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RESUMO 

 
 

QUEIROZ, João Carlos Carvalho. EFEITOS FARMACOLÓGICOS DO ÓLEO 
ESSENCIAL DA Xylopia laevigata (Mart.) R.E. Fries (Annonaceae) EM ROEDORES. 
Tese de Doutorado em Ciências da Saúde, Universidade Federal de Sergipe, Aracaju, 2014. 
 
O gênero Xylopia L., pertencente à família Annonaceae, é reconhecido pelas suas 
propriedades medicinais, dentre as quais atividade antimicrobiana e citotóxica, além de ser 
reconhecido como importante analgésico. Este estudo teve como objetivo geral investigar o 
efeito antinociceptivo e anti-inflamatório do óleo essencial da X. laevigata (EOX) em 
roedores. Esse trabalho foi dividido em 2 capítulos: no primeiro é descrita prospecção de 
patentes e no segundo o efeito antinociceptivo e anti-inflamatório do EOX. A prospecção foi 
realizada tendo como base os pedidos de patente depositados no European Patent Office 
(Espacenet), na World Intellectual Property Organization (WIPO) e no Banco de dados do 
Instituto Nacional de Propriedade Industrial (INPI) do Brasil. O foco da pesquisa foi a 
utilização das plantas medicinais como abordagem terapêutica da dor. As palavras-chave 
utilizadas foram: Plantas medicinais, dor, Annonaceae e Xylopia laevigata. Diante de 
evidências e com base na literatura, observa-se a necessidade de investigação da provável 
ação antinociceptiva e anti-inflamatória do óleo essencial da X. laevigata. Para avaliação 
farmacológica, foram utilizados camundongos Swiss machos (25 a 35 g) provenientes do 
Biotério Central da Universidade Federal de Sergipe (UFS). Após definido o processo para 
obtenção do EOX e os testes farmacológicos preliminares, definiu-se os testes para avaliar a 
atividade antinociceptiva do EOX: teste de contorções abdominais e teste da formalina. Para 
avaliação da atividade anti-inflamatória foram utilizados o teste de edema de pata induzido 
por carragenina, e o teste da peritonite induzida por carragenina. Para determinar o possível 
envolvimento de áreas do Sistema Nervoso Central (SNC), os animais foram tratados e, 
noventa minutos após, foram anestesiados, perfundidos, os cérebros extraídos e cortados em 
criostato. As secções cerebrais foram submetidas ao protocolo de imunofluorescência para 
proteína Fos. A coordenação motora do animal foi avaliada através do teste do Rota Rod (7 
rpm, 180 s). Os protocolos experimentais foram aprovados pelo Comitê de ética da UFS 
(CEPA/UFS: 16/11). A análise fitoquímica mostrou a presença de γ-muuroleno (19.65%), δ-
cadineno (10,18%), α-copaeno (7,72%), biciclogermacreno (6,44%), (E)-cariofileno (5,88%), 
γ-cadineno (5,18%) e aromadendreno (5,16%) como principais constituintes. O oleo essencial 
produziu de maneira significativa (p < 0,05 or p < 0,001) efeito antinociceptivo ao reduzir a 
primeira e segunda fase do teste da formalina, assim como pela redução de contorções 
abdominais (teste da formalina e contorções, respectivamente). O EOX demonstrou atividade 
da proteína Fos no bulbo olfatório, córtex piriforme e substância cinzenta periaquedutal. A 
administração aguda do EOX exibiu uma significativa atividade anti-inflamatória na migração 
de leucócitos induzida por carragenina na cavidade peritoneal (peritonite). Este efeito foi 
confirmado pelo teste de edema de pata induzido por carragenina. Nossos resultados mostram 
pela primeira vez que o efeito do óleo essencial das folhas de X. laevigata reduz nocicepção e 
inflamação através da ativação de áreas do SNC, principalmente a substância cinzenta 
periaquedutal, e estes resultados fornecem a evidência para o uso desta planta medicinal pela 
população na medicina tradicional em condições de dor e inflamação 
. 
Palavras-chave: Plantas medicinais; Annonaceae; Xylopia laevigata; Dor. 



 

 

ABSTRACT 

 
QUEIROZ, João Carlos Carvalho. PHARMACOLOGICAL EFFECTS OF THE 
ESSENTIAL OIL FROM LEAVES OF Xylopia laevigata (Mart.) R.E. Fries 
(Annonaceae) IN RODENTS. Doctoral Thesis in Health Sciences, Federal University of 
Sergipe, Aracaju, 2014. 
 
The genus Xylopia L., family Annonaceae, is recognized for its medicinal properties, among 
which antimicrobial and cytotoxic activity, and as an important analgesic. The aim of the 
study was to investigate the antinociceptive and anti - inflammatory effect of the essential oil 
of X. laevigata (EOX) in rodents. This study was divided into two chapters: in the first is 
described prospecting patents and the second the antinociceptive and anti - inflammatory 
effects of EOX. The prospecting was conducted based on patent applications filed at the 
European Patent Office (Espacenet), the World Intellectual Property Organization (WIPO) 
and the database of the National Institute of Industrial Property (INPI) of Brazil. The focus of 
the research was the use of medicinal plants as a therapeutic approach to pain. The keywords 
used were: Medicinal Plants, pain, Annonaceae and Xylopia laevigata. Faced with evidence 
and based on the literature, there is a need to investigate the probable antinociceptive and anti-
inflammatory essential oil of X. laevigata. For pharmacological evaluation, male Swiss mice 
(25-35 g) obtained from the Central Animal Laboratory of the Federal University of Sergipe 
(UFS) were used .After defining the process for obtaining EOX and preliminary 
pharmacological tests, set up tests to evaluate the antinociceptive activity EOX: writhing test 
and the formalin test. To evaluate the anti-inflammatory activity of the test paw edema 
induced by carrageenan, and the test of carrageenan-induced peritonitis were used .To 
determine the possible involvement of areas of the Central Nervous System (CNS), the 
animals were treated and ninety minutes, were anesthetized, perfused, the brains extracted and 
cut into the cryostat . The brain sections were subjected to immunofluorescence protocol for 
Fos protein. The motor coordination of the animal was assessed by testing the Rota Rod (7 
rpm, 180 s). The experimental protocols were approved by the ethics committee of the UFS 
(CEPA/UFS: 16/11). Thus, we investigated the antinociceptive and anti-inflammatory effects 
of X. laevigata leaf essential oil (EOX). The phytochemical analysis of EOX showed the 
presence of γ-muurolene (19.65%), δ-cadinene (10.18%), α-copaene (7.72%), 
bicyclogermacrene (6.44%), (E)-caryophyllene (5.88%), γ-cadinene (5.18%) and 
aromadendrene (5.16%) as the main compounds. In mice, the essential oil significantly 
produced (p < 0.05 or p < 0.001) an antinociceptive effect by reduction in the early and late 
phases of paw licking and by a reduced writhing reflex (formalin and writhing tests, 
respectively). The EOX demonstrate Fos label in the olfactory bulb, piriform cortex and 
periaqueductal gray. Acute administration of EOX exhibited a significant anti-inflammatory 
activity in the carrageenan-induced leukocyte migration to the peritoneal cavity (peritonitis). 
This effect was confirmed by the carrageenan-induced hindpaw edema test. Together, our 
results provide for first-time evidence to show that X. laevigata leaf essential oil reduces 
nociception and inflammation at least through an activation of CNS areas, mainly 
periaqueductal gray, and these results provide evidence for the use of this medicinal plant by 
traditional medicine practitioners in the management of pain and inflammatory disorders. 
 
Keywords: Medicinal plants, Annonaceae, Xylopia laevigata; Pain. 
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1 INTRODUÇÃO 

 

O uso de plantas no tratamento das enfermidades é conhecido desde a mais remota 

antiguidade. Na China e no Egito surgiram as obras mais antigas sobre medicina e plantas 

medicinais. No texto Bíblico, escrito pelos Hebreus, é possível encontrar muitas citações 

sobre o emprego de plantas medicinais e preparações à base de produtos vegetais. 

Posteriormente, mais precisamente entre os séculos XIV e XV, partes destes antigos textos 

preservados, tiveram seus conteúdos e conhecimentos passados para o ocidente (BÍBLIA 

SAGRADA, 2005). 

A Organização Mundial de Saúde (OMS) considera como planta medicinal todo e 

qualquer vegetal que possua substância que possa ser utilizada com fim terapêutico ou que 

seja precursora de fármaco semissintético, enquanto que fitoterápicos são medicamentos 

obtidos e elaborados por matérias-primas vegetais (VEIGA JÚNIOR; PINTO, 2005). 

Durante o século XX, o uso de plantas com fins curativos foi um pouco esquecido com 

o advento da medicina alopática. Entretanto, em países em desenvolvimento, que apresentam 

grande número de pessoas carentes com dificuldades de acesso aos centros de atendimentos 

hospitalares e medicamentos sintéticos, o uso de plantas medicinais contribui para a sua 

crescente utilização (VEIGA JÚNIOR et al., 2005). De acordo com a Organização Mundial 

de Saúde (OMS) devido à pobreza e falta de acesso aos medicamentos modernos, cerca de 

65% à 80% da população mundial que vive em países em desenvolvimento, dependem 

essencialmente da utilização das plantas medicinais como um recurso inicial para o 

tratamento de saúde (CALIXTO et al., 2004). 

A flora brasileira tem a maior diversidade genética vegetal do mundo, contando com 

mais de 56.000 espécies, representando 19% da flora mundial (BRASIL, 1998). A medicina 

popular do país é reflexo das uniões étnicas entre os diferentes imigrantes e os inúmeros 

povos nativos que difundiram o conhecimento das ervas locais e de seus usos, transmitidos e 

aprimorados de geração em geração (LORENZI e MATOS, 2002). A OMS apoia nos países 

subdesenvolvidos programas destinados à utilização racional e científica de plantas utilizadas 

tradicionalmente, o que reforça este tipo de terapêutica (RODRIGUES; SANTOS; AMARAL, 

2006). 

 Guerra e Nodari (2003), destacam que dos oito bilhões de dólares de faturamento da 

indústria farmacêutica brasileira registrada em 1996, 25% advieram de medicamentos 

derivados de plantas. Afirmam que desde este período, as vendas nesse setor, vêm 

apresentando índices de crescimento de aproximadamente 10% ao ano, alcançando cifras 
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milionárias ano a ano. Várias pesquisas científicas vêm sendo realizadas, comprovando as 

propriedades terapêuticas das muitas espécies de plantas que são reconhecidas nas 

farmacopéias do mundo, como fitomedicamentos, não sendo mais a utilização de ervas um 

trabalho empírico (REVILLA, 2004). A morfina, a pilocarpina, os digitálicos, os curares, a 

quinina, a artemisina, a atropina, escopolamina e o cromolin são exemplos de medicamentos 

desenvolvidos direta ou indiretamente através de plantas (ROCHA, 2010). 

 Muitos fitofármacos advém dos óleos essenciais (OEs) das plantas, os quais são 

produtos naturais que apresentam complexa mistura, podendo conter de 20 a 60 componentes 

com diferentes concentrações. Os OE´s são compostos complexos, voláteis, naturais, 

caracterizados por forte odor, sendo produzidos pelas plantas aromáticas ricas em metabólicos 

secundários (BAKKALI et al., 2008).  

 A maioria dos OE´s são constituídos, quimicamente, de fenilpropanóides ou de 

terpenos, sendo que estes últimos se apresentam em maiores quantidades. Os terpenóides são 

encontrados em uma variedade de substâncias vegetais, sendo esse termo empregado para 

designar todas as substâncias cuja origem biossintética deriva de unidades do isopreno 

(SIMÕES; SPITZER, 2004). Os compostos terpênicos frequentes nos óleos voláteis são os 

monoterpenos e os sesquiterpenos (ibdemh).  

A diversidade nos efeitos biológicos encontrados nos OE´s provavelmente, se deve ao 

fato da grande diversidade estrutural dos seus constituintes. Estas variedades incluem 

atividades antibacteriana (IACOBELIS et al., 2005), antifúngica (DAMBOLENA et al., 

2008), antimicrobiana (VILJOEN et al., 2005; ARRUDA et al., 2006; TEPE et al., 2006; 

CELIKTAS et al., 2007), anticonvulsivante (ALMEIDA et al., 2008; GONÇALVES et al., 

2008), ansiolítica (UMEZU et al., 2002), analgésica (GALEOTTI et al., 2002), anti-

inflamatória (HAJHASHEMI; GHNNADI; PEZESHKIAN, 2002; TAKAKI et al., 2002) e 

antinociceptiva (HAJHASHEMI; GHNNADI; PEZESHKIAN, 2002; PEANA et al., 2003; 

GONÇALVES et al., 2008; OLIVEIRA; DE SOUZA; ALMEIDA, 2008). 

 Pesquisas científicas que buscam avaliar o perfil analgésico vêm sendo foco de 

diversos estudos para o desenvolvimento de substâncias capazes de aliviar e/ou cessar a dor, 

assim como aquelas que possam descobrir fármacos, com eficácia semelhante ou maior, que 

aqueles usados na terapêutica atual, mas que possua menor incidência de efeitos colaterais, 

efeito prolongado, maior seletividade e baixo custo (ALMEIDA; OLIVEIRA, 2006) . 

Plantas medicinais do gênero Xylopia pertence à família Annonaceae,  uma grande 

família de árvores e arbustos tropicais e subtropicais, compreendendo cerca de 135 gêneros e 

mais de 2500 espécies (CHATROU, HAINER, MASS, 2004; MASS, WESTRA, RAINER, 
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LOBÃO, ERKENS, 2011), tem mostrado diversas propriedades biológicas apreciáveis, tais 

como antitumoral (QUINTANS et al., 2013), anti-inflamatório e antimicrobiano (WOGUEM 

et al., 2014), e analgésica (QUINTANS et al., 2012).  

Apesar destas propriedades descritas para espécies do gênero Xylopia, verifica-se 

ainda que há poucas informações sobre as propriedades biológicas da espécie X. Laevigata. 

Fato que desperta o interesse por novas pesquisas, principalmente por que se trata de uma 

espécie, conhecida popularmente no Nordeste Brasileiro por “meiú”, e, que vem sendo 

amplamente utilizada para o tratamento de distúrbios dolorosos e inflamatórios (QUINTANS 

et al., 2013). 

Com base nestas considerações, verifica-se a importância e a necessidade de se estudar 

as plantas nativas do Nordeste brasileiro, principalmente aquelas utilizadas na medicina 

popular. Assim, ficou acordado com meu Orientador, Prof. Dr. Roberto Antoniolli e com a 

minha Co-Orientadora Profa. Dra. Jullyana de Souza Siqueira Quintans, que esta pesquisa 

investigaria os perfis antioxidante,  analgésico e anti-inflamatórios do óleo essencial obtido 

das folhas de X. laevigata ( EOX ) por meio de protocolos experimentais. Além disso, 

investigou-se os efeitos do EOX sobre o sistema nervoso central (SNC) através das técnicas 

de imuno-histoquímica.  

Dessa forma, esta Tese está estruturada em 2 Capítulos: o primeiro trata do Artigo 

Científico submetido ao BMC Complementary and Alternative Medicine, intitulado 

“Technological search about the use of medicinal plants from the Annonaceae family to treat 

pain” e o segundo Capítulo, trata do Artigo Científico submetido ao The Scientific World 

Journal, intitulado “Bioassay-guided evaluation of pharmacological effects of Xylopia 

laevigata leaf essential oil - evidence for the involvement of descending pain-inhibitory 

mechanisms”. 
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2. OBJETIVOS 

 

2.1 OBJETIVO GERAL 

 Investigar o efeito antioxidante, antinociceptivo e anti-inflamatório do óleo essencial da X. 

laevigata (EOX) em roedores. 

 

2.2 OBJETIVOS ESPECÍFICOS 

 Elaborar uma revisão de pedido de patentes. 

 Investigar o potencial antinociceptivo do EOX em roedores; 

 Investigar o potencial anti-inflamatório do EOX em roedores; 

- Avaliar possíveis alterações motoras induzidas pelo EOX em roedores; 

- Investigar o envolvimento de regiões centrais na possível ação do EOX; 
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Abstract 

Background: Species of the Annonaceae family are important sources of bioactive compounds 

and have a wide range of therapeutic properties. Previous studies carried out by our research 

group with the species Xylopia laevigata (Annonaceae) have shown that this species has 

potential for use in the management of pain and inflammation. Thus, we aimed to survey the 

research already developed and patents requested about medicinal plants (Annonaceae, 

mainly X. laevigata) to treat pain. Methods: The survey was conducted in the European Patent 

Office, the World Intellectual Property Organization, and the database of the National 

Institute of Industrial Property of Brazil, with search for patent deposits made between 2003 
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and 2013. Results: The most cited international ranking in this survey was A61K and among 

the depositors are the United States and China as the largest depositors. Conclusions: there are 

still blanks to be fulfilled in science, and a promising field for more governmental incentive 

that aims at stimulating the research sector and the development of the country. 

 

Key-words: Medicinal plants, Annonaceae, Xylopia laevigata, technological forecasting, 

patents, pain. 

 

1. Background 

Medicinal plants are alternative options other than the conventional therapies for the 

treatment of several diseases. Brazil, with its huge biodiversity, may contribute to the research 

of new biologically active molecules [1]. The Brazilian flora is still poorly studied regarding 

its pharmacological and chemical potential. Nevertheless, several species belonging to 

different botanic families are used by popular medicine for the treatment of diseases, and thus 

are highlighted by the production of bioactive molecules. Amidst such families, we may point 

out the family Annonaceae, which is composed by around 128 genera and around 2,300 

species. In Brazil, there are 26 genera registered (7 endemic), comprehending around 260 

species [2,3]. 

Chemical studies performed with species from this family have reported the isolation 

of terpenoids (mainly diterpenes), essential oils, whose chemical composition is 

predominantly monoterpenes and sesquiterpenes, and alkaloids, especially isoquinolinic 

derivatives. The pharmacological studies evidenced that plants from this family show a wide 

biological activity, among which are antifungal, antitumor, antimicrobial, antimalarial, 

herbicide and vermicide activities [4]. Some recent works have reported the possible 

employment of Annonaceae in the treatment of painful and inflammatory disturbances [4,5]. 

One of the emphasized species of Annonaceae in the state of Sergipe is Xylopia laevigata, 

which has shown analgesic effect and activation of areas from the central nervous system that 

are related to the pain modulation [6]. However, there is no forecasting of patents about the 

subject. Hence, this work aims at searching for patented researches related to the use and 

application of species of Annonaceae, especially X. laevigata, in the development of products 

for the treatment of pain. 
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2. Methods 

The survey was conducted based on the requests for patents deposited in the European 

Patent Office (Espacenet), in the World Intellectual Property Organization (WIPO), and on 

the database of Brazil´s National Institute of Industrial Property (INPI). The research focus 

was the use of medicinal plants as a therapeutic approach of pain. The keywords used were: 

medicinal plants, pain, Annonaceae and Xylopia laevigata. “Title” and “summary” were used 

as search fields. The documents found were processed individually in an attempt to 

characterize the technological advances of these patents considering the deposit year (between 

2003 and 2013), International Classification of Patents (CIP) and depositing country. The 

limitations referring to the non-disclosure agreement period were respected. The search was 

performed in December 2013. 

 

3. Results and discussion 

Initially, the search was performed on the website of INPI with the keyword 

“Annonaceae” in the field “summary” and “title”. As it is depicted on Table 1, we found only 

one patent deposited between 2003 and 2013, which deals with the composition for the 

treatments of AIDS and associated conditions. Still, we found a patent in the year of 1995 that 

deals with acetogenins and bioactive derivatives, and that was not processed due to the fact it 

is out of the time scope of the search. With the same keyword on the Espacenet database, we 

found 34 patents, with only 6 between 2003 and 2013. On the WIPO database, we found 56 

patents, with only 28 between 2003 and 2013. The second search with the keywords 

“Annonaceae and pain” (or pain, when it is about INPI) did not detect patent deposits on any 

of the databases used, as well as the search with the keywords “Xylopia and laevigata”. 

Finally, with the keywords “Medicinal and plant and pain”, we found 114 patents on 

Espacenet, with 91 between 2003 and 2013, and 106 patents on WIPO, with 87 between 

2003-2013. 

 

Table 1. Total patent deposits searched for on the databases of INPI, Espacenet and WIPO in 

the period of 2003 and 2013. 

 

Keywords INPI ESPACENET WIPO 

Annonaceae 1 6 28 
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Annonaceae and pain 0 0 0 

Xylopia and laevigata 0 0 0 

Medicinal and plant and pain 0 91 87 

 

Regarding the patents deposited on Espacenet with the keyword “Annonaceae”, we 

found 2 patent deposits in Japan and only 1 in the USA, France, China and Australia, as it is 

depicted in Figure 1. Figure 2 details the number of deposits by CIP, whereby the 

predominant CIP was A61K with 5 patents. And concerning the annual evolution of patents, 

in 2007 and 2008 we found one deposit per year and in 2009, we found 4 patents for the 

keyword “Annonaceae” on the database of Espacenet (Figure 3). 

 

 

 

Figure 1: Patent deposit per sourcing country on the database Espacenet with the keyword 

“Annonaceae”. JP= Japan, US= United States; FR= France; CN= China, AU= Australia. 
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Figure 2: International Classification of Patents deposited on Espacenet with the keyword 

“Annonaceae”. A61K= preparations for medical, odontological or hygienic  purposes; A61P= 

specific therapeutic activities of chemical compounds or medicinal preparations; A61Q= 

specific use of cosmetics or similar preparations for personal hygiene; A01N= electrotherapy, 

magnet therapy, therapy through radiation, therapy through ultrasound; A01P= activity of 

chemical compounds or biocidal preparations, pest-repellent or pest-attractants or plant 

growth regulators; A23L= foods, food-related products or alcohol-free beverages, not 

comprehended by the A21D or A23B-A23J subclasses;  C12N= micro-organisms or enzymes; 

their compositions; propagation, conservation or maintenance of micro-organisms, genetic or 

mutation engineering; culture media. 
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Figure 3: Patent deposit per year on the database of Espacenet with the keyword 

“Annonaceae”. 

 

Still on Espacenet, now regarding the keywords “plant and medicinal and pain”, we 

found 87 patents in China, and one deposit in each of these countries: Russia, United 

Kingdom, Canada and Mexico, as depicted in Figure 4. Still in the same search, regarding the 

International Classification of Patents (CIP), the higher number of deposits was for CIP 

A61K, with 70 patents, and A61P with 38 patents (Figure 5). By analyzing figure 6, one can 

notice that the highest number of deposits was in the year 2010, with 29 patents, followed by 

2011 with 15 patents.  

 

 

Figure 4: Patent deposit per sourcing country on the database of Espacenet with the keyword 

“Plant and Medicinal and pain”. CN= China, RU= Russia, UK= United Kingdom, CA= 

Canada; MX= Mexico. 
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Figure 5: International Classification of Patents deposited on Espacenet with the keyword 

“Plant and Medicinal and pain”. A61K= preparations for medical, odontological or hygienic 

purposes; A61P= specific therapeutic activity of chemical compounds or medicinal 

preparations. 

 

 

 

Figure 6: Patent deposit per year on the database of Espacenet with the keyword “Plant and 

Medicinal and pain”. 

 

Amidst the patents searched on the database of WIPO, with the keyword “Annonaceae”, the 

sourcing country (Figure 7) with the highest number of deposits was the USA (5 patents), 
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followed by deposits of PCT (Patent Cooperation Treaty) with 4 patents, China and the 

Korean Republic with 3 patents each one. In the same search, regarding the International 

Classification of Patents, the highest number of deposits was A61K with 25 deposits, 

followed by C07D and A61Q with 3 deposits each one (Figure 8), and regarding the deposit 

year (Figure 9), the highest number was in 2005 with 8 deposits, followed by 2010 and 2004 

with 4 deposits each. 

 

 

 

Figure 7: Patent deposit per sourcing country on the database of WIPO with the keyword 

“Annonaceae”. US= United States; PCT= Patent Cooperation Treaty; CN= China, KR= 

Korean Republic; JP= Japan; MX= Mexico; CA= Canada; EP= European Patent Office; BR= 

Brazil; SA = South Africa; RU= Russian Federation; SP = Spain; EA= Euro-Asian patent 

organization; AR=Argentina. 
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Figure 8: International Classification of Patents deposited on the WIPO with the keyword 

“Annonaceae”. A61K= preparations for medical, odontological or hygienic purposes; C07D= 

heterocyclic compounds; A61Q= specific use of cosmetics or similar preparations for 

personal hygiene; A01N= electrotherapy; magnet therapy; therapy through radiation; therapy 

through ultrasound. 

 

 

Figure 9: Patent deposit per year on the database of WIPO with the keyword “Annonaceae”. 

 

At last, amidst the patents searched on the database of WIPO, with the keywords 

“Medicinal and Plant and Pain”, the sourcing country with the highest number of deposits was 

China with 83 deposits, followed by the Russian Federation with 2 deposits, and the USA and 
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Canada with 1 deposit each (Figure 10). In the same search, regarding the International 

Classification of Patents, the highest number of deposits was A61K with 76 deposits, 

followed by A23F, A61L and A61P with 2 deposits each one (Figure 11), and regarding the 

deposit year (Figure 12), the highest number was in 2011, followed by 2010, with 26 and 21 

deposits, respectively. 

 

 

 

Figure 10: Patent deposit per sourcing country on the database of WIPO with the keywords 

“Medicinal and Plant and Pain”. CN= China; RU= Russian Federation; US= United States; 

CA= Canada.  
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Figure 11: International Classification of Patents deposited on WIPO with the keywords 

“Medicinal and Plant and Pain”. A61K= preparations for medical, odontological and hygienic 

purposes; A23F= coffee; tea; their substitutes; manufacturing, preparation or infusion of the 

latter items; A61L= methods or devices to sterilize materials or objects in general; air 

disinfection, sterilization or deodorization; chemical aspects of bandages, dressings, absorbent 

pads or surgical articles; materials for bandages, dressings, absorbent pads or surgical articles; 

A61P= specific therapeutic activity of chemical compounds or medicinal preparations. 

 

 

 

Figure 12: Patent deposit per year on the database WIPO with the keywords “Medicinal and 

Plant and Pain”. 

 

4. Conclusions 

One can find a great number of patents, in a general way, for the terms: medicinal plant and 

pain. Nevertheless, in the case of deposits with the family Annonaceae, that number has a 

significant reduction, almost down to zero when the term “pain” is added; it also goes down 

to zero regarding the name of the species being discussed: Xylopia laevigata. Therefore, there 

are still blanks to be fulfilled in science, and a promising field for more governmental 

incentive that aims at stimulating the research sector and the development of the country. 
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ABSTRACT 

 

Xylopia laevigata (Annonaceae) is a plant used in folk medicine to treat painful and 

inflammatory disorders. Thus, we investigated the possible antinociceptive and anti-

inflammatory effects of X.laevigata leaf essential oil (EOX), as well as its effect on the central 

nervous system areas (CNS). The phytochemical analysis of EOX showed the presence of -

muurolene (17.78%), -cadinene (12.23%), bicyclogermacrene (7.77%), -copaene (7.17%), 

germacrene D (6.54%) and (E)-caryophyllene (5.87%) as the main compounds. EOX 

presented a strong antioxidant potential according to the DPPH, TBARS and nitrite 

production tests. In mice, the essential oil also significantly produced (p < 0.05 or p < 0.001) 

an antinociceptive effect by reduction in the early and late phases of paw licking and by a 

reduced writhing reflex (formalin and writhing tests, respectively). The EOX shown Fos label 

in the olfactory bulb, piriform cortex and periaqueductal gray, CNS areas involved in pain 

modulation. Acute administration of EOX exhibited a significant anti-inflammatory activity 

in the carrageenan-induced leukocyte migration to the peritoneal cavity (peritonitis). This 

effect was confirmed by the carrageenan-induced hindpaw edema test. Altogether, the results 

provide evidence for the use of X. laevigata by traditional medicine practitioners in the 

management of pain and inflammatory disorders.  

 

Keywords: Xylopia laevigata; essential oil; antioxidant; pain; inflammation; Fos protein. 
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Introduction 

The Annonaceae is a large family of tropical and subtropical trees and shrubs, 

comprising about 135 genera and more than 2500 species [1,2]. This family is known for its 

edible fruits and the medicinal properties of many of its species [3,4]. Previous chemical and 

pharmacological investigations on some species of this family have indicated the presence of 

important bioactive compounds exhibiting various pharmacological activities, including: 

antidiarrhoeal, analgesic, antimicrobial, insecticidal, antiparasitic and antitumor properties 

[5,6,7,8]. 

In the Brazilian Northeast, Xylopia laevigata (Mart.) R.E. Fries (Annonaceae) is 

commonly called ‘meiú’ or ‘pindaíba’, and it is a plant (leaves and flowers) used popularly to 

treat painful disorders, heart disease and inflammatory conditions (oral communications 

received from local woodsmen known as ‘mateiros’, data no published). Recently, our group 

demonstrated anticancer activity of X. laevigata essential oil [9]. However, there is little 

information about X. laevigata’s biological properties. To the best of our knowledge, this is 

the first scientific report on the pharmacological properties of the X. laevigata species using 

the approaches antioxidant, analgesic and anti-inflammatory. 

As part of our continuous interest in the Brazilian Northeast’s native plants, and to 

support the use of this plant in folk medicine, we investigated the antioxidant, antinociceptive 

and anti-inflammatory profiles of the essential oil obtained from the leaves of X. laevigata 

(EOX) through experimental protocols. Additionally, investigate the effects of EOX on the 

central nervous system (CNS) areas by immunohistochemistry technique. 

 

Materials and Methods 
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Chemicals 

Acetic acid, Tween 80, formalin, trichloroacetic acid, indomethacin, glycine, luminol 

(5-amino-2,3-dihydro-1,4-phthalazinedione), TBARS (thiobarbituric acid reactive species), 

phosphate buffer, sodium nitroprusside and Griess reagent were purchased from Sigma 

(USA). Morphine and naloxone were purchased from Cristália (Brazil). 

 

Plant material 

The leaves of X. laevigata were collected in March 2010 in the “Serra de Itabaiana”, 

Municipality of Itabaiana, Sergipe State, Brazil, at the coordinates: [S 10°44’53” W 

037o20’21”]. The species were identified by Dr. Ana Paula do Nascimento Prata, plant 

taxonomist from the Department of Biology (DBI) of the Federal University of Sergipe 

(UFS). A voucher specimen, number ASE-15440, was deposited at the Herbarium ASE of the 

UFS (ASE/UFS). The leaves were obtained from flowering species. 

 

Hydrodistillation of the essential oil 

The essential oil from dried leaves (for 24 h) of X. laevigata (200 g) was obtained by 

hydrodistillation for 3 h using a Clevenger-type apparatus. The essential oil (EOX) was dried 

over anhydrous sodium sulphate, and the percentage content was calculated on the basis of the 

dry weight of plant material. The essential oils were stored in a freezer until analysis. The 

hydrodistillation of the essential oil was performed in duplicate. 

 

GC analysis 

GC analyses were carried out using a Shimadzu GC-17A fitted with a flame ionization 

detector (FID) and an electronic integrator. Separation of the compounds was achieved 

employing a ZB-5MS fused capillary column (30 m × 0.25 mm × 0.25 µm film thickness) 
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coated with 5%-phenyl-arylene-95%-methylpolysiloxane. Helium was the carrier gas at 1.2 

mL.min-1 flow rate. The column temperature program was: 50oC/2 min, followed by a rate of 

4oC/min to 200oC, then a rate of 15oC/min to 300oC, and then 300oC/15 min [9]. The injector 

and detector temperatures were 250oC and 280oC, respectively. Samples (0.5 µL in CH2Cl2) 

were injected with a 1:100 split ratio. Retention indices were generated with a standard 

solution of n-alkanes (C9-C18). Peak areas and retention times were measured by an 

electronic integrator. The relative amounts of individual compounds were computed from GC 

peak areas without FID response factor correction.  

 

GC/MS analysis 

GC/MS analyses were performed on a Shimadzu QP5050A GC/MS system equipped 

with an AOC-20i auto-injector. A J&W Scientific DB-5MS (coated with 5%-phenyl-95%-

methylpolysiloxane) fused capillary column (30 m × 0.25 mm × 0.25 µm film thickness) was 

used as the stationary phase. MS were taken at 70 eV with scan interval of 0.5 s and 

fragments from 40-500 Da. The other conditions were similar to the GC analysis [10]. 

 

Identification of constituents 

  EOX components were identified by comparing the retention times of the GC peaks 

with standard compounds ran under identical conditions, by comparison of retention indices 

[11] and MS with those in the literature [12], and by comparison of MS with those stored in 

the NIST and Wiley libraries. 
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Antioxidant tests 

 

Free radical scavenging activity 

The free radical scavenging activity of the extract was determined based on its ability 

to scavenge the stable DPPH free radical. The experimental protocol was done according to 

the method described by Leite et al. [13]. Stock solution (10 mg/ml) of the EOX was prepared 

in EtOH, and serial dilutions were carried out to obtain concentrations of 1, 5, 10, 15, 20, 25, 

30 and 35 µg/ml. Diluted solutions (2 ml) were added to 2 ml of a 0.004% EtOH solution of 

DPPH, mixed and allowed to stand for 30 min for the reaction to occur. The equation of the 

concentration × absorbance calibration curve for the DPPH radical was C = 110.547-

0.02804A,where C is the concentration of the DPPH radical in medium, and A is the 

absorbance at 515 nm. The correlation coefficient was R = 0.9983. The percentage of 

remaining DPPH (%DPPHREM) was calculated according to Brand-Williams et al. [14], as 

follows: %DPPHREM = [DPPH]T/[DPPH]T0 × 100, where T is the time when absorbance 

was determined (1-60 min), and T0 is the zero time. The amount of antioxidant necessary to 

decrease the initial concentration of DPPH radical by 50% (IC50) was calculated by plotting 

the percentage of DPPHREM at time of 60 min against various concentrations of EOX. The 

results were expressed as µg antioxidant/ml DPPH ± standard deviation. Butylated-hydroxy-

toluene (BHT) was used as the positive control. 

 

TBARS Assay 

TBARS assay was employed to quantify lipid peroxidation [15], and an adapted 

TBARS method was used to measure the antioxidant capacity of EOX using egg yolk 

homogenate as lipid-rich substrate [16]. Briefly, egg yolk was homogenized (1% w/v) in 20 

mM phosphate buffer (pH 7.4), and after that, 1 ml of the homogenate was sonicated and then 
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homogenized with 0.1 ml of EOX at different concentrations. Lipid peroxidation was induced 

by addition of 0.1 ml AAPH solution (0.12 M). The vehicle used to dilute the EOX (DMSO 

10%) was used as the control group.  Reactions were carried out for 30 min at 37°C. 

After cooling, samples (0.5 ml) were centrifuged with 0.5 ml of trichloroacetic acid (15%) at 

1200 x g for 10 min. An aliquot of 0.5 ml from supernatant was mixed with 0.5 ml TBA 

(0.67%) and heated at 95°C for 30 min. After cooling, sample absorbance was measured 

using a spectrophotometer at 532 nm. The results were expressed as percentage of TBARS 

formed by AAPH alone (induced control). 

 

Scavenging activity of nitric oxide (NO) 

Nitric oxide was generated from spontaneous decomposition of sodium nitroprusside 

in 20 mM phosphate buffer (pH 7.4). Once generated, NO interacts with oxygen to produce 

nitrite ions, which were measured by the Griess reaction [17]. The reaction mixture (1 ml) 

containing 10 mM sodium nitroprusside (SNP) in phosphate buffer and EOX, at different 

concentrations, was incubated at 37°C for 1 h. A 0.5 ml aliquot was taken and homogenized 

with 0.5 ml Griess reagent. The absorbance of chromophore was measured at 540 nm. Percent 

inhibition of the nitric oxide generated was measured by comparing the absorbance values of 

negative controls (only 10 mM sodium nitroprusside and vehicle) and assay preparations. 

Results were expressed as percentage of nitrite formed by SNP alone [16]. 

 

Analgesic and Anti-inflammatory Protocols 

 

Animals  

Male Swiss albino mice weighing  28–34 g were housed at 22 ± 2°C under a 12-h 

light/12-h dark cycle (lights on at 6:00 a.m.), with access to food and water ad libitum. The 
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animals were acclimatized for 12 h before testing, and they were used only once throughout 

the experiments. The experiments were performed according to the Animal Care and Use 

Committee at the Federal University of Sergipe (CEPA/UFS Nº 16/11), and we followed the 

current guidelines for the care of laboratory animals and the ethical guidelines for 

investigations of experimental pain in conscious animals [18]. The number of animals (n = 6-

8, per group) and intensities of noxious stimuli used were the minimum necessary to 

demonstrate the consistent effects of the drug treatments.  

 

Acetic acid-induced nociception  

 The abdominal constrictions were induced according to the procedures described 

previously [19]. The animals were pretreated with EOX at the doses of 12.5, 25 or 50 mg/kg 

(i.p.) 1 h before injection with acetic acid (0.1 mL/10 g). The control animals (n = 8, per 

group) received a similar volume of vehicle (saline + 2 drops of Tween 80 0.2%), and the 

standard group was treated with morphine (MOR, 3 mg/kg, i.p.). After the algogen 

administration, pairs of mice were placed in separate boxes, and the number of abdominal 

constrictions was cumulatively counted over a period of 15 min. Antinociceptive activity was 

expressed as the reduction in the number of constrictions in mice pretreated with EOX [16]. 

Possible antagonism by the EOX or MOR antinociceptive effect was evaluated by 

pretreatment with naloxone (NAL, 1.5 mg/kg, i.p.), a nonselective opioid antagonist. 

 

Formalin-induced pain 

 We used the Hunskaar and Hole [20]procedure with slight modifications. Nociception 

was induced by injecting 0.02 mL of 1% formalin in distilled water into the subplantar of the 

right hindpaw. Mice (n = 8, per group) were given EOX (12.5, 25 or 50 mg/kg, i.p.), 

morphine (MOR, 3 mg/kg) or vehicle 1 h prior to injecting formalin. These mice were 
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individually placed in an acrylic box (25 cm × 15 cm × 15 cm) with mirrors placed on three 

sides and under the box to enable unhindered observation of the formalin injected paw for 

assessing the pain reaction time. The time spent paw licking was counted from 0 to 5 min 

(first phase) and from 15 to 30 min (second phase). These phases represented neurogenic and 

inflammatory pain responses, respectively [21]. 

 

Rota-rod test 

To investigate if the treatments with EOX influenced the motor activity of the animals 

and consequently impaired the assessment of the nociceptive behavior in the experimental 

models, we evaluated the motor activity of the animals [22]. The mice able to remain on the 

Rota-rod apparatus (AVS®, Brazil) longer than 180 s (7 rpm) were selected 24 h before the 

test. Then, the selected animals were divided into five groups (n = 6, per group) and treated 

i.p. with vehicle (control), EOX (12.5, 25 or 50 mg/kg), or diazepam (DZP, 3 mg/kg). One 

hour later, each animal was tested on the Rota-rod apparatus, and the time (s) they remained 

on the bar for up to 180 s was recorded after 60 min. 

 

Leukocyte migration to the peritoneal cavity test 

Leukocyte migration was induced by injection of carrageenan (500 µg/cavity, i.p., 500 

µL) into the peritoneal cavity of mice (n = 6, per group) 1 h after administration of EOX 

(12.5, 25 or 50 mg/kg, i.p.) or indomethacin (INDO, 10 mg/kg, i.p.) by modification of the 

technique previously described by [23]. The mice were euthanized by cervical dislocation 4 h 

after carrageenan injection. Shortly afterwards, phosphate buffered saline (PBS) containing 

EDTA (1 mM, i.p., 10 mL) was injected. Immediately, a brief massage was done for further 

fluid collection, which was centrifuged (2000 rpm, 5 min) at room temperature. The 

supernatant was disposed and 1 mL of PBS was introduced to the precipitate. An aliquot of 10 
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µL from this suspension was dissolved in 200 µL Turk solution, and the total cells were 

counted in a Neubauer chamber, under optical microscopy. The results were expressed as the 

number of leukocytes/mL. The percentage of leukocyte inhibition = (1 – T/C) × 100, where T 

represents the treated group leukocyte count, and C represents the control group leukocyte 

count. 

 

Carrageenan-induced mice paw edema 

This test was used to determine the anti-inflammatory action of EOX by the method 

described by [24], with alterations. Groups of 8 mice received, by the intraperitoneal route, 

either 10 mg/kg INDO (reference drug), EOX (12.5, 25 or 50 mg/kg), or vehicle (saline + 2 

drops of Tween 80 0.2%). One hour before this, they had been given a subplantar injection of 

0.1 ml/paw of carrageenan solution (200 mg/kg) suspended in distilled water into the right 

hindpaw. The mouse paw volume up to the ankle joint was measured using a plethysmometer 

(LE 7500, PanLab, Spain) at 0 (just before) and 3 h after the injection of carrageenan. The 

increase in paw edema volume was considered as the difference between 0 and 3 h. 

 

Immunofluorescence 

Ninety minutes after the EOX intraperitoneal injections at doses 12.5, 25 and 50 

mg/Kg, the animals were perfused and the brains were collected and crioprotected for 

immunofluorescence processing to Fos protein. 

Frozen serial transverse sections of 20 !m containing the olfactory bulb, piriform 

cortex and periaqueductal gray were collected on gelatinized glass slides. The tissue sections 

were stored at –70°C until use. The sections were washed with phosphate buffer (0.01M) 

saline isotonic (PBS) 3 times for 5 minutes and incubated with 0.1 M glycine in PBS for 10 

minutes. Non-specific protein binding was blocked by incubation of the sections for 30 
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minutes in a solution containing 1% bovine serum albumin (BSA). After that, the sections 

were incubated overnight with rabbit anti-Fos (Santa Cruz Biotech., USA) as primary 

antibodies. Afterwards, the sections were incubated for one hour with donkey anti-rabbit 

Alexa Fluor 594 as secondary antibodies (Molecular Probe, USA). The cover slip was 

mounted with Fluoromount G (Electron Microscopy Sciences, USA). As an 

immunohistochemistry control for non-specific labeling, sections were incubated without 

primary antibody. After each stage, slides were washed with PBS 3 times for 5 minutes 

(unpublished data). 

 

Acquisition and analyses of images 

Pictures from the olfactory bulb, piriform cortex and periaqueductal gray were 

acquired for each animal (n=4) with an Axioskop 2 plus, Carl Zeiss, Germany. Neurons were 

counted by the free software Image J (National Institute of Health) using a plugin (wrote by 

authors) that use the same level of label intensity to select and count the Fos positive cells. 

 

Statistical analysis  

 The data obtained were evaluated by analysis of variance (ANOVA), either one or 

two-way, followed by Tukey’s or Fisher’s tests. In all cases, differences were considered 

significant if p < 0.05.  All statistical analyses were done using GraphPad Prism 3.02 

(GraphPad Prism Software Inc., San Diego, CA, USA). Percent inhibition of edema volume 

between treated and control group were calculated using the following formula: Inhibition % 

= 100 . (Vc - Vt)/Vc. Where Vc and Vt represent mean increase in paw volume in control and 

treated groups, respectively. 
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Results  

 

Chemical composition 

Hydrodistillation of the leaves of X. laevigata gave a light-yellowish crude essential oil 

(EOX), with a yield of 1.58% (w/w), in relation to the dry weight of the plant material. As 

shown in Table 1, it was possible to identify 36 compounds. The EOX was constituted 

predominantly by sesquiterpene compounds at 90.65%. The major compounds identified were 

-muurolene (17.78% -cadinene (12.23%), bicyclogermacrene (7.77%), -copaene 

(7.17%), germacrene D (6.54%), (E)- -cadinene (4.72%), 

aromadendrene (4.66%), and -amorphene (4.39%). 

In addition to the major constituents, limonene (3.36%), -cubebene (3.04%), 

germacrene B (2.86%), spathulenol (2.29%), -copaene (1.86%), -ylangene (1.26%), -

pinene (1.25%), -cubebene (1.20%), and -muurolol (1.11%) have been reported in the 

essential oils of several other species of Xylopia (Maia et al., 2005), indicating that this 

species is a typical member of the Annonaceae family. 

 

INSERT TABLE 1 

 

The amount of DPPH radical that reacted with EOX (30 µg/mL, 30 min) was 98.15% 

(Table 2). The essential oilpresented a response similar to the positive control, butylated-

hydroxy-toluene (BHT) (30 µg/mL, 30 min).  

 

INSERT TABLE 2 

 



 

 

44 

To assess the antioxidant potential of EOX, we tested its ability to prevent oxidative 

damage to lipids induced by a free radical source in vitro (AAPH). Quantification by TBARS 

demonstrated that EOX exerts a significant (p < 0.05 or p < 0.001) antioxidant effect against 

peroxyl radicals generated by AAPH, protecting lipids from oxidation in a dose-dependent 

fashion (Fig. 1). 

 

INSERT FIGURE 1 

 

To determine the ability of EOX to act as a reactive nitrogen species (RNS) scavenger, 

we evaluated the NO-scavenging activity by incubating EOX with sodium nitroprusside 

(SNP), a chemical inducer of NO production. EOX at 10 µg/mL, 100 µg/mL and 1 mg/mL 

showed a significant NO-scavenging activity with p < 0.01 (Fig. 2).  

 

INSERT FIGURE 2 

 

As shown in Table 3, EOX at the doses of 12.5, 25 or 50 mg/kg (i.p.) significantly 

inhibited (p < 0.01 or p < 0.001) the acetic acid-induced writhings and two phases of 

formalin-induced nociception in mice. Pretreatment with naloxone did not reverse the effect 

of EOX (50 mg/kg, i.p.), but antagonized the antinociceptive effect of MOR on the acid-

induced writhing response. 

 

INSERT TABLE 3 

 

In the Rota-rod test, EOX treated mice did not show any significant motor 

performance alterations with the doses of 12.5, 25 or 50 mg/kg (Data no shown). As might be 
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expected, diazepam (3 mg/kg, i.p., standard drug) significantly reduced the time of treated 

animals on the Rota-rod apparatus when compared with the control group. 

Carrageenan (500 µg/cavity) induced leukocyte migration to the peritoneal cavity 4 h 

after stimulus. Table 4 shows the inhibitory effect of EOX on carrageenan-induced responses 

in a dose-dependent manner (33.5, 36.4, and 42.4% at doses of 12.5, 25, and 50 mg/kg, 

respectively, p < 0.01 or p < 0.001).  Additionally, the mean increase in paw edema volume 

was about 48.3 ± 2.8 mL in the vehicle-treated control mice. EOX (25 and 50 mg/kg, i.p.) 

significantly (p < 0.01) reduced the mean paw edema volume at 3 h after carrageenan 

injection. The standard drug, indomethacin (INDO, 10 mg/kg, i.p.), showed highly significant 

(p < 0.001) anti-inflammatory activity in both inflammatory tests (Table 4). 

 

INSERT TABLE 4 

 

In the olfactory bulb and in the piriform cortex (Figures 3 and Table 5) of the animals, 

the average number of neurons showing Fos protein was increased by an intraperitoneal 

injection of EOX at doses of 25 and 50 mg/Kg when compared with control (Vehicle). 

However, the intraperitoneal injections of EOX at dose of 12.5 mg/kg did not change the 

average number of neurons showing Fos protein when compared with control (Vehicle). 

 

INSERT FIGURE 3 

 

In the periaqueductal gray (Figures 3 and Table 5) of the animals, the average number 

of neurons showing Fos protein was increased by an intraperitoneal injection of EOX at doses 

of 12.5, 25 and 50 mg/Kg when compared with control (Vehicle). 
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INSERT TABLE 5 

 

Discussion 

 

There is little information about the biological properties of Xylopia laevigata. In fact, 

we did a search using Chemical Abstracts, Biological Abstracts, Web of Science and 

ScienceDirect (updated to December 2013) and did not find any article on the same 

pharmacological properties of this species investigated in our work. We believe that it is the 

first scientific report on the antioxidant, analgesic and anti-inflammatory profiles of the X. 

laevigata species, and which sought to map the CNS areas involved in analgesic profile. So, 

we aimed study was to evaluate the antioxidant, antinociceptive and anti-inflammatory 

potential of the essential oil from the leaves of X. laevigata (EOX) in experimental protocols. 

Antioxidants comprise a broad and heterogeneous family of compounds that share the 

common task of interfering with (stopping, retarding or preventing) the oxidation (or 

autoxidation) of an oxidizable substrate [25]. Numerous physiological and biochemical 

processes in the human body may produce oxygen-centered free radicals and other reactive 

oxygen or nitrogen species as by-products [26]. Over-production of such radicals can cause 

oxidative damage to biomolecules, eventually leading to many diseases, such as 

atherosclerosis, cancer, diabetes, or inflammatory conditions and pain [16, 27]. Recently, 

there has been growing interest in research into the role of plant-derived antioxidants in food 

and human health [28].  

Initially, the capacity for scavenging free radicals was evaluated for EOX through the 

DPPH test. This test is a very convenient method for screening small antioxidant molecules 

because the intensity of reaction can be analyzed by simple spectrophotometric assay [13]. 

DPPH radical is scavenged by antioxidants through the donation of hydrogen to form the 
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stable, reduced DPPH molecule. Thus, the antioxidant radicals are stabilized through the 

formation of non-radical products [29]. EOX produced a potent antioxidant effect. 

Nitric oxide (NO) exerts important physiological effects, such as vasoconstriction 

regulation and modulation of pro-inflammatory processes [30]. Reaction between some ROS 

(notably superoxide) and NO are generally fast and may result in “cleaning” of NO in some 

cells, with consequent inhibition of some NO-triggered biological effects [16,30]. So, NO 

plays an important role in various types of inflammatory disorders, and thus might be 

implicated in the antinociceptive and anti-inflammatory actions shaped by EOX. 

Lipid peroxidation has been described as the biological damage caused by free radicals 

that are formed under oxidative stress [31]. Several plants have been shown to inhibit lipid 

peroxidation, as measured by TBARS results [28,32,33]. The lipids in membrane are 

continuously subjected to oxidant challenges. Oxidant-induced abstraction of a hydrogen 

atom from an unsaturated fatty-acid chain of membrane lipids initiates the process of lipid 

peroxidation, which propagates as a chain reaction [32]. In the process, cyclic peroxides, lipid 

peroxides, and cyclic end peroxides are generated, which ultimately are fragmented into 

aldehydes such as malondialdehyde [26]. Theses antioxidant profile can be useful to 

managing disorders, as inflammation and pain [16,32,34]. 

In evaluation of the antinociceptive effect using acetic acid-induced abdominal 

constriction, EOX produced a significant inhibition of the nociceptive behavior. This test is a 

standard, simple and sensitive test for measuring analgesia induced by both opioids and 

peripherally-acting analgesics [35]. In the present study, our results suggest that EOX has a 

central analgesic effect. To confirm such an effect, we tested the blocking effect of naloxone, 

a specific antagonist of morphinomimetic receptors, in the acetic acid test [36]. Naloxone was 

not able to completely reverse the antinociceptive effect of EOX, but appears to partially 

reverse this effect, suggesting a weak involvement of opioid receptors. According to Le Bars 
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et al. [21], in the acetic acid test, pain is elicited by the injection of an irritant such as acetic 

acid into the peritoneal cavity, which produces episodes of characteristic stretching (writhing) 

movements; those behavioral changes are probably in relationship to the inhibition in the 

peritoneal fluid levels of prostaglandin and cytokines [21,37]. Thus, EOX may also participate 

in the inhibition of prostaglandin synthesis, as nociceptive mechanisms involve the processing 

or release of arachidonic acid metabolites via COX and prostaglandin biosynthesis [16].  

Acute administration of EOX, at all doses, caused pronounced antinociception as 

evidenced by the decreased nociceptive behavior in the first and second phases of the 

formalin test.  This test model is sensitive to various classes of analgesic drugs [20], and 

characterized by the first phase (neurogenic), which is evoked by direct formalin stimulation 

of the sensorial C-fibers followed by substance P release [38], and the second phase 

(inflammatory) mainly due to a subsequent inflammatory reaction in the peripheral tissue 

mediated by the release of various inflammatory mediators associated with the increased level 

of PG, induction of COX and release of nitric oxide (NO) [21]. As EOX reduced the 

production of nitrite, showing it to have a potential role as a NO scavenging agent, and as NO 

plays an important role in various types of inflammatory processes, it is thus possible that the 

reduction of NO is involved in a potential antinociceptive action produced by EOX, mainly in 

the second phase of the formalin test [39].  

To investigate if treatments with EOX could influence the motor activity of the 

animals and consequently impair the assessment of the nociceptive behavior in the 

experimental models, the motor activity of the animals was evaluated on a Rota-rod apparatus 

[16]. Our results revealed that all mice treated with EOX, at the doses evaluated, did not show 

any performance alteration during the Rota-rod test (Data no shown). 

To demonstrate central action of EOX, Fos protein labeled by imunofluorescence was 

performed showing activation of Olfactory bulb, Piriform cortex and Periaqueductal gray 
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(PAG). As demonstrated in immunohistochemistry results, the acute treatment with EOX 

stimulated the olfactory bulb, piriform cortex and  PAG. The olfactory bulb and piriform 

cortex receives information from such brain areas as the amygdala and hippocampus and 

project their axons to targets in the amygdala and hypothalamus, where they may influence 

aggressive, mating and painful behavior [40,41]. Following the report of Reynolds [42], the 

PAG was rapidly established as being important to descend inhibition of spinal nociceptive 

processing and also as a site where opioids, when microinjected directly into the PAG, 

replicated the inhibitory effects of electrical stimulation [43]. It also became clear that 

stimulation in widespread sites in the brain, including the sensory cortex, thalamus, 

hypothalamus, midbrain, pons and spinal cord, similarly produced inhibitory effects on spinal 

nociceptive processing. Additionally, stimulation of PAG area can produce descending 

inhibitory of pain effects [44]. Thus, our results allow us to suggest that the EOX may be 

acting by modulation of thedescending pain-inhibitory mechanisms. Actually, recent studies 

have suggested that essential oils and/or terpenes can produce effects ondescending pain 

pathways, as PAG and nucleus raphe magnus areas [45,46]. 

To evaluate its anti-inflammatory profile we seek to test EOX in different models. 

Carrageenan has been widely used as a noxious agent able to induce experimental 

inflammation for the screening of compounds possessing anti-inflammatory activity [47]. This 

phlogistic agent, when injected locally into a rodent paw, produces a severe inflammatory 

reaction, which is discernible within 30 min [48]. As described by Bhandare et al. [47], the 

development of edema induced by carrageenan is a biphasic event: the early phase of the 

inflammation is due to the release of histamine, serotonin and similar substances; the later 

phase is associated with the activation of kinin-like substances and the release of 

prostaglandins, proteases and lysosome [49]. EOX inhibited hindpaw edema and showed 

considerable anti-inflammatory activity. In addition, the antioxidant action of EOX observed 
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in the TBARS and NO assays suggests that this essential oil may act as a protective agent 

against oxidative damage to membrane polyunsaturated fatty acids (PUFAs) such as 

arachidonic acid, which is a very important component in the response to inflammation via 

the cyclooxygenase (COX) pathway [30]. 

Thus, to confirm the probable anti-inflammatory profile of EOX, the peritonitis 

induced by carrageenan was observed. Cell recruitment during inflammation depends on the 

orchestrated release of local mediators that are responsible for local vascular and tissue 

changes as well as for the recruitment of host defense cells [50]. The inflammation induced by 

carrageenan involves cell migration, plasma exudation and production of mediators, such as 

nitric oxide, prostaglandin E2, interleukin (IL)-1 , IL-6 and tumor necrosis factor (TNF)-α 

[44]. These mediators are able to recruit leukocytes, such as neutrophils, in several 

experimental models. EOX inhibited leukocyte migration induced by i.p. injection of 

carrageenan (in the peritonitis model) in a dose-dependent manner. In addition, it is possible 

that EOX, rich in hydrophobic molecules, interacts strongly with specific types of lipids, and 

in a lipid-rich system, such as in the TBARS assay, lipids with lesser affinity to EOX 

compounds and/or hydrophilic portions of amphipatic lipids are more susceptible to radical 

attack, allowing the initiation of a lipoperoxidation chain reaction [17], and theses effects may 

be contributing to the anti-inflammatory property of EOX. 

Additionally, Martins et al. [51] suggests that the antioxidant and anti-inflammatory 

effects of the essential oil of Garcinia brasiliensis may be related to the presence of γ-

muurolene and δ-cadinene, two terpenoids rich in our oil. Unfortunately, we cannot isolate 

theses terpenoids in EOX to test them separately. Even so, it is possible that the 

pharmacological properties, such as anti-inflammatory and analgesic, of EOX are related to 

the presence of terpenoid compounds [52,53] 
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Conclusions 

 

For the first time in literature, our results support that the EOX exhibits an antioxidant 

action preventing lipoperoxidation, NO release, and significant anti-inflammatory and 

antinociceptive activities in rodents. EOX probably exerts its antinociceptive effect by central 

inhibitory mechanisms (with partial involvement of the opioid system) and does not produce 

changes in motor coordination.  

The probable anti-inflammatory activity of EOX may play a role in interfering with 

prostaglandin synthesis, and also might involve redox-mediated mechanisms. Also, this study 

demonstrated, for the first time, that EOX has relevant central antinociceptive property 

probably due to the involvement of descending modulation of pain on CNS, as PAG. The 

current findings support its medicinal use in the folk medicine of the Brazilian Northeast as an 

analgesic and anti-inflammatory medicine.  
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TABLES 
 

Table 1. Essential oil composition from the leaves of X. laevigata. 

Compound RIa RIb 
X. laevigata 
Leaf oil % 

1 -Pinene 931 932 1.25 

2 -Pinene 975 974 0.40 

3 Limonene 1027 1024 3.36 

4 δ-Elemene 1333 1335 0.65 

5 (Z)- -Ocimene 1034 1032 0.38 

6 -Cubebene 1345 1345 3.04 

7 -Ylangene 1367 1373 1.26 

8 -Copaene 1374 1374 7.17 

9 -bourbonene 1381 1387 0.51 

10 -Cubebene 1386 1387 1.20 

11 (E)-Caryophyllene 1417 1417 5.87 

12 -Copaene 1427 1430 1.86 

13 Aromadendrene 1436 1439 4.66 

14 Trans-Muurola-3,5-diene 1447 1451 0.33 

15 -Humulene 1453 1452 0.83 

16 Allo-Aromadendrene 1458 1458 0.25 

17 Cis-Cadina-1(6),4-diene 1460 1461 0.17 

18 Trans-Cadina-1(6),4-diene 1469 1475 Tr 

19 -Muurolene 1474 1478 17.78 

20 Germacrene D 1480 1484 6.54 

21 δ-Selinene 1485 1492 0.17 

22 -Amorphene 1490 1495 4.39 

23 Bicyclogermacrene 1494 1500 7.77 

24 -Muurolene 1496 1500 Tr 
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25 δ-Amorphene 1503 1511 0.13 

26 -Cadinene 1511 1513 4.72 

27 δ-Cadinene 1516 1522 12.23 

28 Trans-Cadina-1,4-diene 1530 1533 0.33 

29 -Cadinene 1534 1537 1.09 

30 -Calacorene 1539 1544 0.63 

31 Germacrene B 1557 1559 2.86 

32 -Calacorene 1560 1564 Tr 

33 Spathulenol 1575 1577 2.29 

34 Caryophyllene oxide 1580 1582 0.65 

35 -Muurolol 1642 1644 1.11 

36 δ-Cadinol 1653 1649 0.81 

 Monoterpenes 

Sesquiterpenes 

6.04 

90.65 

 Total Identified 96.69 

RIa (calc.), retention indices on ZB-5MS column calculated according to van 
Den Dool & Kratz (1963). RIb retention indices according to Adams (2007). Tr 
(trace). 
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Table 2. Radical scavenging activity of X. laevigata leaf essential oil (EOX) determined by 

the reduction of DPPH free radical. 

Samples IP (%) IC50 (µg/mL DPPH) 

EOX 98.15 11.98 ± 0.55* 

BHT 99.26 11.06 ± 0.61* 

n = 4. Different small letters mean significantly different at p < 0.05 in the same column. *IC50 and IP (30 g/ml) 

of extracts were calculated at the steady state (30 min). 
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Table 3. Effect of X. laevigata leaf essential oil (EOX) or morphine (MOR), in the absence 

and presence of naloxone (NAL), on writhing induced by acetic acid and formalin-induced 

nociception tests in mice. 

Treatment Dose 

(mg/kg) 

Writhing Test Formalin Test 

Number of 

writhingsa 

0-5 mina 15-30 mina 

Vehicle - 38.0 ± 4.1 79.5 ± 5.6 105.1 ± 23.3 

EOX 12.5 24.8 ± 6.2 48.2 ± 5.7b 41.5 ± 12.9c 

EOX 25 8.7 ± 3.4c 36.3 ± 6.7c 31.7 ± 8.3c 

EOX 50 3.1 ± 2.8 c 30.3 ± 7.2c 13.8 ± 6.6c,e 

MOR 5 1.9 ± 0.6 c 12.4 ± 2.8c 5.8 ± 1.1c 

EOX + NAL 50 + 1.5 21.5 ± 6.1b,d - - 

MOR + NAL 5 + 1.5 34.8 ± 7.3 - - 

n= 8, per group. aValues represent mean  S.E.M.b p < 0.05 (one-way ANOVA and Tukey’s test), significantly 

different from control group. cp < 0.001 (one-way ANOVA and Tukey’s test), significantly different from 

control group. dp < 0.01 (one-way ANOVA and Tukey’s test), significantly different from EOX 50 mg/kg group. 

ep < 0.05 (one-way ANOVA and Tukey’s test), significantly different from EOX 25 mg/kg group 
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Table 4.Effect of X. laevigata leaf essential oil (EOX) or indomethacin (INDO) on 

carrageenan-induced leukocyte migration and carrageenan-induced hindpaw edema in mice. 

Treatment Dose 

(mg/kg) 

Carrageenan-induced 

leukocyte migration 

(Leukocytes x 

106/mL)a 

% 

inhibition 

Carrageenan-

induced hindpaw 

edema volume (mL)a 

% 

inhibition 

Vehicle - 48.3 ± 2.8 - 0.61 ± 0.14 - 

EOX 12.5 32.1 ± 3.6b 33.5d 0.40 ± 0.11b 34.4d 

EOX 25 30.7 ± 2.2b 36.4d 0.36 ± 0.09b 41.0d 

EOX 50 27.8 ± 4.3c 42.4d 0.34 ± 0.11b 44.3d 

INDO 10 19.7 ± 2.5c 59.2e 0.21 ± 0.08c 65.6e 

n = 6, per group.aValues represent mean ± S.E.M.b p < 0.01 (one-way ANOVA and Tukey’s test), significantly 

different from control. c p < 0.001 (one-way ANOVA and Tukey’s test), significantly different from control. 
d p 

< 0.01 (Fisher’s test), significantly different from control. 
ep < 0.001 (Fisher’s test), significantly different from 

control 
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Table 5. Brain areas activated by X. laevigata leaf essential oil (EOX) in mice. 

Treatment Dose FOS positive cells 

 (mg/kg) Olfactory bulb Piriform cortex Periaqueductal gray 

Vehicle - 3.5 ± 0.6 3.0 ± 1.4 4.2 ± 1.3 

EOX 12.5 11.7 ± 2.6 8.0 ± 1.7 23.7 ± 5.2a 

EOX 25 22.0 ± 5.4a 29.5 ± 3.6b 28.7 ± 1.1b 

EOX 50 25.7 ± 6.4b 34.0 ± 9.4b 19.2 ± 3.6a 

n = 4, per group; Values represent mean ± S.E.M.ap < 0.01 or bp < 0.001 (one-way ANOVA and Tukey`s test), 

significantly different from vehicle-treated mice. 
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FIGURES 

 

0

30

60

90

120
#

#

# *

**
**

T
B

A
R

S
 (

%
)

Control AAPH 1 g/ml 10 g/ml 100 g/ml 1 mg/ml

EOX

 

Figure 1. TBARS in vitro. Lipid extracted from egg yolk was subjected to oxidative damage 

by incubation with AAPH, and the ability of different concentrations of EOX to prevent 

TBARS formation was analyzed. Control means basal lipid peroxidation with vehicle alone 

(DMSO 10%); AAPH alone group is considered 100% of oxidative damage. Values represent 

mean ± S.E.M., n = 4, experiments in triplicate.  #p < 0.001 versus control, *p < 0.05 and **p 

< 0.001 different versus system (ANOVA followed by Tukey’s test). 
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Figure 2. NO-scavenging activity. Control means basal NO production of vehicle (DMSO 

10%) in the absence of a NO generator source (without SNP); SNP group reflects nitrite 

production by sodium nitroprusside alone, considered 100% of NO production. The effect of 

different concentrations of EOX against SNP was determined by the Griess method. Values 

represent mean ± S.E.M., n = 4, experiments in triplicate.  # p < 0.001 versus control,  *p < 

0.01 different versus  SNP (ANOVA followed by Tukey’s test). 
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Figure 3. Immunofluorescence staining of nuclear Fos protein in the neurons of the Olfactory 

bulb (A, D, G and J), Piriform cortex (B, E, H and K) and Periaqueductal gray (C, F, I and L) 

90 minutes after X. laevigata leaf essential oil (EOX) intraperitoneal injection at doses of 0 

(saline control), 12.5, 25 and 50 mg/Kg respectively on these three brain regions of the 

animals submitted to carrageenan hypernociception model. 
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CONCLUSÕES 
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5 CONCLUSÃO GERAL 

 

Os dados apresentados no presente estudo nos permitem sugerir que o óleo essencial 

obtido das folhas da Xylopia laevigata: 

Com relação a Revisão de Patentes, percebe-se que há um grande número de patentes, de 

uma forma geral, para os termos: “Medicinal and plant and pain”- planta medicinal e dor. No 

entanto, no caso de depósitos com a família Annonaceae, esse número tem uma redução 

significativa; chegando  a zero quando o termo "pain" - dor é adicionado; assim como, quando 

o nome da espécie em discussão Xylopia laevigata é consultada.  

No Teste de ����������� de Radicais Livres � DPPH, verifica-se que a quantidade do radical 

DPPH que reagiu com EOX (30 ug/ml, 30 min) foi de 98,15 %. Ou seja, o EOX apresenta 

resposta similar ao controle positivo BHT - butil hidroxi tolueno (30 ug/ml, 30 min) que foi a 

substância padrão utilizada. Os valores encontrados para o IC50 

de 11,98 ± 0,55, valores proximos ao BHT - 11,06 ± 0,61. 

No Teste de Peroxidação lipídica – TBARS, verifica-se que a quantificação por TBARS 

demonstram que o EOX exerce um efeito antioxidante contra radicais peroxila gerados por 

AAPH, estatisticamente significativo ( p < 0,05 ou p < 0,001 ), protegendo os lípidos da 

oxidação de uma forma dose dependente. Principalmente nas doses de 100 1 

mg/ml de EOX, que apresentaram resultados semelhantes ao Controle. 

No Teste de “Sequestro” Oxido nítrico, verifica-se que as três ultimas doses administradas 

com tratamento do OEX (10 

percentual de produção de nitrito pela administração de Nitropruciato de Sódio. 

Apresenta atividade antinociceptiva, sendo capaz de reduzir a nocicepção por estímulo 

químico; 

Possui ação anti-inflamatória, provavelmente mediada pela inibição de citocinas pró-

inflamatórias; 

Apresenta ação sobre o SNC, especificamente sobre a substância cinzenta periaquedutal 

(PAG), relacionando sua ação com os mecanismos modulatórios da dor; 

Nas doses utilizadas não induz qualquer tipo de alteração motora nos animais; 

Dessa forma, os resultados sugerem que o óleo essencial de Xylopia laevigata passa a ser 

uma alternativa viável concreta para estudo e desenvolvimento de preparações farmacêuticas 

com possível atividade anti-inflamatória. 
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Verifica-se portanto, a existência de lacunas científicas a serem cumpridas com relação a 

estudos com plantas medicinais; mais especificamente da família Annonaceae ou do óleo 

essencial da Xylopia laevigata. Ao mesmo tempo em que se percebe um campo promissor 

para novos estudos, verifica-se a importância e a necessidade de um maior incentivo 

governamental, o qual poderá estimular o Campo de pesquisa e o desenvolvimento do país. 
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background to the research and its aims. Reports of clinical research should, where 
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Additional files should be named "Additional file 1" and so on and should be referenced 

explicitly by file name within the body of the article, e.g. 'An additional movie file shows this 

in more detail [see Additional file 1]'. 

Additional file formats 

 

Ideally, file formats for additional files should not be platform-specific, and should be 

viewable using free or widely available tools. The following are examples of suitable formats. 
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Additional documentation 

PDF (Adode Acrobat) 

Animations 

SWF (Shockwave Flash) 

Movies 

MP4 (MPEG 4) 

MOV (Quicktime) 

Tabular data 

XLS, XLSX (Excel Spreadsheet) 

CSV (Comma separated values) 

 

As with figure files, files should be given the standard file extensions. 

Mini-websites 

 

Small self-contained websites can be submitted as additional files, in such a way that they will 

be browsable from within the full text HTML version of the article. In order to do this, please 

follow these instructions: 

 

Create a folder containing a starting file called index.html (or index.htm) in the root. 

Put all files necessary for viewing the mini-website within the folder, or sub-folders. 

Ensure that all links are relative (ie "images/picture.jpg" rather than "/images/picture.jpg" or 

"http://yourdomain.net/images/picture.jpg" or "C:\Documents and Settings\username\My 

Documents\mini-website\images\picture.jpg") and no link is longer than 255 characters. 

Access the index.html file and browse around the mini-website, to ensure that the most 

commonly used browsers (Internet Explorer and Firefox) are able to view all parts of the 

mini-website without problems, it is ideal to check this on a different machine. 

Compress the folder into a ZIP, check the file size is under 20 MB, ensure that index.html is 

in the root of the ZIP, and that the file has .zip extension, then submit as an additional file 

with your article. 

 

Style and language 

General 
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Currently, BMC Complementary and Alternative Medicine can only accept manuscripts 

written in English. Spelling should be US English or British English, but not a mixture. 

 

There is no explicit limit on the length of articles submitted, but authors are encouraged to be 

concise. 

 

BMC Complementary and Alternative Medicine will not edit submitted manuscripts for style 

or language; reviewers may advise rejection of a manuscript if it is compromised by 

grammatical errors. Authors are advised to write clearly and simply, and to have their article 

checked by colleagues before submission. In-house copyediting will be minimal. Non-native 

speakers of English may choose to make use of a copyediting service. 

Language editing 

 

For authors who wish to have the language in their manuscript edited by a native-English 

speaker with scientific expertise, BioMed Central recommends Edanz. BioMed Central has 

arranged a 10% discount to the fee charged to BioMed Central authors by Edanz. Use of an 

editing service is neither a requirement nor a guarantee of acceptance for publication. Please 

contact Edanz directly to make arrangements for editing, and for pricing and payment details. 

Help and advice on scientific writing 

 

The abstract is one of the most important parts of a manuscript. For guidance, please visit our 

page on Writing titles and abstracts for scientific articles. 

 

Tim Albert has produced for BioMed Central a list of tips for writing a scientific manuscript. 

American Scientist also provides a list of resources for science writing. For more detailed 

guidance on preparing a manuscript and writing in English, please visit the BioMed Central 

author academy. 

Abbreviations 

 

Abbreviations should be used as sparingly as possible. They should be defined when first 

used and a list of abbreviations can be provided following the main manuscript text. 

Typography 

 

Please use double line spacing. 



 

 

96 

Type the text unjustified, without hyphenating words at line breaks. 

Use hard returns only to end headings and paragraphs, not to rearrange lines. 

Capitalize only the first word, and proper nouns, in the title. 

All pages should be numbered. 

Use the BMC Complementary and Alternative Medicine reference format. 

Footnotes are not allowed, but endnotes are permitted. 

Please do not format the text in multiple columns. 

Greek and other special characters may be included. If you are unable to reproduce a 

particular special character, please type out the name of the symbol in full. Please ensure that 

all special characters used are embedded in the text, otherwise they will be lost during 

conversion to PDF. 

 

Units 

 

SI units should be used throughout (liter and molar are permitted, however). 
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ANEXO C: Normas do The Scientific World Journal para submissão do artigo: Bioassay-

guided evaluation of pharmacological effects of Xylopia laevigata leaf essential oil - 

evidence for the involvement of descending pain-inhibitory mechanisms. 

 

Submission 

Manuscripts should be submitted by one of the authors of the manuscript through the online 

Manuscript Tracking System. Regardless of the source of the word-processing tool, only 

electronic PDF (.pdf) or Word (.doc, .docx, .rtf) files can be submitted through the MTS. 

There is no page limit. Only online submissions are accepted to facilitate rapid publication 

and minimize administrative costs. Submissions by anyone other than one of the authors will 

not be accepted. The submitting author takes responsibility for the paper during submission 

and peer review. If for some technical reason submission through the MTS is not possible, the 

author can contact tswj@hindawi.com for support. 

 

Terms of Submission 

Papers must be submitted on the understanding that they have not been published elsewhere 

and are not currently under consideration by another journal published by Hindawi or any 

other publisher. The submitting author is responsible for ensuring that the article's publication 

has been approved by all the other coauthors. It is also the authors' responsibility to ensure 

that the articles emanating from a particular institution are submitted with the approval of the 

necessary institution. Only an acknowledgment from the editorial office officially establishes 

the date of receipt. Further correspondence and proofs will be sent to the author(s) before 

publication unless otherwise indicated. It is a condition of submission of a paper that the 

authors permit editing of the paper for readability. All enquiries concerning the publication of 

accepted papers should be addressed to tswj@hindawi.com. 

 

Peer Review 

All manuscripts are subject to peer review and are expected to meet standards of academic 

excellence. Submissions will be considered by an editor and “if not rejected right away” by 

peer-reviewers, whose identities will remain anonymous to the authors. 

 

Microarray Data Submission 

For any article that includes microarray data, this data should be deposited in an appropriate 

database such as Gene Expression Omnibus (GEO) or Array Express, and an entry name or 
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accession number must be included in the manuscript prior to its publication. Microarray data 

should be MIAME compliant. During the reviewing process, submitting authors are 

committed to provide the editor and the reviewers handling his/her manuscript with the login 

information by which they can access this information in the database. 

 

Article Processing Charges 

The Scientific World Journal is an open access journal. Open access charges allow publishers 

to make the published material available for free to all interested online visitors. For more 

details about the article processing charges of The Scientific World Journal, please visit the 

Article Processing Charges information page. 

 

Units of Measurement 

Units of measurement should be presented simply and concisely using System International 

(SI) units. 

 

Title and Authorship Information 

The following information should be included 

 

Paper title 

Full author names 

Full institutional mailing addresses 

Email addresses 

Abstract 

The manuscript should contain an abstract. The abstract should be self-contained and citation-

free and should not exceed 200 words. 

 

Introduction 

This section should be succinct, with no subheadings. 

 

Materials and Methods 

This part should contain sufficient detail so that all procedures can be repeated. It can be 

divided into subsections if several methods are described. 

 

Results and Discussion 
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This section may each be divided by subheadings or may be combined. 

 

Conclusions 

This should clearly explain the main conclusions of the work highlighting its importance and 

relevance. 
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All acknowledgments (if any) should be included at the very end of the paper before the 

references and may include supporting grants, presentations, and so forth. 
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Authors are responsible for ensuring that the information in each reference is complete and 

accurate. All references must be numbered consecutively and citations of references in text 

should be identified using numbers in square brackets (e.g., “as discussed by Smith [9]”; “as 

discussed elsewhere [9, 10]”). All references should be cited within the text; otherwise, these 

references will be automatically removed. 

 

Preparation of Figures 

Upon submission of an article, authors are supposed to include all figures and tables in the 

PDF file of the manuscript. Figures and tables should not be submitted in separate files. If the 

article is accepted, authors will be asked to provide the source files of the figures. Each figure 

should be supplied in a separate electronic file. All figures should be cited in the paper in a 

consecutive order. Figures should be supplied in either vector art formats (Illustrator, EPS, 

WMF, FreeHand, CorelDraw, PowerPoint, Excel, etc.) or bitmap formats (Photoshop, TIFF, 

GIF, JPEG, etc.). Bitmap images should be of 300 dpi resolution at least unless the resolution 

is intentionally set to a lower level for scientific reasons. If a bitmap image has labels, the 

image and labels should be embedded in separate layers. 

 

Preparation of Tables 

Tables should be cited consecutively in the text. Every table must have a descriptive title and 

if numerical measurements are given, the units should be included in the column heading. 

Vertical rules should not be used. 

 

Proofs 
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Corrected proofs must be returned to the publisher within 2-3 days of receipt. The publisher 

will do everything possible to ensure prompt publication. It will therefore be appreciated if the 

manuscripts and figures conform from the outset to the style of the journal. 

 

Copyright 

Open Access authors retain the copyrights of their papers, and all open access articles are 

distributed under the terms of the Creative Commons Attribution License, which permits 

unrestricted use, distribution and reproduction in any medium, provided that the original work 

is properly cited. 

 

The use of general descriptive names, trade names, trademarks, and so forth in this 

publication, even if not specifically identified, does not imply that these names are not 

protected by the relevant laws and regulations. 

 

While the advice and information in this journal are believed to be true and accurate on the 

date of its going to press, neither the authors, the editors, nor the publisher can accept any 

legal responsibility for any errors or omissions that may be made. The publisher makes no 

warranty, express or implied, with respect to the material contained herein. 

 

Disclosure Policy 

A competing interest exists when professional judgment concerning the validity of research is 

influenced by a secondary interest, such as financial gain. We require that our authors reveal 

any possible conflict of interests in their submitted manuscripts. 

 

 

If there is no conflict of interests, authors should state that “The author(s) declare(s) that there 

is no conflict of interests regarding the publication of this paper.” 

 

Clinical Study 

When publishing clinical studies, Hindawi aims to comply with the recommendations of the 

International Committee of Medical Journal Editors (ICMJE) on trials registration. Therefore, 

authors are requested to register the clinical trial presented in the manuscript in a public trials 

registry and include the trial registration number at the end of the abstract. Trials initiated 
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after July 1, 2005 must be registered prospectively before patient recruitment has begun. For 

trials initiated before July 1, 2005, the trial must be registered before submission. 

 

International Commission on Zoological Nomenclature 

When publishing papers which describe a new zoological taxon name, Hindawi aims to 

comply with the requirements of the International Commission on Zoological Nomenclature 

(ICZN). Therefore, for all papers that include the naming of a new zoological taxon, authors 

are requested to contact Zoobank, the online registration system for the International 

Commission on Zoological Nomenclature, to obtain a Life Science Identifier (LSID). 

Moreover, authors are requested to insert the following text in the “Materials and Methods” 

section, in a subsection to be called “Nomenclatural Acts”: 

 

The new names contained in this article are available under the International Code of 

Zoological Nomenclature. This work and the nomenclatural acts it contains have been 

registered in ZooBank. Zoobank Life Science Identifier (LSID) for this publication is: 

urn:lsid:zoobank.org:pub:. The LSID registration and any associated information can be 

viewed in a web browser by adding the LSID to the prefix “http://zoobank.org/.” 

 

Ethical Guidelines 

In any studies that involve experiments on human or animal subjects, the following ethical 

guidelines must be observed. For any human experiments, all work must be conducted in 

accordance with the Declaration of Helsinki (1964). Papers describing experimental work on 

human subjects who carry a risk of harm must include a statement that the experiment was 

conducted with the understanding and the consent of the human subject, as well as a statement 

that the responsible Ethical Committee has approved the experiments. In the case of any 

animal experiments, the authors should provide a full description of any anesthetic and 

surgical procedure used, as well as evidence that all possible steps were taken to avoid animal 

suffering at each stage of the experiment. 

 

 

 

 

 


