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RESUMO  
 

Efeito protetor da piperina no dano intestinal induzido por indometacina  
 

Anti-inflamatórios não esteroidais (AINES) são medicamentos largamente prescritos 

na prática clínica para o tratamento da inflamação e dor, principalmente para casos 

de dor crônica, osteoartrite, artrite reumatoide, pós-operatório e cólicas menstruais. O 

mecanismo de ação dos AINES é baseado na inibição não seletiva da enzima 

Cicloxigenase (COX) com inibição da conversão do ácido araquidônico em 

Prostaglandinas (PGs) que consiste em uma substância mediadora de reações 

inflamatórias no organismo. O uso crônico de AINES está associado a eventos 

adversos e danos aos órgãos, especialmente mucosa gástrica, intestino delgado, 

sistema cardiovascular, rins, fígado, cérebro e trato respiratório. O objetivo deste 

trabalho foi avaliar o efeito protetor da piperina no dano intestinal induzido por 

Indometacina. Foram utilizados 18 camundongos machos linhagem Mus musculus, 

de 6-8 semanas de idade. Foi realizada indução de dano intestinal com indometacina 

(10mg/ml) e co-tratamento com piperina (20mg/ml) ambos via oral.  Após 14 dias, os 

animais foram eutanasiados. Foi realizada análise sorológica bioquímica. A 

inflamação intestinal foi avaliada com base em análises macroscópicas, 

histopatológicas e metagenômicas. A análise histopatológica demonstrou uma 

redução da inflamação do intestino delgado (p<0,05) e desaparecimento da necrose 

da parede intestinal do intestino grosso. As medições das criptas e vilosidades 

demonstraram aumento dos valores no grupo tratado com piperina (p<0,05). Foi 

observado um valor de Aspartato aminotransferase (AST) cerca de seis vezes maior 

no grupo Indometacina (p<0,05). Em relação a microbiota intestinal, foi possível 

observar aumento da diversidade de gênero no grupo tratado com piperina (p<0,05). 

Houve redução de 50% na formação de micronúcleo com a administração de piperina 

20mg/kg (p<0,05). Concluiu-se que o co-tratamento com piperina tem grande 

potencial na remediação dos efeitos adversos causados pelos AINES. 

 

Palavras-chave: Indometacina; AINES; Piperina; Intestinos; Anti-Inflamatórios não 

Esteroides. 

 



ABSTRACT 
 

Protective effect of piperine on indomethacin-induced intestinal damage 
 

Non-steroidal anti-Inflammatory drugs (NSAIDs) are medications widely prescribed in 

clinical practice for the treatment of inflammation and pain, mainly in cases of chronic 

pain, osteoarthritis, rheumatoid arthritis, post-surgery and menstrual cramps. The 

mechanism of action of NSAIDs is based on the non-selective prevention of the 

enzyme Cyclooxygenase (COX) with protection from the conversion of arachidonic 

acid into Prostaglandins (PGs), which consist of a substance that mediates 

inflammatory reactions in the body. The classic use of NSAIDs is associated with 

adverse events and organ damage, especially gastric mucosa, small intestine, 

cardiovascular system, kidneys, liver, brain and respiratory tract. The objective of this 

work was to evaluate the protection of piperine in intestinal damage induced by 

Indomethacin. 18 male Mus musculus mice, 6-8 weeks old, were used. Intestinal 

damage was induced with indomethacin (10mg/ml) and co-treatment with piperine 

(20mg/ml), both orally. After 14 days, the animals were euthanized. Biochemical 

serological analysis was performed. Intestinal inflammation was evaluated based on 

macroscopic, histopathological and metagenomic analyses. Histopathological analysis 

demonstrated a reduction in inflammation of the small intestine (p<0.05) and 

disappearance of necrosis of the intestinal wall of the large intestine. The proportions 

of crypts and villi caused increased values in the group treated with piperine (p<0.05). 

An Aspartate aminotransferase (AST) value approximately six times higher was 

observed in the Indomethacin group (p<0.05). Regarding the intestinal microbiota, it 

was possible to observe an increase in gender diversity in the group treated with 

piperine (p<0.05). There was a 50% reduction in micronucleus formation with the 

administration of piperine 20mg/kg (p<0.05). It is concluded that co-treatment with 

piperine has great potential in remedying the side effects caused by NSAIDs. 

 

Keywords: Indomethacin; NSAIDs; Piperine; intestinal damage; Intestines; Anti-

Inflammatory Agents, Non-Steroidal. 
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1 Introdução 
Anti-inflamatórios Não Esteroidais (AINES) são medicamentos largamente 

prescritos na prática clínica para tratamento de inflamação e dor como osteoartrite, artrite 

reumatoide, pós-operatório e cólicas menstruais (Bindu et al., 2020; Lázár et al., 2021). 

O mecanismo de ação dos AINES é baseado na inibição não seletiva da enzima 

Cicloxigenase (COX) com inibição da conversão do ácido araquidônico em 

Prostaglandinas (PGs) que consiste em uma substância mediadora de reações 

inflamatórias no organismo (Gliszczyńska; Nowaczyk, 2021).  

Descoberta em 1963, a Indometacina (ácido 1-(p-clorobenzoil)-5-metoxi-2-

metilindol-3-acético) é um AINE considerado mais potente em relação ao ácido 

acetilsalicílico, fenilbutazona, ibuprofeno e naproxeno (Gliszczyńska; Nowaczyk, 2021). 

Possui aprovação pela Food and Drug Administration (FDA) como um medicamento com 

propriedades anti-inflamatórias, analgésicas e antipiréticas, sendo atualmente prescrito 

para osteoartrite, artrite reumatoide, artrite gotosa, espondilite anquilosante e dor aguda 

nos ombros (Villar-Martínez et al., 2021; Gliszczyńska; Nowaczyk, 2021).  

O uso crônico de AINES está associado a eventos adversos e danos aos órgãos, 

especialmente mucosa gástrica, intestino delgado, sistema cardiovascular, rins, fígado, 

cérebro e trato respiratório (Bindu et al., 2020; Lázár et al., 2021). 

Os danos provocados pelo uso de AINES ocorrem, principalmente, devido a 

redução da secreção de PGs, o que impossibilita sua função fisiológica no organismo, 

como por exemplo, a proteção da mucosa gastrintestinal. Além disso, acredita-se que,  a 

interação direta da droga com a superfície hidrofóbica da mucosa também contribua com 

o dano (Gliszczyńska; Nowaczyk, 2021). 

Ainda que apresente segurança e eficácia, El-Demerdash et al. (2021) 

demonstraram em estudo que a indometacina administrada em dose única (48mg/Kg), 

pode estar associada a estresse oxidativo na mucosa gástrica por meio da redução do 

níveis de glutationa (GSH) e catalase (CAT), além da peroxidação lipídica. Foi observado 

também, indução da inflamação no tecido gástrico por meio do aumento dos marcadores 

inflamatórios como Fator de Necrose Tumoral-α (TNF-α), Interleucina-1β (IL-1β), Fator 

Nuclear Kappa-β (NFκβ) , Caspase-3 e do gene proteína quinase ativada por mitógeno 

(p38-MAPK) (El-Demerdash et al., 2021). 

As complicações das úlceras pépticas gastroduodenais são cinco vezes mais 

frequentes em pacientes que fazem uso de AINES, e dentre estas complicações pode-se 

destacar a hemorragia digestiva alta aguda (Tai; McAlindon, 2021;  Kavitt et al., 2019). 

Até o momento não existe nenhuma estratégia comprovada capaz prevenir lesões no 

intestino delgado induzidas por AINES (Monteros et al., 2021). Entretanto, a medicina 

tradicional se destacou nos últimos tempos com a validação científica das propriedades 
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de produtos a base de ervas medicinais (Kondapalli et al., 2022). Além da ampla 

aplicação, os fitocompostos têm sido bastante ressaltados devido a menor presença de 

efeitos colaterais e ao baixo custo (Direito et al., 2023). 

Pimenta do reino ou Pimenta preta (Piper nigrum) possui a piperina em sua 

constituição, um alcaloide que apresenta múltiplos benefícios a saúde (Tripathi et al., 

2022). Esse composto é amplamente conhecido por inibir enzimas metabolizadoras, 

especialmente a Citocromo P-450 (CYP450) e UDP-glucoronil transferase, levando ao 

aumento da biodisponibilidade de nutrientes e fármacos, como curcumina, betacaroteno, 

ciprofloxacino e nimesulida. Ademais, atividades antioxidante, antitumoral, anti-

inflamatória, antiespasmódica, hepatoprotetora, antibacteriana, imunomoduladora, 

dentre outras, são encontradas na literatura (Haq et al., 2021; Tripathi et al., 2022). 

O efeito anti-inflamatório da piperina ainda não está bem elucidado. Jaisin et al. 

(2020) analisaram células de queratinócitos humanos irradiados por ultravioleta-B (UV-

B). Naquele estudo, os autores sugeriram que o efeito anti-inflamatório da piperina 

ocorreu devido eliminação de radicais livres e diminuição da expressão de citocinas 

inflamatórias como p-38, p-JNK, COX-2, óxido nítrico sintase induzível (iNOS), IL-6 e IL-

8 (Jaisin et al., 2020). Outro possível mecanismo de ação da piperina é a inibição da via 

da NFκβ, uma vez que a ativação dessa via controla a regulação de proteínas 

inflamatórias, como por exemplo a IL-6, COX e TNFα (Al-Johani et al., 2022; Laurindo et 

al., 2023). 

Acredita-se também que a piperina pode aumentar a viabilidade celular (dose 

dependente) e proteger a  mucosa gástrica da lesão por meio do aumento da atividade 

antioxidante e redução de espécies reativas de oxigênio (ROS) e mieloperoxidase (MPO) 

(Duan et al., 2022). 

Pouco se sabe a respeito do impacto da piperina na microbiota intestinal. A 

microbiota intestinal tem papel importante no desenvolvimento da imunidade por 

aumentar a tolerância das bactérias benéficas e promover resposta adequada aos 

patógenos (Widhani et al., 2022). A função da microbiota tem sido discutida nas doenças 

metabólicas uma vez que as suas alterações podem estar relacionadas a sensibilidade a 

insulina, secreção de incretinas, homeostase energética e saúde intestinal (Kanazawa et 

al., 2021).  Kondapalli et al. (2022), avaliaram o potencial efeito de extratos de três plantas 

(Ocimum sanctum (850 mg/Kg), Zingiber officinale (500 mg/Kg) e Piper nigrum 

(100mg/Kg)), administradas durante 30 dias. No estudo, os resultados demostraram que 

níveis cecais de Lactobacillus e Bifidobacterium aumentaram nos grupos tratados com 

extratos isolados e associados (Kondapalli et al., 2022). 

Diante do exposto, testar a piperina como estratégia terapêutica para exercer 

proteção intestinal é de grande valia uma vez que são escassos trabalhos que avaliem 
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seu efeito protetor no dano intestinal em decorrência ao uso de AINES. Nesse contexto, 

este trabalho teve como objetivo avaliar  o efeito protetor da piperina em relação ao dano 

intestinal induzido por indometacina. 

 

 

2.MATERIAIS E MÉTODOS 
2.1.Experimentação animal 
 Foram utilizados 18 camundongos machos linhagem Mus musculus (C57BL/6), de  6-8 

semanas de idade (peso entre 18- 22 g). Os animais foram acomodados em gaiolas, num total 

de até 5 animais/gaiola e mantidos em condições controladas de temperatura (24 ± 2 ° C) e 

luz (ciclo: claro e escuro). Eles receberam ração e água ad libitum. 

 O projeto foi submetido à Comissão de Ética no Uso de Animais (CEUA) da 

Universidade do Oeste Paulista (UNOESTE) e aprovado sob o protocolo nº 7631. Foram 

adotados os princípios éticos em experimentação animal, preconizados pelo Colégio 

Brasileiro de Experimentação Animal (COBEA) e a Legislação Brasileira de Animais de 

Experimentação, LEI AROUCA - LEI No 11.794, DE 8 DE OUTUBRO DE 2008, onde o número 

de animais por grupo experimental foi o mínimo necessário para se obter resultados 

estatísticos. 

 Os animais foram divididos aleatoriamente em 2 grupos de 9 camundongos para uma 

etapa de adaptação por 7 dias, pré-indução por 10 dias, seguidos de indução de dano  intestinal 

+ tratamento por 4 dias, conforme tabela 1 (Peng et al., 2021; Shu et al., 2019). 

 
Tabela 1. Descrição dos grupos experimentais 

 

Grupos 
experimentais 

Fase pré-indução  
(10 dias) 

Fase de indução + tratamento 
(4 dias) 

Grupo 1: I Os animais receberam via oral 

0,5% de carboxilmetilcelulose 

(veículo) 

 

Os animais receberam por via oral 

indometacina (10 mg/kg) 

 

Grupo 2: IP Os animais receberam por via 

oral solução de piperina 

(20mg/kg)  

Os animais receberam por via oral 

solução indometacina (10 mg/kg) +  

piperina (20mg/kg) 

 

 Na etapa de adapatação ambos os grupos receberam ração e água. Na etapa de pré-

indução o grupo I recebeu, via oral, solução de carboximetilcelulose (CMC) a 0,5% e o grupo 

IP recebeu, via oral, solução de piperina 20mg/Kg. Na etapa de indução de dano intestinal e 
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tratamento o grupo I recebeu, via oral, solução de indometacina 10mg/Kg e o grupo IP 

recebeu, via oral, solução de indometacina 10mg/Kg mais solução de piperina 20mg/Kg. O 

protocolo de dosagens e duração do experimento foram de acordo com Peng et al. (2021), 

Shu et al. (2019) e Guo et al. (2020) com adaptações. 

 Os reagentes CMC (teor de pureza: 99,71), indometacina (teor de pureza: 100,90% ) e 

piperina (teor de pureza: 98,26%), foram adquiridos por empresa comercial (respectivamente, 

Changshu Wealthy Science and Technology Co., Ltd., Taizhou Bona Chemical Co., Ltd. e 

Shaanxi Jiahe Phytochem Co., Ltd.) sendo o fornecedor responsável pelo controle de 

qualidade, mediante a apresentação de laudos de pureza.  

 Para avaliação do índice de atividade da doença (IAD) foi verificado mudanças no peso 

corporal, positividade de sangue nas fezes, sangramento grave e consistência das fezes, 

diariamente. Esses parâmetros clínicos correspondem aos sintomas observados na doença 

intestinal com inflamação (DII) (Jyotirmoy et al., 2008). 

 Após 14 dias de experimento, os animais foram eutanasiados. Para a eutanásia foram 

utilizados os anestésicos Cloridrato de Cetamina 10% (75mg/kg) e Cloridrato de Xilazina 2% 

(10mg/kg), sendo administrados por via intraperitoneal. Os indicativos de morte foram a 

ausência de movimentos respiratórios, batimentos cardíacos e perda dos reflexos (Shu et al., 

2019). 

 O sangue foi coletado por punção cardíaca e em seguida centrifugado para obtenção 

do soro. O intestino e estômago foram coletados para análise histopatológica. As fezes foram 

armazenadas para análise da microbiota intestinal. 

 

2.2. Análise histopatológica 
 Após eutanasiados, o estômago, intestinos delgado e grosso foram removidos e 

mensurados os comprimentos. Os órgãos foram limpos (gorduras e tecidos aderidos à parede 

foram removidos), lavados em água corrente para remoção das fezes, fixados por        imersão em 

solução de formalina tamponada a 10% por 48 horas, processadas rotineiramente e 

embebidas em parafina. Os cortes histológicos de 5μm de espessura foram corados com 

Hematoxilina-eosina (HE) para análise em microscopia de luz. A análise histomorfométrica foi 

realizada obtendo-se 3 segmentos sequenciais do intestino de cada animal. A altura (μm) de 

10 vilosidades e 10 criptas de cada animal foi obtida medindo-se a distância vertical da 

extremidade superior até o limite inferior de cada uma. Os valores da altura das vilosidades e 

criptas para cada animal foram representados pelos valores médios dos três cortes 

histológicos (Jyotirmoy et al., 2008; Shu et al., 2019). 

 As imagens dos cortes histológicos foram capturadas em um aumento de 100x por uma 

câmera digital conectada a um microscópio de luz. As imagens digitais foram analisadas por 

meio de software apropriado (Image J® 1.50b, National Institutes of Health, EUA) (Gerhard et 
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al., 2017). 

 O dano tecidual foi analisado e avaliadas as alterações teciduais com seus respectivos 

escores conforme Pegoraro et al. (2021) (Tabela 2). 

 

Tabela 2. Parâmetros microscópicos avaliados e seus respectivos escores. 

Estômago 

• Congestão: ausente (0); leve (1); moderada (2); intensa (3); 

• Intensidade da inflamação: ausente (0); leve (1); moderada (2); intensa (3); 

•  Tipo de célula inflamatória; 

• Atrofia da mucosa; 

• Necrose da mucosa: ausente (0); presente e pequena (1); presente e extensa (2);  

• Hiperplasia da mucosa: ausente (0); presente (1); 

 
Intestino grosso e delgado 

• Intensidade da inflamação: ausente (0); leve (1); moderada (2); intensa (3);  

• Tipo de célula inflamatória 

• Hiperplasia linfoide: ausente (0); presente (1); 

• Ulceração do epitélio: ausente (0); presente e pequena (1); presente e extensa (2); 

• Necrose da parede intestinal: ausente (0); presente (1); Atipias regenerativas do 

epitélio: ausente (0); presente (1); 

 
 
2.3. Dosagem de marcadores bioquímicos  
 O sangue dos animais foi coletado por punção cardíaca sob anestesia e então 

centrifugado (15minutos a 1000xg em temperatura ambiente). O soro foi coletado e 

armazenado a -20ºC até momento das dosagens. A concentração de Aspartato 

aminotransferase - AST, Alanina aminotransferase - ALT, proteína, albumina, globulina, 

creatinina e ureia foi determinada pelo método de espectrofotometria, segundo orientações 

do fabricante (Roche. Diagnostics Ltd., Rotkreuz, Suíça) na plataforma de análise modular 

Roche Cobas 8000. 

 
2.4. Análise metagenômica da microbiota intestinal 
 Foram amostradas fezes do intestino médio de 9 camundongos por tratamento. O 

conteúdo intestinal (fezes) de cada animal foi coletado, armazenado em   microtubos livres de 

DNases e RNases e, imediatamente, congelado à -20°C para  posterior análise 

metagenômica. 
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A extração de amostras de DNA bacteriano foi realizada usando o ZymoBIOMICSTM DNA 

Miniprep Kit (Zymo Research) seguindo as instruções do fabricante. As amostras de DNA 

foram imediatamente congeladas em freezer a -20°C até a análise molecular. A biblioteca foi 

preparada com primers para a região V3-V4 do 16S rRNA (~ 470 pb, amplificado com primers 

341F x 806R), e os amplicons das bactérias foram sequenciados pela plataforma Illumina 

(Novaseq6000 PE 250). Sequência dos primers 341F 5'-CCTAYGGGRBGCASCAG-3' e 806R 

5'- GGACTACNNGGTATCTAAT-3'. 

 Os dados da sequência foram processados e analisados com QIIME [Quantitative 

Insights Into Microbial Ecology, versão 2022.2.0 (https://qiime2.org/)]. Em  média, um total de 

153.269 leituras brutas foram sequenciadas. Inicialmente, durante as etapas de 

demultiplexação e trimming, as leituras de baixa qualidade foram removidas, como leituras 

até Q30, leituras com comprimento insatisfatório e quimeras foram removidas com o QIIME. 

Após esse processo, o conjunto de dados continha uma média de 106.918 leituras brutas. As 

leituras limpas foram usadas na definição do ASV (Amplicon Sequence Variant). 

 Para medir as taxas presentes nas amostras, foi utilizado um modelo preditor da região 

V3 e V4 (SILVA 138,99% OTUs full length sequences). Heatmaps e barplots de  abundância 

relativa de ASVs foram gerados com Python (versão 3.7) através de códigos                                desenvolvidos 

pela empresa ByMyCell Inova Simples Ltda. 

 

2.5. Avaliação da toxicidade aguda em larvas de Galleria mellonella 
 A toxicidade das soluções utilizadas no trabalho foram avaliadas com ensaio utilizando 

larvas de Galleria mellonella. O ensaio utilizou larvas de G. mellonella com peso entre 100 a 

200mg, livre de melanização de acordo com as orientações de Marena et al. (2022), Spadari 

et al. (2019) com modificações. Cada grupo experimental foi composto por 10 larvas (n = 10). 

As larvas receberam injeções com seringa de insulina com agulha 13 x 0,45mm, sendo 

administrado 10μL/larva de cada tratamento no último proleg esquerdo de cada larva. Ao final 

da administração, as larvas foram transferidas para uma placa de Petri à temperatura de 30°C, 

restrita de alimentação. A avaliação do potencial tóxico agudo dos tratamentos foi realizada 

em intervalos de 24, 48, 72, 96 e 120 horas (5 dias). Considerou-se que as larvas estavam 

mortas quando não apresentavam resposta após estimulo físico (Marena et al. 2022; Spadari 

et al., 2019) 

 

2.6. Técnica do micronúcleo 
 Amostras de medula óssea foram coletadas de cada fêmur de rato no momento do 

sacrifício. As células foram centrifugadas por 5 minutos a 2000 rpm por 2 vezes descartando-

se o sobrenadante. Da suspensão resultante, uma pequena gota foi retirada e colocada na 

extremidade da lâmina para a realização do esfregaço. Duas lâminas por animal foram 
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preparadas. As lâminas foram coradas com Giemsa e secas à temperatura ambiente. As 

lâminas foram analisadas em teste cego. Dois mil eritrócitos policromáticos (1000 em cada 

lâmina) foram contados por animal usando um microscópio óptico com ampliação de 400 × 

para determinar o número de eritrócitos policromáticos micronucleados.   Micronúcleos foram 

considerados ser estruturas com halos sugestivos ao redor suas membranas que mediam 

menos de um terço do diâmetro dos núcleos associados; os micronúcleos foram semelhantes 

em intensidade de coloração aos núcleos associados e foram observados no mesmo foco 

plano durante a microscopia (Araújo et al., 2013). 

 

2.7.Análise estatística 
 Todos os dados analisados foram submetidos ao teste de normalidade usando o teste 

Kolmogorov-Smirnov. A comparação entre dois grupos foi realizada através do teste t de 

Student para dados não pareados ou pelo teste de Mann-Whitney. Os resultados foram 

considerados significativos para p<0,05. O programa de estatística usado foi o GraphPad Prism 

3.0. 

 

3 Resultados 

 Todos os animais sobreviveram ao período de experimentação. O peso médio dos 

animais do grupo I foi 22,3 ±1,51g e para o grupo IP foi 21,8 ± 0,50g. O sangue oculto nas 

fezes esteve presente nas fezes de ambos os grupos no período de indução, indicando 

presença de dano intestinal.  

 A análise macroscópica do intestino demonstrou um comprimento de  31,4 ± 2,4cm para 

o grupo I e  36,5 ± 2,1cm para o grupo IP conforme demonstrado na figura 1.  
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Figura 1. Avaliação do comprimento do intestino delgado em experimentação in vivo 

para avaliação da indução de dano intestinal com indometacina (10mg/kg) sozinha 

(Grupo I ) e em presença de piperina (20mg/kg) (Grupo IP). 
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 A análise histopatológica demonstrou uma redução de 62,5% na inflamação do 

intestino delgado (p<0,05) e 100% da necrose da parede intestinal do intestino grosso. 

As medições das criptas e vilosidades demonstraram aumento em mais de 100% dos 

valores no grupo tratado com piperina se comparado com o grupo tratado com  

indomedacina isolada (p<0,05) (Figura 2 e Tabela 3). 

 A analise macroscópica e microscópica do estômago não demonstraram indícios 

de dano para ambos os grupos. 

 
 
Figura 2. Avaliação microscópica do intestino delgado e intestino grosso de camundongos 
em experimentação in vivo para avaliação de dano intestinal sob os seguintes tratamentos: I- 
indometacina 10mg/kg IP - indometacina 10mg/kg + piperina 20mg/kg. (A) seta aponta 
hiperplasia linfoide em intestino delgado em grupo I – 100x; (B) inflamação leve do intestino 
delgado, seta aponta acumulo de linfócitos em grupo IP – 200x.(C) setas apontam infiltrados 
linfocitários em grupo I – 200x; (D) inflamação leve do intestino grosso em grupo IP – 200x. 
 
 



21 
 

 
 
Tabela 3. Avaliação histopatológica do intestino delgado e intestino grosso de camundongos em experimentação in vivo para avaliação da 
indução de dano intestinal com indometacina (grupo I) e com aplicação de piperina 20mg/kg (grupo IP) 
 
 

 
 

Intestino Delgado 
 

 
Intestino Grosso 

Grupos Intensidade de 
inflamação 

n/N (%) 

Hiperplasia 
linfoide 

Medidas 
Vilosidades 

(μm) 

Intensidade 
de inflamação 

n/N (%) 

Necrose em 
parede 

intestinal 
n/N (%) 

Medidas Criptas 
(μm) 

I 8/9 (89) 1/9 (11,1) 193,66±51 7/9 (78) 3/9 (33,3)  18,1± 3  
IP 3/9 (33,3)a 1/9 (11,1) 450,6±89a 6/9 (66,7) 0/9 (0,00)a 48,0 ±7 a 

 
a Diferença estatística em relação ao grupo indometacina-I (p<0,05) 
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 Foram realizadas análises bioquímicas do sangue dos animais e conforme tabela 4, foi 

observado um valor de AST cerca de seis vezes maior no grupo I (p<0,05). A dosagem de 

ureia também apresentou valores significativos maiores nesse grupo (p<0,05). As demais 

análises séricas não apresentaram diferenças entre os grupos.  

 
Tabela 4. Dosagens séricas de  AST, ALT, creatinina, ureia, proteínas totais, albumina e 
globulina em camundongos de experimentação in vivo para avaliação da indução de dano 
intestinal com indometacina (10mg/kg) sozinha (grupo I) e em presença de piperina (20mg/kg) 
(grupo IP) * p<0,05 
 

Exames laboratoriais Grupo I Grupo IP 
Aspartato aminotransferase - AST  (U/L) 646,9±69,1 94,3±1,7 * 
Alanina aminotransferase - ALT  (U/L) 82,1±20,1 48,9±5,25 
Creatinina (mg/dl) 0,3±0,0 0,23±0,05 
Uréia (mg/dl) 56,3±2,7 45,16±0,51* 
Proteínas Totais (mg/dl) 4,8±0,3 4,73±0,20 
Albumina (mg/dl) 3,6±0,1 3,3±0,36 
Globulina (mg/dl) 1,9±0,6 1,33±0,057 

 

 O efeito da indometacina e da associação com piperina também foi avaliado na 

microbiota intestinal de camundongos, conforme observado na figura 3. Não foram observadas 

diferenças significativas entre os dois grupos, entretanto foi possivel observar presença de filos 

como Acidobacteriota (1%) e Myxococcota (0.6%) no grupo IP (Figura 3A). Em relação ao 

gênero, foi observado um aumento da diversidade no grupo IP, devido a presença de uma 

porcentagem maior de microrganismo classificados como “outros” que não foram incluídos nos 

principais grupos (p<0,05) (Figura 3B). As análises também demonstraram um predomínio de 

vias metabólicas para transportadores, funções gerais, reparo de proteínas e DNA, entretanto, 

sem diferença entre os grupos (Figura 3C). 
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Figura 3. Avaliação da abundância relativa da microbiota intestinal obtida a partir da análise 
de fezes de camundongos submetidos a indução de dano intestinal com indometacina 
(10mg/kg)sozinha (grupo I) e na presença de piperina (20mg/kg) (Grupo IP). Considerar em 
A) análise referente a diversidade dos Filos dos microrganismos B) análise referente a 
diversidade dos Gêneros dos microrganismos C) análise referente a diversidade das vias 
metabólicas  utilizadas pelos microrganismos 
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Indometacina e piperina não apresentaram toxicidade em modelo experimental 

utilizando G. mellonella, uma vez que todas as larvas sobreviveram por todo período de 

análise (5 dias). Entretanto, no teste do micronúcleo em eritrócitos policromáticos da medula 

óssea dos camundongos (Figura 4), o grupo I e IP apresentaram respectivamento índice de 

0,077% e 0,038% para formação de micronúcleos, demonstrando uma redução de 50% 

com a administração de piperina 20mg/kg (p<0,05).  

 

 
Figura 4. Fotomicrografia indicando a formação de micronúcleo em eritrócito de 
camundongo exposto a indometacina 10mg/kg  
 

4. Discussão 
 AINES possuem muitos benefícios no tratamento da inflamação e dor, 

principalmente para casos de dor crônica (Bindu et al., 2020; Lázár et al., 2021). 

Entretanto, o uso crônico de AINES pode resultar em danos intestinais. Há relato que 

cerca de 76,3% de indíviduos com uso desses medicamentos apresentaram processos 

erosivos ou lesões ulcerativas na mucosa intestinal (Jia et al., 2023). Fato esse 

confirmado no presente estudo, uma vez que todos os animais que receberam 

indometacina 10mg/Kg, apresentaram indícios de dano intestinal na mucosa.  

As análises histopatológicas apresentadas no presente estudo demonstaram 

redução da inflamação, desaparecimento total da necrose da parede intestinal e aumento 

na altura das criptas e vilosidades com o tratamento com piperina, reforçando o seu 

potencial efeito protetor, e sua contribuição para melhora da função de barreira e aumento 

da absorção de nutrientes no trato digestório.  

Outros trabalhos corroboram com os dados encontrados nesse estudo como Guo 

et al. (2020) que avaliaram o potencial efeito da piperina, administrada durante 14 dias 
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em três dosagens diferentes (10, 20 e 40mg/Kg), em presença de colite ulcerativa 

induzida por ácido trinitrobenzenosufônico (TNBS). Os autores observaram que os 

tratamentos com piperina nas dosagens de 20 e 40mg/Kg foram capazes de aumentar o 

peso corporal dos animais, diminuir significativamente a relação peso/comprimento do 

colon, área ulcerada e índice de úlcera em comparação ao grupo controle. 

No estudo de Shi et al. (2020) os parâmetros de dosagens foram diferentes do 

utilizado neste trabalho, porém, com resultados promissores. Foi avaliado o efeito do uso 

de curcumina associada a piperina nas concentrações de 200mg/Kg e 50mg/Kg 

respectivamente quando administradas durante 21 dias. Naquele estudo, foram 

observados aumento da altura das vilosidades e relação altura de 

vilosidades/profundidade das criptas significativamente maiores na mucosa do jejuno e 

do íleo (Shi et al., 2020). 

Ainda em relação as alterações histopatológicas, Li et al. (2015) verificaram em 

seu estudo melhora do aspecto do fígado de animais tratados com piperina 20mg/Kg. 

Naquele trabalho, ratos alimentados com dieta litogênica apresentaram alterações na 

constiuição do fígado com embotamento das bordas, toque gorduroso e degeneração 

vacuolar. Enquanto isso, o grupo que recebeu piperina, com ou sem curcumina 

associada, apresentou fígado em coloração vermelha com borda afiada e o arranjo celular 

normal em microscópio óptico (Li et al., 2015). Além disso, foi observada redução da 

expressão da proteína NPC1L1 que tem papel importante na absorção intestinal do 

colesterol e no gene SREBP2 que possui função de regulação da homeostase do 

colesterol (Li et al., 2015). 

Aspartato aminotransferase (AST) e Alanina aminotransferase (ALT) são 

enzimas importantes no metabolismo hepático (Morsy et al., 2020). AST é uma enzima 

expressa pelas mitocôndrias e encontrada em diversos órgãos, enquanto ALT é 

encontrada principalmente nos hepatócitos; ambas são liberadas no plasma de invíduos 

saudáveis em taxas constantes, no entanto, em algumas condições clínicas, onde ocorre 

estresse oxidativo e dano mitocondrial com possível aumento de dano aos hepatócitos, 

essa taxas encontram-se elevadas no sangue (Turan; Baris-Dirim, 2023; Morsy et al., 

2020). 

As análises sorológicas do presente estudo demonstraram valor de AST cerca 

de seis vezes maior no grupo I em relação ao grupo IP. Esses resultados sugerem 

impacto positivo da piperina nos ratos com inflamação  

Em trabalho realizado por Abdelhamid et al. (2021), foi avaliado o potencial e 

eficácia da piperina, administrada durante três semanas na dosagem de 10mg/kg, no 

tratamento de fibrose hepática induzida por tiocetamida, e os resultados foram 

promissores com a diminuição significativa dos níveis séricos de AST e ALT. Outro estudo 
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realizado por Mohammadi et al. (2019) avaliou o potencial efeito protetor da piperina, 

administrada por 10 dias nas dosagens de 10 e 20mg/Kg, contra danos hepáticos 

induzidos por isquemia-reperfusão em ratos; naquele estudo os níveis de AST, ALT e 

Fosfatase Alcalina (ALP) reduziram significativamente no grupo tratado com piperina 

20mg/Kg. 

A microbiota intestinal exerce função protetora, estrutural e metabólica na 

prevenção de processos inflamatórios e na manutenção da homeostase intestinal 

(Monteros et al., 2021). Em casos de disbiose, ocorre a perturbação do equilíbrio normal 

entre a microbiota intestinal e o hospedeiro, e essas situações tem sido associada à 

obesidade, desnutrição, doenças inflamatórias intestinais (DII), distúrbios neurológicos e 

câncer. Acredita-se que um nível mais elevado da diversidade nas bactérias intestinais é 

um indicador importante da saúde do seu microbioma (Lozupone et al., 2012). 

Nesse contexto, os resultados obtidos neste trabalho demonstraram um aumento 

significativo da diversidade de gênero na microbiota dos camundongos tratados com 

piperina. Esse fenômeno pode ser associado aos achados de Kondapalli et al. (2022), e 

He et al., (2022) que evidenciaram o potencial de extratos naturais de Piper nigrum, bem 

como a piperina, em aumentar a diversidade da microbiota intestinal e alterar sua 

composição. 

Em estudo de He et al. (2022) foi avaliado o papel da piperina na regulação da 

microbiota intestinal e sua correlação com a disfunção metabólica. Naquele estudo os 

animais tratados com altas doses de piperina (40mg/Kg) apresentaram microbiota 

intestinal mais diversificada, quando comparados aos animais submetidos a outros 

tratamentos, além de alterar sua composição. Ainda no mesmo estudo, a piperina 

apresentou efeito anti-obesidade atribuído parcialmente a modulação da microbiota (He 

et al., 2022).  

É notado que a inflamação intestinal impacta negativamente a biodiversidade do 

microbioma intestinal (Monteros et al., 2021). Deste modo, os achados com o tratamento 

utilizando piperina no presente estudo são relevantes e ressaltam a importância da 

associação da piperina como co-terapia com os AINES. 

Além dos pontos mencionados acima, a microbiota intestinal exerce atividade 

importante no metabolismo de medicamentos, como é o caso da Levodopa (L-Dopa), que 

pode ter sua biodisponibilidade afetada pela abunância da bactéria Enterococcus faecalis 

(E. faecalis) devido a codificar a enzima Tirosina Descarboxilase (TDC) que possui forte 

atividade em relação a L-Dopa (Hu et al., 2023). Em estudo, Hu et al. (2023) 

demonstraram que a piperina, administrada em ratos na dosagem de 20mg/Kg, foi capaz 

de regular a abundância de E. faecalis e TDC, aumentando o efeito antiparkinsoniano, 

bem como melhora no défcit motor, da L-Dopa em ratos lesionados por 6-
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hidroxidopamina. 

A indução de micronúcleo em eritrócitos policromáticos das células de medula 

óssea é o biomarcador mais confiável para genotoxicidade mutagêncicas. Achados do 

estudo de Hilal Ahmad et al. (2018) sugeriram que a indometacina é um potencial agente 

genotóxico devido ao aumento significativo de micronúcleos em eritrócitos policromáticos. 

Acredita-se que o seu mecanismo genotóxico seja a falta de agregação cromossômica e 

os efeitos clastogênicos provocados pela geração de ROS. 

A piperina não apresentou atividade tóxica em modelo experimental utilizando a 

G. mellonella. As  propriedades antioxidantes, antiapoptóticas e quimioprotetoras da 

piperina provavelmente contribuíram para proteção frente a substâncias genotóxicas 

como a indometacina, uma vez que o grupo tratado com piperina apresentou redução da 

formação de micronúcleos quando comparado ao grupo que recebeu apenas 

indometacina (Ghelishli et al., 2019; Haq et al., 2021). Acredita-se que os mecanismos 

protetores exercidos pela piperina estejam relacionados aos efeitos antioxidantes, 

redução de ROS intracelular, redução dos níveis de mediadores pró-inflamatórios e 

antiapoptóticos (Ghelishli et al., 2019). 

 

5 Conclusão 
A piperina apresentou potencial de proteção intestinal contra dano induzido por 

indometacina, promovendo alterações histopatológicas benéficas, como aumento das 

medições de criptas e vilosidades, além de contribuir para o  desaparecimento completo 

da necrose da parede intestinal. A piperina também foi fundamental na redução de níveis 

de marcadores de dano hepático, como AST.  A piperina se mostrou promissora quanto 

a modulação do microbioma devido ao aumento da diversidade de gênero da microbiota 

intestinal e alteração da sua composição de forma benéfica. Portanto, a suplementação 

e o co-tratamento com piperina tem grande potencial na remediação dos efeitos adversos 

causados pelos AINES. 
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author, or be cited as an author. Authorship implies responsibilities and tasks that can only be 
attributed to and performed by humans, as outlined in Elsevier’s AI policy for authors. 
 
Authors should disclose in their manuscript the use of AI and AI-assisted technologies in the writing 
process by following the instructions below. A statement will appear in the published work. Please 
note that authors are ultimately responsible and accountable for the contents of the work. 
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Authors must disclose the use of generative AI and AI-assisted technologies in the writing process 
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Statement: During the preparation of this work the author(s) used [NAME TOOL / SERVICE] in 
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concurrent publication' for more information), that it is not under consideration for publication 
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Preprints 
Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy. 
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Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple, 
redundant or concurrent publication' for more information). 
 
Use of inclusive language 
 
Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to 
differences, and promotes equal opportunities. Content should make no assumptions about the 
beliefs or commitments of any reader; contain nothing which might imply that one individual is 
superior to another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, 
disability or health condition; and use inclusive language throughout. Authors should ensure that 
writing is free from bias, stereotypes, slang, reference to dominant culture and/or cultural 
assumptions. We advise to seek gender neutrality by using plural nouns ("clinicians, 
patients/clients") as default/wherever possible to avoid using "he, she," or "he/she." We recommend 
avoiding the use of descriptors that refer to personal attributes such as age, gender, race, ethnicity, 
culture, sexual orientation, disability or health condition unless they are relevant and valid. When 
coding terminology is used, we recommend to avoid offensive or exclusionary terms such as 
"master", "slave", "blacklist" and "whitelist". We suggest using alternatives that are more 
appropriate and (self-) explanatory such as "primary", "secondary", "blocklist" and "allowlist". These 
guidelines are meant as a point of reference to help identify appropriate language but are by no 
means exhaustive or definitive. 
 
Reporting sex- and gender-based analyses 
 
Reporting guidance 
For research involving or pertaining to humans, animals or eukaryotic cells, investigators should 
integrate sex and gender-based analyses (SGBA) into their research design according to 
funder/sponsor requirements and best practices within a field. Authors should address the sex 
and/or gender dimensions of their research in their article. In cases where they cannot, they should 
discuss this as a limitation to their research’s generalizability. Importantly, authors should explicitly 
state what definitions of sex and/or gender they are applying to enhance the precision, rigor and 
reproducibility of their research and to avoid ambiguity or conflation of terms and the constructs to 
which they refer (see Definitions section below). Authors can refer to the Sex and Gender Equity 
in Research (SAGER) guidelines and the SAGER guidelines checklist. These offer systematic 
approaches to the use and editorial review of sex and gender information in study design, data 
analysis, outcome reporting and research interpretation – however, please note there is no single, 
universally agreed-upon set of guidelines for defining sex and gender. 
 
Definitions 
Sex generally refers to a set of biological attributes that are associated with physical and 
physiological features (e.g., chromosomal genotype, hormonal levels, internal and external 
anatomy). A binary sex categorization (male/female) is usually designated at birth ("sex assigned 
at birth"), most often based solely on the visible external anatomy of a newborn. Gender generally 
refers to socially constructed roles, behaviors, and identities of women, men and gender-diverse 
people that occur in a historical and cultural context and may vary across societies and over time. 
Gender influences how people view themselves and each other, how they behave and interact and 
how power is distributed in society. Sex and gender are often incorrectly portrayed as binary 
(female/male or woman/man) and unchanging whereas these constructs actually exist along a 
spectrum and include additional sex categorizations and gender identities such as people who are 
intersex/have differences of sex development (DSD) or identify as non-binary. Moreover, the terms 
"sex" and "gender" can be ambiguous—thus it is important for authors to define the manner in 
which they are used. In addition to this definition guidance and the SAGER guidelines, the 
resources on this page offer further insight around sex and gender in research studies. 
 
Author contributions 
 
For transparency, we require corresponding authors to provide co-author contributions to the 
manuscript using the relevant CRediT roles. The CRediT taxonomy includes 14 different roles 
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describing each contributor’s specific contribution to the scholarly output. The roles are: 
Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation; 
Methodology; Project administration; Resources; Software; Supervision; Validation; Visualization; 
Roles/Writing - original draft; and Writing - review & editing. Note that not all roles may apply to 
every manuscript, and authors may have contributed through multiple roles. More details and an 
example. 
 
Authorship 
 
All authors should have made substantial contributions to all of the following: (1) the conception 
and design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting 
the article or revising it critically for important intellectual content, (3) final approval of the version 
to be submitted. 
 
Changes to authorship 
 
Authors are expected to consider carefully the list and order of authors before submitting their 
manuscript and provide the definitive list of authors at the time of the original submission. Any 
addition, deletion or rearrangement of author names in the authorship list should be made only 
before the manuscript has been accepted and only if approved by the journal Editor. To request 
such a change, the Editor must receive the following from the corresponding author: (a) the reason 
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they 
agree with the addition, removal or rearrangement. In the case of addition or removal of authors, 
this includes confirmation from the author being added or removed. 
Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement 
of authors after the manuscript has been accepted. While the Editor considers the request, 
publication of the manuscript will be suspended. If the manuscript has already been published in 
an online issue, any requests approved by the Editor will result in a corrigendum. 
 
Article transfer service 
 
This journal uses the Elsevier Article Transfer Service to find the best home for your manuscript. 
This means that if an editor feels your manuscript is more suitable for an alternative journal, you 
might be asked to consider transferring the manuscript to such a journal. The recommendation 
might be provided by a Journal Editor, a dedicated Scientific Managing Editor, a tool assisted 
recommendation, or a combination. If you agree, your manuscript will be transferred, though you 
will have the opportunity to make changes to the manuscript before the submission is complete. 
Please note that your manuscript will be independently reviewed by the new journal. More 
information. 
Copyright 
 
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' 
(see more information on this). An e-mail will be sent to the corresponding author confirming receipt 
of the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version 
of this agreement. 
Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for 
internal circulation within their institutions. Permission of the Publisher is required for resale or 
distribution outside the institution and for all other derivative works, including compilations and 
translations. If excerpts from other copyrighted works are included, the author(s) must obtain written 
permission from the copyright owners and credit the source(s) in the article. Elsevier has preprinted 
forms for use by authors in these cases. 
 
Elsevier supports responsible sharing 
 
Find out how you can share your research published in Elsevier journals. 
 
Role of the funding source 
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You are requested to identify who provided financial support for the conduct of the research and/or 
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; 
in the collection, analysis and interpretation of data; in the writing of the report; and in the decision 
to submit the article for publication. If the funding source(s) had no such involvement, it is 
recommended to state this. 
 
Open access 
 
Please visit our Open Access page for more information about open access publishing in this 
journal. 
 
Elsevier Researcher Academy 
 
Researcher Academy is a free e-learning platform designed to support early and mid-career 
researchers throughout their research journey. The "Learn" environment at Researcher Academy 
offers several interactive modules, webinars, downloadable guides and resources to guide you 
through the process of writing for research and going through peer review. Feel free to use these 
free resources to improve your submission and navigate the publication process with ease. 
 
Language (usage and editing services) 
 
Please write your text in good English (American or British usage is accepted, but not a mixture of 
these). Authors who feel their English language manuscript may require editing to eliminate 
possible grammatical or spelling errors and to conform to correct scientific English may wish to use 
the Language Editing service available from Elsevier's Language Services. 
 
Submission 
 
Our online submission system guides you stepwise through the process of entering your article 
details and uploading your files. The system converts your article files to a single PDF file used in 
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for 
final publication. All correspondence, including notification of the Editor's decision and requests for 
revision, is sent by e-mail. 
 
Authors must state in a covering letter when submitting papers for publication the novelty 
embodied in their work or in the approach taken in their research. Routine bioequivalence 
studies are unlikely to find favour. No paper will be published which does not disclose fully the 
nature of the formulation used or details of materials which are key to the performance of a product, 
drug or excipient. Work which is predictable in outcome, for example the inclusion of another drug 
in a cyclodextrin to yield enhanced dissolution, will not be published unless it provides new insight 
into fundamental principles. 
 
Note: 
 
The choice of general classifications such as "drug delivery" or "formulation" are rarely helpful when 
not used together with a more specific classification. 
 
Referees 
 
Please submit, with the manuscript, the names, addresses and e-mail addresses of at least four 
potential reviewers. Good suggestions lead to faster processing of your paper. Please note: 
Reviewers who do not have an institutional e-mail address will only be considered if their affiliations 
are given and can be verified. 
Please ensure that the e-mail addresses are current. 
International reviewers who have recently published in the appropriate field should be nominated, 
and their areas of expertise must be stated clearly. 
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Note that the editor retains the sole right to decide whether or not the suggested reviewers are 
contacted. 
To aid the editorial process when suggested reviewers are not chosen or decline to review, ensure 
that the classifications chosen as the field of your paper are as detailed as possible. It is not 
sufficient to state "drug delivery" or "nanotechnology" etc. 
 
Preparation 
 
Queries 
 
For questions about the editorial process (including the status of manuscripts under review) or for 
technical support on submissions, please visit our Support Center. 
 
Peer review 
 
This journal operates a single anonymized review process. All contributions will be initially 
assessed by the editor for suitability for the journal. Papers deemed suitable are then typically sent 
to a minimum of two independent expert reviewers to assess the scientific quality of the paper. The 
Editor is responsible for the final decision regarding acceptance or rejection of articles. The Editor's 
decision is final. Editors are not involved in decisions about papers which they have written 
themselves or have been written by family members or colleagues or which relate to products or 
services in which the editor has an interest. Any such submission is subject to all of the journal's 
usual procedures, with peer review handled independently of the relevant editor and their research 
groups. More information on types of peer review. 
 
Use of word processing software 
 
It is important that the file be saved in the native format of the word processor used. The text should 
be in single-column format. Keep the layout of the text as simple as possible. Most formatting codes 
will be removed and replaced on processing the article. In particular, do not use the word 
processor’s options to justify text or to hyphenate words. However, do use bold face, italics, 
subscripts, superscripts etc. When preparing tables, if you are using a table grid, use only one grid 
for each individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to 
align columns. The electronic text should be prepared in a way very similar to that of conventional 
manuscripts (see also the Guide to Publishing with Elsevier). Note that source files of figures, tables 
and text graphics will be required whether or not you embed your figures in the text. See also the 
section on Electronic artwork. 
To avoid unnecessary errors you are strongly advised to use the ‘spell-check’ and ‘grammar-check’ 
functions of your word processor. 
Article structure 
 
Subdivision - numbered sections 
Divide your article into clearly defined and numbered sections. Subsections should be numbered 
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this 
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be 
given a brief heading. Each heading should appear on its own separate line. 
Introduction 
State the objectives of the work and provide an adequate background, avoiding a detailed literature 
survey or a summary of the results. 
Material and methods 
Provide sufficient details to allow the work to be reproduced by an independent researcher. 
Methods that are already published should be summarized, and indicated by a reference. If quoting 
directly from a previously published method, use quotation marks and also cite the source. Any 
modifications to existing methods should also be described. 
Results 
Results should be clear and concise. 
Discussion 
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This should explore the significance of the results of the work, not repeat them. A combined Results 
and Discussion section is often appropriate. Avoid extensive citations and discussion of published 
literature. 
Conclusions 
The main conclusions of the study may be presented in a short Conclusions section, which may 
stand alone or form a subsection of a Discussion or Results and Discussion section. 
Appendices 
If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations 
in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent 
appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc. 
 
Essential title page information 
 
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid 
abbreviations and formulae where possible. 
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of 
each author and check that all names are accurately spelled. You can add your name between 
parentheses in your own script behind the English transliteration. Present the authors' affiliation 
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address. 
Provide the full postal address of each affiliation, including the country name and, if available, the 
e-mail address of each author. 
• Corresponding author. Clearly indicate who will handle correspondence at all stages of 
refereeing and publication, also post-publication. This responsibility includes answering any future 
queries about Methodology and Materials. Ensure that the e-mail address is given and that 
contact details are kept up to date by the corresponding author. 
• Present/permanent address. If an author has moved since the work described in the article was 
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as 
a footnote to that author's name. The address at which the author actually did the work must be 
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes. 
 
Highlights 
 
Highlights are optional yet highly encouraged for this journal, as they increase the discoverability 
of your article via search engines. They consist of a short collection of bullet points that capture the 
novel results of your research as well as new methods that were used during the study (if any). 
Please have a look at the example Highlights. 
Highlights should be submitted in a separate editable file in the online submission system. Please 
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including 
spaces, per bullet point). 
 
Abstract 
 
A concise and factual abstract is required. The abstract should state briefly the purpose of the 
research, the principal results and major conclusions. An abstract is often presented separately 
from the article, so it must be able to stand alone. For this reason, References should be avoided, 
but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations 
should be avoided, but if essential they must be defined at their first mention in the abstract itself. 
 
The abstract must not exceed 200 words. 
 
Graphical abstract 
 
A Graphical abstract is mandatory for this journal. It should summarize the contents of the article 
in a concise, pictorial form designed to capture the attention of a wide readership online. Authors 
must provide images that clearly represent the work described in the article. Graphical abstracts 
should be submitted as a separate file in the online submission system. Image size: please provide 
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an image with a minimum of 531 × 1328 pixels (h × w) or proportionally more, but should be 
readable on screen at a size of 200 × 500 pixels (at 96 dpi this corresponds to 5 × 13 cm). Bear in 
mind readability after reduction, especially if using one of the figures from the article itself. Preferred 
file types: TIFF, EPS, PDF or MS Office files. See https://www.elsevier.com/graphicalabstracts for 
examples. 
 
Keywords 
 
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and 
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing 
with abbreviations: only abbreviations firmly established in the field may be eligible. These 
keywords will be used for indexing purposes. 
 
Abbreviations 
 
Define abbreviations that are not standard in this field in a footnote to be placed on the first page 
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first 
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the 
article. 
Acknowledgements 
 
Collate acknowledgements in a separate section at the end of the article before the references and 
do not, therefore, include them on the title page, as a footnote to the title or otherwise. List here 
those individuals who provided help during the research (e.g., providing language help, writing 
assistance or proof reading the article, etc.). 
 
Formatting of funding sources 
 
List funding sources in this standard way to facilitate compliance to funder's requirements: 
Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; 
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States 
Institutes of Peace [grant number aaaa]. 
 
It is not necessary to include detailed descriptions on the program or type of grants and awards. 
When funding is from a block grant or other resources available to a university, college, or other 
research institution, submit the name of the institute or organization that provided the funding. 
 
If no funding has been provided for the research, it is recommended to include the following 
sentence: 
 
This research did not receive any specific grant from funding agencies in the public, commercial, 
or not-for-profit sectors. 
 
Units 
 
Follow internationally accepted rules and conventions: use the international system of units (SI). If 
other units are mentioned, please give their equivalent in SI. 
 
Math formulae 
 
Please submit math equations as editable text and not as images. Present simple formulae in line 
with normal text where possible and use the solidus (/) instead of a horizontal line for small fractional 
terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often more 
conveniently denoted by exp. Number consecutively any equations that have to be displayed 
separately from the text (if referred to explicitly in the text). 
 
Footnotes 
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Footnotes should be used sparingly. Number them consecutively throughout the article. Many word 
processors can build footnotes into the text, and this feature may be used. Otherwise, please 
indicate the position of footnotes in the text and list the footnotes themselves separately at the end 
of the article. Do not include footnotes in the Reference list. 
 
Image manipulation 
 
Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation 
for purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with 
accordingly. For graphical images, this journal is applying the following policy: no specific feature 
within an image may be enhanced, obscured, moved, removed, or introduced. Adjustments of 
brightness, contrast, or color balance are acceptable if and as long as they do not obscure or 
eliminate any information present in the original. Nonlinear adjustments (e.g. changes to gamma 
settings) must be disclosed in the figure legend. 
 
Electronic artwork 
 
General points 
• Make sure you use uniform lettering and sizing of your original artwork. 
• Embed the used fonts if the application provides that option. 
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or 
use fonts that look similar. 
• Number the illustrations according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 
• Provide captions to illustrations separately. 
• Size the illustrations close to the desired dimensions of the published version. 
• Submit each illustration as a separate file. 
• Ensure that color images are accessible to all, including those with impaired color vision. 
A detailed guide on electronic artwork is available. 
You are urged to visit this site; some excerpts from the detailed information are given here. 
Formats 
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then 
please supply 'as is' in the native document format. 
Regardless of the application used other than Microsoft Office, when your electronic artwork is 
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution 
requirements for line drawings, halftones, and line/halftone combinations given below): 
EPS (or PDF): Vector drawings, embed all used fonts. 
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi. 
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 
dpi. 
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 
500 dpi. 
Please do not: 
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have 
a low number of pixels and limited set of colors; 
• Supply files that are too low in resolution; 
• Submit graphics that are disproportionately large for the content. 
 
Color artwork 
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or 
MS Office files) and with the correct resolution. If, together with your accepted article, you submit 
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear 
in color online (e.g., ScienceDirect and other sites) in addition to color reproduction in print. Further 
information on the preparation of electronic artwork. 
Figure captions 
Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. 
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A caption should comprise a brief title (not on the figure itself) and a description of the illustration. 
Keep text in the illustrations themselves to a minimum but explain all symbols and abbreviations 
used. 
 
Tables 
 
Please submit tables as editable text and not as images. Tables can be placed either next to the 
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in 
accordance with their appearance in the text and place any table notes below the table body. Be 
sparing in the use of tables and ensure that the data presented in them do not duplicate results 
described elsewhere in the article. Please avoid using vertical rules and shading in table cells. 
 
References 
 
Citation in text 
Please ensure that every reference cited in the text is also present in the reference list (and vice 
versa). Any references cited in the abstract must be given in full. Unpublished results and personal 
communications are not recommended in the reference list, but may be mentioned in the text. If 
these references are included in the reference list they should follow the standard reference style 
of the journal and should include a substitution of the publication date with either 'Unpublished 
results' or 'Personal communication'. Citation of a reference as 'in press' implies that the item has 
been accepted for publication and a copy of the title page of the relevant article must be submitted. 
Reference links 
Increased discoverability of research and high quality peer review are ensured by online links to 
the sources cited. In order to allow us to create links to abstracting and indexing services, such as 
Scopus, Crossref and PubMed, please ensure that data provided in the references are correct. 
Please note that incorrect surnames, journal/book titles, publication year and pagination may 
prevent link creation. When copying references, please be careful as they may already contain 
errors. Use of the DOI is highly encouraged. 
A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic 
article. An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo 
R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles 
slab beneath northeastern Venezuela. Journal of Geophysical Research, 
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in the 
same style as all other references in the paper. 
 
Web references 
As a minimum, the full URL should be given and the date when the reference was last accessed. 
Any further information, if known (DOI, author names, dates, reference to a source publication, 
etc.), should also be given. Web references can be listed separately (e.g., after the reference list) 
under a different heading if desired, or can be included in the reference list. 
Data references 
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing 
them in your text and including a data reference in your Reference List. Data references should 
include the following elements: author name(s), dataset title, data repository, version (where 
available), year, and global persistent identifier. Add [dataset] immediately before the reference so 
we can properly identify it as a data reference. The [dataset] identifier will not appear in your 
published article. 
Preprint references 
Where a preprint has subsequently become available as a peer-reviewed publication, the formal 
publication should be used as the reference. If there are preprints that are central to your work or 
that cover crucial developments in the topic, but are not yet formally published, these may be 
referenced. Preprints should be clearly marked as such, for example by including the word preprint, 
or the name of the preprint server, as part of the reference. The preprint DOI should also be 
provided. 
References in a special issue 
Please ensure that the words 'this issue' are added to any references in the list (and any citations 
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in the text) to other articles in the same Special Issue. 
Reference management software 
Most Elsevier journals have their reference template available in many of the most popular 
reference management software products. These include all products that support Citation Style 
Language styles, such as Mendeley. Using citation plug-ins from these products, authors only need 
to select the appropriate journal template when preparing their article, after which citations and 
bibliographies will be automatically formatted in the journal's style. If no template is yet available 
for this journal, please follow the format of the sample references and citations as shown in this 
Guide. If you use reference management software, please ensure that you remove all field codes 
before submitting the electronic manuscript. More information on how to remove field codes from 
different reference management software. 
Reference formatting 
There are no strict requirements on reference formatting at submission. References can be in any 
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal 
title/book title, chapter title/article title, year of publication, volume number/book chapter and the 
article number or pagination must be present. Use of DOI is highly encouraged. The reference style 
used by the journal will be applied to the accepted article by Elsevier at the proof stage. Note that 
missing data will be highlighted at proof stage for the author to correct. If you do wish to format the 
references yourself they should be arranged according to the following examples: 
Reference style 
Text: All citations in the text should refer to: 
1. Single author: the author's name (without initials, unless there is ambiguity) and the year of 
publication; 
2. Two authors: both authors' names and the year of publication; 
3. Three or more authors: first author's name followed by 'et al.' and the year of publication. 
Citations may be made directly (or parenthetically). Groups of references can be listed either first 
alphabetically, then chronologically, or vice versa. 
Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)…. Or, as 
demonstrated (Jones, 1999; Allan, 2000)… Kramer et al. (2010) have recently shown …' 
List: References should be arranged first alphabetically and then further sorted chronologically if 
necessary. More than one reference from the same author(s) in the same year must be identified 
by the letters 'a', 'b', 'c', etc., placed after the year of publication. 
Examples: 
Reference to a journal publication: 
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci. 
Commun. 163, 51–59. https://doi.org/10.1016/j.Sc.2010.00372. 
Reference to a journal publication with an article number: 
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon. 
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205. 
Reference to a book: 
Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York. 
Reference to a chapter in an edited book: 
Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, 
B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281–
304. 
Reference to a website: 
Cancer Research UK, 1975. Cancer statistics reports for the UK. 
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 
2003). 
Reference to a dataset: 
[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak 
wilt disease and surrounding forest compositions. Mendeley Data, v1. 
https://doi.org/10.17632/xwj98nb39r.1. 
Reference to software: 
Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef, 
E., Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., & Molins, S., 
2020. Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88). Zenodo. 



44 
 

https://doi.org/10.5281/zenodo.3727209. 
 
Journal abbreviations source 
Journal names should be abbreviated according to the List of Title Word Abbreviations. 
 
Video 
 
Elsevier accepts video material and animation sequences to support and enhance your scientific 
research. Authors who have video or animation files that they wish to submit with their article are 
strongly encouraged to include links to these within the body of the article. This can be done in the 
same way as a figure or table by referring to the video or animation content and noting in the body 
text where it should be placed. All submitted files should be properly labeled so that they directly 
relate to the video file's content. In order to ensure that your video or animation material is directly 
usable, please provide the file in one of our recommended file formats with a preferred maximum 
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in 
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please 
supply 'stills' with your files: you can choose any frame from the video or animation or make a 
separate image. These will be used instead of standard icons and will personalize the link to your 
video data. For more detailed instructions please visit our video instruction pages. Note: since video 
and animation cannot be embedded in the print version of the journal, please provide text for both 
the electronic and the print version for the portions of the article that refer to this content. 
 
Data visualization 
 
Include interactive data visualizations in your publication and let your readers interact and engage 
more closely with your research. Follow the instructions here to find out about available data 
visualization options and how to include them with your article. 
 
Supplementary material 
 
Supplementary material such as applications, images and sound clips, can be published with your 
article to enhance it. Submitted supplementary items are published exactly as they are received 
(Excel or PowerPoint files will appear as such online). Please submit your material together with 
the article and supply a concise, descriptive caption for each supplementary file. If you wish to 
make changes to supplementary material during any stage of the process, please make sure to 
provide an updated file. Do not annotate any corrections on a previous version. Please switch off 
the 'Track Changes' option in Microsoft Office files as these will appear in the published version. 
 
Research data 
 
This journal requires and enables you to share data that supports your research publication where 
appropriate, and enables you to interlink the data with your published articles. Research data refers 
to the results of observations or experimentation that validate research findings, which may also 
include software, code, models, algorithms, protocols, methods and other useful materials related 
to the project. 
Below are a number of ways in which you can associate data with your article or make a statement 
about the availability of your data when submitting your manuscript. When sharing data in one of 
these ways, you are expected to cite the data in your manuscript and reference list. Please refer to 
the "References" section for more information about data citation. For more information on 
depositing, sharing and using research data and other relevant research materials, visit the 
research data page. 
 
Data linking 
 
If you have made your research data available in a data repository, you can link your article directly 
to the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect 
with relevant repositories, giving readers access to underlying data that gives them a better 
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understanding of the research described. 
There are different ways to link your datasets to your article. When available, you can directly link 
your dataset to your article by providing the relevant information in the submission system. For 
more information, visit the database linking page. 
 
For supported data repositories a repository banner will automatically appear next to your published 
article on ScienceDirect. 
 
In addition, you can link to relevant data or entities through identifiers within the text of your 
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; 
PDB: 1XFN). 
 
Research Elements 
 
This journal enables you to publish research objects related to your original research – such as 
data, methods, protocols, software and hardware – as an additional paper in a Research Elements 
journal. 
Research Elements is a suite of peer-reviewed, open access journals which make your research 
objects findable, accessible and reusable. Articles place research objects into context by providing 
detailed descriptions of objects and their application, and linking to the associated original research 
articles. Research Elements articles can be prepared by you, or by one of your collaborators. 
 
During submission, you will be alerted to the opportunity to prepare and submit a manuscript to one 
of the Research Elements journals. 
 
More information can be found on the Research Elements page. 
 
Data statement 
To foster transparency, we require you to state the availability of your data in your submission if 
your data is unavailable to access or unsuitable to post. This may also be a requirement of your 
funding body or institution. You will have the opportunity to provide a data statement during the 
submission process. The statement will appear with your published article on ScienceDirect. For 
more information, visit the Data Statement page.. 
 
Submission checklist 
It is hoped that this list will be useful during the final checking of an article prior to sending it to the 
journal's Editor for review. Please consult this Guide for Authors for further details of any item. 
Ensure that the following items are present: 
One Author designated as corresponding Author: 
• E-mail address 
• Full postal address 
• Telephone and fax numbers 
All necessary files have been uploaded 
• Keywords 
• All figure captions 
• All tables (including title, description, footnotes) 
Further considerations: 
• Use continuous line numbering (every 5 lines) to facilitate reviewing of the manuscript. 
• Manuscript has been "spellchecked" and "grammar-checked" 
• References are in the correct format for this journal 
• All references mentioned in the Reference list are cited in the text, and vice versa 
• Permission has been obtained for use of copyrighted material from other sources (including the 
Web) 
• Color figures are clearly marked as being intended for color reproduction on the Web (free of 
charge) and in print or to be reproduced in color on the Web (free of charge) and in black-and-white 
in print 
• If only color on the Web is required, black and white versions of the figures are also supplied for 
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printing purposes 
For any further information please visit our customer support site at service.elsevier.com. 
 
After acceptance 
Online proof correction 
 
To ensure a fast publication process of the article, we kindly ask authors to provide us with their 
proof corrections within two days. Corresponding authors will receive an e-mail with a link to our 
online proofing system, allowing annotation and correction of proofs online. The environment is 
similar to MS Word: in addition to editing text, you can also comment on figures/tables and answer 
questions from the Copy Editor. Web-based proofing provides a faster and less error-prone process 
by allowing you to directly type your corrections, eliminating the potential introduction of errors. 
If preferred, you can still choose to annotate and upload your edits on the PDF version. All 
instructions for proofing will be given in the e-mail we send to authors, including alternative methods 
to the online version and PDF. 
We will do everything possible to get your article published quickly and accurately. Please use this 
proof only for checking the typesetting, editing, completeness and correctness of the text, tables 
and figures. Significant changes to the article as accepted for publication will only be considered at 
this stage with permission from the Editor. It is important to ensure that all corrections are sent back 
to us in one communication. Please check carefully before replying, as inclusion of any subsequent 
corrections cannot be guaranteed. Proofreading is solely your responsibility. 
 
Offprints 
 
The corresponding author will, at no cost, receive a customized Share Link providing 50 days free 
access to the final published version of the article on ScienceDirect. The Share Link can be used 
for sharing the article via any communication channel, including email and social media. For an 
extra charge, paper offprints can be ordered via the offprint order form which is sent once the article 
is accepted for publication. Corresponding authors who have published their article gold open 
access do not receive a Share Link as their final published version of the article is available open 
access on ScienceDirect and can be shared through the article DOI link. 
 
Author inquiries 
 
Visit the Elsevier Support Center to find the answers you need. Here you will find everything from 
Frequently Asked Questions to ways to get in touch. 
You can also check the status of your submitted article or find out when your accepted article will 
be published. 
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