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RESUMO 

 

A exposição neonatal ao lipopolissacarídeo (LPS) gera um estimulo estressor capaz 

de afetar o desenvolvimento de importantes sistemas, dando origem a alterações 

comportamentais e neuroendócrinas duradoras. O objetivo desta dissertação é avaliar a 

resposta a um estímulo inflamatório em camundongos Balb/c submetidos à estresse neonatal 

por LPS em diferentes idades e sexos. Os camundongos receberam, no 3º e 10º dias de vida, 

injeção i.p. de LPS (100µg /Kg) ou solução salina. Após 21 ou 60 dias de vida, os mesmos 

foram submetidos à injeção de solução salina ou a um estímulo inflamatório através da 

injeção de carragenina 1%. Foram mensurados no lavado peritoneal citocinas inflamatórias, 

espécies reativas de oxigênio e produção de Redes Extracelulares de Neutrófilos (NETs). Os 

resultados encontrados demonstram que o estresse neonatal por LPS diminui a liberação de 

citocinas inflamatórias nos animais jovens machos e fêmeas. Já nos adultos, somente as 

fêmeas apresentaram a mesma resposta. Foi encontrado um aumento na produção de NETs 

nos animais do grupo nLPS com 60 dias quando comparado com animais nLPS com 21 dias, 

em ambos os sexos, indicando um efeito do estresse neonatal sobre a ontogenia da formação 

de NETs. A produção de ROS não sofreu influência do estresse neonatal, porém foi 

encontrada uma maior produção na idade adulta, independente da intervenção neonatal. Os 

resultados do presente estudo indicam que o estresse neonatal por LPS altera a produção de 

citocinas em resposta a um estímulo inflamatório em diferentes idades, em um efeito 

dependente do sexo. Além disso, parece que a formação de NETs ao longo da vida também é 

influenciada pelas alterações no período neonatal. 

 

Palavras-chaves : Estresse Neonatal, LPS, Inflamação, NETs 

 

 



 

 

ABSTRACT 

Neonatal exposure to lipopolysaccharides (LPS) generates a stressful stimulus capable 

of affecting the development of important systems, which causes lasting behavioral and 

neuroendocrine alterations. The aim of this study is to evaluate the response to an 

inflammatory stimulus in Balb/c mice exposed to LPS-induced neonatal stress at different 

ages and genders. Mice underwent intraperitonial injections on postnatal days 3 and 10 with 

either LPS (100ug/Kg) or saline solution. After 21 or 60 days of age, either saline solution 

was injected or an inflammatory stimulus was induced by the injection of 1% carrageenan. 

Inflammatory cytokines, reactive oxygen species and NETs production were measured in the 

peritoneal lavage. Our findings indicate that LPS-induced neonatal stress can reduce 

inflammatory cytokines in young animals, males and females. In adults, however, only 

females showed the same response pattern. In nLPS group, an increase in NETs production 

was observed in animals that were 60-days-old when compared to 21-days-old in both 

genders, which indicates an effect of neonatal stress on the ontogeny of NETs formation. The 

production of ROS was not affected by neonatal stress, even though an increased production 

was found among adults regardless of neonatal intervention. The results shown here indicate 

that LPS-induced neonatal stress can alter cytokine production in response to inflammatory 

stimuli at different ages, in a gender dependent way. Moreover, it seems like the formation of 

NETs throughout life is also influenced by alterations undergone during the neonatal period.  

 

Keywords: Neonatal stress, LPS, Inflammation, NETs 
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Capítulo 1 – Apresentação do Tema 

 

1. Introdução 

1.1 Estresse 

Em 1936 o fisiologista canadense Hans Selye introduziu o termo “stress” no campo da 

saúde para designar a resposta geral e inespecífica do organismo a um estressor ou a uma 

situação estressante. O conceito de estresse baseia-se na observação de que diferentes tipos de 

condições físicas ou psicológicas que ameaçam a homeostase do organismo eliciam o mesmo 

conjunto de alterações corporais – a chamada “síndrome de adaptação geral” (1). 

 A resposta mais característica ao estresse é a liberação do hormônio 

adrenocorticotrófico (ACTH) e corticóides (cortisol em humanos e corticosterona em 

roedores) na corrente sanguínea como resultado da ativação do eixo HPA (hipotálamo-

hipófise-adrenal) (2,3). Além do eixo HPA, o estresse agudo também ativa o componente 

simpático do sistema nervoso neurovegetativo como parte da reação de luta ou fuga, ou 

“resposta de emergência”. Como resultado disso, a noradrenalina das fibras nervosas 

simpáticas periféricas é liberada em diferentes tecidos, bem como a adrenalina da medula 

adrenal na corrente sanguínea (4, 5).  

Diferenças sexuais também podem ter interferência na resposta ao estresse. Sabe-se 

que fêmeas de muitas espécies geralmente apresentam aumento da resposta imune e da 

resistência à infecção em comparação com machos. Já os machos, por sua vez, com a 

liberação da testosterona deprimem a imunidade humoral e mediada por células, aumentando 

a susceptibilidade a infecções bacterianas e virais (6). 

 

1.1.1 Estresse neonatal 

O estresse neonatal pode ser desencadeado por qualquer estressor de natureza física 

ou psicológica aplicado ao recém-nascido. Nos seres humanos, a negligência emocional 
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aplicada no inicio da vida pode levar a um aumento da probabilidade de o indivíduo, na idade 

adulta, desenvolver ansiedade, depressão crônica e até mesmo vício em drogas (7). Processos 

importantes como divisão, diferenciação, crescimento, migração e morte celular ocorrem 

neste período, sendo uma fase crítica para o desenvolvimento neural. Estudos demonstram 

que o estresse neonatal aplicado em modelos experimentais pode alterar significativamente a 

resposta do animal ao estresse na idade adulta. Ainda, diferenças relativamente sutis no 

cuidado materno podem alterar a resposta ao estresse de um animal para toda a sua vida (8).  

As alterações comportamentais e fisiológicas provocadas em indivíduos que 

sofreram algum tipo de estresse no período neonatal são inúmeras e parecem bem 

estabelecidas. Estudos apontam que o estresse neonatal pode provocar efeitos sobre o 

desenvolvimento de diversos sistemas, incluindo o sistema imune (7, 9), neural (10) e 

neuroendócrino (11-13). 

 

1.1.2 Estresse neonatal por LPS 

Sabemos que infecções na fase inicial da vida são frequentes e que em algumas 

situações podem causar uma resposta imunológica ao estresse com grandes proporções. De 

acordo com a Organização Mundial da Saúde (OMS), nascem em média 130 milhões de 

recém-nascidos anualmente e destes, cerca de 4 milhões morrem, sendo infecção a causa de 

36% desses óbitos (14). O estresse neonatal por LPS (Lipopolissacarídeo) consiste em um 

modelo experimental para avaliar as repercussões de variações imunológicas no início da 

vida. Esse estímulo ativa no hospedeiro uma série de mecanismos, como o recrutamento de 

células fagocitárias, ativação do complemento, liberação de imunoglobulinas, entre outros. Os 

componentes da parede bacteriana, as endotoxinas (lipopolissacarideos) dos microorganismos 

gram-negativos, que ativam resposta no hospedeiro podem desencadear o que chamamos de 

endotoxemia sistêmica, que resulta em um aumento de expressão e síntese de numerosos 

mediadores como citocinas, moléculas de adesão, enzimas proteolíticas e radicas livres de 
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oxigênio (15). O LPS liga-se ao receptor de Toll-like 4 (TLR4), expressos nas células de 

defesa, que quando ativado inicia uma cascata que culmina na liberação local de 

prostaglandina E2 (PGE2), que atua no nervo vago causando elevação inicial de 

glicocorticoides (11). Um das ações da corticosterona é sua capacidade para inibir a atividade 

da transcrição fator NF-kB (Fator Nuclear Kappa B), pela redução da fosforilação do IкB-α, 

refletindo em uma diminuição da transcrição de mediadores pró-inflamatórios (16). Além 

disso, alguns estudos vem demonstrando que  animais que são  expostos a essas endotoxinas 

no inicio da vida tem uma maior liberação de ACTH e corticosterona durante toda sua vida, 

podendo levar a uma predisposição a doenças que possuem um componente regulatório do 

eixo HPA  significante, como doenças inflamatórias (12, 17). 

A resposta ao estresse imunológico durante os períodos pré-natal e neonatal é 

conhecida por ter uma influência duradoura na resposta fisiológica a estímulos estressores na 

idade adulta. Estudos demonstram que algumas respostas do Sistema Nervoso Central (SNC) 

mediadas pelo sistema imune podem ser influenciadas pela experiência estressante neonatal 

precoce. Por exemplo, o estresse fisiológico por LPS no período neonatal pode afetar 

profundamente a resposta do eixo HPA em adultos (17, 18). Ellis et al. (16) demonstraram 

que um único desafio imune durante o período neonatal resulta em alterações duradouras na 

resposta imune inata a infecção em adultos. Ratos submetidos à injeção de LPS no período 

neonatal apresentavam uma redução na resposta febril na idade adulta em resposta a uma 

nova aplicação de LPS, assim como uma redução na produção de citocinas pró-inflamatórias, 

como interleucina-8 (IL-8) e fator de necrose tumoral alfa (TNF-α) (16).  

Shanks et al. (12) demonstraram que ratos que sofreram exposição a LPS no período 

neonatal apresentavam alterações no desenvolvimento de sistemas neurais que comandam as 

respostas endócrinas ao estresse e isso pode predispor a doenças relacionadas ao estresse. 

Pesquisas mais recentes como a de Iwasa et al. (2010), correlacionam a exposição neonatal ao 

LPS com a regulação do peso corporal na idade adulta, demonstrando que pode haver um 
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aumento do desenvolvimento do peso corporal como também um aumento na ingestão de 

alimentos na idade adulta. Isso se explicaria pelas mudanças no sistema endócrino, 

neuropeptídeos, e sistemas de regulação de citocinas (19).  

Em um modelo de tolerância ao LPS em camundongos no período neonatal, Landoni 

et al. (2012), mostraram que os mesmos apresentaram uma maior produção de NETS 

(neutrophil extracellular traps) em comparação ao grupo controle. Os camundongos 

receberam doses de LPS do 1º ao 4º dia de vida e, após chegar à idade adulta, foram 

submetidos a um desafio polimicrobiano. Avaliando a formação dos NETS, observou-se que 

os animais tolerantes apresentavam uma maior formação e, consequentemente, uma 

“limpeza” mais eficiente da infecção causada pelo desafio polimicrobiano (20). 

 

1.2 Carragenina com agente inflamatório 

A carragenina é um polissacarídeo sulfatado extraído de uma alga marinha, Chondrus 

crisp. É comum seu uso na indústria alimentícia com aditivo alimentar. Entretanto, ela vem 

sendo usada há décadas na pesquisa, devido seu potencial para indução de inflamação (21). A 

carragenina é frequentemente utilizada em modelos experimentais de pleurisia (22, 23), 

peritonite (24, 25) e edema (25, 26). 

Quando injetada no peritônio, em um período de 4h, a mesma promove uma 

inflamação aguda, com migração leucocitária, liberação de enzimas proteolíticas, espécies 

reativas de oxigênio e citocinas. A migração celular é preferencialmente de neutrófilos, que 

são atraídos para o local inflamado devido à ação de prostaglandinas e agentes quimiotáticos 

como interleucinas (IL-8) e complemento (C5) (27). Entretanto, ainda não está estabelecido se 

a carragenina é capaz de ativar diretamente os neutrófilos. Bhattacharyya et al. (28), 

demonstraram que a inflamação induzida por carragenina em colonócitos humanos ocorre por 

meio da ativação do receptor TLR4 e produção de espécies reativas de oxigênio nestas células 
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(29). Considerando que os neutrófilos também expressam TLR4, é possível que a carragenina 

possa induzir a sua ativação por essa mesma via. 

 

1.3 Neutrophil Extracellular Traps 

Os neutrófilos são as células mais abundantes do sistema imunológico inato e possuem 

papel fundamental na luta do organismo contra as infecções. Estas células são as primeiras a 

serem recrutadas para o sítio da infecção, sendo assim, constituem a primeira linha de defesa 

do organismo (30, 31).  

Na infecção, os neutrófilos são atraídos por quimiocinas e mediadores inflamatórios 

como IL-8 e interferon γ (IFN- γ) liberados pelas células endoteliais ativadas, macrófagos e 

mastócitos, e pelos produtos C3a e C5a do complemento. Durante a fase aguda da inflamação, 

principalmente em casos de infecção bacteriana, além do rápido recrutamento de neutrófilos 

para o sítio inflamatório há também grande aumento na sua produção. Atualmente, 

conhecemos três mecanismos utilizados pelos neutrófilos para eliminar os microorganismos 

invasores: fagocitose; degranulação(32); e a recentemente descrita liberação de NETs  (33). 

Os NETs são estruturalmente uma malha de fibras de ácido desoxirribonucleico 

(DNA) que constituem de  histonas e proteínas antimicrobianas liberadas pelos neutrófilos no 

espaço extracelular (33, 34). Neste fenômeno biológico o núcleo dos neutrófilos perdem a sua 

forma característica de lóbulos, eucromatina e heterocromatina se homogeneízam, ocorre 

ruptura da membrana nuclear e os grânulos citoplasmáticos se dissolvem permitindo que os 

componentes celulares e nucleares se misturem para finalmente produzir a ruptura da 

membrana celular e posterior liberação do conteúdo para o meio extracelular. Desde que foi 

considerado que o resultado final deste processo é a morte dos neutrófilos, vários autores 

referem-se a este mecanismo como morte por "netose” (34, 35). Entretanto, em 2009, Yousefi 

et al. (35, 36)., demonstrou que os NETs produzidos pelos neutrófilos pode conter DNA 

mitocondrial e nuclear, porém não implica na morte dos neutrófilos. Um ano depois, Pilsczek 
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et al. (37, 38) descreveu a formação de NETs, como um processo não ligado com a lise da 

membrana plasmática como um evento primário e sim por brotamento de vesículas, que 

seriam preenchidas com DNA nuclear liberadas  para o exterior da célula .  

A base molecular da formação dos NETs ainda é pouco compreendida. No entanto, as 

ROS (espécies reativas de oxigênio) desempenham um papel central para iniciar o programa. 

Fuchs et al.(39), demonstraram que os neutrófilos derivados de pacientes com deficiência no 

sistema imunitário causado por mutações em genes que codificam a NADPH oxidase 

apresentam defeito na formação dos NETs, devido a incapacidade do complexo para gerar 

ROS. Portanto, pode-se afirmar que a NADPH oxidase é necessária para desencadear um 

sinal que culmina na formação destas redes (35, 39). Sugere-se que a maior parte dos 

neutrófilos em circulação é capaz de produzir estas redes. Uma vez que se verificou que a 

formação dos NETs não exigem caspases e não é acompanhado por fragmentação do DNA, é 

sabido que este processo é claramente independente da apoptose. Além disso, a morte celular 

passiva (necrose), por exemplo, induzida por toxinas ou complemento não é relacionada com 

a formação dos NETs. De fato, a formação dos NETs ocorre muito mais rapidamente do que a 

apoptose, como também, os estímulos conhecidos para “atrasar” a apoptose podem induzir a 

formação dos NETs (39, 40). 

A descoberta dos NETs gerou, nestes últimos anos, muitos estudos para esclarecer e 

avaliar esse novo mecanismo de defesa apresentado pelos neutrófilos. Yost et al. (41),  

utilizando neutrófilos de recém-nascidos estimulados 1 h com LPS, fator de ativação de 

plaquetas, PMA (Phorbol-12-miristato-13-acetato) e algumas bactérias, concluíram que estes 

não foram capazes de gerar NETs. Deste modo, levantou-se a possibilidade de que a não 

formação dos NETs pudesse contribuir para a predisposição dos lactentes para alguns tipos de 

infecções precoces. Este grupo atribui esta falha como uma nova deficiência imune em recém-

nascidos. Ao contrário do estudo pubicado por Yost, Marcos et al. (42) relataram que os 

neutrófilos de recém-nascidos poderiam sim gerar NETs, como em adultos, porém com um 
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tempo de resposta muito maior. Esses autores observam que, enquanto os adultos respondem 

dentro de 1 hora na presença de indutor, a formação das redes dos neutrófilos de neonatos 

começam em 2 horas após a indução, sendo que adquirem a quantidade de NETs igual a 

formada por adultos em aproximadamente 3 horas. O que continua a se estabelecer é se este 

atraso na geração NETs tem implicações para a resposta inicial à infecção em lactentes (34, 

43). 
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2. JUSTIFICATIVA 

A resposta ao estresse imunológico durante o período neonatal é 

conhecida por ter uma influência de longa duração na resposta fisiológica 

equivalente ao estresse na idade adulta. Vários estudos relatam os efeitos sobre o 

desenvolvimento físico, neuroquímico e comportamental em animais que sofreram algum tipo 

de estresse neste período. Sendo assim, torna-se relevante um melhor entendimento de como 

eventos no início da vida, como o estresse neonatal, podem ter influência, em curto e longo 

prazo, na resposta inflamatória e imune, através da liberação de citocinas, ROS e formação 

dos NETs. Estes achados podem representar a possibilidade de desenvolvimento de 

estratégias de prevenção e tratamento para esses eventos tão prevalentes em recém-nascidos 

no nosso meio. 
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3. OBJETIVOS 

 

   3.1 Objetivo Geral 

 Avaliar o efeito do estresse neonatal por LPS sobre a resposta a um estímulo 

inflamatório induzido por carragenina em camundongos Balb/c. 

 

   3.2 Objetivos Específicos 

1. Avaliar o efeito do estresse neonatal sobre a resposta a um estímulo inflamatório em 

diferentes idades e sexos. 

2. Quantificar citocinas inflamatórias (IL-6, IL-10 e TNF) no lavado peritoneal. 

3. Avaliar a produção de ROS no lavado peritoneal. 

4. Avaliar a formação dos NETs no lavado peritoneal.  
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Abstract: 

Neonatal exposure to lipopolysaccharides (LPS) generates a stressful immunologic 

stimulus capable of affecting the development of important systems, which causes lasting 

behavioral and neuroendocrine alterations. The aim of this study is to evaluate the response to 

an inflammatory stimulus in Balb/c mice exposed to LPS-induced neonatal stress at different 

ages and sexes. Mice were submitted to intraperitoneal injections on postnatal days 3 and 10 

with either LPS (nLPS), 100µg/Kg, or saline solution (nSal). At 21 or 60 days of age, either 

saline solution was injected or an inflammatory stimulus was induced by the injection of 1% 

carrageenan. Inflammatory cytokines, reactive oxygen species and neutrophil extracellular 

traps (NETs) production were measured in peritoneal fluid. Our findings indicate that LPS-

induced neonatal stress can reduce inflammatory cytokines in young animals, males and 

females. In adults, however, only females showed the same response pattern. An increase in 

NETs production was observed in nLPS animals that were 60-days-old when compared to 21-

days-old in both sexes, which indicates an effect of neonatal stress on the ontogeny of NETs 

formation. The production of ROS was not affected by neonatal stress, even though an 

increased production was found among adults regardless of neonatal intervention. The results 

shown here indicate that LPS-induced neonatal stress can alter cytokine production in 

response to inflammatory stimuli at different ages, in a sex-dependent effect. Moreover, data 

also indicate that the formation of NETs throughout life is also influenced by early life 

adversities.  

 

Keywords: Neonatal stress, LPS, Inflammation, NETs 
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Introduction 

Infections are frequent early in life and can cause long-lasting effects in the 

physiological response to stressor stimuli in adulthood, a mechanism known as programming 

(1,2,3). Several studies have shown that neonatal exposure to lipopolysaccharides (LPS) 

affects the development of important systems by causing long-lasting behavioral and 

neuroendocrine changes (4, 5). LPS binds to toll-like receptor 4 (TLR4), which is expressed 

in immune cells and, when activated, can initiate a signaling cascade that culminates in local 

release of prostaglandin E2 (PGE2), which then acts in the vagus nerve by triggering an initial 

rise in glucocorticoids (6). One of the main activities of corticosterone is its capability to 

reduce the activity of NF-kB leading to a decrease in the transcription of proinflammatory 

mediators (7).  

Although the effects of neonatal stress on the response of several systems in adulthood 

are well-established (3, 7-9), the ontogenetic differences of these changes are still poorly 

known. A previous study (10) showed that the effect of neonatal stress on neurogenesis is 

different in young and in adult mice, which points to different consequences throughout 

development. Considering the fact that the immune system begins its development before 

birth, studies have demonstrated the connection between its activation early in life and the 

consequences in the regulation of immune responses in adulthood that influence stress 

susceptibility (3, 11).  

Furthermore, the effect of stress may also present differences in response to infections 

in different sexes. Studies have shown that females from many species usually present an 

increase in immune response and infection resistance when compared to males (12). In males, 

on the other hand, testosterone release depresses the humoral and cell-mediated immunity, 

which increases susceptibility to viral and bacterial infections (12). 

Regardless of ontogeny or sex differences, an inflammatory process can activate 

several mechanisms in the organism, such as the recruitment of immune cells, complement 
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activation, immunoglobulin production and release of reactive oxygen species (ROS) (13). 

Neutrophil migration towards the infection site aims to eliminate the invading pathogen 

through well-known mechanisms, such as phagocytosis and degranulation, but also through a 

recently described mechanism of neutrophil extracellular traps (NETs) release. NETs are, 

structurally, a net of DNA (deoxyribonucleic acid) fibers composed of histones and 

antimicrobial proteins that are released by neutrophils in the extracellular space in order to 

immobilize and kill pathogens and thus stop the infection (14, 15). 

Considering the high prevalence of infection during neonatal period and its long-

lasting consequences, it is relevant to further study the impact of neonatal stress in both short 

and long-term basis. The influences of neonatal stress on the response profile to an 

inflammatory stimulus at different stages of life, as well as possible sex-dependent effects, are 

still poorly known. Therefore, the purpose of this study is to evaluate the response to an 

inflammatory stimulus in Balb/c mice undergoing neonatal stress by LPS at different ages and 

in different sexes. Towards that goal, inflammatory cytokines, reactive oxygen species and 

NETs formation were measured.  

 

Materials and Methods 

Animals 

Primiparous Balb/C female mice (20-30g) from the vivarium of the Institute of 

Biomedical Research (IPB) at PUC/RS University, were mated. After birth, each litter was 

standardized in 5-7 pups and after weaning they were kept in colonies of 4-5 animals per 

cage, in a controlled temperature environment (21 ± 1 ºC) with light-dark cycles of 12:12 

hours and free access to food and water. The experimental protocol was approved by the 

Ethics Committee for the Use of Animals from PUC/RS University under number 13/00345, 

and all experiments followed the National Institute of Health Guide for The Care and Use of 

Laboratory Animals (16). 
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Experimental design 

 After the birth and standardization of the litters, all animals were weighed in days 

post-partum (DPP) 1, 3, 10, 21 and 60. On the 3
rd

 DPP, the animals were divided into two 

groups: stressed (nLPS) and control (nSal). The stressed group was subjected to 

intraperitoneal injection (i.p.) on the 3
rd

 and 10
th

 DPP with 100 µg/Kg of LPS (E. coli 

serotype 026B6; Sigma-Aldrich, St Louis, MO, dissolved in saline solution). In the control 

group, animals received an injection with sterile saline solution (NaCl 0.9%) in the same days. 

Newborns remained with the mothers until weaning, on the 21
st
 DPP. Experiments were 

performed on the 21
st
 or 60

th
 DPP. Mice were divided again into two groups, one that received 

an intraperitoneal injection with carrageenan (1%) and the other that received an injection 

with saline solution. Four hours after administration, the animals were euthanized with 

isoflurane followed by decapitation. A peritoneal wash was performed and samples stored to 

measure inflammatory cytokines, ROS and NETs. In all experiments performed on both 21
st
 

and 60
th

 DPP, the experimental groups were composed of male and female mice. 

Carrageenan-induced peritonitis and peritoneal wash 

 In order to induce the migration of neutrophils into the peritoneal cavity of mice, 

0.25 mL of 1% carrageenan (Sigma Aldrich) was administered intraperitoneally. After 4 

hours, the cavity was washed with 2 mL of cold RPMI 1640 (Cultilab). The contents of 

peritoneal lavage were separated for DNA quantification and visualization (NETs), ROS 

quantification and cytokines measurements.  

NETs quantification 

 For the quantification of NETs, 300 µL of washing supernatant were precipitated 

with 750 µL of absolute ethanol and 105 µL of Sodium Acetate 3 M. Samples were incubated 

overnight at -20 °C, then centrifuged for 15 minutes at 13000 rpm and the pellet was 

ressuspended in 100 µL of 70% ethanol and centrifuged again. Pellet was then ressuspended 

in 40 µL of nuclease free water and DNA quantification was performed by using Quant-iT 
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dsDNA HS kit (Invitrogen) in the Qubit fluorometer (Invitrogen), according to 

manufacturer’s instructions.  

Immunofluorescence 

 For visualization of DNA, 300 µL of the peritoneal lavage were incubated in 8-

chambe culture slides (BD Falcon) for 2 hours at 37 °C with 5% CO2. After this period, cells 

were fixed with 4% paraformaldehyde (PFA) and stained with Hoechst 33342 (1:2000; 

Invitrogen). A Zeiss LSM 5 Exciter confocal microscope was used for imaging. 

ROS quantification 

For ROS quantification, 60 µL of peritoneal lavage were incubated with 240 µL of 

dichlorofluorescein diacetate - DCFH - 100 µM (Sigma- Aldrich) at 37 °C for 30 minutes in a 

dark plate proper for fluorescein. After incubation, samples were analyzed in the fluorescence 

reader Victor-X3 (PerkinElmer) with wavelengths for excitation and emission of 480 and 530 

nm, respectively. To calculate ROS concentration in the samples, a concentration curve was 

performed by using 1 mM 2’,7’dichlorofluorescein (Sigma- Aldrich). 

Determination of cell death  

Granulocytes in the peritoneal fluid were analyzed for apoptosis and necrosis with 

Annexin-V and Propidium Iodide, respectively, according to manufacturer’s instructions (BD 

Pharmingen
TM

). Briefly, cells were washed twice, stained with Annexin V-FITC and 

Propidium Iodide for 15 minutes at room temperature and analyzed by flow cytometry (FACS 

Canto II, BD Bioscience) within 1 h. Cells were initially selected by granulocytes size on the 

basis of forward scatter (FSC) and side scatter (SSC). Cells were then gated on both SSC and 

FSC singlets, ensuring individual cell staining. Data were analyzed with FlowJo software v. 

7.2.5 (Tree Star Inc., USA). 

Cytokine measurement 

 Samples obtained from peritoneal lavage were used in the determination of cytokine 

levels. Interleukin 6 (IL6), tumor necrosis factor (TNF) and interleukin 10 (IL10) were 
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simultaneously measured by flow cytometry with the Cytometric Bead Array (CBA) Mouse 

Inflammation Kit (BD Biosciences, USA). Sample acquisition was performed in a 

FACSCanto II flow cytometer (BD Biosciences, USA). Data analysis was performed in 

FCAP Array v1.0.1 software (Soft Flow Inc., Pecs, Hungary).  

Statistical Analysis 

 Data normality was evaluated by Shapiro-Wilk test and due to its normal distribution 

was presented as mean and standard error of the mean. Differences between experimental 

groups were analyzed by Student’s t-test for independent samples. The significance level was 

established as 5% in all cases. All analyses were performed using the GraphPad Prism 5.02 

software. 

 

Results 

LPS-induced neonatal stress does not alter body weight 

 Regarding body weight analysis, no significant differences were observed between 

groups of the same sex at any different ages (data not shown). 

LPS-induced neonatal stress alters the release of inflammatory cytokines in a sex-

dependent manner  

 Significant differences were found in IL-6, IL-10 and TNF levels from peritoneal 

washings. On the 21
st
 DPP, after the carrageenan inflammatory stimulus, a significant 

decrease in those markers was observed in LPS-induced neonatal stress groups, both in males 

(Fig. 1A, C, E) and females (Fig. 1B, D, F). In adult females (inflammatory stimulus 

performed on the 60
th

 DPP), there was a significant decrease in the concentration of IL-6 and 

TNF (Fig. 2B and D). However, no significant difference was observed for any of the 

inflammatory markers in males (Fig. 2 A, C and E), indicating sex-dependent differences in 

the regulation of this response. When the inflammatory markers at different ages (21 and 60 

days) were compared, we found a significant difference in all three markers, which 
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demonstrates an increased production in adulthood regardless of neonatal stress in males (Fig. 

3A, C, E) and females (Fig. 3B, D and F). 

Neonatal stress has no influence in ROS production 

 No significant differences were found in ROS measurements between nSal and nLPS 

groups in both males and females at different ages (data not shown). Nevertheless, when we 

compared ROS concentration at different ages (21 and 60 days), there was a significant 

difference both for males (Fig. 4A) and females (Fig. 4B), which indicates an increase in ROS 

concentration in adulthood regardless of neonatal stress.  

Increase in NETs formation in adulthood is influenced by neonatal stress  

 NETs formation after carrageenan-induced inflammatory stimulus was evaluated 

through quantification of DNA in peritoneal washing and imaging after DNA staining, as 

shown in figure 5. Although an increase in NETs formation after carrageenan stimulus can be 

observed in all experimental groups, there was no significant difference between nSal and 

nLPS groups, for males (Fig. 5 A, C) and females (Fig. 5B, D) at different ages. When DNA 

concentration was compared at different ages (21 and 60 days), a significant increase in NETs 

production was observed in adult males (Fig. 6A) and females (Fig. 6B) in the nLPS group. 

Moreover, no differences were found in the nSal group, indicating an effect of neonatal stress 

on the ontogeny of NETs formation.  

Carrageenan does not induce apoptosis or necrosis in peritoneal granulocytes from 

stressed and non-stressed animals 

 In order to rule out that DNA release could be occurring as a consequence of cell 

death, cells from the peritoneal washing were stained for Annexin-V and PI. In fact, DNA 

release induced by carrageenan was not due to apoptosis or necrosis, since cell viability 

remained higher than 80% in all groups (Fig. 7). 

 

Discussion 
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 Data presented here shows that LPS administration in the neonatal period can 

influence the response of inflammatory cytokine release later in life. Four hours after 

carrageenan administration (i.p.), we found a decrease in two pro-inflammatory cytokines 

(TNF and IL-6) and in one anti-inflammatory cytokine (IL-10) in the nLPS group. Several 

studies have demonstrated the effect of LPS-induced stress in the regulation of the HPA axis 

(1, 6, 17). Shanks and collaborators have shown an increase in plasma concentration of 

corticosterone in adult rats that were exposed to LPS neonatally, as well as long-lasting 

effects on the immune regulation, revealing an alteration in the inflammatory response (4). In 

our study, it is possible that the reduction in inflammatory cytokines observed on animals 

from the nLPS group as a response to carrageenan application could be related to the 

regulation of the HPA axis. Therefore, neonatal stress might have induced an increase in the 

release of corticosterone, leading to a decrease in cytokine production through regulation of 

the immune system, since glucocorticoids inhibit the activity of NF-кB transcription factor 

(18). Ellis and collaborators showed that mice that underwent LPS stress neonatally had a 

decline in the production of pro-inflammatory cytokines (TNF and IL-6) after a second 

immunologic challenge. This finding is attributed to a reduction in IкB-α phosphorylation, 

which reflects a decrease in NF-кB activation, ultimately leading to a decrease in the 

transcription of these mediators (5, 7). On the other hand, the decrease in IL-10 concentration 

(anti-inflammatory) seen in the peritoneal washing from the nLPS group could be a 

consequence of the reduced inflammatory response (reduction of TNF), since IL-10 has the 

function of inhibiting the production of TNF- α (19, 20).  

Furthermore, data presented here reveal that there is a difference in the production of 

TNF and IL-6 pro-inflammatory cytokines in adult females in response to stress. Considering 

that this response was unchanged in adult males when compared to the control group, there 

seems to be a hormonal influence on these effects. Sex differences in neonatal stress response 

are well known(21) and different mechanisms involved in immune system regulation have 
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been widely studied regarding such differences (22, 23). It is known that females are more 

prone to inflammatory and autoimmune diseases, effects that comprise female hormones 

(estradiol and progesterone) (24) and glia function (25) as important factors in the regulation 

of the response. 

 The inflammatory process induced by carrageenan activates ROS production (26), 

which results in an antimicrobial action that facilitates the death of invasive microorganisms 

through the degradation of the plasma membrane by lipid oxidation (26, 27). Our data show 

that there is ROS production in response to carrageenan, however no difference in this 

response was observed between the groups that received LPS or saline in the neonatal period. 

These findings indicate that neonatal stress had no influence in the secondary oxidative 

response to an inflammatory stimulus. Nonetheless, we observed an increased production of 

ROS in adulthood (21x60 days), which corresponds to the same response found to 

inflammatory cytokines, indicating that young mice present an inflammatory response profile 

that is different when compared to adults, regardless of neonatal intervention. 

Like ROS, NETs play a major role in the defense process against microbial infections 

(28, 29). To our knowledge, this is the first study to investigate the effects of neonatal stress 

on NETs formation. To perform this analysis, in addition to quantifying DNA directly, 

neutrophils were stained with a DNA specific dye for the visualization of the nets. In order to 

confirm that the released DNA was in fact netosis, assays for the evaluation of apoptosis and 

necrosis were performed and results showed that most cells remained alive. Besides, data 

found indicates that neonatal stress did not alter NETs release. However, there was an 

increase in the production of DNA nets in animals from the nLPS group at 60 days of age 

when compared to animals from the same group at 21 days of age for both sexes, which 

indicates that there is an effect of neonatal stress on the ontogeny of NETs formation. Yost 

and collaborators have shown that activated neutrophils from newborns cannot generate 

NETs, raising the possibility that this inability could contribute to the predisposition of infants 
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to some types of infection early in life (30). Marcos and collaborators, though, have described 

that neutrophils from newborns could indeed generate NETs, as well as the adults, although 

with a much longer response period (31). These evidences point to the existence of 

differences in response to NETs formation at different stages of life, and our data shows that 

stress during a critical period for the immune development can have an important role in the 

regulation of this response. 

ROS (30, 32) and TNF (33) are described in the literature as activators of NETs 

release. Our data shows an increase in ROS and TNF release in animals at 60 days when 

compared to 21 days in both nSal and nLPS groups. This could be related to the increase in 

NETs production in adult animals, although this result was found only for the nLPS group. 

The nSal adult group did not show a significant difference in NETs production, indicating an 

interaction between the effect of neonatal stress and the ontogeny of this response. Moreover, 

when nSal and nLPS groups were compared, both at 21 and 60 days, we did not observe a 

significant difference in ROS production. Also, there was a decrease in TNF production for 

the group that underwent stress during neonatal period. Considering the fact that NETs 

formation was similar in both nSal and nLPS groups, it seems unlikely that ROS and TNF 

release have a direct action in the effects found on the activation of NETs in the present study.  

In the course of time, we create an immunologic memory that is capable of defense in 

a faster and more efficient way against known infectious agents, given that older people 

usually show good response to antigens they have had contact with in their youth, but they 

can’t respond well to new antigens (34), (35)
 
(36). Another hypothesis to explain the increase 

in DNA nets in adult life could be through an immunologic memory mechanism, since LPS 

(37, 38) administered in the neonatal period, as well as carrageenan (26, 39), make use of the 

TLR-4 pathway, that culminates in the activation of the innate immune system, leading to a 

different response that is mediated by neutrophils. Landoni and collaborators have revealed 

that mice that received higher doses of LPS from the 1
st
 to the 4

th
 days of life followed by a 
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polymicrobial challenge in adulthood presented an increased NETs production in comparison 

to the control group, which implies that tolerant animals presented a more efficient infection 

“cleanness” (40). Thus, considering that our data point to an increase in NETs production in 

adult mice from the nLPS group, it is possible that immunologic memory mechanisms are 

involved.  

In conclusion, data in the present study suggests that LPS-induced neonatal stress 

alters cytokine production in response to an inflammatory stimulus at different ages, in a sex-

dependent effect. Also, it seems that NETs formation throughout life can be influenced by 

early-life adversities, such as neonatal stress.  
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Legends to the Figures: 

Fig. 1. Inflammatory cytokine release 4 hours after the injection of carrageenan (CGN) or 

saline (Sal) solution in young male and female mice that underwent neonatal stress induced 

by LPS. TNF (A: males - p=0.0008 and B: females - p=0.01), IL-6 (C: males - p=0.04 and D: 

females - p=0.003) and IL-10 (E: males - p=0.02 and F: females - p=0.001). Data shown 

represent 21 days old mice from nSal (saline solution administered in the 3
rd

 and 10
th

 days of 

life) and nLPS (LPS administered in the 3
rd

 and 10
th

 days of life) groups. n = 5-8 animals per 

group. 

 

Fig. 2. Inflammatory cytokine release 4 hours after the injection of carrageenan (CGN) or 

saline (Sal) solution in adult male and female mice that underwent neonatal stress induced by 

LPS. TNF (A: males - p= 0.07 and B: females - p= 0.002), IL-6 (C: males - p= 0.98 and D: 

females - p= 0.04) and IL-10 (E: males - p= 0.23 and F: females - p= 0.20). Data shown 

represent 60 days old mice from nSal (saline solution administered in the 3
rd

 and 10
th

 days of 

life) and nLPS (LPS administered in the 3
rd

 and 10
th

 days of life) groups. n = 5-8 animals per 

group. 

 

Fig. 3. Comparison of the cytokines release between young and adult mice (21 and 60 days 

old) after the inflammatory stimulus by carrageenan (CGN) injection. TNF (A: males and B: 

females; p<0.0001 in all cases), IL-6 (C: males and D: females, p<0.0001 in all cases) and IL-

10 (E: males - nSal p=0.04 and nLPS p= 0.0003; F: females - nSal p=0.04 and nLPS 

p=0.0009). Data shown corresponds to experimental groups nSal (saline solution given on the 

3
rd

 and 10
th

 days of life) and nLPS (LPS given on the 3
rd

 and 10
th

 days of life). n = 5-8 per 

group. 
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Fig. 4. Comparison of ROS production between animals with 21 and 60 days of age after 

inflammatory stimulus by carrageenan (CGN) injection. In (A) males (nSal p=0.001 and 

nLPS p=0.001) and (B) females (nSal p=0.005 and nLPS p=0.009). Data shown corresponds 

to experimental groups nSal (saline solution given on the 3
rd

 and 10
th

 days of life) and nLPS 

(LPS given on the 3
rd

 and 10
th

 days of life). n = 4 per group. 

 

Fig. 5. Response of NETs release 4 hours after carrageenan (CGN) or Saline (Sal) injection in 

animals that underwent neonatal stress induced by LPS. Data shown here correspond to mice 

with 21 (A: males and B: females) and 60 days of age (C: males and D: females) in 

experimental groups nSal (saline solution given on the 3
rd

 and 10
th

 days of life) and nLPS 

(LPS given on the 3
rd

 and 10
th

 days of life). n = 7-11 per group. Visualization of DNA nets 

stained with Hoechst in cells obtained from the peritoneal washing 4 hours after the injection 

of (F) Carrageenan and (E) Saline. Images were taken in a Zeiss (LSM 5 Excite) confocal 

microscope. Scale bars: 20 um. 

 

Fig. 6. Comparison of NETs release 4 hours after carrageenan (CGN) injection in animals 

with 21 or 60 days of age. In (A) males (nLPS p=0.02) and (B) females (nLPS p=0.01) on 

experimental groups nSal (saline solution on third and tenth days of life) and nLPS (LPS o 

third and tenth says of life). n = 7-11 per group. 

 

Fig. 7. Carrageenan does not induce apoptosis or necrosis in peritoneal granulocytes from 

stressed and non-stressed animals. Flow cytometric analysis of Annexin-V binding and 

Propidium Iodide uptake in peritoneal fluid cells from: males at 21days from nSal group (A) 

and nLPS group (B); females at 21days from nSal group (C) and nLPS group (D); males at 60 

days from nSal group (E) and nLPS group (F); females at 60 days from nSal group (G) and 

nLPS group (H). 
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Fig. 7: 
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2.2. Artigo Científico 2: Carrageenan-induced inflammation promotes neutrophil 

extracellular trap formation in a mouse model. 
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Abstract 

Neutrophil Extracellular Traps (NETs) are the release of the inner content of neutrophils in 

response to different stimuli to combat microorganisms. Carrageenan is usually used due to its 

potential to induce inflammation. Here we demonstrate that carrageenan injection can induce 

NETs release in a mice model of acute peritonitis. 

Key Words: NETs, Neutrophils, Carrageenan 

 

Introduction 

Neutrophils are the first cells involved in defense against pathogens and present a 

mechanism, called Neutrophil Extracellular Traps (NETs), which are extracellular structures 

able to trap and kill pathogens [1, 2]. These NETs are fibers made of chromatin (histones and 

DNA) decorated with antimicrobial proteolytic enzymes present in the granules of neutrophils 

(such as neutrophil elastase and myeloperoxidase) [3] and other nuclear components, all 

apparently involved in its mechanism of action [4]. There are a variety of stimuli yet 

described in the literature including proteins, bacteria, fungi, viruses and cytokines capable of 

inducing NETs release [1, 5-7]. NETs are present in a plenty of in vivo inflammatory 

conditions, such as endometriosis [8], sepsis [9], thrombosis [10], autoimmunity [11, 12]. 

These studies point out to the importance of exploring inflammatory stimuli involved in NETs 

formation.  

Carrageenan is a sulfated polysaccharide extracted from Chondrus crispus, a marine 

algae, used for decades in research for its potential to induce inflammation [13]. Also, 

carrageenan is widely used by the food industry as a gelling agent [13]. Due to the potential 

induction of inflammation, carrageenan is often used as a model of pleurisy [14, 15], 

peritonitis [16, 17] and edema [17, 18] in experimental animals. The injection of carrageenan 
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triggers an acute inflammation associated with hyperalgesy, which is characterized by edema 

and an exacerbated response to thermal and mechanical stimuli [13]. Bhattacharyya and 

colleagues found that carrageenan-induced inflammation in human colonocytes occurs 

through activation of Toll-like receptor-4 (TLR4) (19) and reactive oxygen species production 

[20].  

Experimental models to further study the role and mechanisms of NET formation may 

be an important tool for future research. Thus, present study evaluated the use of carrageenan 

to induce inflammation in a mouse model of acute peritonitis and its effect on neutrophil 

extracellular trap formation. 

 

Methods 

Animals 

Balb/C mice weighing 20-30g were used. Animals were housed in the vivarium of the 

Institute of Biomedical Research (PUCRS) with 12:12 h light/dark cycle, free access to water 

and food, and controlled temperature (21 ± 1
o
C). All experimental protocols were approved 

by the Ethics Committee on Animal Use at Pontifícia Universidade Católica do Rio Grande 

do Sul (CEUA/PUCRS), under protocol number 13/00345, and all experiments followed the 

National Institute of Health Guide for The Care and Use of Laboratory Animals [21]. 

Induction of Acute Peritonitis and Peritoneal Lavage 

Acute peritonitis was induced by an intraperitoneal injection of 1% carrageenan in a 

volume of 250 µL. The control group received an intraperitoneal injection of endotoxin-free 

PBS. After 4 h of injection, animals were euthanized and their peritoneal cavities were rinsed 

with 2 mL of cold RPMI 1640 medium. Total leukocytes in peritoneal fluid were determined 

in Neubauer chambers after dilution in Trypan solution. Differential counting of leukocytes 

was carried out in Diff-Quick (Laborclin)-stained slides. Images were obtained with an 

Olympus BX43 microscope. 
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Quantification of NETs release 

Neutrophil extracellular traps were quantified in peritoneal fluid supernatants using 

Quant-iT dsDNA HS kit (Invitrogen), according to manufacturer’s instructions. 

Immunofluorescence 

Peritoneal cells from carrageenan-treated mice were incubated in 8-chamber culture 

slides (BD Falcon) for 2 hours at 37 °C under 5% CO2. After this period, cells were fixed in 

4% paraformaldehyde (PFA), and stained with anti-neutrophil elastase (1:1000; Abcam), 

followed by anti-rabbit Cy3 antibody (1:500; Invitrogen) and Hoechst 33342 (1:2000; 

Invitrogen). Images were obtained with a Zeiss LSM 5 Exciter confocal microscope. 

Annexin-V assay 

Granulocytes in the peritoneal fluid were analyzed for apoptosis and necrosis with 

Annexin-V and Propidium Iodide respectively, according to manufacturer’s instructions (BD 

Pharmingen
TM

). Briefly, cells were washed twice, stained with Annexin V-FITC and 

Propidium Iodide for 15 minutes at room temperature and analyzed by flow cytometry (FACS 

Canto II, BD Bioscience) within 1 h. Cells were initially selected by granulocytes size on the 

basis of forward scatter (FSC) and side scatter (SSC). Cells were then gated on both SSC and 

FSC singlets, ensuring individual cell staining. Data were analyzed with FlowJo software v. 

7.2.5 (Tree Star Inc., USA). 

Statistical analysis 

Data were presented as mean ± standard error of the mean (SEM). Results were 

analyzed using a statistical software package (GraphPad Prism 5). Statistical differences 

between experimental groups were evaluated by analysis of variance or with Student’s t Test. 

The level of significance was set at p ≤ 0.05. 

 

Results and Discussion 

Neutrophil migration induced by Carrageenan 
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Carrageenan-induced peritonitis promoted the migration of neutrophils when 

compared to saline-treated group (Fig. 1A). More than 60% of cells found in peritoneal fluids 

after carrageenan injection were neutrophils, as illustrated in Fig. 1E and F. Previous studies 

have demonstrated that carrageenan is able to trigger neutrophil migration to the site of 

injection (14-17). Although the percentage of other leukocytes, such as macrophages, 

lymphocytes and mast cells (Fig. 1B-D) has changed as a consequence of the carrageenan-

induced neutrophils migration, the absolute number was not altered. 

Carrageenan injection induces the release of Neutrophil Extracellular Traps 

Many inflammatory stimuli were shown to be capable of inducing neutrophil 

extracellular trap formation by human neutrophils [1, 5, 8, 22, 23]. To date, only few reports 

have demonstrated the production of NETs by mouse neutrophils [10, 24, 25]. Here, we were 

able to demonstrate that intraperitoneal injection of the polysaccharide from Chondrus 

crispus, Carrageenan, induces NETs formation in vivo (Fig. 2A). NETs release induced by 

carrageenan was not due to apoptosis or necrosis, since cell viability remained high in both 

saline- and carrageenan-treated mice (Fig. 2B). Also, peritoneal cells from carrageenan-

treated mice showed a negative staining for annexin-V and propidium iodide (Fig. 2C). These 

results indicate that carrageenan-induced NETs formation is an active process. The major 

components of NETs are decondensed DNA and antimicrobial proteins, such as neutrophil 

elastase (NE) [3]. In addition, NE together with myeloperoxidase, was shown to be important 

for NETs formation [3]. To characterize the constituents of the extracellular DNA found after 

intraperitoneal injection of carrageenan, we analyzed it by immunofluorescence. Hoescht 

33342 staining showed that these extracellular structures consist of extracellular DNA fibers 

(Fig 2D-F), which co-localized with NE (Fig. 2G-I), confirming that carrageenan induced the 

formation of NETs in the peritoneum of mice. 

In conclusion, the results show for the first time that carrageenan-induced 

inflammation in the peritoneum of mice is able to induce NETs formation. These findings 
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may contribute to future studies using in vivo experimental models to further investigate 

NETs. The mechanisms by which carrageenan induces NETs formation in mice should yet be 

addressed in future research. 
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Figures Legends 

 

Figure 1. Cellular profile from saline (SAL) and carrageenan-injected (CGN) mice. 

Carrageenan induced peritonitis with neutrophil migration (A) and mast cells (D) increase. 

Peritoneal fluids from saline-injected mice had predominance of macrophages (B) and 

lymphocytes (C). Cytospin of leukocytes in slides and Diff-Quick (Laborclin)-stained cells 

from peritoneal fluids in both saline (E) and carrageenan (F) groups. The images were 

obtained by light microscopy (400x). *indicates significant difference (p<0.05) when saline 

and carrageenan groups were compared. n=12 per group. 

 

Figure 2. Carrageenan injection induces the release of Neutrophil Extracellular Traps. 

Peritoneal NETs formation was quantified using a Quant-iT dsDNA kit (A). Cell viability was 

evaluated using Trypan Blue (B). Apoptosis/necrosis was measured using Annexin-V and 

Propidium Iodide (C). Cells from peritoneal fluids were fixed with paraformaldehyde 4% and 

stained with Hoechst 33342. Saline (D), carrageenan – 20 µm (E) and carrageenan – 10 µm 

(F) images are presented. Co-localization of DNA and neutrophil elastase was performed in 

carrageenan-induced NETs. DNA stained with Hoechst (G), neutrophil elastase stained with 

anti-neutrophil elastase (H) and overlay (I). All images were obtained by Confocal 
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Microscopy. *indicates significant difference (p<0.05) when saline and carrageenan groups 

were compared. n=8-9 per group. 

 

Fig. 1: 
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Capítulo 3 – Considerações Finais 

 

 Neste estudo demonstramos que o estresse neonatal por LPS em camundongos Balb/c 

tem interferência na resposta inflamatória através da liberação de citocinas. Esse efeito parece 

ser influenciado pela idade e pelo sexo dos animais. Apesar da liberação de ROS e NETs não 

ter sido alterada pelo estresse no início da vida, os resultados demonstram um efeito 

ontogenético sobre esses parâmetros e sobre a liberação de citocinas.  

 Também demonstramos neste estudo que um estímulo inflamatório causado por 

carragenina, além de ativar diversos mecanismos inflamatórios como produção de citocinas e 

ROS, é capaz de ativar o sistema imune inato com a migração de células de defesa, 

preferencialmente neutrófilos. Desta forma, demonstramos pela primeira vez que a 

carragenina é capaz de ativar a liberação de NETs pelos neutrófilos.  
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