara, H.; Matsumoto, T.; Yamada, H.; Paulsen, B.S. Isolation, partial characterisation and immunomodulating activities of polysaccharides from Vernonia kotschyana Sch. Bip. ex Walp. J. Ethnopharmacol 2004, 91, 141–152. [Google Scholar]

	26. 
Collier, H.D.J.; Dinnin, L.C.; Johnson, C.A.; Schneider, C. The abdominal response and its suppression by analgesic drugs in the mouse. Br. J. Pharmacol. Chemother 1968, 32, 295–310. [Google Scholar]

	27. 
Deraedt, R.; Jouquey, S.; Delevallée, F.; Flahaut, M. Release of prostaglandins E and F in an algogenic reaction and its inhibition. Eur. J. Pharmacol 1980, 51, 17–24. [Google Scholar]

	28. 
Hunskaar, S.; Hole, K. The formalin test in mice: dissociation between inflammatory and noninflammatory pain. Pain 1987, 30, 103–114. [Google Scholar]

	29. 
Tjolsen, A.; Berge, O.G.; Hunskaar, S.; Rosland, J.H.; Hole, K. The formalin test: An evaluation of the method. Pain 1992, 51, 5–17. [Google Scholar]

	30. 
Shibata, M.; Ohkubo, T.; Takahashi, H.; Inoki, R. Modified formalin test; characteristic biphasic pain response. Pain 1989, 38, 347–352. [Google Scholar]

	31. 
Rosland, J.H.; Tjolsen, A.; Maehle, B.; Hole, K. The formalin test in mice: Effect of formalin concentration. Pain 1990, 42, 235–242. [Google Scholar]

	32. 
Abbott, F.V.; Melzack, R. Brainstem lesions dissociated neural mechanisms of morphine analgesia in different kinds of pain. Brain Res 1982, 251, 149–155. [Google Scholar]

	33. 
Yaksh, T.L.; Rudy, T.A. Studies on direct spinal action of narcotics in production of analgesia in rat. J. Pharmacol. Exp. Ther 1977, 202, 411–428. [Google Scholar]

	34. 
Vinegar, R.; Schreiber, W.; Hugo, R. Biphasic development of carrageenan oedema in rats. J. Pharmacol. Exp. Ther 1969, 166, 96–103. [Google Scholar]

	35. 
Di Rosa, M.; Sorrentino, L. The mechanism of the inflammatory effect of carrageenan. Eur. J. Pharmacol 1968, 4, 340–342. [Google Scholar]

	36. 
Di Rosa, M.; Giroud, J.P.; Willoughby, D.A. Studies of the mediators of the acute inflammatory response induced in rats in different sites by carrageenan and turpentine. J. Pathol 1971, 104, 15–29. [Google Scholar]

	37. 
Di Rosa, M. Biological properties of carrageenan. J. Pharmacol. Exp. Ther 1972, 24, 89–102. [Google Scholar]

	38. 
Ammendola, G.; Di Rosa, M.; Sorrentino, L. Leucocyte migration and lysosomal enzymes release in rat carrageenin pleurisy. Agents Actions 1975, 5, 250–255. [Google Scholar]

	39. 
Almeida, A.P.; Bayer, B.M.; Horakova, Z.; Beaven, M.A. Influence of indomethacin and other anti-inflammatory drugs on mobilization and production of neutrophils: Studies with carrageenan induced inflammation in rats. J. Pharmacol. Exp. Ther 1980, 214, 74–79. [Google Scholar]

	40. 
Capasso, F.; Dunn, C.J.; Yamamoto, S.; Willoughby, D.A.; Giroud, J.P. Further studies on carrageenan-induced pleurisy in rats. J. Pathol 1975, 116, 117–124. [Google Scholar]

	41. 
Vinegar, R.; Truax, J.F.; Selph, J.L. Some quantitative temporal characteristics of carrageenin induced pleurisy in the rat. Proc. Soc. Exp. Biol. Med 1973, 143, 711–714. [Google Scholar]

	42. 
Igile, G.O.; Oleszek, W.; Jurzysta, M.; Burda, S.; Fafunso, M.; Fasanmade, A.A. Flavonoids from Vernonia amygdalina and their antioxidant activities. J. Agric. Food Chem 1994, 42, 2445–2448. [Google Scholar]

	43. 
Ahmad, I.; Chaudhary, B.A.; Janbaz, K.H. Cinerascenone, a new flavonoids from Vernonia cinerascens. J. Chem. Soc. Pak 2010, 32, 101–103. [Google Scholar]

	44. 
Malafronte, N.; Pesca, M.S.; Bisio, A.; Morales Escobar, L.; de Tommasi, N. New flavonoid glycosides from Vernonia ferruginea. Nat. Prod. Commun 2009, 4, 1639–1642. [Google Scholar]

	45. 
Bittar, M.; de Sousa, M.M.; Yunes, R.; Lento, R.A.; Delle-Monache, F.; Cechinel-Filho, V. Antinociceptive activity of I3, II8-Binaringenin, a biflavonoid present in plants of the Guttiferae. Planta Med 2000, 66, 84–86. [Google Scholar]

	46. 
Meyre-Silva, C.; Yunes, R.; Santos, A.R.S.; Magro, J.D.; Monache, F.D.; Cechinel-Filho, V. Isolation of a C-Glycoside Flavonoid with antinociceptive action from Aleurites moluccana Leaves. Planta Med 1999, 65, 263–294. [Google Scholar]

	47. 
Pathak, D.; Pathak, K.; Sigla, A.K. Flavonoids as medicinal agents: Recent advances. Fitoterapia 1991, 62, 371–388. [Google Scholar]

	48. 
Dietrich, L. A new approach to practical acute toxicity testing. Arch. Toxicol 1983, 54, 275–287. [Google Scholar]

	49. 
Litchfield, J.T.; Wilcoxon, F. A simplified method of evaluating dose-effect experiments. J. Pharmacol. Exp. Ther 1949, 96, 99–113. [Google Scholar]

	50. 
Eddy, N.B.; Leimbach, D. Synthetic analgesics. II. Dithienylbutenyl and dithienylbutilamines. J. Pharmacol. Exp. Ther 1953, 107, 385–393. [Google Scholar]

	51. 
Winter, C.A.; Risley, E.A.; Nuss, G.W. Carrageenin-induced edema in hind paw of the rat as an assay for anti-inflammatory drugs. Proc. Soc. Exp. Biol. Med 1962, 111, 544–547. [Google Scholar]

	52. 
Matos, F.J.A. Introdução à Fitoquímica Experimental, 2nd ed; Edições UFC: Fortaleza, Brazil, 1997; pp. 41–75. [Google Scholar]

















© 2012 by the authors; licensee Molecular Diversity Preservation International, Basel, Switzerland. This article is an open-access article distributed under the terms and conditions of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).







nav.xhtml


  ijms-13-03887


  
    		
      ijms-13-03887
    


  




  





media/file0.png
Duration of paw licking (s)

100

First phase

W Saline

0100 mgkg
0200 mgkg
D400 mgtkg

Blndomethacin

Second phase





media/file1.png
W Saline
18 4 0100 mgkg
0200 mgkg

0400 mgkg

BMorphine

=
=
153
=
o
=
=
£l

12 BNaloxonet+Morphine
@ Naloxonet+Extract

0Omin 30min 60min 90 min

Latency time for licking o:
(=)}
.






media/file2.png





