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RESUMO 

A dor pediátrica tem sido o foco de estudo de muitos pesquisadores nas últimas décadas 

devido à constatação de que neonatos apresentam menor limiar para estímulos nocivos e 

inócuos em comparação aos adultos. Em decorrência disto, o uso de analgésicos tem 

sido frequente em ambiente hospitalar. A morfina é um dos analgésicos opióides mais 

utilizados para sedação e analgesia nestes pacientes. Este opióide apresenta maior 

potência analgésica no período neonatal, sendo o receptor μ mais expresso em 

neurônios medulares com pico de densidade em P7 e diminuindo até o P21, atingindo 

então níveis de adulto. Nosso grupo mostrou que ratos neonatos submetidos ao 

tratamento repetido com morfina não apresentam tolerância. Porém, permanecem maior 

tempo em analgesia ao final do tratamento do que no 1º dia. Além disto, após dois dias 

do término do tratamento os animais apresentaram alterações na atividade e expressão 

gênica da NTPDase 1 (enzima que hidrolisa ATP até adenosina) em medula espinal e 

córtex cerebral, sugerindo modulação nos níveis extracelulares de nucleotídeos, o que 

pode levar alterações na resposta nociceptiva. Além do sistema purinérgico outro 

importante sistema no processamento da resposta nociceptiva é o glutamatérgico. Desde 

o período neonatal o glutamato é o responsável pelos estímulos nociceptivos em medula 

espinal, e transportadores no terminal pré-sináptico ou glia são responsáveis pela 

captação do glutamato liberado, controlando seus níveis. A exposição à morfina 

também leva a mudanças comportamentais, conhecidas por sensibilização 

comportamental, que são dependentes, em parte, da ativação do receptor dopaminérgico 

D2 no sistema límbico. Além disso, esta exposição pode alterar os níveis de BDNF em 

estruturas relacionadas à nocicepção. Levando em consideração a carência de estudos 

focados nos efeitos da exposição repetida a opióides em neonatos, o objetivo deste 

estudo foi verificar os efeitos a curto (P16), médio (P30) e longo prazo (P60) do 

tratamento com 5 μg de morfina, uma vez ao dia, do P8 ao P14, sobre comportamento 

nociceptivo; captação de glutamato em medula espinal; comportamentos exploratórios e 

do tipo ansioso, avaliando o envolvimento do receptor D2; níveis de BDNF e TNF-α, e 

estresse oxidativo em hipocampo; atividades de nucleotidases solúveis em soro; e além 

disso avaliar a ação antinociceptiva da melatonina nas respostas nociceptivas alteradas. 

Os animais que receberam morfina demonstraram em P30 e P60: aumento da resposta 

nociceptiva que foi revertida por antagonista do receptor NMDA; diminuição da 

captação de glutamato em medula espinal; aumento dos níveis de BDNF em 

hipocampo, e diminuição da atividade da SOD no P60; alterações nas atividades das 

nucleotidases solúveis; aumento do comportamento exploratório no P16 e P30; efeito 

antinociceptivo da melatonina na hiperalgesia. Estes dados demonstram a necessidade 

de pesquisas que sejam focadas nos efeitos do tratamento com morfina no período 

neonatal ao longo da vida, bem como buscar alternativas terapêuticas que possam 

reverter possíveis alterações. 
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ABSTRACT 

The study of pediatric pain has been the focus of many researchers in recent decades 

due to the fact that neonates have a lower threshold for innocuous and noxious stimuli 

compared to adults. As a result, the use of analgesics has been frequent in hospitals. 

Morphine is an opioid analgesic commonly used for sedation in these patients. This 

opioid presents greater analgesic potency in the neonatal period in which the μ opioid 

receptor is over expressed in neurons of the spinal cord, with peak binding on day 7 and 

decreasing until day 21, reaching adult levels then. Our research group has shown that 

neonate rats subjected to repeated treatment with morphine not present tolerance. 

However, they remain with more time of analgesia at the end of treatment than on first 

day. Moreover, two days after the end of treatment the animals showed changes in 

activity and gene expression of NTPDase 1 (enzyme that hydrolyzes ATP to adenosine) 

in spinal cord and cerebral cortex, suggesting modulation of nucleotides extracellular 

levels which can alters nociceptive response. Besides the purinergic system another 

important system associated with nociceptive pathways is glutamatergic. Since the 

neonatal period glutamate is responsible for nociceptive stimulus in spinal cord, being 

its level controlled by transporters in the presynaptic terminal or glia responsible for the 

uptake of glutamate released. Importantly, studies have shown that morphine 

administration in adult animals can lead to behavioral changes, known as behavioral 

sensitization, dependent of activation of the limbic dopamine system, with the D2 

dopamine receptor is associated with these changes. Moreover, such exposure may lead 

to altered levels of BDNF on the nociception related structures. Considering the lack of 

studies focused on the effects of repeated exposure to opioids in neonates, the objective 

of this study was to assess the short-(P16), medium (P30) and long term (P60) effects of 

treatment with 5 μg of morphine, once a day, from 8 to 14 days old, on nociceptive 

behavioral responses; glutamate uptake in the spinal cord; exploratory and type 

anxiously behavioral responses assessing the involvement of the dopamine receptor D2; 

levels of BDNF and TNF-α, and oxidative stress in the hippocampus; activities of serum 

soluble nucleotidases, and furthermore evaluate the antinociceptive action of melatonin 

on nociceptive responses changed. The results obtained with this study show that in P30 

and P60 the animals that had received morphine: increase of the nociceptive response 

that was reversed by NMDA receptor antagonist, decreased glutamate uptake in spinal 

cord; increasing levels of BDNF in hippocampus, and decreased activity of the 

antioxidant enzyme SOD in P60; changes in nucleotide hydrolysis; increased 

exploratory behavior in P16 and P30; antinociceptive effect of melatonin on nociceptive 

responses increased. These data demonstrate the need for further research that are 

focused on the effects of morphine treatment in the neonatal period lifelong and seek 

alternative therapies that can reverse any changes. 

Keywords: morphine; neonate rats; nociceptive response; glutamate uptake; 

exploratory behavior; BDNF; superoxide dismutase; hippocampus; melatonin. 
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APRESENTAÇÃO 

 

Esta Tese está estruturada em 3 partes: Parte I - Introdução, Revisão da Literatura, 

Objetivos e Referências Bibliográficas; Parte II - Materiais e Métodos, Resultados e 

Discussão na forma de artigos científicos; Parte III – Considerações Finais, aprovação 

do comitê de ética e a produção acadêmica durante o período de doutoramento. 

O item Referências Bibliográficas refere-se somente às referências contidas nos itens 

Introdução, Revisão da Literatura e Considerações Finais. 

Detalhes técnicos mais precisos sobre a metodologia empregada em cada um dos 

trabalhos apresentados podem ser encontrados nos trabalhos científicos. 
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1 INTRODUÇÃO 

 O estudo da dor pediátrica vem crescendo intensamente nas últimas décadas em 

decorrência da constatação de que neonatos não somente sentem dor como apresentam 

um menor limiar para estímulos nocivos e inócuos que adultos (Grunau et al., 1994; 

Johnston et al., 1996). Isto se deve ao fato de que a maturação das vias descendentes 

inibitórias ocorre somente após a completa maturação das vias excitatórias, sendo que a 

transmissão do estímulo nociceptivo através do corno dorsal da medula espinal ocorre 

desde a 16ª semana gestacional através da liberação de neurotransmissores excitatórios 

como, por exemplo, o glutamato (Simons e Tibboel, 2006).  

 Dessa forma, a dor no neonato é um fenômeno complexo e envolve diferentes 

sistemas biológicos do sistema nervoso em desenvolvimento (Smith et al., 2000; 

Fitzgerald e Beggs, 2001). Vários estudos têm documentado os efeitos deletérios de 

longa duração resultantes da exposição repetida a procedimentos dolorosos em 

Unidades de Terapia Intensiva Neonatal (UTIN). Tais procedimentos levam a respostas 

comportamentais subjetivas de sensibilidade à dor, como hiperalgesia (Johnston e 

Stevens, 1996; De Lima et al., 1999; Whitfield e Grunau, 2000; Grunau et al., 2001) e 

respostas de estresse, identificando alterações do eixo hipotálamo-hipófise-adrenal 

(Grunau et al., 2004). Aliado a estes estudos, e levando em conta que o alívio da dor é 

uma das missões médicas primordiais, o uso de anestésicos e analgésicos vem 

crescendo em pacientes nesta faixa etária (De Lima et al., 1996; Suresh e Anand, 2001, 

El Sayed et al., 2007).  

 A morfina é um dos analgésicos mais utilizados em ambiente hospitalar. 

Atualmente, os neonatos são rotineiramente tratados com morfina para o alívio da dor, 

especialmente com exposição crônica para sedação para permitir ventilação mecânica 
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nas UTIs pediátricas (Anand et al., 1999). Estudo de Anand e colaboradores (1999) 

demonstrou que os recém-nascidos que receberam morfina apresentaram menor risco de 

morte e menor morbidade neurológica comparado com os RN que receberam 

midazolam que, embora possua propriedades sedativas, é destituída de efeito 

analgésico. Os autores acreditam que o efeito benéfico observado naqueles que 

receberam morfina se deva à diminuição do estresse, estabilidade da pressão e melhora 

da oxigenação. 

 Estudos em modelos animais permitiram investigar a presença dos receptores 

opióides desde o nascimento. Desde o 1º dia pós-natal (P1), os receptores opióides já se 

encontram amplamente distribuídos no Sistema nervoso central (SNC), sendo que os 

receptores μ e k são os que predominam neste período. O pico de densidade do receptor 

μ ocorre no sétimo dia pós-natal e declina gradualmente até a terceira semana quando, 

então, estabelece os níveis do adulto (Beland e Fitzgerald, 2001; Kar e Quirion, 1995). 

Dessa forma, alguns autores sugerem que a potência analgésica da morfina é maior no 

neonato e declina com o avançar da idade (Nandi e Fitzgerald, 2005). Previamente 

nosso grupo demonstrou que animais que receberam morfina no período neonatal, do P8 

ao P14, apresentam maior tempo de analgesia no último dia de tratamento que no 

primeiro dia (Rozisky et al., 2008). Possivelmente, a variação na expressão de receptor 

opióide e sua sensibilidade aos agonistas explique as flutuações na susceptibilidade à 

analgesia e ao desenvolvimento de tolerância ao longo do desenvolvimento. Apesar 

destes animais não apresentarem tolerância no final do tratamento, quando submetidos a 

uma dose aguda na idade adulta eles apresentam maior tempo de analgesia que os 

demais animais. Estes dados refletem as possíveis alterações em longo prazo induzidas 
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pela morfina em estruturas do sistema nervoso central que modulam as respostas 

nociceptivas (Rozisky et al., 2008).  

 Sintomas de dependência também são amplamente estudados após o uso crônico 

com analgésicos opióides. Em animais experimentais estes fármacos são conhecidos por 

desenvolverem sintomas comportamentais que dependem, pelo menos em parte, de 

mudanças no sistema dopaminérgico (Kuribara, 1995). Um dos sintomas conhecidos é a 

sensibilização comportamental evidenciada pelo aumento da resposta locomotora após a 

administração de morfina (Vries et al., 1998). Em um estudo recente, Yang e 

colaboradores (2011) demonstraram que estes efeitos são modulados pelo receptor 

dopaminérgico D2, principalmente pelo fato de que o haloperidol (antagonista do 

receptor dopaminérgico D2) foi capaz de atenuar os sintomas de tolerância e 

dependência da morfina em animais adultos (Yang et al., 2011). Entretanto, pouco se 

sabe sobre comportamentos de retirada após o tratamento com morfina no período 

neonatal e da possível relação com este receptor dopaminérgico. Aqui neste estudo 

abordaremos alguns comportamentos e o envolvimento do receptor D2. 

Alguns estudos também relatam alterações neuroquímicas induzidas pela 

exposição à morfina no hipocampo. Em um estudo pesquisadores demonstraram que a 

exposição à morfina no período pré-natal diminui os níveis de fator neurotrófico 

derivado do cérebro (BDNF) em hipocampo (Schrott et al., 2008). O BDNF é uma 

neurotrofina amplamente expressa em várias estruturas do SNC e apresenta elevados 

níveis no hipocampo, regula a sobrevivência, o crescimento e a diferenciação neuronal 

(Davies, 1994). Possivelmente as alterações provocadas pela morfina durante o período 

pré-natal tenham impacto sobre processos de plasticidade sináptica ao longo do 

desenvolvimento (Schrott et al., 2008)   
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Um dos sistemas que tem sido estudado e que é capaz de regular as ações da 

morfina é o sistema purinérgico. Estudos em animais têm identificado uma ligação entre 

os receptores opióides μ e A1 adenosinérgicos, uma vez que o receptor opióide, quando 

ativado, induz a liberação de adenosina endógena, contribuindo para o efeito 

antinociceptivo dos opióides (Sweeney et al., 1987; Cahill et al., 1995). Nosso grupo 

demonstrou que animais que receberam doses baixas de morfina durante o período 

neonatal foram capazes de alterar as atividades de hidrólise dos nucleotídeos em 

sinaptossoma de medula espinal (diminuição da hidrólise de ADP) e córtex cerebral 

(aumento da hidrólise de ATP), bem como a expressão gênica da NTPDase 1 (enzima 

que hidrolisa o ATP até adenosina) em ambas estruturas (aumento na medula e 

diminuição no córtex cerebral) (Rozisky et al., 2010). Estes resultados demonstram uma 

relação entre sistema purinérgico e tratamento repetido com morfina, uma vez que este 

sistema de controle de níveis de nucleotídeos está alterado após o tratamento, podendo 

estar envolvido em alterações na modulação ou na transmissão de estímulos dolorosos. 

As enzimas estudadas foram as E-NTPDases e a Ecto-5’-nucleotidase, as quais, além de 

estarem amplamente expressas no sistema nervoso central e periférico, são também 

expressas em células endoteliais e hematopoiéticas, e são consideradas as maiores 

reguladoras da sinalização purinérgica no sistema cardiovascular (Zimmermann, 1999; 

Robson et al., 2005).  

Considerando que fármacos opióides são amplamente utilizados em UTIs 

neonatais e pouco se sabe a respeito de seus efeitos ao longo da vida, o objetivo geral 

desta tese foi investigar o papel da administração repetida de morfina em ratos neonatos 

sobre parâmetros nociceptivos, respostas comportamentais e alterações bioquímicas em 

curto, médio e longo prazo. 
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2. REVISÃO DA LITERATURA 

2.1 Dor 

 A dor é considerada uma das grandes preocupações da humanidade e, sendo 

sintoma comum a muitos quadros clínicos, continua sendo a principal razão da procura 

de auxílio médico. De acordo com a Associação Internacional para Estudos da Dor 

(International Association for Study of Pain - IASP), a dor é uma experiência sensorial 

e emocional desagradável, relacionada com dano tecidual real ou potencial ou descrita 

em termos deste tipo de dano (IASP, 1979). A partir deste conceito distinguem-se dois 

componentes envolvidos na dor: a sensação dolorosa propriamente dita ou nocicepção, e 

a reatividade emocional à dor. O termo nocicepção, derivado de noci (dano ou lesão em 

latim), é utilizado para descrever a resposta neural aos estímulos nocivos, os quais 

podem ser exógenos (mecânicos, químicos, físicos e biológicos) ou endógenos (por 

exemplo: inflamação, isquemia cerebral). Além disso, compreende a recepção dos 

estímulos nocivos por receptores específicos (nociceptores), condução até o sistema 

nervoso central por meio de vias sensoriais e a integração da sensação dolorosa em 

níveis talâmico e cortical (Loeser et al., 2001). A reatividade emocional à dor 

corresponde à interpretação afetiva da dor, de caráter individual e influenciada por 

estados ou traços psicológicos, experiências prévias e fatores sociais, culturais e 

ambientais (Jones, 1993; Wall e Melzack, 1994). Sendo assim, a dor é sempre uma 

manifestação subjetiva. Em modelos animais fala-se de nocicepção, uma vez que a dor é 

avaliada indiretamente por meio de respostas comportamentais (Millan, 1999). 

Os estímulos nociceptivos associados à experiência subjetiva de dor têm o 

objetivo de manter a integridade corporal afastando a região acometida desse ou outros 

estímulos. A percepção de estímulos nocivos ocorre por meio da ativação de receptores 
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sensoriais especializados chamados de nociceptores, e são representados por 

terminações nervosas periféricas livres de fibras sensoriais que conduzem impulsos 

elétricos até a medula espinal. Estas fibras estão amplamente distribuídas na pele e 

tecidos mais profundos e são axônios de neurônios aferentes primários localizados no 

corno dorsal da medula espinal (Loeser et al., 2001). São classificadas de acordo com o 

estímulo recebido em: fibras Aδ (A delta) - são mielínicas (condução rápida), ativadas 

por estímulos térmicos de temperatura extrema (maior que 45°C e menor que 5°C) ou 

por estímulos mecânicos; e fibras C - amielínicas (condução lenta), ativadas tanto por 

estímulos químicos, térmicos ou mecânicos de alta intensidade (Basbaum e Jessel, 

2000). As projeções destas fibras entram no corno dorsal, ascendem por segmentos pelo 

trato pósterolateral (Trato de Liassauer) e terminam nas lâminas superficiais do corno 

dorsal (Cervego e Iggo, 1980). No corno dorsal da medula espinal tais fibras fazem 

sinapse com neurônios aferentes secundários, interneurônios e neurônios do corno 

ventral motor (Morgan e Mikhail, 1996; Basbaum e Jessel, 2000; Loeser et al., 2001). A 

lâmina I (lâmina marginal) recebe somente aferências nociceptivas, enquanto que a 

lâmina II (substância gelatinosa) é formada por interneurônios excitatórios e inibitórios, 

os quais respondem às estimulações nocivas e não nocivas (Basbaum e Jessel, 2000).  

A condução da dor da medula espinal até estruturas supraespinhais ocorre 

através de dois tipos de vias: Neoespinotalâmica e Paleoespinotalâmica (Basbaum e 

Jessel, 2000; Loeser et al., 2001). A primeira tem poucas estações sinápticas e se projeta 

no núcleo pósterolateral do tálamo, e a partir deste até o córtex somatossensorial, onde 

ocorre a percepção da qualidade, localização, intensidade e duração da dor (Morgan e 

Mikhail, 1996). A via Paleoespinotalâmica possui várias estações sinápticas e se projeta 

do tálamo medial de onde partem projeções para o córtex de ambos os hemisférios 
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cerebrais. Algumas dessas fibras se projetam para o sistema límbico, responsável pelas 

respostas de luta e fuga e emocionais desagradáveis ao estímulo nociceptivo (Morgan e 

Mikhail, 1996; Loeser et al., 2000; Basbaum e Jessel, 2001). 

 

2.1.1 Dor em Neonato  

 Neonatos são submetidos a uma série de procedimentos dolorosos tais como 

entubação, acesso venoso, coleta de exames por punção arterial, punção lombar, 

aspiração de tubo orotraqueal, ventilação mecânica, drenagem de tórax, punção de 

calcanhar, entre outros processamentos repetidos de dor (Barker et al., 1996; Porter et 

al., 1997, 1999; Johnston et al., 1997). No entanto, pouco se sabe sobre de que forma 

estes eventos dolorosos podem interferir no desenvolvimento destas crianças (Johnston 

e Stevens, 1996; Grunau, 2000).   

 Estudos iniciais do desenvolvimento humano difundiram a crença de que o feto 

e o recém-nascido não sentiam dor ou não a percebiam como adultos (McGraw 1943, 

Levy, 1960). Devido a este conceito pouca ou nenhuma importância foi dada à 

prevenção e tratamento da dor em neonatos até a década de 80. Entretanto, o 

desenvolvimento científico permitiu compreender melhor a neurofisiologia da dor no 

recém-nascido determinando que estes pacientes não somente sentem dor como também 

são capazes de responder aos estímulos dolorosos. Desde então, tem havido um 

crescimento em estudos focados no sistema neurobiológico da dor em neonatos 

humanos (Dixon et al., 1984; Franck, 1986; Johnston e Strada, 1986; Anand e Hickey, 

1987).  

 A dor no neonato é um fenômeno complexo e envolve diferentes sistemas 

neurobiológicos em desenvolvimento (Smith et al., 2000; Fitzgerald e Beggs, 2001). O 
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processo nociceptivo envolve alterações neurobiológicas sequenciais induzidas pela 

ativação de nociceptores periféricos com consequente modulação central (Basbaum e 

Jessen, 2000). No entanto, se a dor no neonato for de longa duração ou recorrente, o 

desenvolvimento do sistema nociceptivo pode ser modificado de forma permanente, 

resultando em alterações a nível espinal e supraespinal (Anand, 1998; Anand e Scalzo, 

2000). Vários estudos têm documentado os efeitos deletérios de longa duração 

resultantes da exposição repetida a procedimentos dolorosos em Unidades de Terapia 

Intensiva Neonatal (UTIN), como hiperalgesia (Johnston e Stevens, 1996; De Lima et 

al., 1999; Whitfield e Grunau, 2000; Grunau et al., 2001) e estresse (Grunau et al., 

2004). Desta forma, estudos em animais têm colaborado enormemente nas investigações 

dos efeitos deletérios do estímulo doloroso resultante de procedimentos invasivos 

(Rahman et al., 1997; Ruda et al., 2000; Beland e Fitzgerald, 2001). 

 

2.1.2 Aspectos Neurobiológicos do desenvolvimento da dor 

 Com o reconhecimento da importância do tratamento da dor no neonato e na 

infância, pesquisadores têm focado sua atenção no estudo dos mecanismos 

neurobiológicos do desenvolvimento das vias nociceptivas. Estudos indicam que tanto 

crianças quanto animais de menor faixa etária são capazes de responder a estímulos 

dolorosos indicativos de dor (Falcon et al., 1996; Guinsburg et al., 2000), uma vez que o 

processo de maturação das vias nociceptivas inicia na gestação e continua após o 

nascimento.  

 Ratos recém-nascidos apresentam maturação das vias nociceptivas semelhantes 

às de um feto humano de 24 semanas de gestação (Marsh et al., 1997); com uma semana 

de vida, estas vias no rato se assemelham às de um humano recém-nascido a termo, e 
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com 21 dias são semelhantes a uma criança de um ano de idade (Fitzgerald e Anand, 

1993). Há algumas décadas, o sistema nociceptivo era considerado totalmente imaturo 

em humanos no período neonatal. Estimava-se que eles não sentiam dor por serem 

incapazes de descrevê-la ou demonstrar os fenômenos subjetivos relacionados. 

Contudo, estudos histológicos demonstram que as propriedades eletrofisiológicas dos 

nociceptores no neonato são semelhantes às do adulto. O processamento nociceptivo 

começa a ser traçado a partir da presença dos nociceptores próximos a epiderme e, 

gradualmente, eles descem para as camadas mais profundas de acordo com o 

desenvolvimento epitelial (Anand e Hickey, 1987; Anand e Carr, 1989; Fitzgerald, 

1991). Durante a 16ª semana de gestação, os receptores sensoriais cutâneos encontram-

se presentes, e na 30ª semana de gestação as vias nociceptivas talâmicas e espinhais já 

se encontram mielinizadas, e as vias aferentes nociceptivas atingem o córtex entre a 20ª 

e 26ª semanas de gestação (para revisão ver Simons e Tibboel, 2006). A partir da 26ª 

semana de gestação o feto já apresenta considerável maturação das vias ascendentes 

periféricas, espinhais e supraespinhais. Entretanto, a maturação das vias inibitórias 

descendentes ocorre somente após as vias ascendentes estarem pré-estabelecidas (para 

revisão ver Berde e Sethna, 2000).  

 O desenvolvimento dos reflexos sensoriais é precedido por uma intensa 

sinaptogênese entre as fibras aferentes e neurônios sensoriais na medula espinal. As 

fibras mielinizadas Aβ (A beta) e Aδ são as primeiras a se desenvolverem na medula 

espinal e a formar conexões com as camadas mais profundas do corno dorsal. Dessa 

forma, o estímulo nociceptivo na vida fetal e em prematuros é conduzido pelas fibras 

mielinizadas até a maturação das conexões das fibras C não mielinizadas (Desphande e 

Anand, 1996). O desenvolvimento do corno dorsal, dos diferentes tipos de neurônios 
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com seu arranjo laminar e conexões interneurais, começa em humanos no 1º trimestre e 

está praticamente completo na 32ª semana gestacional. Inicialmente, os campos 

receptivos dos neurônios do corno dorsal são grandes e com extensa sobreposição entre 

os campos receptivos dos neurônios adjacentes. Com o processo de maturação, os 

campos receptivos individuais diminuem progressivamente e podem ser mais 

precisamente definidos (Anand e Hickey, 1987; Anand e Carr, 1989; Fitzgerald, 1991).  

 A transmissão do estímulo nociceptivo através do corno dorsal da medula 

espinal ocorre através da liberação de neurotransmissores excitatórios presentes já na 

16ª semana gestacional, tais como substância P (SP), glutamato, peptídeo relacionado ao 

gene da calcitonina (CGRP), peptídeo intestinal vasoativo (VIP), neuropeptídeo Y, e 

somatostatina. Entretanto, a maturação das vias descendentes inibitórias ocorre somente 

após a completa maturação das vias excitatórias. Os axônios dos neurônios de projeção 

descendente do tronco cerebral não são funcionalmente eficazes até o 10º dia pós-natal 

em ratos (Fitzgerald e Koltzenburg 1986; Praag e Frenk 1991). Isto pode ser resultante 

de deficiência de neurotransmissores, como a serotonina (5-HT) e noradrenalina, e/ou 

da lenta maturação de interneurônios inibitórios. Tem sido sugerido que a inibição 

descendente é dependente da atividade da fibra C, aferente, uma vez que ratos neonatos 

tratados com capsaicina reduziram respostas inibitórias quando adultos (Cervero e 

Plenderleith, 1985).  

 A transmissão inibitória rápida no corno dorsal da medula espinal é mediada 

pelos neurotransmissores ácido-gama-amino-butírico (GABA) e glicina. Ao longo do 

desenvolvimento do animal, os receptores GABA apresentam mudanças na expressão 

das suas subunidades e respondem de diferentes maneiras, de acordo com o estímulo. 
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No neonato, o sistema GABAérgico parece ser o responsável pela maior parte das 

sinapses inibitórias (Bacei e Fiztgerald, 2004).  

 

2.2 Sistema Opióide 

 

 O ópio é conhecido desde a antiguidade, e tem sido usado pelo homem muito 

provavelmente antes da história escrita. Diversos estudos demonstram que a maioria dos 

povos antigos já conhecia e utilizava esta substância, incluindo os assírios, árabes, 

egípcios, gregos, romanos, chineses e persas. Em 1680, o botânico inglês, Thomas 

Sydenham, após estudar as variedades da papoula, introduz o Laudanum Sydenham, um 

composto de ópio, recomendando-o como poderoso analgésico e antidiarreico, citando: 

“entre todos os remédios que o poderoso Deus achou conveniente dar ao homem para 

aliviar seus sofrimentos, nenhum é tão difundido e eficaz como o ópio” (Wright, 1961; 

Baraka, 1982; Smale, 2001). Mas foi em 1806 que a morfina foi primeiramente isolada 

do ópio por Setürner, e devido às suas características sedativas e alucinantes este nome 

lhe foi conferido em homenagem ao Deus Grego dos sonhos Morfeu (para revisão ver 

Howard e Huda, 2001). Alguns anos mais tarde, em 1827, a companhia Merck & Co, na 

Alemanha, começa a produção comercial de morfina.  

 Em meados da década de 1960, Paul Janssen sintetizou pela primeira vez o 

fentanil em seu laboratório e, nos anos 1970, foram isolados e purificados os primeiros 

polipeptídeos endógenos (encefalinas e β-endorfinas) (Pasternak et al., 1976). A 

descoberta dos receptores opióides ocorreu alguns anos após, em 1973, através de 

estudos farmacológicos com antagonistas e agonistas em que foram identificados os 

receptores μ (mu) e k (kappa) (Pert e Snyder, 1973). Na década de 1980, outro grupo de 
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polipeptídeos endógenos foi identificado e foi chamado de dinorfinas (Brownstein, 

1993). Mais tarde, Kosterlitz e col. (1983), utilizando-se de vas deferens de ratos, 

determinou um novo tipo de receptor e, seguindo a mesma regra de nomenclatura, 

denominou δ (delta), com isso, perfazendo um total de três receptores opióides 

(Brownstein, 1993; Pert e Snyder, 1973). Os receptores opióides estão amplamente 

expressos em várias estruturas do sistema nervoso central e no sistema nervoso 

periférico. Desde o 1º dia pós-natal (P1) os receptores já se encontram amplamente 

distribuídos no SNC, sendo que os receptores μ e k são os que predominam neste 

período. Em particular, na medula espinal o receptor δ está presente em pouca 

densidade e o pico ocorre na terceira semana pós-natal. Por outro lado, o pico de 

densidade do receptor μ ocorre no sétimo dia pós-natal e declina gradualmente até a 

terceira semana quando, então, estabelece os níveis do adulto (Beland e Fitzgerald, 

2001; Kar e Quirion, 1995).  

 As ações dos opióides dependem da afinidade pelo subtipo de receptores e da 

localização dos mesmos no sistema nervoso. Os receptores δ são responsáveis 

primariamente pela analgesia, mas também modulam funções cognitivas e de 

dependência física. Estão localizados nos núcleos pontinos, amígdalas, bulbo olfatório, 

córtex cerebral profundo e nos neurônios sensitivos periféricos (Dhawan et al., 1996). 

Os receptores κ estão localizados no hipotálamo, substância cinzenta periaquedutal, 

substância gelatinosa na medula espinal, além de neurônios sensitivos periféricos e 

também estão envolvidos em resposta nociceptiva, mas também na termorregulação, no 

controle de diurese e em secreção neuroendócrina (Dhawan et al., 1996). Os receptores 

μ regulam o processos nociceptivo, o ciclo respiratório e o trânsito intestinal, estando 
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localizados no córtex cerebral, no tálamo, substância cinzenta periaquedutal, substância 

gelatinosa e trato gastrintestinal (Dhawan et al., 1996). 

 Os receptores opióides presentes nas membranas celulares são acoplados à 

proteína G inibitória e, quando estimulados por um agonista opióide, promovem 

inibição da enzima adenilato ciclase, levando à diminuição do nível de adenosina 

monofosfato cíclico (AMPc) intracelular. Com isso ocorre fechamento dos canais de 

cálcio voltagem dependentes nas terminações pré-sinápticas, reduzindo a liberação de 

neurotransmissores excitatórios, como o glutamato. A estimulação dos receptores 

opióides pós-sinápticos abre canais de K
+
, promovendo hiperpolarização neuronal, 

reduzindo a excitabilidade evocada pelas fibras Aδ e C, e bloqueando parcialmente a 

transmissão do estímulo doloroso (Jordan e Devi, 1999).  

 

2.2.1 Morfina em neonato 

 

 Até a década de 80, a dor não era mencionada nos livros didáticos de medicina 

pediátrica devido a noções equivocadas de que lactentes e crianças não sentiam dor, 

considerando a imaturidade do sistema nervoso central e periférico. A partir de estudos 

neurobiológicos do desenvolvimento da dor, observou-se que os pacientes nesta faixa 

etária não só sentem dor, como apresentam o limiar da dor diminuído; portanto, um 

aumento da resposta fisiológica ao estímulo nocivo e inócuo em relação às crianças de 

maior idade e aos adultos (Grunau et al., 1994; Johnston et al., 1996). Associado a isto, 

tem-se o reconhecimento de que as primeiras experiências dolorosas podem ter efeitos 

em longo prazo sobre as respostas nociceptivas (Johnston et al., 1996; Grunau et 

al.,1994, 2006; Oberlander et al., 2000; Ruda et al, 2000). Devido a estas importantes 
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descobertas e com o reconhecimento dos efeitos de longo prazo da dor subtratada em 

lactentes e crianças, tem ocorrido um aumento da utilização de analgésicos nesta 

população de pacientes (De Lima et al., 1996; Suresh e Anand, 2001, El Sayed et al., 

2007). 

 Os opióides são considerados "Padrão ouro" entre os fármacos analgésicos em 

ambiente hospitalar. Atualmente, bebês e crianças são rotineiramente tratados com 

opióides para o alívio da dor, especialmente com exposição crônica para sedação para 

permitir ventilação mecânica nas UTIs pediátricas (Anand et al., 1999). Anand e 

colaboradores (1999) reforçam a hipótese de que os recém-nascidos que receberam 

morfina apresentaram menor risco de morte e menor morbidade neurológica, 

comparado com os RN que receberam midazolam que, embora possua propriedades 

sedativas, é destituída de efeito analgésico. Os autores acreditam que o efeito benéfico 

observado naqueles que receberam morfina se deva à diminuição do estresse, 

estabilidade da pressão e melhora da oxigenação. 

 A eficácia analgésica da morfina em ratos neonatos já tem sido demonstrada. 

Alguns autores sugerem que a sua potência analgésica é maior no neonato e declina com 

o avançar da idade (Nandi e Fitzgerald, 2001). Outros postulam que o efeito da morfina 

aumenta com a idade devido à: a) proliferação dos receptores opióides (Auguy-Valette 

et al., 1978; Zhang e Pasternak, 1981); b) maturação dos mecanismos inibitórios de 

modulação na terceira semana após o nascimento (Nandi e Fitzgerald, 2001). Além das 

evidências relacionadas à maturidade do sistema neurobiológico, a mudança de resposta 

ao efeito da morfina também tem sido demonstrada a partir de estudos 

comportamentais. Vários estudos sugerem que a morfina produz antinocicepção de 
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modo dose-dependente em ratos adultos; porém, animais mais jovens demonstram 

maior sensibilidade aos opióides (Bouwmeester et al., 2003).  

 Quando administrada em neonatos humanos, a morfina apresenta início de ação 

rápida, de aproximadamente 5 minutos, e o pico do efeito analgésico é de 15 minutos. É 

metabolizada pelo fígado pela enzima uridina 5′-difosfato glucoroniltransferase em dois 

compostos: morfina-3- glucuronídeo (M3G) e morfina-6 glucuronídeo (M6G), e o 

clearance ocorre através da eliminação dos seus metabólitos pela urina (Widt et al., 

1999). Dentre os efeitos adversos da morfina destacam-se depressão respiratória, 

náuseas e vômitos e retenção urinária, comuns a todos os opióides. A morfina 

desencadeia também liberação de histamina, a qual está relacionada a prurido e 

broncoespasmo, este último especialmente em neonatos portadores de doença pulmonar 

crônica. Além disso, liberação histamínica e supressão do tônus adrenérgico são 

responsáveis pelo aparecimento de hipotensão arterial, mais prevalente em pacientes 

hipovolêmicos.  

 Tolerância e síndrome de abstinência podem ser observadas, dependendo do 

tempo de utilização do fármaco e da estratégia empregada para a sua suspensão (Arnold 

et al., 1990; Guinsburg, 1999). A tolerância é definida como alterações da resposta 

fisiológica ou celular à exposição repetida a opióides levando a diminuição do efeito 

analgésico, e a dependência representa a manifestação dos sintomas que ocorrem após a 

retirada opióide (Richardson et al., 2006). Alguns autores sugerem que o 

desenvolvimento de tolerância depende do grau de ligação do fármaco ao receptor 

(Hovav e Weinstock, 1987). Anand e colaboradores (1999) dizem que a tolerância 

depende da idade e do regime de dosagem em que o opióide está sendo administrado. 

Em animais adultos, a exposição continuada de opióide por 4 horas dá início ao 
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processo de tolerância; no entanto, em animais mais jovens é difícil notar efeitos que 

sugerem tolerância antes de 72 horas de infusão contínua (Anand et al., 1999). Estudos 

do nosso grupo de pesquisa têm evidenciado que em ratos com oito dias de vida, que 

receberam morfina por sete dias consecutivos (do P8 ao P14), na dose de 5 µg, não 

desenvolveram tolerância (Rozisky et al., 2008). Adicionalmente, no último dia de 

tratamento, os animais apresentaram maior duração do efeito analgésico da morfina 

comparado ao efeito observado no primeiro dia de uso. Nossos achados corroboram 

evidências de outros estudos, em que tolerância ao uso repetido de morfina em ratos 

infantes é menos pronunciada do que em adultos (Praag and Frenk, 1991). 

Possivelmente, a variação na expressão de receptor opióide e sua sensibilidade aos 

agonistas explique as flutuações na susceptibilidade à analgesia e ao desenvolvimento 

de tolerância ao longo do desenvolvimento. Apesar destes animais não apresentarem 

tolerância no final do tratamento, quando submetidos a uma dose aguda na idade adulta, 

eles apresentam maior tempo de analgesia que os demais animais. Estes dados refletem 

as possíveis alterações em longo prazo induzidas pela morfina em estruturas do sistema 

nervoso central que modulam as respostas nociceptivas (Rozisky et al., 2008).  

 O tratamento com opióide durante o período neonatal também pode desencadear 

alterações comportamentais após a retirada do fármaco (síndrome de abstinência). Mais 

de 48% dos bebês e crianças que recebem doses terapêuticas de opióides intravenosos 

demonstram sintomas de retirada e dependência aos opióides, tais como sinais 

disfóricos e aversivo, os quais são também demonstrados através de modelos animais 

(Arnold et al., 1990; French e Nocera, 1994; Franck e Vilardi, 1995; Franck et al., 

1998). Estudos desenvolvidos em nosso grupo de pesquisa demonstraram que animais 

com 14 dias submetidos à administração de fentanil (opióide sintético) associado à 
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cetamina (antagonista do receptor NMDA) apresentaram redução no comportamento do 

tipo ansioso, enquanto o isoflurano (anestésico geral inalatório) aumentou a atividade 

locomotora na vida adulta (Medeiros et al., 2011). Além disso, quando os dois fármacos 

foram administrados separadamente, observamos que o fentanil, um potente agonista 

opióide, foi o responsável pelas alterações comportamentais observadas na associação 

de fentanil e cetamina utilizada no estudo prévio (Medeiros et al., 2012). Fármacos 

opióides, como a morfina, são conhecidos por desenvolverem sintomas 

comportamentais que dependem, pelo menos em parte, de mudanças no sistema 

dopaminérgico (Kuribara, 1995).  

 

2.3. Sistema Dopaminérgico 

 

 A dopamina é o neurotransmissor catecolaminérgico predominante no cérebro 

de mamíferos, onde controla uma variedade de funções incluindo atividade locomotora, 

cognição, emoção, ingestão de alimento e regulação endócrina. Na periferia atua como 

moduladora da função vascular, liberação de catecolaminas, secreção hormonal, tônus 

vascular, função renal, e mobilidade gastrointestinal (para revisão ver Missale et al., 

1998). Em relação aos efeitos comportamentais, evidências sugerem que o sistema 

dopaminérgico encontra-se funcional desde o período pré-natal (Moody et al., 1993).  

 A dopamina atua em diferentes tipos de receptores, os quais são amplamente 

expressos no sistema nervoso central e periférico, bem como em vários outros órgãos e 

tecidos. Seus receptores dividem-se em 5 tipos (D1-5) de acordo com a localização e 

mecanismo de ação (Missale et al., 1998). Os receptores D1 e D2 são os mais estudados 

em relação aos efeitos comportamentais relacionados ao uso de fármacos. Estudo 
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recente demonstrou que as expressões de ambos receptores variam de acordo com o 

tratamento, ou seja, em uma exposição aguda à morfina há o aumento da expressão 

gênica do receptor D1 no NAc, enquanto que o tratamento repetido leva ao aumento da 

expressão gênica do receptor D2 na mesma estrutura (Enoksson et al., 2012). Em um 

estudo recente, Yang e colaboradores (2011) demonstraram uma forte relação entre os 

sintomas de dependência da morfina e receptor dopaminérgico do tipo D2. Este estudo 

mostrou que o haloperidol (antagonista do receptor dopaminérgico D2) foi capaz de 

atenuar os sintomas de tolerância e de dependência à morfina em animais adultos (Yang 

et al., 2011). Outros pesquisadores têm apontado a forte interação entre os sistemas 

opióide e dopaminérgico. E drogas antipsicóticas, como o haloperidol, têm sido 

utilizadas para bloquear os efeitos da atividade dopaminérgica (Adamus et al., 1981; 

Cheido e Idova, 2007; Unterwald e Cuntapay, 2008).  

 Administração repetida de morfina pode induzir um fenômeno chamado de 

sensibilização comportamental, o qual é evidenciado por um aumento da locomoção 

após o término do tratamento (Vries et al., 1998). Este efeito ocorre via sistema 

dopaminérgico presente em estruturas límbicas, o qual se origina na área tegmental 

ventral e se projeta ao núcleo accubens (NAc) e outras áreas, tais como hipocampo e 

amígdala (Vanderschuren e kalivas, 2000). O desenvolvimento da sensibilização 

comportamental à morfina é conhecido por envolver repetida estimulação do receptor 

opióide μ (Kuribara, 1995), levando ao aumento da liberação de dopamina no sistema 

límbico (Devine e Wise, 1994; Everitt et al., 2001). Por exemplo, injeção intra-NAc de 

antagonista do receptor opióide μ (D-Pen-Cys-Tyr-D-Trp- Orn-Thr-Pen-Thr-NH2 - 

CTOP) bloqueia o desenvolvimento da sensibilização locomotora à morfina (Johnson e 

Napier, 2000). Entretanto, os comportamentos evocados pela exposição repetida à 
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morfina refletem não somente ações neuroquímicas nos receptors opióides, mas em 

outros neurotransmissores como glutamato e GABA, que estão sobre influência direta 

dos receptores opióides (Yoon et al., 2007). 

 

2.4 Sistema Glutamatérgico 

 

 O sistema glutamatérgico é amplamente distribuído pelo sistema nervoso central 

e seu neurotransmissor é o glutamato, considerado o principal neurotransmissor 

excitatório. O glutamato desempenha suas funções através de receptores específicos 

presentes na membrana plasmática de neurônios e de células gliais e são classificados 

em metabotrópicos e ionotrópicos. Os primeiros agem por meio de segundos 

mensageiros, ativados pela proteína G; já os segundos agem por meio do fluxo de íons e 

são subdividos em receptores não-NMDA representados pelos receptores AMPA (α-

amino-3-hidróxi-5-metil-4-isoxazolepropionato) e Cainato ativados por Na
+
 e K

+
 (Li et 

al., 1994; Ozawa et al., 1998; You et al., 2003), e receptores NMDA (N-metil-D-

aspartato) bloqueados por Mg
+2

 (Steinhauser e Gallo, 1996; Shelton e McCarthy, 1999; 

Bergles et al., 2000).  

 O glutamato está envolvido na sinalização do estímulo nociceptivo no corno 

dorsal da medula espinal. Além deste importante papel na transmissão nociceptiva, o 

glutamato está envolvido em inúmeros aspectos do funcionamento normal do cérebro 

como, por exemplo, cognição, memória e aprendizado (para revisão ver Fonnum, 1984; 

Ottersen e Storm-Mathisen, 1984; Collingridge e Lester, 1989; Headley e Grillner, 

1990). Além disso, também apresenta papel importante no desenvolvimento do sistema 

nervoso central, incluindo sinaptogênese, migração, diferenciação e morte celular (Urch 
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et al., 2001). Quando é liberado mediante um estímulo nociceptivo agudo e estímulos 

repetidos, o glutamato liga-se em receptores AMPA e NMDA, respectivamente (Mello 

e Dickenson, 2008). Após estimulação persistente das fibras C, ocorre a amplificação da 

resposta nociceptiva dos neurônios no corno dorsal da medula espinal, resultante da 

ativação dos receptores NMDA. Porém, quando um estímulo nociceptivo de baixa 

frequência ocorre, como na dor aguda, o receptor NMDA encontra-se bloqueado por 

níveis normais de Mg
+2

. Para que este desbloqueio ocorra é necessária despolarização 

da membrana neuronal, permitindo que ocorra a ativação dos receptores NMDA e 

consequente abertura dos canais de Ca
+2 

. 

 O nível de glutamato extracelular é regulado por meio da recaptação por 

transportadores (GTs) presentes na membrana plasmática de neurônios e células gliais 

(Niederberger et al., 2003, 2006). Os três subtipos de GTs presentes na medula espinal, 

GLAST (transportador de aspartato e glutamato) e o GLT1 (transportador-1 de 

glutamato) e EAAC1 (transportador-1 de aminoácidos excitatórios) são considerados 

essenciais para a manutenção dos níveis de glutamato em níveis menores que 1 mM e 

para prevenir a hiperestimulação dos receptores glutamatérgicos (Mennerick et al., 

1999). Notavelmente, estes transportadores estão concentrados na superfície do corno 

dorsal da medula espinal e somam mais de 80% do total da captação de glutamato nesta 

estrutura (Danbolt, 2001). Esta regulação é crucial para a transmissão nociceptiva e para 

a prevenção de neurotoxicidade induzida pelo glutamato. Mudanças no processo de 

captação de glutamato têm sido implicadas em dano do sistema nervoso periférico 

(Kiryu et al., 1995; Mawrin et al., 2003), dor neuropática (Sung et al., 1998) e 

hiperalgesia (Weng et al., 2005, 2006). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Mennerick%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10531428
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 No período perinatal correntes de glutamato são evidentes no corno dorsal de 

ratos provenientes de sua liberação pelos terminais aferentes primários. Estas correntes 

aumentam no período pós-natal, especialmente entre os dias pós-natais 5 (P5) e 10 

(P10) (Patinzon e Fitzgerald, 2004). Os receptores AMPA e Cainato também já se 

encontram pré-estabelecidos durante o desenvolvimento e são amplamente expressos na 

medula espinal desde o 1º trimestre gestacional (Akesson et al., 2000), e diminuem ao 

longo das primeiras três semanas após o nascimento (Jacowec et al., 1995). 

Adicionalmente, o receptor NMDA é amplamente expresso em medula espinal durante 

o período neonatal em comparação ao adulto e participa intensamente nos mecanismos 

de reorganização das sinapses e na plasticidade sináptica durante o crescimento (Loftis e 

Janowsky, 2003). 

 No adulto os receptores NMDA estão envolvidos no processo de sensibilização 

central, no qual há uma intensa ativação das fibras nociceptivas, principalmente tipo C, 

efeito claramente observado no teste da formalina em ratos (Chapman et al., 1995). 

 

2.5 Sistema Purinérgico 

 

Estudos de nosso grupo de pesquisa têm demonstrado uma correlação entre os 

sistemas opióide e purinérgico. Em um estudo com animais que receberam morfina 

durante o período neonatal observamos alterações nas atividades de hidrólise dos 

nucleotídeos em sinaptossoma de córtex cerebral e medula espinal, bem como a 

expressão gênica da NTPDase 1 [enzima que hidrolisa o ATP (adenosina 5’-trifosfato) 

até adenosina] em ambas estruturas (Rozisky et al., 2010). Além disso, em outro 

experimento observamos que a administração de agonistas opióides e adenosinérgicos 



43 

 

por via intratecal induz analgesia em animais adultos (Torres et al., 2003). Esta ação 

agonista modula a liberação de neurotransmissores excitatórios atuando na transmissão 

do estímulo doloroso no sistema nervoso central e periférico (Torres et al., 2003). Em 

outro estudo demonstramos que as atividades das enzimas ectonucleotidases mudam em 

função da idade avaliadas em sinaptossomas de medula espinal (P30, P60, P120 e 

P180), demonstrando a importância ontogênica destas enzimas em medula espinal na 

regulação dos níveis de nucleotídeos e nucleosídeo em SNC (Torres et al., 2003). 

A introdução do conceito de sinalização purinérgica por Burnstock (1972) 

revelou que o ATP, além de exercer seu reconhecido papel no metabolismo celular, 

representa também uma importante molécula sinalizadora no meio extracelular, atuando 

em processos como neuromodulação, neurotransmissão, contração do músculo liso, 

inflamação, resposta imunológica, agregação plaquetária e nocicepção (Ralevick e 

Burnstock, 1998), bem como regulação de mecanismos celulares de proliferação, 

diferenciação e apoptose (White e Burnstock, 2006). O ATP pode ser co-liberado em 

vias simpáticas e parassimpáticas juntamente com outros neurotransmissores 

(Burnstock, 1999, 2004; Cunha e Ribeiro, 2000), ou ainda por células danificadas ou em 

processo de morte (Bodin e Burnstock, 2001). Após serem liberados, os nucleotídeos 

ATP e ADP [adenosina 5’-difosfatoproduto da hidrólise do ATP), e o nucleosídeo 

adenosina [produto da hidrólise do  AMP (adenosina 5’-monofosfato)], exercem seus 

efeitos biológicos através dos purinoreceptores, que compreendem os receptores do tipo 

P2, subdivididos em P2X para ATP (P2X1-7, ionotrópicos) e P2Y para o ATP e o ADP 

(P2Y1, 2, 4, 6, 11-14, metabotrópicos), e os receptores do tipo P1 para o nucleosídeo 

adenosina (A1, A2A, A2B e A3, metabotrópicos) (Burnstock, 2006). Estes receptores são 
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amplamente distribuídos em diversos tipos de células, dentre elas astrócitos, plaquetas, 

células da microglia, imunes, epiteliais e endoteliais (Burnstock, 2008). 

Em relação ao sistema cardiovascular, o ATP, ADP e adenosina exercem 

importantes funções: o ATP induz agregação plaquetária, vasoconstrição ou 

vasodilatação da musculatura lisa, ações que dependem do tipo de receptor a que ele irá 

se ligar (Burnstock, 2006); o ADP é potente agregador plaquetário e induz 

vasocontrição (Kunupuali e Daniel, 1998; Furukoji et al., 2008); a adenosina induz 

vasodilatação e é considerada molécula cardioprotetora (Jacobson e Gao, 2006).  

Após exercerem seus efeitos, o ATP e ADP podem ser hidrolisados por 

membros da família E-NTPDase (Ecto-nucleosídeo trifosfato difosfohidrolase), 

enquanto que o AMP é hidrolisado pela Ecto 5’-nucleotidase (Zimmermann, 2001). As 

E-NTPDases representam uma família composta por 8 membros, sendo que as 

NTPDases 1, 2, 3 e 8 são proteínas transmembrana com o sítio catalítico voltado para o 

meio extracelular, enquanto que as NTPDases 4, 5, 6 e 7 estão localizadas 

intracelularmente, ancoradas nas membranas de organelas com o sítio catalítico voltado 

para o lúmen ou compartimentos (Robson et al., 2006). Estas enzimas apresentam 

diferentes características cinéticas, sendo que a NTPDase 1 hidrolisa ATP e ADP na 

razão aproximada de 1:1; NTPDases 2, 3 e 8  hidrolisam nas proporções de 30:1, 3:1 e 

3:2 respectivamente; NTPDase 4 prefere o UDP; a 5 e a 6 preferem nucleotídeos 

difosfatados, sendo que podem sofrer clivagem proteolítica e serem secretadas em 

forma solúvel (Zimmermann, 2001).  

A Ecto 5’-nucleotidase é classificada em 4 grupos de acordo com a localização 

celular e propriedades bioquímicas: uma ancorada à membrana plasmática, uma forma 

solúvel, e duas formas citoplasmáticas (Kawashima et al., 2000). As NTPDases e 5’-
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nucleotidase são amplamente expressas em células endoteliais e hematopoiéticas e são 

consideradas as maiores reguladoras da sinalização purinérgica no sistema 

cardiovascular (Zimmermann, 1999; Robson et al., 2005).  

Entretanto, ao contrário do que se pensava inicialmente em que a metabolização 

do ATP era mediada somente pelas nucleotidases ligadas à membrana plasmática, foi 

demonstrado que nucleotidases solúveis, liberadas por terminações simpáticas, também 

estão envolvidas (Todorov et al., 1997). Tais nucleotidases solúveis juntamente com 

ecto-nucleotidases nas plaquetas e na membrana plasmática de células endoteliais são 

responsáveis pela manutenção de nucleotídeos de adenina e adenosina dentro dos níveis 

fisiológicos (Agteresch et al., 1999; Oses et al., 2004).  

 

2.6 Melatonina 

 

 Um grande corpo de evidências sugere diferentes interações entre a melatonina e 

o sistema opióide. Por exemplo, ratos parecem ser menos sensíveis à dor e o efeito 

analgésico da morfina é maior durante a noite, em que o nível de melatonina é mais 

elevado (Frederickson et al., 1977; Lakin et al., 1981; Kavaliers et al., 1983). Além 

disso, a pinealectomia em ratos induz mudanças nos níveis e ritmo circadiano de 

opióides endógenos, como a encefalina e β-endorfina, envolvidos na regulação da 

sensibilidade à dor no hipotálamo (Ebadi et al., 1998). Essas mudanças nas 

concentrações cerebrais dos opióides endógenos possivelmente são provocadas por um 

mecanismo induzido pela melatonina para a mediação da modulação da sensibilidade 

dolorosa. Além disso, tem sido demonstrado que os opióides estimulam os pinealócitos 

a secretar melatonina, aumentando o nível de melatonina no sangue do rato (Ebadi et 
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al., 1998). Adicionando-se às evidências experimentais, recente ensaio clínico 

randomizado duplo-cego controlado por placebo, demonstrou que o uso de melatonina 

pré-operatória reduziu os níveis de dor e o consumo de morfina no pós-operatório 

(Caumo et al., 2007). 

 O efeito analgésico da melatonina também pode envolver a ação em receptores 

de melatonina MT1 e MT2, expressos na medula espinal e em outras estruturas do 

sistema nervoso central, levando à redução do estímulo doloroso via hiperpolarização de 

neurônios do corno dorsal (Laurido et al., 2002; Lewy et al., 2006). O mecanismo 

antinociceptivo da melatonina também foi estudado em ratos diabéticos usando um 

agente bloqueador de receptor MT2, onde foi observada diminuição do efeito 

antinociceptivo da melatonina. Assim, isto demonstra que receptores MT2, em medula 

espinal, podem estar envolvidos na antinocicepção induzida pela melatonina (Arreola-

Espino et al., 2007). Estudos também demonstraram os efeitos da melatonina na 

excitabilidade neuronal atuando em receptores GABAérgicos, promovendo 

hiperpolarização (Wu et al., 1999), e em receptores NMDA, reduzindo a atividade da 

óxido nítrico sintase neuronal (nNOS) e regulando sítios redox do receptor NMDA em 

diversas estruturas do sistema nervoso central (Yamamotto e Tang, 1998; El-Scherif et 

al., 2002; Escames et al., 2004).  

 Associado ao efeito analgésico, a melatonina apresenta efeito anti-inflamatório 

diminuindo a produção de ácido araquidônico e a expressão da COX-2, atuando como 

modulador negativo da expressão da enzima fosfolipase A2 (Li et al., 2000). Em nível 

de sistema imunológico, a melatonina atua diretamente sobre os linfócitos e macrófagos 

inibindo a síntese do fator nuclear kappa B (NFkB), a produção de citocinas pró-

inflamatórias como o fator de necrose tumoral α (TNF α), interleucina 1 (IL-1) e 
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radicais livres (Reiter et al., 2001; Li e Verma, 2002; Konturek et al., 2007). A 

melatonina desempenha um papel importante na ativação de defesas antioxidantes como 

a superóxido dismutase (SOD), a catalase (CAT), a glutationa peroxidase (GSHPx), a 

glutationa redutase (GSH-Rd) e a glicose-6-fosfato desidrogenase (G6PD) (Lewy et al; 

2006). Estes efeitos permitem diminuir a formação de espécies reativas de oxigênio 

(ROS), auxiliando em patologias que cursam com estresse oxidativo (Yoon et al, 2008). 

 É interessante salientar que estudos ontogenéticos identificaram que a síntese de 

melatonina pineal começa a partir do 5º dia pós natal e, após a primeira semana várias 

mudanças ocorrem concomitante a maturação da inervação adrenérgica (Stehle et al., 

1995). A partir deste momento um ritmo circadiano de secreção é detectável, e ao fim 

da terceira semana a atividade máxima da N-acetiltransferase noturna e o pico de 

melatonina são atingidos (Rubio et al., 1993; Ribelayga et al., 1998). 

 

2.7. Fator Neurotrófico Derivado do Cérebro (BDNF) 

Alguns estudos têm demonstrado que a exposição à opióide leva a alterações nos 

níveis de BDNF. Um estudo com animais demonstrou que a exposição à morfina no 

período perinatal diminui os níveis de BDNF no hipocampo (Schrott et al., 2008). Além 

disso, estudo clínico com pacientes adictos de heroína demonstrou que estes pacientes 

apresentavam níveis séricos de BDNF diminuídos (Angelucci et al., 2007). 

O BDNF é um membro da família da neurotrofinas (NTs) ou fatores 

neurotróficos conhecidos originalmente por regularem a sobrevivência, o crescimento e 

a diferenciação neuronal (Davies, 1994). Além do BDNF, as neurotrofinas são 

representadas pelos seguintes membros: fator de crescimento neural (NGF), 

neurotrofina 3 (NT-3) e neurotrofina 4/5 (NT-4/5). Todas as NTs têm baixa afinidade 
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por receptores transmembrana p75, mas alta afinidade por um dos subtipos de receptor 

de tirosina quinase (trk): NGF em trkA, BDNF e NT4/5 em trkB, e NT3 em trkC. 

O BDNF é amplamente expresso no sistema nervoso periférico e central durante 

o desenvolvimento, sendo que no hipocampo apresenta níveis elevados (Leibrock et al., 

1989; Hohn et al., 1990; Ernfors et al., 1992). Depois de se ligar ao receptor TrkB, 

regula a sobrevivência neuronal, promove o crescimento de neuronal e mantém a 

conectividade sináptica no sistema nervoso adulto (Zhang e Ko, 2009). Outros estudos 

têm demonstrado que o BDNF possui ação neuromoduladora na aprendizagem, na 

memória, na depressão (Altar et al., 1992) e na dependência de drogas (Grimm et al., 

2003; McGough et al., 2004; Filip et al., 2006). Há evidências de que o BDNF tem um 

papel significativo em processos de plasticidade sináptica (Li et al., 2005) e 

sensibilização locomotora (Liang et al., 2011) após a retirada de opióides.  

 

2.8 Estresse oxidativo 

A exposição de ratos à morfina no período pós-natal e na vida adulta também 

tem sido associada com a geração de estresse oxidativo devido a um desequilíbrio entre 

os altos níveis celulares de espécies reativas de oxigênio (ERO) e de nitrogênio (ERN) e 

defesas antioxidantes celulares (Halliwell e Gutteridge, 2000; Guzmán et al., 2006). O 

balanço redox das células é feito por um sistema antioxidante enzimático e outro não-

enzimático. O sistema antioxidante enzimático é composto por enzimas como 

superóxido dismutase (SOD), que converte o radical superóxido em peróxido de 

hidrogênio; a catalase, que promove a degradação do peróxido de hidrogênio; e a 

glutationa peroxidase (GPx), que promove a degradação dos superóxidos, especialmente 

os derivados da oxidação dos fosfolipídios de membrana (Kehrer, 2000).  
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As ERO são produzidas em baixos níveis nas células de mamíferos por vários 

processos metabólicos, como a cadeia respiratória na mitocôndria, a atividade da 

NADPH oxidase e o metabolismo oxidativo do ácido araquidônico (Kehrer, 2000). 

Quando ocorre um desequilíbrio entre a produção de ERO e atividade das enzimas 

antioxidantes, ocorre o fenômeno conhecido como estresse oxidativo. Neste processo, a 

célula perde a capacidade de detoxificar o excesso de ERO, induzindo a dano em 

componentes celulares, como proteínas, ADN (ácido desoxirribonucleico), lipídios e 

morte celular (Kroemer et al., 1997). Outra consequência da produção de ERO é a 

indução da biossíntese de citocinas pró-inflamatórias, tais como o fator de necrose 

tumoral alfa (TNF-α), sugerindo uma interação complexa entre processo inflamatório no 

sistema nervoso central e ERO (Turchan-Cholewo et al., 2009).  
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3. JUSTIFICATIVA 

 

 Estudos na área do desenvolvimento neurobiológico dos processos nociceptivos 

vêm crescendo nas últimas décadas com o descobrimento de que neonatos e crianças de 

menor idade não somente sentem dor como também apresentam menor limiar para os 

estímulos dolorosos comparados aos adultos. Sendo assim, o uso de fármacos 

analgésicos, especialmente opióides, vêm crescendo como consequência dos avanços 

nos tratamentos da dor nestes pacientes de menor idade (Suresh e Anand, 2001; El 

Sayed et al., 2007). Entretanto, ainda existe uma lacuna em pesquisas que investiguem 

os efeitos sobre sistemas relacionados à nocicepção, sobre respostas comportamentais e 

parâmetros bioquímicos ao longo da vida destes pacientes expostos à analgesia opióide 

durante o período neonatal. O uso de modelos experimentais permite-nos investigar e 

consolidar o conhecimento da ontogênese do sistema nociceptivo. Este foco de pesquisa 

é de particular relevância por abordar mecanismos neurobiológicos no processo de 

desenvolvimento do sistema nociceptivo e de que forma intervenções precoces podem 

influenciar o curso do desenvolvimento. Esta questão se reveste de importância ainda 

maior, em vista de que a dor intensa ou persistente no período neonatal pode alterar a 

ontogênese das vias neurobiológicas produzindo alterações duradouras no 

comportamento do tipo ansioso, locomoção e na percepção da dor (Rozisky et al, 2008; 

Medeiros et al, 2011). Hipotetiza-se que alterações nas vias nociceptivas aconteçam 

pela demanda excessiva deste sistema em desenvolvimento com consequentes 

alterações nestas vias e em suas conexões sinápticas. Espera-se que a compreensão do 

efeito de terapêuticas farmacológicas no período perinatal permita aprimorar o 

conhecimento dos mecanismos neuroquímicos e moleculares da dor.   
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Dessa forma, esta tese pretende contribuir com a ampliação do conhecimento da 

fisiopatogênia da dor e de possíveis alterações bioquímicas e comportamentais 

decorrentes da exposição a analgésicos opióides em indivíduos de menor idade.  
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4. OBJETIVOS 

 

Objetivo Geral 

 

Considerando a importância deste tema e da realização de estudos com modelos 

animais que estejam focalizados em sistemas envolvidos com mecanismos de dor que 

contribuam para o melhor entendimento da resposta à analgesia opióide em neonatos, o 

objetivo desta tese foi investigar o efeito da administração repetida de morfina em ratos 

neonatos em parâmetros comportamentais e bioquímicos em curto, médio e longo 

prazos.  

 

Objetivos Específicos 

 

Avaliar o efeito de uma administração diária de 5µg de morfina por sete dias, por via 

s.c., do 8º ao 14º dias de vida sobre:  

(a) a resposta nociceptiva através do teste da formalina no 16º, 30º e 60º dias de 

vida, investigando o papel do receptor glutamatérgico NMDA nas respostas 

alteradas; 

(b) a captação de glutamato em medula espinal no 30º e 60º dias de vida. 

(c) os níveis de BDNF e TNF- α, atividades de enzimas antioxidantes e viabilidade 

e morte celular no hipocampo no 16º, 30º e 60º dias de vida. 

(e) atividades das enzimas NTPDase e 5´-nucleotidase séricas no 16º, 30º e 60º dias 

de vida. 

(d) respostas comportamentais nos testes de campo aberto e labirinto em cruz 
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elevado no 16º e 30º dias de vida, investigando o possível envolvimento do receptor 

dopaminérgico D2 nos comportamentos alterados. 

Avaliar o papel antinociceptivo da melatonina no 30º e 60º dias de vida frente às 

respostas comportamentais nociceptivas induzidas pelo tratamento repetido com 5µg de 

morfina por sete dias, do 8º ao 14º dias. 
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Abstract 

 

Considering the importance of a deeper understanding of the effect throughout life of 

opioid analgesia at birth our objective was to determine whether morphine 

administration in early life, once a day for seven days in 8-day-old rats, alters the 

nociceptive response over the short- (P16), medium- (P30), and long-term (P60), and to 

evaluate which system is involved in the altered nociceptive response. The nociceptive 

responses were assessed by the formalin test and the behaviour analyzed was the total 

time spent in biting and flicking of the formalin-injected hindpaw, recorded during the 

first 5 min (phase I) and from 15-30 min (phase II). The morphine group showed no 

change in nociceptive response at P16, but at P30 and P60 the nociceptive response was 

increased in phase I, and in both phases, respectively. At P30 and P60 the animals 

received a non-steroidal anti-inflammatory drug (indomethacin) or NMDA receptor 

antagonist (ketamine) 30 min before the formalin test. The increase in the nociceptive 

response was completely reversed by ketamine, and partially by indomethacin. These 

results indicate that early morphine exposure causes an increase in the nociceptive 

response in adult life. It is possible that this lower nociception threshold is due to 

neuroadaptations in nociceptive circuits, such as the glutamatergic system. Thus, this 

work demonstrates the importance of evaluating clinical consequences related to early 

opioid administration and suggests a need for a novel design of agents that may 

counteract opiate-induced neuroplastic changes.  
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1. Introduction  

 

 Opioid analgesics, such as morphine, are the most effective and frequently used 

substances for the relief of moderate to severe pain. The use of these analgesics has 

increased in the Neonatal Intensive Care Unit over the last few decades as a 

consequence of changes and advances in the understanding, identification, and 

treatment of pain in children (De Lima et al., 1996; El Sayed et al., 2007; Suresh & 

Anand, 2001). In addition, improvements in short- and long-term clinical outcomes of 

critically ill neonates have necessitated the widespread use of opioid drugs for analgesia 

and sedation (Suresh & Anand, 2001). However, the consequences for the development 

of neurophysiological systems remain unknown. 

 The efficacy of morphine in reducing pain in neonatal animals has already been 

demonstrated (Nandi & Fitzgerald, 2005; Rozisky et al., 2008). Although descending 

inhibitory mechanisms are not completely formed until the third week of life (Nandi & 

Fitzgerald, 2005), morphine and other opioid receptor agonists are effective analgesics 

during the early neonatal period due to the presence of spinal opioid receptors from 

birth (Rahman & Dickenson, 1999). In a previous study by our group, using the tail-

flick test (a measure of the pain threshold at the spinal level), we observed that animals 

in the second week of life showed an increased response to repeated morphine 

administration without developing tolerance. However, at P80 rats showed greater 

morphine analgesia and a classic tolerance effect. In addition, the animals that received 

morphine from P8 until P14 displayed a longer duration of morphine analgesia at the 

same age (P80) (Rozisky et al., 2008). These results indicate that early morphine 

exposure lead to the development of an altered opioid analgesic response that may be 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=
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expressed into adulthood. Although such effects are described in the literature, the 

precise mechanisms that underlie the long-term consequences of chronic opioid 

treatment in the neonatal period have not been thoroughly investigated, and the use of 

young animal models to evaluate the long-term effect of morphine on nociceptive 

systems has not been widely explored.  

As described above, previous tests carried out by our group demonstrated an 

altered nociceptive response in the tail-flick test in animals that received morphine in 

the second week of life, but it is important to further evaluate the nociception in these 

animals using other nociceptive tests. To investigate the possible mechanisms 

underlying this response we selected one of the most widely-used animal models to 

assess the response generated by injured tissue which mimics some features of post-

injury pain and is thus considered to be more relevant to clinical pain states than phasic 

pain, bridging the gap between acute and chronic pain (Tjølsen et al., 1992).  

 Considering the relevance of the subject, the aim of this study was to investigate 

whether repeated morphine exposure during early life alters the neurogenic and 

inflammatory pain in the short- (P16), medium- (P30) and long-term (P60) using the 

formalin test, as well as to investigate the possible mechanisms involved in these 

changes.  

  

2. Results   

 

2.1. Short, medium and long-term effects of repeated morphine administration on the 

nociceptive behaviour induced by formalin: 
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 After daily morphine exposure, from P8 to P14, the nociceptive behaviours were 

compared between the control and morphine groups at P16, P30 and P60. The 

subcutaneous injection of 2% formalin into the plantar region of the hindpaw of animals 

of all ages and in all groups resulted in behavioural responses, such as biphasic licking, 

biting, and flicking of the injected paw. At P16, two days after the end of repeated 

morphine exposure, there were no differences between the groups of animals for either 

phase (phase I: F= 0.69; phase II: F= 0.05, Student’s t test, P>0.05 for both phases; Fig. 

2A). At P30, the morphine group showed a stronger nociceptive response in phase II 

(phase I: F=1.16, Student’s t test, P>0.05; phase II: F=1.21, Student’s t test, P<0.05; 

Fig. 2B). At P60, the morphine group showed a stronger nociceptive response in both 

phases of the formalin test (phase I: F= 0.018; phase II: F= 0.035, Student’s t test, 

P<0.05 for both phases; Fig. 2C). 

---------------------------------------------------------------------------------------------------------- 

Insert Figures 2A, 2B and 2C here 

---------------------------------------------------------------------------------------------------------- 

2.2. Effects of indomethacin administration on behaviour in the formalin test at P30 and 

P60 after repeated morphine administration: 

After daily morphine exposure, from P8 to P14, we investigated whether an 

injection of indomethacin 30 min before the formalin test was able to reverse the increased 

nociceptive behaviour at P30 and P60 in the morphine group compared to the control 

group. Our results demonstrated that at P30 the control-indomethacin (C-Indomethacin) 

and morphine-indomethacin (M-indomethacin) animals experienced a decrease in the 

nociceptive response in both phases of the test when compared to control-vehicle I (C-

vehicle I) and morphine-vehicle I (M-vehicle I) (phase I: F=29.0, phase II: F=22.65, 
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one-way ANOVA, Bonferroni’s test, P<0.05 for both phases; Fig. 3A). However, the 

morphine-indomethacin group presented a more intense nociceptive response when 

compared to control-indomethacin in both phases of the test (one-way ANOVA, 

Bonferroni’s test, P<0.05; Fig. 3A). The morphine-vehicle I group showed no 

difference in the nociceptive response compared to the control-vehicle I group in phase 

I (one-way ANOVA, P>0.05), but it presented a more intense nociceptive response in 

phase II when compared to all groups (one-way ANOVA/Bonferroni’s test P<0.05, Fig. 

3A). 

 At P60, we observed a pattern of nociceptive behaviour similar to the responses 

recorded at P30 for all groups in both phases (phase I: F=6.4, phase II: F=12.52, one-

way ANOVA, Bonferroni’s test, P>0.05, Fig. 3B). However, the morphine-vehicle I 

group presented a more marked nociceptive response in phases I and II when compared 

to other groups (one-way ANOVA/Bonferroni’s test, P<0.05, Fig. 3B). 

---------------------------------------------------------------------------------------------------------- 

Insert Figures 3A and 3B here 

---------------------------------------------------------------------------------------------------------- 

 

2.3. Effects of ketamine administration on the formalin test at P30 and P60 after 

repeated morphine administration: 

 The administration of ketamine 30 min before the formalin test prevented the 

higher nociceptive response observed in the morphine group compared to the control 

group, at P30 and P60. Our results show that at P30, the control-ketamine (C-ketamine) 

and morphine-ketamine (M-ketamine) groups presented decreased nociceptive 

responses in both phases of the test when compared to the control-vehicle II (C-vehicle 



82 

 

II) and morphine-vehicle II (M-vehicle II) groups (phase I: F=7.97, phase II: F= 79.28, 

one-way ANOVA, Bonferroni’s test, P<0.05 for both phases; Fig. 4A). However, the 

morphine-ketamine group exhibited a less marked nociceptive response when compared 

to the control-ketamine group in both phases of the test (one-way ANOVA, 

Bonferroni’s test, P<0.05; Fig. 4A). The morphine-vehicle II group, in turn, presented a 

similar nociceptive response to that of the control-vehicle II group in phase I (one-way 

ANOVA, P>0.05), but a higher nociceptive response in phase II when compared to all 

groups (one-way ANOVA/Bonferroni’s test P<0.05, Fig. 4A). 

 At P60, we observed a pattern of nociceptive response similar to that seen at P30 

for all groups in both phases (one-way ANOVA, Bonferroni’s test, P<0.05, Fig. 4B). 

However, the morphine-vehicle II group presented a more intense nociceptive response 

than all other groups in phase I and phase II (phase I: F=5.63, phase II: F=11.92, one-

way ANOVA/Bonferroni’s test, P<0.05 for both phases, Fig. 4B). 

 

---------------------------------------------------------------------------------------------------------- 

Insert Figures 4A and 4B here 

---------------------------------------------------------------------------------------------------------- 

3. Discussion 

 

In this study, we demonstrated that rats that received morphine during the 

second week of life showed an increase in nociceptive behaviour in phase II of the 

formalin test at P30. This increased response was partially reversed by a non-steroidal 

anti-inflammatory drug (indomethacin) and completely reversed by an NMDA receptor 

antagonist (ketamine). Moreover, at P60 the morphine-treated animals showed an 
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increase in the nociceptive response in both phases of the formalin test (representing the 

neurogenic and inflammatory pain responses), which was also partially reversed by 

indomethacin and completely reversed by ketamine. 

These results indicate that exposure to drugs in early life can have long-lasting 

implications for the development of the nervous system, such as permanent changes in 

pharmacological responses and cell signalling (for a review, see Stanwood & Levitt, 

2004). Other investigations have uncovered the neurobiological consequences of 

repeated opioid administration and revealed possible neuroplastic adaptations that likely 

underlie opioid-induced paradoxical pain (Vanderah et al., 2000, 2001; Gardell et al., 

2002). This may be a consequence of the structural and functional immaturity of the 

neonatal nervous system, and the significant changes in opioid analgesic mechanisms 

that occur before and after birth (Beland & Fitzgerald, 2001; Marsh et al., 1997; 

Rahman et al., 1998). 

In the formalin test the rodent hindpaw presents a characteristic biphasic 

nociceptive response using both weighted pain measures (Dubuisson & Dennis, 1977) 

and continuous scoring systems (Wheeler-Aceto & Cowan, 1991). The transient early 

phase (occurring in the first 5–10 min) is interpreted as reflecting direct activation of 

nociceptive sensory afferents by formalin, while the tonic phase (expressed from 20 to 

90 min) is regarded as depending on an ensuing inflammatory response, associated with 

central sensitization (Tjølsen et al., 1992; Coderre et al., 1993). Formalin can also 

activate central processes that lead to longer term events (over 3–4 weeks), such as the 

expression of immediate-early genes and activation of microglia, providing in this 

context a model of chronic pathological pain (Sawynok & Liu, 2004). Thus, the 

increase in formalin-induced nociceptive behaviour observed in this study suggests a 
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central hyperexcitability of the ascending second-order dorsal horn neurons induced by 

previous sustained exposure to morphine, and this is a long-term effect. Our results 

agree with those of Zissen and colleagues (2006 & 2007), who have demonstrated that 

while infant rats (P5 to P8) are more sensitive to the long-term changes in formalin-

induced pain and mechanical thresholds following continuous exposure to morphine, 

when compared to young rats (P19 to P21) they are also better able to compensate for 

changes in mechanical thresholds following intermittent administration of morphine, 

given twice a day for 3 days. It is possible that short bouts of morphine withdrawal-

induced excitation may off-set morphine-induced inhibition in infants, but not in young 

rats, and thus, may better maintain the balance of activity and inactivity during this 

crucial developmental phase. 

Ossipov and colleagues (2005) showed that opioids can produce hyperalgesia 

under many circumstances, and that such effects might contribute to the drawbacks of 

acute and chronic administration of these drugs. Although the mechanisms of this 

phenomenon have not yet been fully clarified, research has shown that chronic exposure 

to opioids induces a change in the function of spinal cord neurons that can be 

manifested as neuronal hyperactivity during opiate withdrawal (Rohde et al., 1997; 

Vanderah et al., 2001; Gardell et al., 2006). Other studies have reported that repeated 

opioid exposure can lead to spinal cord neuroplasticity (for review, see Mao & Mayer, 

2001) and these adaptations may involve changes in supraspinal pain modulatory 

circuits (Ossipov et al., 2005). Consistent with these results, we suggest that exposure to 

morphine in early life might lead to drug-induced adaptations in the excitatory pain 

pathways, such as neuroplastic changes at the receptor level and/or in the synthesis of 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=
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algesic substances (Yaksh et al., 1986) which may produce secondary hyperalgesic 

effects that increase the intensity of the pain (Celerier et al., 1999; Larcher et al., 1998). 

 The effect of ketamine seen here may be explained by activation of the 

glutamatergic system in opioid–mediated hyperalgesia (Sanford & Silverman, 2009). It 

is well accepted that persistent activation of the NMDA receptor by excitatory amino 

acids released from primary afferent terminals results in the sensitization of spinal 

neurons (Baranauskas & Nistri, 1998), and such NMDA receptor-mediated central 

sensitization is believed to drive enhanced nociception in chronic pain states and opioid-

induced abnormal pain (Larcher et al., 1998; Laulin et al., 1999; Mao & Mayer, 2001). 

The involvement of excitatory neurotransmitters, mainly glutamate, in inflammatory 

nociception is supported by the increase in levels of these neurotransmitters in the 

dorsal root ganglion and dorsal horn, elicited by chronic inflammation (Wimalawansa, 

1996; Löfgren et al., 1997; Ossipov et al., 2005). In addition, peripheral inflammation is 

capable of increasing the expression of subunits of the NMDA receptor and enhancing 

neurotransmitter release in CNS structures related to nociception (Zhuo, 2002; Zhao et 

al., 2006). Therefore, it is possible that the animals that received morphine in early life 

presented central sensitization in the medium- and long-term induced by changes in the 

glutamatergic system, and this may be responsible, at least in part, for the increase in 

nociceptive behaviour in phase II of the formalin test (which represents the 

inflammatory pain response) observed in this study. This explanation for the latter result 

is supported by the fact that an NMDA receptor antagonist (ketamine) completely 

eliminated the hyperalgesia induced by morphine exposure in early life.  

In addition, indomethacin, a nonsteroidal anti-inflammatory drug (NSAID), was 

unable to completely reverse the hyperalgesia resulting from early morphine treatment. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=2855239&ordinalpos=7&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
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This suggests that there is an inflammatory component involved, but we can not discard 

other mechanisms that may contribute to the hyperalgesia observed in this study. 

Following on from previous studies which found that pre-treatment with an NSAID 

may increase spinal cord levels of kynurenic acid (an endogenous excitatory amino acid 

antagonist) (Edwards et al., 2000) and partially inhibit increases in spinal cord levels of 

c-fos (an immediate-early genetic marker of nociceptive activity) stimulated by 

application of the rat tail ischemia-reperfusion acute model of hyperalgesia (Lin et al., 

2000), Grace and colleagues (2001) reported that subcutaneous injection of NSAIDs 

completely eliminated the hyperalgesic response elicited in rats by ischemic stimulation 

of the tail and suppressed the increased prostaglandin formation in the brains of the 

animals. However, the relief of hyperalgesia was short-lived and corresponded only to 

the first phase of the (spontaneous) hyperalgesia (Scheuren et al., 1997). In addition,  

PGE2 has been found in microdialysate of the spinal cord after injection of formalin in 

the paw of the rat (Malmberg & Yaksh, 1995; Scheuren et al., 1997), and its production 

was antagonized by systemic injection of paracetamol (Muth-Selbach et al., 1999) or by 

intrathecal injection of other NSAIDs (Malmberg & Yaksh, 1992). Direct evidence for a 

spinal antinociceptive action of NSAIDs derives from observations made in patients and 

animal experiments. It has been reported that intrathecal injection of acetylsalicylic 

acid, salicylic acid and indomethacin depressed the nociceptive activity that was evoked 

in thalamic neurons of rats by electrical stimulation of afferent C-type fibres in the sural 

nerve (Jurna et al., 1992). 

The development of nociceptive pathways is an activity-dependent process 

(Fitzgerald and Jennings, 1999, Fitzgerald and Beggs, 2001, Beggs et al., 2002) and 

thus, abnormal activity such as that generated by early opioid exposure may alter 
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normal synaptic development producing changes in somatosensory processing and 

behaviour that would not occur in similarly exposed adults. Our group has demonstrated 

that neonatal rats may be more sensitive to low doses of morphine because there is 

extensive re-modelling of opioid receptor expression in the first 3 postnatal weeks 

(Rahman et al., 1998, Rahman and Dickenson, 1999, Beland and Fitzgerald, 2001). For 

example, at P14 spinal μ-opioid receptors (μORs) are limited to the dorsal horn, 

whereas they appear throughout the spinal grey matter at P7, and the density of binding 

is seen to decrease in the first three postnatal weeks, with peak binding at P7 that then 

falls to the adult level by P21. This abundance of μORs in early postnatal life could 

explain why exposure to morphine for 7 days, from P8 to P14, produces analgesia 

instead of tolerance (Rozisky et al., 2008). Thus, the greater expression of μORs at P7 

in comparison to adult rats suggests a more widespread effect of morphine, acting both 

directly within the spinal cord and indirectly through larger termination profiles of 

primary afferents (Nandi et al., 2004). This, coupled with the over-expression of 

excitatory amino acid receptors, at the primary afferent-spinal cord synapse, supports a 

potential role for μORs in the normal maturation of nociceptive circuitry, and hence, 

disruption of this by exogenous administration of opioid agonists may have detrimental 

consequences for the maturation of pain circuitry (Thornton & Smith, 1998; Thornton et 

al., 2000). Activity-dependent processes drive the maturation of nociceptive C-fibres 

during this period of neurodevelopment (Beggs et al., 2002; Fitzgerald et al., 1994). In 

adult rats, Aδ and C, but not Aβ primary afferent fibres transmit painful stimuli. In 

contrast, in P7 rats Aβ primary afferents can also transmit such stimuli (Fitzgerald & 

Jennings, 1999). It has been hypothesized that increased activity in Aβ-fibres early in 

development may be modulated by sub-threshold C-fibre depolarisation that primes the 
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spinal cord for Aβ-fibre input (Dickenson & Rahman, 1999). Functionally, in adult 

rodents opioid agonists selectively inhibit Aδ- and C-fibre nociceptors but not Aβ-fibres 

(Dickenson et al., 1987; Rahman & Dickenson, 1999). In contrast, in young rats 

morphine can inhibit Aβ- and C-fibre-mediated activity in the lumbar spinal cord 

(Rahman et al., 1998) which parallels expression of μORs in both small (Aδ and C) and 

large (Aβ) diameter cell bodies in the dorsal root ganglion. Based on the results of our 

study, we suggest that at P16 the animals do not exhibit increased nociceptive behaviour 

in the formalin test because repeated exposure to a μOR agonist has influenced the 

development of C-fibres during maturation. However, we did observe that following the 

formalin test the treated animals presented an inflammation-like oedema in the 

formalin-injected hindpaw, which was measured and compared to the volume of the 

non-injected hindpaw by plethysmometry. It is interesting to note that there were no 

differences between the volume of formalin-injected hindpaws in the morphine and 

control groups (data not shown).  

Taking into account the importance of a deeper understanding of the effects 

throughout life of opioid analgesia at birth, and that previous results from our group 

showed that morphine exposure in early life lead to changes in the analgesic response in 

adult life (Rozisky et al., 2008), we hypothesized that the use of opioids in early life can 

induce persistent changes in nociceptive and opioid analgesic responses. We conclude 

from the present results that the altered nociceptive response induced by repeated 

morphine exposure can change in an age-dependent manner. In addition, the altered 

nociceptive response was expressed until adulthood, and this effect was partially 

reversed by indomethacin and completely reversed by an NMDA receptor antagonist. 

However, it should be noted that the response is complex and unlikely to be 
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predominantly caused by any single mediator. Taken together, our data indicate that 

opioids elicit glutamatergic adaptations at the system level. Finally, the behavioural 

changes seen in response to repeated exposure to morphine during early life illustrate 

the need to examine nociceptive processing in neonatal patients who have been exposed 

to therapeutic morphine; moreover, this indicates the importance of evaluating the 

clinical consequences of long-term opioid administration. These findings also highlight 

the need for further studies involving the design of pharmacological approaches that 

may counteract opioid-induced neuroadaptations and subsequently prevent abnormal 

pain states. 

 

4. Experimental procedure 

 

4.1. Animals  

Eight-day-old male Wistar rats were divided into two groups: saline-control (C) 

and morphine-treated (M). Naive animals were housed in home cages made of Plexiglas 

(65 cm x 25 cm x 15 cm) with sawdust covering the floor. Animals were maintained on 

a standard 12-h dark/light cycle (lights on between 7.00 h and 19.00 h) at room 

temperature (22 + 2°C). The animals had free access to food and water. At birth, the 

litters were standardized to contain up to 8 pups per dam, and the pups remained with 

their mothers until 21 days of age. Rats at P8 were chosen because it is accepted that 

animals of this age are at a similar stage of neurological development to that of a human 

newborn (Fitzgerald & Anand, 1993). It is also accepted that they are in a 

physiologically immature state (Pattinson & Fitzgerald, 2004) since this period is 

characterized by major developmental changes in the brain and plasticity of the 
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developing pain system (Bishop, 1982; Kim et al., 1996; Rabinowicz et al., 1996). 

Animal handling and all experiments were performed in accordance with international 

guidelines for animal welfare. The protocol of this experimental study was approved by 

the Ethics Committee of the institution where the work was conducted. 

 

4.2. Pharmacological treatment 

 Each animal received saline (Control group) or morphine (5 g s.c. in the mid-

scapular area; Morphine group) starting at P8, then once a day for 7 days. This dose had 

been chosen based on a previous study by Rozisky and colleagues (2008, 2010), and it 

produced analgesia in all animals submitted to the tail-flick test. All treatments were 

administered at the same time each day (11:00 h). One millilitre of morphine sulphate 

(Dimorf
®

 10 mg/ml, obtained from Cristália, Porto Alegre, Rio Grande do Sul, Brazil) 

was diluted in 9 ml of 0.9% NaCl (saline). The formalin test was performed in 16-, 30-, 

and 60-day-old rats (Fig. 1). The number of animals used per group was 8 to 15. 

At the ages where we observed significant differences in the nociceptive 

behaviour in the formalin test, the control and morphine groups were subdivided into 

four groups, each one designed to evaluate the effect of i.p. administration of an NMDA 

receptor antagonist or non-steroidal anti-inflammatory drug (NSAID), applied 30 

minutes before the formalin test: 1) non-steroidal anti-inflammatory drug: 10 mg/kg of 

indomethacin (Indomethacin®, obtained from Sigma-Aldrich, São Paulo, Brazil) 

(Bastos et al., 2004) diluted in 1.29% sodium bicarbonate solution (control-

indomethacin, morphine-indomethacin); 2) Vehicle for indomethacin (vehicle I): 10 

mg/kg of 1.29% sodium bicarbonate solution (pH=7.4) (control-vehicle I, morphine-

vehicle I); 3) NMDA receptor antagonist: 30 mg/kg of ketamine (Cetamine
®
, obtained 
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from Hospital de Clínicas de Porto Alegre, Brazil) (Campos et al., 2006) diluted in 

0.9% saline (control-ketamine, morphine-ketamine); 4) Vehicle for ketamine (vehicle 

II): 30 mg/kg of saline (control-vehicle II, morphine-vehicle II) (Fig. 1). The number of 

animals used per group was 6 to 9. 

---------------------------------------------------------------------------------------------------------- 

Insert Figure-1 here 

---------------------------------------------------------------------------------------------------------- 

 

4.3. Formalin test 

 The formalin test was performed as previously described (Tjølsen et al., 1992; 

Tai et al., 2006) with minor modifications. Twenty-four hours before the test each 

animal was placed in the chamber for ten minutes to familiarize them with the 

procedure, since the novelty of the apparatus itself can induce antinociception (Netto et 

al., 2004). The animals were injected s.c. on the plantar surface of the left hindpaw with 

0.17 ml/kg of a 2% formalin solution (Formaldehyde P.A.
®
, obtained from Sigma-

Aldrich, São Paulo, Brazil) diluted in 0.9% NaCl (saline). Each animal was observed in 

a varnished wood cage, measuring 60 x 40 x 50 cm, with the inside lined with glass, and 

the nociceptive response was recorded for a period of 30 min. This test produces two 

distinct phases of nociceptive behaviour: an early, transient phase (phase I; up to 5 min 

after the injection) and a late, persistent phase (phase II; 15-30 min after the injection). 

Phase I has been considered to reflect direct stimulation of primary afferent fibres, 

predominantly C-fibres (neurogenic pain) (Martindale et al., 2001), whereas phase II is 

dependent on peripheral inflammation (inflammatory pain) (Dubuisson & Dennis, 1977; 

Shibata et al., 1989; Tjølsen et al., 1992). The total time (seconds) spent in licking, 
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biting, and flicking of the formalin-injected hindpaw was recorded in phases I and II. 

The test was performed once only in each rat. 

 

4.5. Statistical analysis 

 Data were expressed as means + standard error of the mean (SEM). Depending 

on the experiment, Student’s t test or one-way ANOVA was performed, followed by a 

multiple comparisons test (Bonferroni’s test) when indicated. Differences were 

considered statistically significant if P < 0.05. 
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Legends  

Figure 1: Experimental design. 

Figure 2: Changes in the formalin-induced neurogenic and inflammatory pain 

after repeated morphine administration in early life:  

A: at P16, two days after termination of repeated morphine exposure, the 

animals did not show differences between groups in either phase (Student’s t test, P> 

0.05); B: at P30, the animals did not show differences between the groups in phase I 

(Student’s t test, P> 0.05), but during phase II they presented a significant difference 

(Student’s t test, P< 0.05); C: at P60, there was a significant difference between the 

animals in both phases of the formalin test (Student’s t test, P< 0.05, Panel C).  

#
 significant difference from control group.  

 

Figure 3: Effects of indomethacin administration 30 min before the formalin test 

at P30 and P60 after repeated morphine administration in early life: A: at P30 the 

control-indomethacin and morphine-indomethacin groups were significantly different 

from all groups in phase I (one-way ANOVA/Bonferroni’s test, P<0.05); in phase II, all 

groups were significantly different from each other (one-way ANOVA/Bonferroni’s test 

P<0.05). B: at P60, all groups were significantly different from each other in both 

phases of the test (one-way ANOVA/Bonferroni’s test, P<0.05).  

 #
 significant difference from control-vehicle I group; ** significant difference 

between groups.   

 

Figure 4: Effects of ketamine administration 30 min before the formalin test at 

P30 and P60 after repeated morphine administration in early life: A: at P30, the control-
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ketamine and morphine-ketamine groups were similar, but they were significantly 

different from other groups (control-vehicle II and morphine-vehicle II) in phase I (one-

way ANOVA/Bonferroni’s test, P<0.05). In phase II all groups were significantly 

different from each other (one-way ANOVA/Bonferroni’s test, P<0.05). B: at P60 all 

groups were significantly different from each other in both phases of the test (one-way 

ANOVA/Bonferroni’s test, P<0.05).  

#
 significant difference from control-vehicle II group; ** significant difference 

between groups. 
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FIG. 2A 
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FIG. 2C 
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ABSTRACT 

Morphine exposure during the neonatal period can promote changes in pain signaling 

pathways that can be expressed as an increased nociceptive response in adult life. 

Glutamate is the major excitatory neurotransmitter in primary afferent terminals and 

plays a critical role in normal spinal excitatory synaptic transmission. Considering the 

importance of a better understanding of the mechanisms that underlie nociceptive 

changes throughout the life course, the aim of this study was investigate the effects of 

repeated morphine administration at postnatal days 8 (P8) to 14 (P14) on glutamate 

uptake in spinal synaptosomes at P30 and P60. The morphine group showed decreased 

[3H]-glutamate uptake as compared to control groups in both P30 and P60. These 

findings suggest that morphine exposure in early life leads to changes in glutamatergic 

signaling at least until the 60th day of age, which may lead to increased levels of 

glutamate in the spinal synaptic cleft and, consequently, an increased nociceptive 

response in adult life. Thus, this study highlights the importance of conducting research 

in this field to provide a comprehensive knowledge of the long-term effects of early-life 

morphine treatment on nociceptive pathways.  

 

KEYWORDS: morphine; neonate; glutamate uptake; spinal synaptosomes 
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Introduction  

Opioids are frequently used in critically ill children and neonates for sedation and 

analgesia in the intensive care setting [1,6]. However, prolonged therapy often leads to 

tolerance and withdrawal symptoms when opioids are weaned or discontinued 

[16,43,47]. Crosstalk between the pathways underlying opioid tolerance and 

hyperalgesia has also been proposed, suggesting that a common cellular mechanism 

may be causal in both conditions [23,26].  

Some rat studies have shown that morphine exposure during the neonatal period can 

promote changes in pain signaling pathways [39,44]. Sweitzer et al. [44] demonstrated 

that acute administration in young rats produces spontaneous or precipitated 

withdrawal-associated pain hypersensitivity. Recently, our group showed that repeated 

morphine exposure in early life promotes a hyperalgesic response to noxious events in 

the adult life of rats; this increased nociceptive response was reversed by a NMDA 

receptor antagonist [39], suggesting that early morphine exposure reduced the 

nociceptive threshold due to possible adaptations in the glutamatergic system.  

Glutamate is a major excitatory neurotransmitter in primary afferent terminals and plays 

a critical role in normal spinal excitatory synaptic transmission [11,22,40,50,53]. The 

homeostasis of extracellular glutamate is tightly regulated by reuptake carried out by 

glutamate transporters (GTs) in the plasma membranes of both neurons and glia [29,30], 

and it is crucial for nociception transmission and for the prevention of glutamate-

induced neurotoxicity. Changes in glutamate uptake have been implicated in peripheral 

nervous system damage [19,25], neuropathic pain [42] and hyperalgesia [51,52].  
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Taking into account that morphine exposure in early life can lead to changes in 

nociceptive behavior response in adult life, and that this effect is reversed by 

administration of a glutamatergic receptor antagonist, this study sought to assess the 

long-term effect of neonatal repeated morphine treatment on glutamate uptake in the 

spinal synaptosomes of rats in adulthood. 

 

Material and Methods 

At birth, litters were standardized to contain up to 8 pups per dam, and pups remained 

with their mothers until 21 days of age. Eight-day-old male Wistar rats were divided 

into two groups: saline control (C) and morphine-treated (M). Rats at P8 were chosen 

because it is accepted that animals in this age are at a similar stage of neurological 

development to that of a human newborn [13]. It is also accepted that they are in a 

physiologically immature state [32], since this period is characterized by major 

developmental changes in the brain and plasticity of the developing pain system [7,18, 

33]. Animal handling and all experiments were performed in accordance with 

international guidelines for animal welfare. Each animal received saline (control group) 

or morphine (5 μg s.c. in the mid-scapular area; morphine group) starting at P8, then 

once daily for 7 days. This dose was chosen on the basis of a previous study by Rozisky 

et al. [37,38,39]. The experimental assays were performed when the animals were 30 

and 60 days old. 

Two (P30) and 5 weeks (P60) after the end of neonatal morphine treatment the animals 

were decapitated. The spinal cord was rapidly removed, dissected out on ice, and gently 

homogenized in 10 vol. of ice-cold medium consisting of 320 mM sucrose, 1 mM 

EDTA, and 0.25 mM dithiothreitol, pH 7.4, with a motor-driven Teflon-glass 
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homogenizer. The synaptosomal fraction was isolated on a discontinuous Percoll 

gradient, according to Dunkley et al. [12]. Protein concentration was measured using the 

Lowry method [21]. The entire spinal cord was used and a pool from two rats was used 

for each one synaptosomes assay, due to low yield of the enriched fraction in viable 

synaptosomes. The material was prepared fresh daily and kept at 0–4°C throughout the 

experiment.  

Determination of Na+- dependent high-affinity glutamate uptake was performed as 

described by Leal et al. with minor modifications [20]. Synaptosomal preparations were 

washed twice through resuspension in 3 vol. of 300 mM sucrose with 15 mM 

Tris/acetate buffer (pH 7.4) and centrifugation at 13000g for 15 min at 4°C. The final 

pellet was resuspended in 300 mM sucrose with 15 mM Tris/acetate buffer (pH 7.4) and 

incubated in HBSS (Hepes/Cl buffered salt solution) pH 7.4 (containing 27 mM 

HEPES, 133 mM NaCl, 2.4 mM KCl, 1.2 mM MgSO4, 1.2 mM KH2PO4, 12 mM 

glucose, 1.0 mM CaCl2) in the presence of 2 µM of L-[3H]glutamic acid (PerkinElmer, 

Inc., Massachusetts, USA, specific activity 1.48-2.96TBq/mmol) for 1 min at 37°C. The 

reaction was stopped by filtration through GF/B glass microfiber filters (Whatman). The 

filters were washed three times with 3 ml of ice-cold 15 mM Tris/acetate buffer (pH 

7.4) in 155 mM ammonium acetate, and the radioactivity retained on the filters was 

measured in a Wallac scintillation counter. Specific [3H]glutamate uptake was 

calculated as the difference between uptake obtained in the incubation medium as 

described above and uptake obtained with a similar incubation medium containing 

choline chloride instead of NaCl (nonspecific uptake). Na+-independent uptake was less 

than 10% of the total. All measurements were made in triplicate. The results were 

expressed as percentage of [3H] glutamate uptake obtained on control group, which was 
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considered as 100%. The between-group comparisons were performed with Student’s t-

test for independent samples. Differences were considered statistically significant if 

P<0.05. 

 

Results 

After repeated morphine treatment in early life, from P8 to P14, [3H]-glutamate uptake 

in spinal synaptosomes was assessed at P30 and P60. In both ages, animals that had 

received morphine exhibited decreased [3H]-glutamate uptake as compared with control 

animals that had received saline (P30: C=100.0±29.0% of [3H] glutamate uptake, 

M=12.96±3.66% of [3H] glutamate uptake obtained on control group, Student’s t-test, 

P=0.019; P60: C= 100.0±22.63% of [3H] glutamate uptake, M=31.37±7.06% of [3H] 

glutamate uptake obtained on control group; Student’s t-test, P=0.04, Fig. 1 Panels A 

and B).  

 

-------------------------------------------insert Fig 1 about here------------------------------------ 

 

Discussion 

In this study, once-daily, low-dose morphine administration in early life, from P8 to 

P14, decreased [3H]-glutamate uptake in spinal synaptosomes P30 and P60. This result 

suggests that opioid exposure during development of the central nervous system leads to 

long-lasting adaptations in the glutamatergic system.  

Our group has suggested that newborn rats may be more sensitive to low doses of 

morphine [38] because there is extensive remodeling of opioid receptor expression in 

the first 3 postnatal weeks [5,34,35]. At P14, spinal μ-opioid receptors (μORs) are 
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restricted to the dorsal horn, whereas they appear throughout the spinal grey matter at 

P7, and the density of binding decreases in the first 3 postnatal weeks, with peak 

binding at P7, that then falls to adult levels by P21 [5]. This abundance of μORs in early 

postnatal life could explain why exposure to morphine for 7 days, from P8 to P14, 

produces analgesia instead of tolerance [38]. Thus, the greater expression of μORs at P7 

in comparison to adult rats suggests a more widespread effect of morphine, acting both 

directly within the spinal cord and indirectly through larger termination profiles of 

primary afferents (for a review, see [28]). This, coupled with the overexpression of 

excitatory amino acid receptors at the primary afferent-spinal cord synapse, supports a 

potential role for μORs in the normal maturation of nociceptive circuitry; hence, 

disruption of this by administration of exogenous opioid agonists may have detrimental 

consequences for the maturation of pain circuitry [45,46].  

Some studies have shown that repeated opioid administration leads to possible neural 

adaptations that may underlie opioid-induced paradoxical pain [17,48,49]. Recently, we 

showed that early morphine treatment increases nociceptive behavioral responses at P30 

and P60 in a rat formalin tonic pain model. Remarkably, these behavioral changes were 

reverted by administration of a NMDA receptor antagonist in both ages, suggesting 

direct involvement of the glutamatergic system in opioid-induced nociception [39]. 

The homeostasis of extracellular glutamate is tightly regulated by glutamate transporters 

(GTs) in the plasma membranes of both neurons and glia [27]. The three glutamate 

transport protein subtypes isolated in the spinal cord (GLAST, GLT-1, EAAC1) are 

considered essential to the maintenance of low resting levels of glutamate (<1 mM) and 

the prevention of overstimulation of glutamate receptors [27]. Notably, these glutamate 

transporters are concentrated in the superficial dorsal horn of the spinal cord and 
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account for >80% of total glutamate transport [10]. Several studies indicate that GTs 

play a crucial role in the prevention of glutamate neurotoxicity under both physiological 

and pathological conditions [27, for review see 10]. The competitive opioid antagonist 

naloxone decreases GLT-1 mRNA in brain regions and is involved in the expression of 

morphine withdrawal symptoms [31]. 

  

Recently, another study showed that morphine exposure in adult rats leads to 

downregulation of spinal glutamate GLT-1 transporter and is involved in the generation 

of opioid-induced hyperalgesia [9]. In addition, it bears stressing that synaptosomes 

have been widely used to investigate glutamate uptake; but the specific glutamate 

transporters present in the synaptosomal preparation are still a matter of controversy. 

However, pharmacological analysis using different types of transporter blockers 

suggests that this uptake aligns most closely with that of the GLT-1 transporter [41] (for 

a review, see [8,10]). Thus, one might suggest that the decreased [3H]-glutamate 

reuptake observed in spinal synaptosomes after neonatal repeated morphine treatment 

(P30 and P60) would lead to increased extracellular glutamate levels in the spinal cord 

synaptic cleft. This, in turn, may increase excitatory amino acid receptor activation 

(including NMDA). These considerations can explain, at least in part, the increase in 

nociceptive behavioral responses at P30 and P60 induced by early-life morphine 

treatment in this rat model.  

In conclusion, the findings presented here added new insights to our previous studies 

[39], suggesting that repeated morphine exposure in early life leads to long-lasting 

adaptations in glutamatergic signaling, due to a decrease in [3H]-glutamate uptake in 

spinal synaptosomes at P30 and P60. This result may be associated with increased 
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levels of excitatory amino acids and potential hyperactivity of glutamatergic receptors, 

such as the NMDA receptor, which, in turn, leads to a hyperalgesic response in adult 

life. Furthermore, this study highlights the importance of continuing research in this 

field to provide comprehensive knowledge of the long-term effects of morphine 

administration in early life.  
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Legend: 

Figure 1 shows that repeated low-dose (5µg/day) morphine treatment from P8 to P14 

decreased [3H]-glutamate uptake in spinal cord synaptosomes at P30 (Panel A) and P60 

(Panel B) (Student’s t-test, P= 0.019 for P30 and P= 0.04 for P60, n= 3-4 

synaptosomes/group). 

Bars represent mean ± SEM of glutamate uptake (percentage of control group) in spinal 

cord synaptosomes. 

# represents a significant difference from control group 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



126 

 

 

 

 



127 

 

ARTIGO 3 

 

 

 

 

Neonatal morphine treatment induces hyperalgesic behavior in adult rats:  

reversal by acute melatonin administration 

 

 

Submetido na revista Neuroreport 

 

  

 

 

 

 

 

 

 

 

 

 

 

 



128 

 

Neonatal morphine treatment induces hyperalgesic behavior in adult rats: reversal 

by acute melatonin administration 

JOANNA RIPOLL ROZISKY
a,b,c#

, GABRIELA LASTE
a,b,c#

, CLEVERSON DE 

OLIVEIRA
a,b,c

, ALÍCIA DEITOS
a,b,c

, WOLNEI CAUMO
a,b,c

, IRACI L S TORRES
a,b,c* 

a 
Pain Pharmacology and Animal Models of Neuromodulation Laboratory, Department 

of Pharmacology – Institute of Basic Health Sciences, Universidade Federal do Rio 

Grande do Sul – Porto Alegre, RS 90050-170, Brazil.
  

b
Postgraduate Program in Medical Sciences, Universidade Federal do Rio Grande do 

Sul – Porto Alegre, RS 90035-003, Brazil. 

c
Animal Experimentation Unit, Graduate Research Group – Hospital de Clínicas de 

Porto Alegre, RS 90035-003, Brazil.
 

#
 Both are the first authors 

 

Conflicts of interest: None declared 

 

*
CORRESPONDING AUTHOR: 

Iraci Lucena da Silva Torres  

Departamento de Farmacologia - ICBS, UFRGS. 

Rua Sarmento Leite, 500 sala 202. 

90050-170 - Porto Alegre, RS, Brazil.  

Phone: 0055-51 3308 3183; FAX: 0055-51 3308 3121.  

E-mail: iracitorres@gmail.com 

Running title: Melatonin reverses opioid hyperalgesia 

 



129 

 

ABSTRACT  

Human infants are routinely treated with opioids in the intensive care unit setting for 

pain relief and sedation to permit mechanical ventilation. However, opioids can produce 

paradoxical-hyperalgesia, and such effects might contribute to the drawbacks of acute 

and chronic administration of these drugs. Considering the relevance of the topic, this 

study used the formalin test to assess the medium and long-term effects of melatonin 

administration on hyperalgesia induced by repeated morphine exposure in early life.  

Newborn rats were divided into two groups, which received saline (control group) or 

morphine 5 g s.c. (experiment group) in the mid-scapular area once daily for 7 days, 

from postnatal day 8 (P8) until P14. Nociceptive responses were assessed by the 

formalin test. The behaviors analyzed were total time spent biting and flicking the 

formalin-injected hind paw, recorded during the first 5 min (phase I) and from 15–30 

min (phase II). At P30 and P60, both groups received melatonin or inert vehicle 30 min 

before the formalin test. Initially, animals in the morphine/vehicle group showed 

increased nociceptive behavior in phase II of the formalin test at P30 and in phases I and 

II alike at P60. These increased nociceptive responses were fully reversed by melatonin 

administration at both ages. These findings suggest that melatonin could be useful to 

counteract opiate-induced hyperalgesia. 

Keywords: morphine; neonate rats; formalin test; hyperalgesia; melatonin. 
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Introduction 

Human infants are routinely treated with opioids in the intensive care unit setting for 

pain relief and sedation to permit mechanical ventilation [1]. However, opioids can 

produce paradoxical-hyperalgesia, and such effects might contribute to the drawbacks 

of acute and chronic administration of these drugs [2]. Researchers have addressed the 

neurobiological consequences of sustained opioid administration and showed possible 

neuroplastic adaptations involved with the mechanism of paradoxical pain opioid-

induced. These adaptations may involve changes in supraspinal pain modulatory 

circuitry [2]. Other studies have reported that repeated opioid exposure can lead to 

spinal cord neuroplasticity [3] and it induces a change in the function of spinal cord 

neurons that can be manifested as neuronal hyperactivity during opiate withdrawal [4]. 

Recently, our group demonstrated that repeated low-dose morphine in neonatal period 

produced hyperalgesia in adult life, which was reversed by NMDA receptor antagonists 

[5]. Consistent with this evidence, we suggest that repeated exposure to morphine 

during the central nervous system development might lead to adaptations in excitatory 

pain pathways; possibly producing secondary hyperalgesic effects during the life course 

[6]. Thus, it is important to explore strategies to change this impact on pain response 

after morphine exposure.  

Melatonin, (N-acetyl-5-methoxytryptamine) a derivative of serotonin (5-HT), is a 

neurohormone that is primarily produced by the pineal gland, and it has been implicated 

in the control of the wake-sleep cycle [7]. Recently, evidence has been mounting to 

support the role of melatonin in pain regulation [8]. Ray et al. (2004) demonstrated that 

melatonin could exert an antinociceptive effect on the formalin pain response, and that 

modulation of enkephalin and endorphin levels may be involved [9]. Considering the 
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relevance of the topic and the fact that, in our previous study, we demonstrated that 

newborn rats subjected to repeated morphine administration show increased nociceptive 

behavior in the formalin test in the medium and long term [5], this study sought to 

ascertain the effect of melatonin on hyperalgesic behavior induced by this morphine 

treatment regimen.  

 

Materials and Methods 

Animals  

Eight-day-old male Wistar rats were divided into two groups: saline control (C) 

and morphine-treated (M). Animals were housed in polypropylene home cages (49 cm x 

34 cm x 16 cm) with sawdust-covered floors. All animals were kept on a standard 12-

hour light/dark cycle (lights on at 07:00 a.m. and lights off at 07:00 p.m.) in a 

temperature-controlled environment (22±2°C). Animals had access to water and chow 

ad libitum.   At birth, litters were standardized to contain up to 8 pups per dam, and the 

pups remained with their mothers until 21 days of age. Rats at P8 were chosen because 

it is accepted that animals of this age are at a similar stage of neurological development 

to that of a human newborn [10].  All experiments were performed in accordance with 

Brazilian Law No. 11.794 of October 8, 2008 and Guide for the Care and Use of 

Laboratory Animals 8th edition (2011). Animal handling and all experiments were 

performed in accordance with international guidelines for animal welfare and measures 

were taken to minimize animal pain and discomfort and use only the number of animals 

necessary to produce reliable scientific data. All experiments and procedures were 

approved by the Institutional Committee for Animal Care and Use (GPPG-HCPA 
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protocol No. 08-345) To control the possible effect of outliers, we excluded rats which 

did not present any response on behavioral testing.   

Pharmacological treatment 

Each animal received saline (control group) or morphine (5 g s.c. in the mid-scapular 

area; morphine group) starting at P8, then once a day for 7 days. This dose was chosen 

on the basis of previous studies by our group [5,11-13], and it produced analgesia in all 

animals subjected to the tail-flick test. All treatments were administered at the same 

time each day (1100h). One milliliter of morphine sulfate (Dimorf
®
 10 mg/mL, obtained 

from Hospital de Clínicas de Porto Alegre, Rio Grande do Sul, Brazil) was diluted in 9 

ml of 0.9% NaCl (saline solution).  

The formalin test was performed in 30 and 60-day-old rats, once only in each rat, where 

we observed significant between-group differences in nociceptive behavior [5]. The 

control and morphine groups were subdivided into two groups, each designed to 

evaluate the effect of i.p. administration of melatonin 30 min before the formalin test: 1) 

50 mg/kg of melatonin [14,15] (obtained from Sigma-Aldrich, São Paulo, Brazil) 

diluted in 1% ethanol in saline (control/melatonin = CMt, morphine/melatonin = MMt), 

this dose reverted the hyperalgesia induced by chronic inflammatory pain in previous 

experiments conducted by our group (Laste et al. 2012; personal communication); 2) 

1% ethanol in saline (control/vehicle= CV, morphine/vehicle = MV). This dose also 

was choosing based in our previous experiments which melatonin-dose response was 

evaluated in formalin test, and  we verified that  this was a minor dose able to promote 

analgesic effect in formalin test (data not shown) without causing sedation. The number 

of animals used per group was 5 to 7. 
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Formalin test 

 

The formalin test was performed as previously described [16,17] with minor 

modifications. Twenty-four hours before the test, each animal was placed in the 

chamber for ten minutes to familiarize them with the procedure, since the novelty of the 

apparatus itself can induce antinociception [18]. The animals were injected 

subcutaneously on the plantar surface of the left hindpaw with 0.17 ml/kg of a 2% 

formalin solution (Formaldehyde P.A.
®

, obtained from Sigma-Aldrich, São Paulo, 

Brazil) diluted in 0.9% NaCl (saline). Each animal was observed in a varnished wood 

cage, measuring 60 x 40 x 50 cm, with the inside lined with glass, and the nociceptive 

response was recorded for a period of 30 min. This test produces two distinct phases of 

nociceptive behavior: an early, transient phase (phase I; up to 5 min after injection) and 

a late, persistent phase (phase II; 15–30 min after injection). Phase I has been 

considered to reflect direct stimulation of primary afferent fibers, predominantly C-

fibers (neurogenic pain) [19], whereas phase II is dependent on peripheral inflammation 

(inflammatory pain) [16]. The total duration (seconds) of licking, biting, and flicking of 

the formalin-injected hindpaw was recorded in phases I and II.  

 

Statistical analysis 

 

Data were expressed as means ± standard error of the mean (SEM). One-way ANOVA 

was performed, followed by a multiple comparisons test (Student–Newman–Keuls 

method) when indicated. Differences were considered statistically significant if P<0.05. 
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Results 

After daily morphine exposure, from P8 to P14, we investigated whether an injection of 

melatonin 30 min before the formalin test was able to reverse increased nociceptive 

behavior at P30 and P60 in the morphine group as compared to the control group. 

Initially, this study showed that the morphine group, which received the melatonin 

vehicle before the formalin test, exhibited a hyperalgesic behavior response at P30 and 

P60, as found in a previous study by our group (Rozisky et al., 2011). At P30, the 

morphine/vehicle group showed an increase in nociceptive behavior only in phase II of 

the formalin test. In phase I, melatonin promoted a marked antinociceptive response, 

decreasing nociceptive behavior in both groups (control/melatonin and 

morphine/melatonin) as compared to the control/vehicle and morphine/vehicle groups 

(CV= 137.4±15.8 s; MV= 178.3±24.9 s; CMt= 69±11.3 s; MMt= 52.2±9.4 s; 

F(3,23)=10.939, one-way ANOVA/SNK, P<0.05; Fig. 1). In phase II, the 

morphine/vehicle group showed an increased nociceptive behavior response when 

compared to the other groups, and melatonin reversed this hyperalgesic behavior 

response, since this effect was similar to control/vehicle and control/melatonin (CV= 

530.6±24.8 s; MV= 828.6±13 s; CMt= 551.8±88.8 s; MMt= 367.3±97.8 s; F(3,23)= 

10.276, one-way ANOVA/SNK, P<0.05).  

At P60, the morphine/vehicle group showed an increased nociceptive behavior response 

in phases I and II alike. In phase I, melatonin administration promoted a marked 

decrease of nociceptive behavior only in the morphine group; there were no significant 

differences between the control/vehicle and control/melatonin groups (phase I: CV= 

132±20.27 s; MV= 219.8±18 s; CMt= 150.33±9.60; MMt= 51.67±16.72; F(3,21)=17.243; 

one-way ANOVA/SNK, P<0.05, Fig. 2). In phase II, the morphine/vehicle group 
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showed increased nociceptive behavior, and both groups that received melatonin 

showed a more marked decrease in the nociceptive behavior response as compared to 

the control/vehicle and morphine/vehicle groups (CV= 493±50.6 s; MV= 755.8±44.7 s; 

CMt= 43.50±15.16 MMt: 59.60±23.6 s; F(3,21)=85.523, one-way ANOVA/SNK, 

P<0.05, Fig. 2).  

 

Discussion 

In this study, we confirmed that morphine administration in the neonatal period induced 

hyperalgesia in formalin test in adult life, according to the model described by Rozisky 

et al. (2011) [5]. In addition we showed that the melatonin administration before 

formalin test was able to completely reverse this hyperalgesia. At P30 the analgesic 

effect was observed in both groups (control/melatonin and morphine/melatonin) in 

phase I (neurogenic pain response) and in phase II (inflammatory pain response). At 

P60 melatonin administration promoted a marked analgesia only in the morphine group 

in phase I, and both groups that received melatonin showed an analgesic response in 

phase II.  

Repeated opioid exposure in the neonatal period is known to lead to spinal cord 

neuroplasticity with neuronal hyperactivity [3] and changes in supraspinal pain 

modulatory circuits [2]. In this line, we have shown that this altered nociceptive 

response, expressed until adulthood, was partially reversed by indomethacin and 

completely reversed by an NMDA receptor antagonist, indicating that opioids induce 

adaptations at the glutamatergic system level [5]. The NMDA receptors in the spinal 

cord play a major role in pain transmission at the dorsal horn level, and are involved in 

the potentiation of nociceptive synaptic transmission in the spinal cord, a phenomenon 
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known as “wind-up” [22]. In this process, there is a repetitive increase in the response 

of dorsal horn neurons due to an increase in the intensity of C fibers stimulation. Using 

C fibers stimulation to initiate the spinal wind-up effect Laurido et al. (2002) found that 

melatonin decreased spinal cord wind-up [23]. The authors suggested that this effect of 

melatonin may have been due to the intracellular influence of melatonin on NMDA 

receptor signaling [23]. 

In addition, in the formalin test, the rodent hindpaw presents a characteristic biphasic 

nociceptive response on both weighted pain measures [19]. The transient early phase 

(Phase I) is interpreted as reflecting direct activation of nociceptive sensory afferents by 

formalin and an intense increase in the spontaneous activity of C fibers [19], while the 

tonic phase (Phase II) is regarded as depending on an ensuing inflammatory response, 

associated with central sensitization [16]. It is known that increased activation of C 

fibers results from activation of TRPA1 gated channels [20] by heat and protons. These 

channels play a key role in the sensitization of nociceptors in response to inflammation, 

and decrease interneuron inhibitory synapse efficacy by reducing GABA transport [21]. 

Therefore, it is biologically plausible that at least part of the marked antihyperalgesic 

effect of melatonin is mediated by its effects on the GABAergic system and its 

attenuation of glutamate-mediated Ca
2+

 influx, which constitutes part of the central 

sensitization cascade. 

The effect of melatonin seen here at P30 may be explained, in part, by inhibition of the 

glutamatergic activity in opioid-mediated hyperalgesia [24], since that both control and 

morphine groups that received melatonin showed analgesic effect in phase I and 

reversal the hyperalgesic response of morphine group in phase II. On the other hand, the 

involvement of glutamate in inflammatory nociception is supported by the increase in 
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levels of these neurotransmitters in the dorsal root ganglion and dorsal horn, elicited by 

chronic inflammation [2]. Apart from glutamate action in the inflammatory phase of the 

formalin test (phase II) there is increased vascular permeability and leukocyte 

migration. Thus, the effectiveness of melatonin in this phase could be attributed to its 

ability to inhibit nitric oxide (NO) and peroxynitrite formation [25]. Recently other 

study indentified that rats with opioid-mediated hyperalgesia showed upregulated 

protein kinase C (PKC) activity and increase in the cycle adenosine monophosphate 

(cAMP) levels and these effects were significantly inhibited by melatonin when 

administered with morphine in adult rats [26]. Therefore, it is important to note that at 

P60 melatonin promotes analgesic effect only in morphine group in phase I and in both 

control and morphine group in phase II. These results can be suggested by inhibition of 

C fibers activity and anti-inflammatory effect of melatonin, since that phase II is more 

dependent of inflammatory response. Moreover to decrease of hyperalgesic behavior of 

morphine group, the lack of significant melatonin-mediated antinociception in phase I 

of the control-melatonin group of P60 might suggest that the dose of melatonin used 

was too low for get a significant antinociceptive response, as other studies have reported 

more consistent antinociception with higher doses of melatonin [9,26] .  

In summary, the present findings suggest that melatonin is able to reverses hyperalgesic 

behavior in the formalin test in adulthood induced by repeated morphine exposure in 

neonatal period. Additionally, this study suggests that melatonin may be useful as an 

adjunct in pain therapy, especially when neurogenic and inflammatory components are 

involved. 
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Legends 

Figure 1: Effects of melatonin administration on nociceptive behavior in the formalin 

test at P30 after repeated morphine administration in early life.  

Data are presented as mean ± standard error of the mean (SEM) of total time (seconds) 

spent in nocifensive behavior.  

#significant decrease of total time in nocifensive behavior from the control/vehicle 

group (one-way ANOVA, Student–Newman–Keuls test; P<0.05; n=5-7 animals per 

group). 

**significant difference from the control/vehicle group (one-way ANOVA, Student–

Newman–Keuls test; P<0.05; n=5-7 animals per group). 

 

Figure 2: Effects of melatonin administration on nociceptive behavior in the formalin 

test at P60 after repeated morphine administration in early life. 

Data are presented as mean ± standard error of the mean (SEM) of total time (seconds) 

spent in nocifensive behavior. 

# significant difference from the control/vehicle group. 

 **Significant increase from all groups (one-way ANOVA, Student–Newman–Keuls 

test; P<0.05; n=5-6 animals per group). 
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Abstract It is know that repeated exposure to opiates impairs spatial learning and 

memory and that the hippocampus has important neuromodulatory effects after drug 

exposure and withdrawal symptoms. Thus, the aim of this investigation was to assess 

hippocampal levels of BDNF, oxidative stress markers associated with cell viability, 

and TNF-α in the short, medium and long term after repeated morphine treatment in 

early life. Newborn male Wistar rats received subcutaneous injections of morphine 

(morphine group) or saline (control group), 5 g in the mid-scapular area, starting on 

postnatal day 8 (P8), once daily for 7 days, and neurochemical parameters were 

assessed in the hippocampus on postnatal days 16 (P16), 30 (P30), and 60 (P60). For the 

first time, we observed that morphine treatment in early life modulates BDNF levels in 

the medium and long term and also modulates superoxide dismutase activity in the long 

term. In addition, it was observed effect of treatment and age in TNF-α levels, and no 

effects in lactate dehydrogenase levels, or cell viability. These findings show that 

repeated morphine treatment in the neonatal period can lead to long-lasting 

neurochemical changes in the hippocampus of male rats, and indicate the importance of 

cellular and intracellular adaptations in the hippocampus after early-life opioid exposure 

to tolerance, withdrawal and addiction. 

 

Keywords: Morphine; Neonate rats; BDNF; superoxide dismutase.  

 

Abbreviations: BDNF, brain-derived neurotrophic factor; DCF, dichlorofluorescein; 

DCFH, dichlorodihydrofluorescein; DMSO, dimethyl sulfoxide; DTNB, 5,5'-

dithiobis(2-nitrobenzoic acid); EDTA, ethylenediaminetetraacetic acid; ELISA, 

enzyme-linked immunosorbent assay; GPx, glutathione peroxidase; HEPES, 2-[4-(2-
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hydroxyethyl)piperazin-1-yl]ethanesulfonic acid; INT, 2-(4-iodophenyl)-3-(4-

nitrophenol)-5-phenyltetrazolium chloride; LDH, lactate dehydrogenase; MTT, 3(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; NADPH, nicotinamide adenine 

dinucleotide phosphate, reduced form; PBS, phosphate buffered saline; ROS, reactive 

oxygen species; RNS, reactive nitrogen species; SNK, Student–Newman–Keuls test; 

SOD, superoxide dismutase; TMB, 3,3',5,5'-tetramethylbenzidine; TNB, 2-nitro-5-

thiobenzoic acid; TNF-α, tumour necrosis factor alpha; TrkB, tyrosine kinase B 

receptor. 
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Introduction 

 

 Morphine has been widely used in ventilated neonates because of its potent 

analgesic effect, prolonged duration of action, and relatively low potential for tolerance 

[1, 2]. Evidence suggests that the tolerance to repeated injections of morphine in pups is 

less pronounced than in adults, since this tolerance could be masked by several 

processes [3]. In addition, our group showed that animals submitted to repeated 

morphine exposure in early life (5μg sc/dia/7dias from P8)  did not developed to classic 

opioid tolerance, and they presented longer analgesia duration at P14 that was observed 

at least until P80 [4]. These results also agree with another study that suggests that the 

development of opioid system occurs within the first 2 weeks of life [5]. Thus, there are 

increasing concerns that opiates may have detrimental effects on neurodevelopment 

outcomes. Therefore, it is important to understand the effects of chronic opiate exposure 

on the immature body.  

Studies have shown that prolonged exposure to opiates in the adult rat produces 

distinct biochemical and physiological changes in neurons and in entire interacting 

circuits of neurons, which, in turn, can result in long-term alterations in cellular 

communication [6-9]. The opioid exposure can decrease spine density, neurogenesis, 

and alter synaptic transmission in the hippocampus [10-13]. In contrast, other studies 

show that opioids can modulate some processes in the hippocampal formation, 

including adult neurogenesis and development of neonatal transmitter systems [14]. 

Prolonged exposure to opiates also reduces hippocampal long-term potentiation (LTP) 

[15, 16] which is related to spatial learning and memory prejudice [17]. On the other 

hand, our group has shown that exposure of newborn rats to morphine alters nociceptive 

parameters until adult life [4, 18] and affects some exploratory and anxiolytic-like 
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behaviours in the short and medium term (Rozisky et al., personal communication). 

These effects are possibly related to drug withdrawal. At a cellular level, other 

researchers have shown that morphine treatment in the neonatal period alters gene 

expression in the hippocampus [19] and its cellular composition [20], producing long-

term neurobehavioral deficits in rodents [21, 22]. In addition, exposure of rats to this 

drug in the postnatal period and adult life has also been associated with generation of 

free radicals due to an imbalance between high cellular levels of reactive oxygen and 

nitrogen species (ROS and RNS) and cellular antioxidant defences, namely oxidative 

stress [23, 24]. Both reactive species can induce mitochondrial dysfunction [25], 

damage neuronal precursors and impair neurogenesis [26]. A consequence of the 

production of ROS is induction of biosynthesis of pro-inflammatory cytokines, such as 

tumour necrosis factor alpha (TNF-α), suggesting a complex interplay between CNS 

inflammation and oxidative stress [27]. 

 Brain-derived neurotrophic factor (BDNF), a member of the neurotrophin 

family, is widely expressed in the developing central and peripheral nervous system [28, 

29], and in high levels in the hippocampus [30]. After binding to the TrkB (tyrosine 

kinase B receptor) on the cell surface of neurons, BDNF regulates neuronal survival, 

promotes neurite outgrowth, and maintains synaptic connectivity in the adult nervous 

system [31]. Other studies have reported neuromodulatory effects of BDNF on learning 

and memory, depression [32], and drug addiction [33-35]. There is evidence that BDNF 

plays a significant role in brain effects, such as synaptic plasticity [36] and locomotor 

sensitization [37] after opioid withdrawal.   

Considering the dearth of studies on the neurochemical effects of neonatal 

morphine exposure and the involvement of the hippocampus in neuroplasticity process 
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after drug exposure, the aim of this study was to verify whether repeated morphine 

administration in early life alters hippocampal BDNF and TNF-α levels, as well as 

oxidative stress markers and the susceptibility to H2O2-induced oxidative damage in 

hippocampal slices. 

 

Methods 

 

Animals  

Animals and housing conditions 

Neonate male Wistar rats, 8-day-old at the beginning of the experiment, were 

used. They were in home cages made of polypropylene (49x34x16 cm) with the floor 

covered with sawdust, with their mothers, maintained on a standard 12-h dark/light 

cycle (lights on at 07:00 a.m. and lights off at 07:00 p.m.) at room temperature (22 + 

2°C).  The animals had free access to food and water. All experiments in this study were 

conducted in male rats because the nociceptive process and drug responses are altered 

by modulations in hormone state [38]. At birth, the male litters were standardized in 

according Silveira et al. [39, 40] with minor modifications, containing 8 male pups per 

dam. Studies that assesses the development of offspring during lactation, is the current 

procedure of adjustment litter in the first days of birth in order to homogenization 

nutritional conditions for all puppies [41]. Infant rats (at P8) were divided into two 

groups: saline control (C) and morphine-treated (M). Rats at P8 were chosen because it 

is accepted that animals of this age have a similar neurological development to that of a 

human newborn [42]. These animals are in a physiologically immature state [43] since 

this period is characterized by major developmental changes in the brain and plasticity 

of the developing pain system [44, 45, 46].  
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Several reports suggest that the ability to induce long-term potentiation in area 

CA1 of hipocampal slices appears between the first and second week after birth [47, 

48]. In the neonatal hippocampus, glutamatergic LTP is not readily observed until P14 

[48, 49] and LTD has not been revealed earlier than P6 [49, 50, 51]. 

At 21 days of age, the animals were separated from their mothers. Animal 

handling and all experiments were performed in accordance with Brazilian Law No. 

11.794 of October 8, 2008, on the use of animals for scientific research, and performed 

in accordance with the Guide for the Care and Use of Laboratory Animals 8th edition 

(2011). All experiments and procedures were approved by the Institutional Committee 

for Animal Care and Use (GPPG-HCPA protocol No. 08345). And, measures were 

taken to minimize animal pain and discomfort. The experiment used the minimum 

number of animals required to produce reliable scientific data. 

 

Drug administration 

Each animal received saline (control group) or morphine (5 g s.c. in the mid-scapular 

area; morphine group) starting at P8, then once daily for 7 days. This dose was chosen 

on the basis of previous studies by our research group [4, 18, 52, 53, 54], and is known 

to produce analgesia in all animals subjected to the tail-flick test. All treatments were 

administered at the same time each day (11.00 h). One millilitre of morphine sulfate 

was diluted in 9 ml of 0.9% NaCl (normal saline solution). After two days (P16), two 

weeks (P30) and six weeks (P60) of the end of treatment, the rats were decapitated and 

their hippocampi were rapidly dissected out for cell viability analysis or stored at –70
o
 

C until BDNF and TNF-α assays and analysis of oxidative stress parameters. The assays 
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were performed at P16 (n=4-5/group/assay of rats), P30 (n=5-7/group/assay of rats), and 

P60 (n=4-5/group/assay of rats). 

Morphine sulfate (Dimorf® 10 mg/ml, Cristália Ltda., São Paulo, Brazil) and other 

chemicals were provided by Hospital de Clínicas de Porto Alegre, Porto Alegre, Rio 

Grande do Sul, Brazil. 

 

Analysis of BDNF immunocontent 

BDNF levels were determined by enzyme-linked immunosorbent assay (ELISA) using 

the ChemiKine kit (Millipore), according to manufacturer recommendations. Briefly, 

hippocampi were individually homogenised (1:10 w/v) in a lysis buffer containing 1M 

NaCl, 100 mM Tris–HCl (pH 7.0), 4mM disodium edetate, 2% Triton X-100, and the 

protease inhibitors (Sigma) aprotinin (5 μg/mL), antipain (0.5 μg/mL), benzamidine 

(157 μg/mL), pepstatin A (0.1 μg/mL), and phenylmethanesulfonyl fluoride (PMSF, 17 

μg/mL). Homogenates were centrifuged at 14000×g for 30 minutes at 4°C. The 

resulting supernatants were used for the BDNF assay. Samples were incubated on 96-

well flat bottom plates previously coated with anti-BDNF polyclonal antibody at 2–8°C 

overnight. After this first incubation, biotinylated mouse anti-BDNF monoclonal 

antibody was added to each well and incubated for 2-3 h and streptavidin-horseradish 

peroxidase conjugate for 1 h. TMB/E Substrate was added to each well for 15 minutes 

until the 500 pg/mL standard reached a deep blue colour. The reaction was stopped by 

addition of stop solution (HCl) to each well, the blue colour changing to yellow. The 

colour reaction was quantified immediately by spectrophotometry in a plate reader at 

450 nm. The standard BDNF curve was performed on each plate, ranging from 0 to 500 

pg/mL. 
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Analysis of TNF-α immunocontent 

The analysis of TNF-α in hippocampus homogenates was performed only at the ages 

where there were significant differences in BDNF levels (P30 and P60). TNF-α level 

was determined with a commercially available enzyme-linked immunosorbent assay 

(ELISA) kit for rat TNF-α (Uscn, Life Science Inc.), according to manufacturer 

protocols. Briefly, hippocampi were individually homogenised (1:10 w/v) in phosphate 

buffered saline (PBS). The homogenates were centrifuged at 5000×g for 5 minutes at 

4°C. The resulting supernatants were used for the TNF-α assay. Samples were incubated 

on 96-well flat bottom plates previously coated with anti-TNF-α antibody for 2 h at 

37°C. After this first incubation, a TNF biotin-conjugated antibody preparation specific 

for TNF-α was added to each well and incubated for 1 h and avidin-conjugated 

horseradish peroxidase for 30 minutes at 37°C. TMB/E Substrate was added to each 

well for 15–25 minutes at 37°C until the 1,000 pg/mL standard reached a deep blue 

colour. The reaction was stopped by addition of stop solution (H2SO4) to each well (the 

blue colour changing to yellow). The colour reaction was quantified immediately by 

spectrophotometry in a plate reader at 450 nm. The standard TNF-α curve was 

performed on each plate, ranging from 0 to 1,000 pg/mL. 

 

Assessment of oxidative stress parameters 

Structures were thawed and homogenised in 10 vol (w/v) ice-cold 50 mM potassium 

phosphate buffer (pH 7.4), containing 1 mM EDTA. The homogenate was centrifuged 

at 1000×g for 10 min at 4
o
 C and the supernatant was used for assays of oxidative stress. 
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Superoxide dismutase activity  

Superoxide dismutase (SOD) activity was determined using the RANSOD kit (Randox 

Labs, USA), which is based on the procedure described by Delmas-Beauvieux [55]. 

This method employs xanthine and xanthine oxidase to generate superoxide radicals 

that react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chloride (INT) 

to form a formazan dye that is assayed spectrophotometrically at 492 nm at 37
o
 C. The 

inhibition in chromogen production is proportional to the activity of SOD present in the 

sample; one unit of SOD causes 50% inhibition of the rate of INT reduction under the 

conditions of the assay.  

 

Glutathione peroxidase activity  

Glutathione peroxidase (GPx) activity was determined as described by Wendel [56], 

with some modifications. The reaction was carried out at 37
o
C in a solution containing 

20 mM potassium phosphate buffer (pH 7.7), 1.1 mM EDTA, 0.44 mM sodium azide, 

0.5 mM NADPH, 2 mM glutathione, and 0.4 U glutathione reductase. GPx activity was 

measured with tert-butylhydroperoxide as the substrate at 340 nm. The contribution of 

spontaneous NADPH oxidation was always subtracted from the overall reaction ratio. 

GPx activity was expressed as nmol of NADPH oxidized per minute per mg of protein. 

 

Evaluation of reactive species production by chemical oxidation of 

dichlorodihydrofluorescein (DCFH)  

Samples were incubated with 2’,7’-dichlorodihydrofluorescein diacetate (100 μM) at 

37°C for 30 minutes. The formation of the oxidized fluorescent derivative 
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dichlorofluorescein (DCF) was monitored by excitation and emission wavelengths of 

488 and 525 nm respectively, using a SpectraMax M5 plate reader. The formation of 

reactive oxygen/nitrogen species was quantified using a DCF standard curve and results 

were expressed as nmol of DCF formed per mg of protein [57]. 

 

Determination of total thiol 

This assay is based on the reduction of 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) by 

thiol groups, which becomes oxidized (disulfide), yielding a yellow compound (2-nitro-

5-thiobenzoic acid, TNB) whose absorption is measured spectrophotometrically at 412 

nm. The sulfhydryl content is inversely correlated to oxidative damage to proteins. 

Results were reported as nmol of TNB per mg of protein [58]. 

 

Preparation of hippocampal slices and susceptibility to H2O2-induced cell damage  

Rats were killed by decapitation on postnatal days 16 (P16), 30 (P30) and 60 (P60), and 

hippocampi were quickly dissected out and transverse sections (400 µm) prepared using 

a McIlwain tissue chopper. Slices of the hippocampus of each animal were divided in 

two sets (control condition and in vitro H2O2-induced injury), placed into separate 24-

well culture plates and pre-incubated for 30 min in a medium with the following 

composition: 120 mM NaCl, 2 mM KCl, 1 mM CaCl2, 1 mM MgSO4, 25 mM HEPES, 

1 mM KH2PO4, and 10 mM glucose, adjusted to pH 7.4. After pre-incubation, the 

medium in the control plate was replaced with another medium solution and incubated 

for 60 min at 37°C.  

In the H2O2-induced injury plate, the medium was changed and 1mM H2O2 was added 

for 60 min at 37°. The control and H2O2 experiments were run concomitantly, using 
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four slices of the same animal in each plate [59]. At the end of the recovery period, 

cellular viability (mitochondrial activity) and cellular damage (membrane lyses) were 

evaluated. 

 

Cellular damage  

Cellular damage was quantified by measuring lactate dehydrogenase (LDH) released 

into the culture medium (lacking serum) [60]. After the recovery period, LDH activity 

was determined using a commercially available kit (Doles Reagents, Goiania, Brazil). 

Each experiment was normalized by subtracting the background levels of LDH 

produced from the control wells. Samples were quantified using a standard curve; the 

optical density was measured at 490 nm. Results were expressed as percentage of 

control. 

 

Cellular viability 

Mitochondrial activity was evaluated by the colorimetric MTT [3(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide] (Sigma Chemicals) method. Hippocampal slices 

were incubated for 30 min at 37°C in the presence of MTT (5 mg/ml). Active 

mitochondrial dehydrogenases of living cells cause cleavage and reduction of the 

soluble yellow MTT dye to insoluble purple formazan, which was extracted in dimethyl 

sulfoxide (DMSO); the optical density was measured at 560 and 630 nm [61]. Results 

were expressed as percentage of control. 

 

Protein assay  
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Total protein concentration was determined using the Lowry method [62], with bovine 

serum albumin as the standard. 

 

Statistical analysis  

The results were expressed as the mean ± standard error of the mean (S.E.M.). The data 

analysis and interactions were evaluated using two-way ANOVA (morphine, age, 

morphine*age) followed by the Student–Newman–Keuls (SNK) method when 

indicated. The between group differences were considered significant at P<0.05. 

 

Results 

Hippocampal BDNF and TNF-α levels after morphine exposure in early life 

 The two way ANOVA showed no effect of age (P= 0.327). However, there is 

effect of morphine (P= 0.042), and interaction between age and morphine treatment (P= 

0.049) in BDNF levels (Fig 1 Panel A).  

In the TNF-α levels, the two way ANOVA showed effects of age (P= 0.036), of 

morphine treatment (P= 0.011), and no interaction between age and morphine treatment 

(P= 0.275) (Fig 1 Panel B). TNF-α levels were analyzed only at the ages where 

differences in BDNF were observed (i.e. P30 and P60).  

 

Antioxidant enzyme activities, total thiol levels, and reactive species production in the 

hippocampus after morphine exposure in early life 

 Table 1 shows oxidative stress parameters after morphine exposure in newborn 

rats, from P8 through P14, analyzed at the short (P16), medium (P30), and long term 

(P60). There is effect of morphine treatment (P= 0.01), however it was not observed 
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effect of age (P= 0.127) and no interaction between age and morphine treatment in the 

SOD activity (P= 0.144) (two way ANOVA for all).  

In the GPx activity, it was observed effect of age (P< 0.001), no effects of 

morphine treatment (P= 0.624) and no interactions between age and morphine treatment 

(P=0.164) (two way ANOVA for all).  

In the thiol levels was also observed effect of age (P= 0.041), no effects of 

morphine treatment (P= 0.178) and no interactions between age and morphine treatment 

(P=0.254) (two way ANOVA for all). 

 In the analysis of reactive species production (by DCF technique) were 

observed effect of age (P< 0.001), no effects of morphine treatment (P= 0.541) and no 

interactions between age and morphine treatment (P=0.715) (two way ANOVA for all). 

In the SOD/GPx ratio was observed effect of age (P= 0.031), effect of treatment 

(P= 0.033) and marginal interactions between age and morphine treatment (P= 0.06) 

(two way ANOVA for all).  

 

Susceptibility to oxidative damage in hippocampal slices after morphine exposure in 

early life 

 In order to analyse the effect of morphine treatment in early life on H2O2-

induced injury, we employed lactate dehydrogenase (LDH) released into the media as a 

marker of cell damage or lysis, and reduction of the soluble yellow MTT dye as a 

marker of living cells. 

 Table 2 shows cell damage (expressed by released LDH) and cellular viability 

(measured by the MTT assay) H2O2-induced injury cell at P16, P30 and P60. In the 

MTT assay, there are no interactions between age and morphine treatment and H2O2-
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induced cellular damage (P= 0.887), morphine and age (P= 0.880), morphine and H2O2-

induced cellular damage (P= 0.200), and morphine treatment (P= 0.526) (two way 

ANOVA for all). However, the adjustment for multiple comparisons (Bonferroni’s test) 

showed an effect of H2O2-induced cellular damage (P< 0.001), interaction between age 

and H2O2-induced cellular damage (P= 0.034), and effect of age showed significant 

difference between P16 and P60 (P=0.009).  

The following results were observed for LDH analysis: there are no interactions 

between age and morphine treatment and H2O2-induced cellular damage (P= 0.303), 

between age and H2O2-induced cellular damage (P= 0.502), and morphine treatment 

and H2O2-induced cellular damage (P= 0.664), and not effects of age (P= 0.433) and of 

morphine treatment (P= 0.611) (two way ANOVA for all). However, the adjustment for 

multiple comparisons (Bonferroni’s test) showed effect of H2O2-induced cellular 

damage (P< 0.001).   

 

Discussion 

 In this study, we showed that morphine treatment in newborn rats alters BDNF 

levels and oxidative stress markers in the hippocampus, finding, for the first time, that 

morphine treatment in early life modulates BDNF levels by age. Furthermore, neonatal 

morphine exposure negatively modulates superoxide dismutase activity. It bears 

stressing that this finding—and the parallel modulation in SOD/GPx activity ratio may 

lead to lower concentrations of H2O2, as this ratio has been used as a marker of peroxide 

overload challenge [63]. In addition, were observed effect of treatment and age in levels 

of the pro-inflammatory cytokine TNF-α. On the other hand, we observed that both the 
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control and morphine groups exhibited hippocampal oxidative damage after exposure to 

H2O2 in both ages analyzed under the conditions of this study.  

 A previous study demonstrated that BDNF is involved as a modulator of 

morphine withdrawal symptoms, increasing locomotor sensitization, for instance [37]. 

Consistently with these findings, we have shown that similar treatment with morphine 

induces some exploratory-like behaviour related to opioid withdrawal in the medium 

(P30) and long term (P60) (Rozisky et al., personal communication). There is evidence 

that chronic exposure to psychotropic drugs can lead to increased BDNF levels in 

mesolimbic system-related structures, such as the ventral tegmental area in rats [64]. 

Moreover, BDNF infusions in this structure dramatically enhance several behavioural 

effects of drugs, including psychomotor sensitization [64].  

  Our group recently showed that this morphine treatment promotes a 

hyperalgesic response in the medium and long term (at P30 and P60), which was 

reverted by administration of an NMDA receptor antagonist [18] and behavioural 

sensitization in the short and medium term (at P16 and P30) (Rozisky et al., personal 

communication). Thus, we can suggest that morphine treatment in early life could lead 

to increased BDNF levels in the hippocampus, associated with possible central 

sensitization in the medium and long term. Viewed as a whole, our findings suggest that 

BDNF could modulate withdrawal symptoms in the medium and long term after 

morphine exposure in early life, since this neurotrophin might operate as a modulator of 

synaptic transmission, and this could be a cellular correlate for information processing 

of withdrawal symptoms in the mammalian brain after exposure to opioids. The 

spontaneous withdrawal by cessation of morphine administration resulted in selective 

and specific neuronal and glial cell damage in the cerebral cortex, hippocampus, 
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brainstem, thalamus and hypothalamus [11-14]. Wan et al. [65] demonstrated that 

chronic morphine exposure leads to up-regulation of BDNF mRNA and protein in areas 

associated with rewarding, such as the hippocampus. Yu et al. [66] showed that BDNF 

could protect neurons, and suppress morphine dependence and withdrawal formation by 

increasing BDNF gene expression in the hippocampus, locus coeruleus, and prefrontal 

cortex. In addition to these studies, spontaneous morphine withdrawal resulted in 

selective and specific neuronal and glial cell damage in hippocampus and in other 

structures related to nociceptive transmission and behavioral sensitization [67, 68, 69]. 

 In this study, we also observed a decrease in superoxide dismutase activity and 

SOD/GPx ratio after morphine treatment in early life, and only effects of age in other 

oxidative stress parameters. SOD is considered an important antioxidant enzyme that 

protects from the damage caused by superoxide radicals [70]. Imbalances in SOD 

activity and a decrease of the SOD/GPx ratio could lead to increased superoxide anion 

(O2•
-
) and a decrease of H2O2, and, thus, inhibition of production of the hydroxyl radical 

(OH•), through a reaction with iron or copper (Fenton chemistry) [71], since this radical 

is the most powerful oxidant molecule. A previous study showed that morphine-induced 

superoxide production could occur as a result of activation of µ-opioid receptors, 

leading to activation of the phospholipase D pathway, an increase in intracellular Ca
2+

 

and generation of superoxide anion, which can elicit oxidative stress and apoptosis [72]. 

In addition, evidence suggests that SOD activity is decreased when cells or tissues 

undergo oxidative stress [73, 74]. Despite this effect on oxidative stress parameters, we 

observed no differences in cell damage or cell viability between the control and 

morphine groups when using hippocampal slices. However, when these slices were 

incubated with H2O2, increased LDH release and MTT reduction was observed in both 
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groups and at all three points in time (P16, P30 and P60) after morphine treatment. 

Nevertheless, further studies are required to ascertain whether morphine treatment in 

early life can promote neuronal death or plasticity in the medium and long term. 

Additionally, studies have shown that neuroinflammation and expression of pro-

inflammatory cytokines, such as TNF-α, are associated with development of morphine 

tolerance [75], pain transmission and the generation of inflammatory and neuropathic 

pain [76]. Although these pro-inflammatory cytokines have been shown to be involved 

in modulation of morphine withdrawal symptoms, we found effects of age and of 

morphine treatment in hippocampal TNF-α levels. Thus, we suggest that repeated low 

doses of morphine in early life lead to changes in inflammatory processes in the 

hippocampus, and it can be related to BDNF changes after morphine withdrawal. 

The limitation of the animal studies concerns the potential for their results to be 

translated. For instance, all experiments in this study were conducted in male rats, 

complicating the translation of the results to both genders in humans, particularly 

because the nociceptive process is altered by modulations in hormone state [38]. Our 

limitations also could be related to it was not evaluated the binding and expression of 

receptors, this will be the next step of study.     

In conclusion, our findings show that repeated morphine treatment in the 

neonatal period can lead to long-lasting neurochemical changes in the hippocampus of 

male rats, as demonstrated by increased BDNF levels in the medium and long term and 

inhibition of SOD activity and decreased SOD/GPx ratio in the long term. Thus, this 

study indicates the importance of knowledge of cellular and intracellular adaptations 

that occur in the hippocampus after opioid exposure in early life and the potential 

importance of these adaptations to withdrawal. In addition, this knowledge may prove 
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beneficial in limiting the side effects of morphine in clinical practice and in the 

development of strategies for treatment and prevention of opioid addiction after 

exposure in the neonatal period. 
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Legends: 

 

Table 1 

There is effect of morphine treatment (P= 0.01), no effect of age (P= 0.127) and no 

interaction between age and morphine treatment in the SOD activity (P= 0.144); effect 

of age (P< 0.001), no effects of morphine treatment (P= 0.624) and no interactions 

between age and morphine treatment in the GPx activity (P=0.164); in the thiol levels 

was also observed effect of age (P= 0.041), no effects of morphine treatment (P= 0.178) 

and no interactions between age and morphine treatment (P=0.254); there is effect of 

age (P< 0.001), no effects of treatment (P= 0.541) and no interactions between age and 

morphine treatment in the analysis of reactive species production (P=0.715). In the 

SOD/GPx ratio was observed effect of age (P= 0.031), effect of treatment (P= 0.033) 

and marginal interactions between age and morphine treatment (P= 0.06).  

The data analysis and interactions were evaluated using two-way ANOVA followed by 

Bonferroni’s method. The results are expressed as the mean ± S.E.M. 

Abbreviations: SOD, superoxide dismutase; GPx, glutathione peroxidase. 

 

Table 2 

In the MTT assay, there are no interactions between age and morphine treatment and 

H2O2-induced cellular damage (P= 0.887), between morphine and age (P= 0.880) and 

between morphine and H2O2-induced cellular damage (P= 0.200). However, there is 

effect of H2O2-induced cellular damage (P< 0.001), and interaction between age and 

H2O2-induced cellular damage (P= 0.034), and no effect of morphine treatment (P= 

0.526). There is significant difference between P16 and P60 (P=0.009).  
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In the LDH assay, there are no interactions between age and morphine treatment and 

H2O2-induced cellular damage (P= 0.303), between age and H2O2-induced cellular 

damage (P= 0.502), and morphine treatment and H2O2-induced cellular damage (P= 

0.664). However, there is effect of H2O2-induced cellular damage (P< 0.001), but there 

are not effects of age (P= 0.433) and morphine treatment (P= 0.611).   

The data analysis and interactions were evaluated using two-way ANOVA followed by 

Bonferroni’s method. The results are expressed as percentage of MTT reduced or LDH 

released obtained on control group, which is considered as 100%. 

Abbreviations: MTT, 3(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; 

LDH, lactate dehydrogenase. 

 

Fig. 1. Effect of morphine administration in early life on TNF-α and BDNF levels at 

postnatal days 16, 30 and 60.  

There is effect of morphine (P= 0.042), interaction between age and morphine treatment 

(P= 0.049), and no effect of age (P= 0.327) in BDNF levels (Panel A).  

In the TNF-α levels, there are effects of age (P= 0.036), of morphine treatment (P= 

0.011), and no interaction between age and morphine treatment (P= 0.275) (Panel B). 

TNF-α levels were analyzed only at the ages where differences in BDNF were observed 

(i.e. P30 and P60). 

The data analysis and interactions were evaluated using two-way ANOVA followed by 

Bonferroni’s method. Bars represent mean ± SEM. BDNF (Panel A) and TNF-α (Panel 

B) levels are expressed as pg.mL
-1

 of hippocampus tissue homogenates.   

Abbreviations: BDNF, brain-derived neurotrophic factor; TNF-α, tumour necrosis 

factor alpha.  
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Table 1  Effect of morphine administration in early life on antioxidant enzyme activity, 

total thiol levels, and reactive species production in the hippocampus at postnatal days 

16, 30 and 60. 

 

 

 

 

Table 2  Effect of morphine administration in early life on lactate dehydrogenase levels 

and cellular viability before and after oxidative damage (H2O2) in hippocampal slices at 

postnatal days 16, 30 and 60. 
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Fig 1 Panel A 
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 Fig 1 Panel B 
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Abstract 

Morphine treatment in early life is a practice widely used in pediatric intensive care 

units. However, the consequences of this treatment on behavioral responses throughout 

life have been poorly studied. Our objective was to evaluate whether 5 µg morphine 

administration, once daily for 7 days in 8-day-old rats (P8), alters behavior responses 

over short- (P16) and medium-term (P30) periods in the open-field (OF) and elevated-

plus maze (EPM) tests, and to verify the involvement of the D2 receptor in these 

behaviors. In the OF, an increase in grooming at P16 was seen, as well as increases in 

exploratory behaviors at P30 in the morphine group. In the EPM, the percentage of open 

arms behaviors, and non-protected head dipping was increased at P30. At the ages at 

which differences in behaviors were observed, the control and morphine groups 

received D2 antagonist receptor (haloperidol) 30 min before each test. All behaviors 

changes seen in the morphine group at P30 were totally reversed by haloperidol 

administration. Our findings demonstrate that morphine treatment in neonate period 

promotes behavioral changes in OF and EPM at P16 and P30. However, only alterations 

observed at P30 depend, at least in part, of dopaminergic system, particularly of the D2 

receptor. 

 

Keywords: morphine; open-field; elevated-plus-maze; exploratory-like behavior; D2 

receptor; neonate rat. 
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Introduction  

 

Opioids, such as morphine, remain the most common treatment for severe acute 

and chronic pain, and are often used for sedation in the intensive care setting (Howard, 

2003). Unfortunately, more than 48% of infants and children that receive therapeutic 

doses of intravenous opioids in the intensive care unit demonstrate symptoms of opiate 

withdrawal (French and Nocera, 1994; Franck et al., 1998). Our research group has 

been studied the tolerance and dependence effects of opioid treatment in neonate rats. 

We observed a somewhat unexpected behavioral outcome in neonate rats undergoing 

spontaneous opioid withdrawal. Specifically, 8-day-old rats that received morphine 

administration for 7 days promote an altered nociceptive response in the tail-flick test in 

adulthood (Rozisky et al., 2008), including changes in nociceptive response as 

evaluated by formalin test until the age of 60 days (Rozisky et al., 2011). In addition, 

infant rats treated with fentanyl plus S(+)-ketamine exhibited altered behavioral 

responses in the open-field and in the plus-maze tests (Medeiros et al., 2011). However, 

when administered separately, we found that each drug produces behavioral changes in 

both tests (Medeiros et al., 2012). These findings highlight the importance of continue 

the investigations on the effect of opioid administration in young rats into adulthood and 

the mechanisms that underling the behavioral changes. 

Development of behavioral symptoms after morphine exposure is presumed to 

depend on certain changes in the dopaminergic system (Kuribara, 1995). In a study 

recently published by Yang and colleagues (2011), there is a strong evidence of the 

involvement of D2 receptor in the opioid tolerance and physical dependence. This study 

demonstrated that haloperidol (D2 antagonist receptor) was able to attenuate opioid 

antinociceptive tolerance and physical dependence in adult animals (Yang et al., 2011). 
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Other researches also showed the interactions between the dopamine and opioid systems 

(Adamus et al., 1981; Cheido and Idova, 2007; Unterwald and Cuntapay, 2008), and 

they have employed typical antipsychotic drugs to block the dopamine activity.  

 Take into account the importance of study the short and long term-effects of 

opioid exposure in early life, our objective was to evaluate the effect of morphine 

administration during neonatal period in behavioral responses in open field and elevated 

plus maze tests, as well as to investigate whether D2 antagonist receptor reverses the 

behavioral changes. 

 

Methods 

 

Animals and housing conditions 

Eight-day-old male Wistar rats were utilized in this study. The animals were 

housed in home cages made of Polypropylene material (49 x34x16cm) with the floor 

covered with sawdust. And, they were maintained in a standard 12:12 light-dark cycle 

(lights on at 07:00 a.m. and lights off at 07:00 p.m.) in a controlled environment 

(22±2°C). Animals had ad libitum access to water and chow. At birth, the litters were 

standardized in according Silveira et al. (2010, 2011) with minor modifications, 

containing 8 male pups per dam. Studies that assesses the development of 

offspring during lactation, is the current procedure of adjustment litter in the 

first days of birth in order to homogenization nutritional conditions for all puppies 

(Tanaka, 2004). At 21 days of age, the animals were separated from their mothers. Rats 

at P8 were chosen because it is accepted that animals of this age have a similar 

neurological development to that of a human newborn (Fitzgerald and Anand, 1993). 
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These animals are in a physiologically immature state (Pattinson and Fitzgerald, 2004) 

since this period is characterized by major developmental changes in the brain and 

plasticity of the developing pain system (Bishop, 1982; Kim et al., 1996; Rabinowicz et 

al., 1996).   

 

Pharmacological treatment: 

Each animal received saline (control group) or morphine (5 μg s.c. in the mid-

scapular area; morphine group) starting at P8, then once daily for 7 days. This dose was 

chosen based on previous studies by Rozisky et al. (2008, 2010, 2011, 2012). All 

treatments were administered at the same time each day (1100 h). One milliliter of 

morphine sulphate (Dimorf
®

 10 mg/ml, obtained from the Hospital de Clínicas de Porto 

Alegre, Brazil) was diluted in 9 ml of 0.9% NaCl (saline). The open-field and elevated-

plus-maze tests were performed in 16- and 30-day-old rats. The number of animals used 

per group was 14 to 16 for the open-field test, and 8 to 9 for the elevated-plus-maze test 

(first experiment).  

At the ages where we observed significant differences in behavior responses in 

both tests, the control and morphine groups were subdivided into three groups, each one 

designed to evaluate the effect of i.p. administration of a dopamine D2 antagonist  

receptor (Haloperidol
®
, obtained from the Hospital de Clínicas de Porto Alegre, Brazil) 

(Yang et al., 2011), applied 30 min before each test: (1) 0.2 mg/kg of haloperidol; (2) 

0.5 mg/kg of haloperidol (control-haloperidol, morphine-haloperidol); (3) Vehicle for 

haloperidol: 0.5 mg/kg of saline (control-vehicle, morphine-vehicle). The number of 

animals used per group was 5 to 8 (second experiment). 
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Open-Field Test 

Behavioral assessments were performed in a varnished wood cage, measuring 

60cm×40cm×50 cm, with the inside lined with glass. The floor was covered with 

linoleum and divided with dark lines into 12 squares of 13 cm × 13 cm. Each animal 

was gently placed in the back left corner, and allowed to explore the surroundings for 5 

min (Bianchin et al., 1993; Carlini et al., 2002). The number of line crossings performed 

by each animal was taken as a measure of locomotor activity (Roesler et al., 1999), 

while the latency to leave the first quadrant was taken as a measure of anxiety (Britton 

and Britton, 1981; Lister, 1990). Rearing was defined as the moment the rat rose up on 

its hind legs, ending when one or both front paws touched the floor again (Wells et al., 

2009); this was evaluated as exploratory activity (Silveira et al., 2005). Grooming was 

defined as licking/washing of the head and body and therefore was regarded as a 

biological function of caring for the body surface (Spruijt et al., 1992). The start of a 

trial occurred immediately after the rat was placed in the environment for scoring 

purposes. In this test, the animal was recorded as entering a new area when all four 

paws crossed the boundary into a different marked-out area. Four measurements were 

taken during the 5-min test sessions: (1) Number of line crossings (i.e. horizontal 

activity) in the OF; (2) latency to leave the first quadrant; (3) grooming (time in 

seconds); and (4) number of rearing behaviors (i.e. vertical activity). The box was 

cleaned in between each trial. The test was performed once for each rat. 

 

Elevated-plus-maze test  

The elevated-plus-maze is a rodent model of anxiety that is used as a screening 

test for putative anxiolytic compounds and as a general research tool in neurobiological 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=6117083&ordinalpos=23&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=6117083&ordinalpos=23&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
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anxiety research. The model is based on the rodents' aversion of open spaces. This 

aversion leads to a behavior termed, thigmotaxis, which involves the avoidance of open 

areas by confining movements to enclosed spaces or to the edges of a bound space 

(Rodgers, 1997; Carobrez and Bertoglio, 2005). 

The maze was constructed from black PVC synthetic material and elevated to a 

height of 50 cm above floor level. The apparatus comprised two open arms and two 

closed arms (50 cm × 40 cm × 10 cm), which extended from a common central platform 

(10 cm × 10 cm). The animal was placed in the central area of the EPM, facing one of 

the open arms, and the following behavioral measurements were recorded during the 5-

min test sessions: number of protected head-dipping movements (PHD) and of non-

protected head-dipping movements (NPHD); the percentage of number of entries into 

open arms and of total time spent in the open arms. Protected head dips involved 

dipping the head over the sides of the maze from within the central platform or a closed 

arm, whereas unprotected head dips were considered to occur when the animal dipped 

its head over the sides of the maze while in an open arm. In the EPM, entering a new 

area was recorded when all four paws crossed into a new arm or into the central area. 

The percentages of open arm entries and of open arm time (Buckman et al., 2009) were 

calculated, as the standard anxiety indices, as follows: (a) %OAT (the ratio of time 

spent in the open arms to the total time spent in any arm×100); (b) %OAE (the ratio of 

entries in open arms compared to total entries×100). After each test, the apparatus was 

cleaned to remove any animal scent. Both behavioral tests were performed between 

09:00 and 16:00h, and the animals were evaluated only once in each test environment.  

 

Statistical analysis 
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 Data was expressed as mean + standard error of the mean (SEM). In the first 

experiment, Student’s t test was used, and in the second experiments one-way ANOVA 

was used followed by Student-Newman-Keuls multiple comparisons test (SNK) when 

indicated. Differences were considered statistically significant if P<0.05.   

 

Results 

  The data are presented in two different sections according to the experimental 

design:  

First experiment: the animals exposed to morphine treatment from P8 to P14 were 

evaluated in the open-field and elevated-plus-maze tests at P16 and P30.  

Second experiment: at the ages at which significant differences in behavioral responses 

were observed in first experiment the both control and morphine groups were 

subdivided into three groups, which received vehicle (saline) or  haloperidol in different 

doses (0.2 or 0.5 mg/kg) 30 min before each test.  

  

First Experiment: Effects of morphine treatment in early life on behavior in the open-

field and elevated-plus-maze tests at P16 and P30 

 At P16, 2 days after the end of repeated morphine treatment, the morphine group 

showed only increase grooming time (Student’s t test, P=0.001), and did not present any 

differences in other behaviors in the open-field (Student’s t test, P>0.05 for all 

behaviors, Table 1). In the elevated-plus-maze test morphine and control groups did not 

show differences in all behaviors analyzed (Student’s t test, P>0.05, Table 2).  

 In contrast, at P30 the morphine group showed the following behaviors 

compared to control group in open-field test: an increased number of crossings and 
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rearing, and a decreased grooming time (Student’s t test, P<0.05 for all behaviors, Table 

1). No differences was observed for time of latency (Student’s t test, P>0.05, Table 1). 

In the elevated-plus-maze test the following behaviors were analyzed in morphine 

group: an increased NPHD, %OAT and %OAE compared to values recorded for the 

control group (Student’s t test, P<0.05 for both behaviors, Table 2). No differences in 

PHD was observed between groups (Student’s t test, P>0.05, Table 2). 

 

------------------------------------ Insert Tables 1 and 2 about here ------------------------------ 

 

Second experiment:  

Effects of haloperidol administration on behavior in the open-field test at P16 and P30 

after morphine treatment in early life 

After daily morphine exposure, from P8 to P14, we investigated whether an 

injection of 0.2 or 0.5 mg/kg of haloperidol at 30 min before the open-field test could 

reverse the increased exploratory and locomotor activities at P16 and P30 in the 

morphine group, compared to those of the control group. Our results demonstrated that 

at P16, after haloperidol administration, morphine group showed increased grooming 

time compared to control-vehicle and control-haloperidol, but similar to that morphine-

vehicle group, i.e., haloperidol in both doses failed to reverse the increase of this 

behavior at this age (one-way ANOVA/SNK, P<0.05; Table 3). Haloperidol 

administration increased the latency time and decrease the rearing and crossing 

behaviors in both groups (control-haloperidol and morphine-haloperidol) compared to 

groups that received vehicle (control-vehicle and morphine-vehicle) (one-way 

ANOVA/SNK, P<0.001 for both behaviors; Table 3).  
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At P30, morphine-vehicle group exhibited increased rearing and crossings 

behaviors (one-way ANOVA/SNK, P<0.005 for both behaviors; Table 3) and decreased 

grooming time compared to all groups (one-way ANOVA/SNK, P<0.05; Table 3). 

However, haloperidol in both doses (0.2 and 0.5 mg/kg) was able to reverse the all 

behavior changes (increased rearing and crossing, and decreased grooming) observed in 

morphine-vehicle group (one-way ANOVA/SNK, P<0.05; Table 3).  

--------------------------------------------- Insert table 3 about here------------------------------- 

 

Effects of haloperidol administration on behavior in the elevated-plus-maze test at P30 

after morphine treatment in early life 

As there were no significant differences in P16 in all the behaviors analyzed in the 

elevated-plus-maze we did not perform the administration of haloperidol in the control 

and morphine groups before this test. 

However, we investigated the effects of 0.2 or 0.5 mg/kg of haloperidol 

administration at 30 min before the elevated-plus-maze test at P30. It was observed that 

the morphine-vehicle group exhibited increased NPHD, %OAE and %OAT when 

compared to all groups (one-way ANOVA/SNK, P<0.01; Table 4). However, 

haloperidol in both doses was able to reverse these behavioral alterations observed in 

morphine-vehicle group, i.e., the morphine-haloperidol exhibited the similar NPHD, 

%OAE and %OAT behaviors to control-haloperidol and control-vehicle. In addition, 

both groups that received 0.5 mg/kg of haloperidol (control-haloperidol and morphine 

haloperidol) showed decreased PHD compared to groups that received vehicle (control-

vehicle and morphine-vehicle) (one-way ANOVA/SNK, P<0.01; Table 4). Morphine 

groups that received both doses of haloperidol showed totally decreased of PHD 
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compared to other groups. However, control group-haloperidol groups showed partially 

decreased of PHD, since that they are similar to morphine-haloperidol groups and 

control-vehicle and morphine-vehicle (one-way ANOVA/SNK, P<0.01; Table 4) 

------------------------------------------------- Insert table 4 about here--------------------------- 

 

Discussion 

This study showed that the animals treated with low doses of morphine during 

neonatal period, from P8 until P14, showed some exploratory-like behaviors after at 

least two weeks following the end of treatment (P30). At P16, the morphine group 

showed an increased grooming time in the open-field test, which was not reversed by 

haloperidol, and no differences were observed in the behaviors examined in the 

elevated-plus-maze. At P30 the animals showed increased exploratory behaviors in the 

open-field (crossing and rearing) and in the elevated-plus-maze (NPHD, %OAT and 

%OAE), which all were reversed by haloperidol.  

Several studies have identified some expected behaviors after morphine 

withdrawal, such as increased locomotor activity and anxiolytic-like behaviors (Cadoni 

and Di Chiara, 1999; Buckman et al., 2009; Rezayof et al., 2009; Le Marec et al., 2010). 

Our results corroborate those previous studies, since we showed that young animals 

present some exploratory and anxiolytic-like behaviors at two days after morphine 

withdrawal and at 30 days of age. Although we observed different behaviors, such as 

increased grooming at P16 and increased rearing, crossing, % of time spent in the open 

arm, % of number of entries in the open arm and NPHD at P30, it is probable that the 

treated animals develop age-dependent behavioral responses. It is well known that 16-

day-old animals have immature nervous systems and that they are not capable of 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=
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showing exploratory behaviors (Arakawa, 2005), such as rearing and crossing. A 

previous study showed that an increase in the active exploratory pattern is inhibited by 

the establishment of social relationships among adult rats, while a decrease in activity is 

a primarily effect of subordination (Arakawa, 2005). Moreover, social interactions have 

been shown to be rewarding for male juvenile rats (Douglas et al., 2004), which is likely 

to facilitate the neural maturation of mesolimbic dopamine systems during puberty 

(Andersen et al., 1997; Vanderschuren et al., 1997). This neural maturation of dopamine 

systems may contribute to the age-specific behavior in prepubertal male rats, which 

show marked propensities for risk-taking, novelty seeking, and active exploration 

(Bardo et al., 1996; Spear, 2000, Palanza et al., 2001). Indeed, basal dopamine synthesis 

in the nucleus accumbens is lower in juvenile rats than in adults (Andersen et al., 1997). 

These studies may indicate why the animals at P16 showed no exploratory behavior 

in open-field and plus-maze tests. On the other hand, the animals treated with morphine 

showed an increased grooming that was not reversed by haloperidol. The use of a 

grooming paradigm has been considered quite useful in the investigation of neural 

abnormalities resulting from pharmacological manipulations in animals (Aude et al., 

2006). Modulation of spontaneous grooming has been shown to involve the 

dopaminergic system, but not at the dopamine D2 receptor. Systemic administration of 

D1 agonists enhances grooming in rats (Berridge and Aldridge, 2000; Eilam et al., 

1992; Van Wimersma Greidanus et al., 1989; Wachtel et al., 1992), whereas systemic 

administration of D1 antagonists suppresses this behavior (van Wimersma Greidanus et 

al., 1989). Thus, these considerations may explain why the increase in grooming is not 

reverted by haloperidol. In contrast, haloperidol in both doses (0.2 and 0.5 mg/kg) 

increased the time of latency to leave the first quadrant, and consequently decreased the 
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exploratory behaviors in the open-field test in both groups (control and morphine). It is 

probable that haloperidol can act on other dopaminergic receptors rather than D2 

receptor in this age.  

At P30, the morphine group showed characteristic exploratory behaviors, as 

evidenced by the increase in the number of rearings and crossings in open-field test, 

which were reversed by haloperidol administration. Interestingly, in association with 

increased of exploratory behavior, the grooming time was decreased in the morphine 

group, and this was also reversed by both doses of haloperidol. These behavioral 

changes occurred synchronously, as the increased exploratory behavior consequently 

would have decreased the time of grooming, during which the animal remains in the 

same position but with movements of self-cleaning. As previously described, grooming 

have been more related to activation of D1 receptor that D2 (Arakawa, 2005). With this 

we believe that when D2 receptor was blocked by haloperidol, the neurotransmitter 

dopamine can be able to bind more in D1 receptor, reversing the effect observed at P30, 

and finding in increase of grooming behavior. In addition, the elevated-plus-maze test 

demonstrated that the morphine group exhibited an increase in anxiolytic-like 

behaviors, which were reversed by haloperidol. Considering that these effects were 

specific for animal treated with morphine, we believe that the behavioral alterations 

reversed by haloperidol have a relationship with modulation induced by morphine 

treatment in dopaminergic system, at least in part, at P30 in the D2 receptor. In addition, 

we suggest that both exploratory and anxiolytic-like behaviors analyzed in open-field 

and plus-maze tests are different for each age analyzed.  

It well established that the dopaminergic pathway has a crucial role in the 

locomotor and anxiolytic-like effects induced by morphine. Morphine is known to 
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stimulate dopaminergic transmission, particularly in two areas, the dorsolateral caudate-

putamen and nucleus accumbens (Cadoni and Di Chiara, 1999). This effect is regarded 

as the substrate for their motor stimulant effects (Babbini and Davis, 1972; Di Chiara 

and Imperato, 1988; Koob, 1992; Wise and Bozarth, 1987; Vanderschuren and Kalivas, 

2000). Katz (1980) also showed that low doses of opioid, such as morphine, produced 

two age related effects: behavioral activation which increased with age, and catalepsy 

which decreased with age. It might be speculated that the maturational differences in 

behavior reflect perhaps a concomitant change in the availability of some mediating 

transmitter, or perhaps altered receptor number or sensitivity (Katz, 1980). Whatever the 

cause of these effects, however, they suggest that opiate systems or systems associated 

with the latter, show maturational changes which last up to the adulthood of the rat 

(Katz, 1980).   

Although the neural control of motor behavior has been studied in detail in the 

adult rat, the ontogeny of dopamine system that mediated the motor activity has been 

examined much less thoroughly. The dopaminergic system is functional in modulating 

behavior activity as early as the prenatal period (Moody et al. 1993). Some studies have 

related that systemic administration of a dopamine agonist produces quantitatively 

greater behavioral effects in adulthood than during the pre weanling or adolescent 

periods (for reviews, see Spear and Brake, 1983; Carlezon et al., 2003). It might due the 

development of this neurochemical system, which rapidly develops during the infantile 

period, particularly during the second postnatal week of life. The density of D2 

receptors in nucleus accumbens is significantly higher in 14-day-old rats than in 7-day-

olds rats (Tarazi and Baldessarini, 2000). By the second postnatal week of life there is 

evidence that the dopaminergic system participates in locomotor activity and stereotypic 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=
http://www.ncbi.nlm.nih.gov.ez45.periodicos.capes.gov.br/pubmed/8097042
http://www.ncbi.nlm.nih.gov.ez45.periodicos.capes.gov.br/pubmed/10708903
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behavior (McDougall et al., 1990) and modulates locomotor and motivational effects 

induced by psychostimulants (McDougall et al., 1992, 1994; Pruitt et al., 1995). On the 

other hand, the pattern of µ-opioid receptor expression also changes after birth in 

several central nervous systems structures, such as spinal cord (Marsh et al., 1997; 

Rahmann et al., 1998), mesencephalon, thalamus and midbrain (Kornblum et al., 1987). 

Besides the studies of µ-opioid receptors ontogeny, early activation of opioid receptors 

by exogenously administered agonists may induce long-term changes in receptor 

number and distribution (Tsang and Ng, 1980), and it can lead to concomitant 

behavioral changes after birth (Zagon and McLaughlin, 1978). These data, together with 

those of our study, suggest that the changes in the dopamine and opioid receptors after 

birth might be critical for the long-term effects of morphine. It is likely that the 

exploratory and anxiolytic-like behaviors induced by morphine treatment in neonatal 

period may be related to the alterations in dopamine release and / or in number or 

sensitization of dopamine receptors in the central nervous system areas that regulates 

these behaviors.  

Some other factors have been shown to influence locomotor activity after 

morphine exposure, such as type of treatment and regimen - chronic or intermittent, and 

the time at which the behaviors were observed (Vanderschuren et al., 1997; 

Vanderschuren and Kalivas, 2000; Le Maerc et al., 2010). In contrast to most of studies, 

which usually measure exploratory behaviors at one or two time points after morphine 

treatment, we followed the behavior of animals from two days after the end of treatment 

(P16), 2 weeks (P30) and 6 weeks (P60). However, during this last stage, we did not 

observe differences between the morphine and control groups (data not shown). Thus, 
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our results demonstrate that a low dose and intermittent regimen of morphine in early 

life can alter the exploratory and anxiolytic-like behaviors. 

In conclusion, these studies showed that early exposure to morphine results in 

the subsequent development of altered behavioral responses that depend, at least in part, 

of the dopamine D2 receptor. These data also suggest that these behavioral responses 

could change in an age-dependent manner, and thus the mechanisms involved in the 

behavioral changes after opioid withdrawal in the younger differ from those in adult 

animals. In addition, these findings indicate the importance of evaluating the clinical 

consequences of long-term opioid administration and highlight the need for novel 

studies involving the design of agents that may counteract opiate-induced behavioral 

adaptations. 
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Legends 

 

Table 1.  

At P16 morphine group showed a significant difference in grooming time compared to 

control group (Student’s t test, P<0.05) and no differences were observed between 

groups for latency time, number of rearing and crossing (Student’s t test, P> 0.05). At 

P30 morphine group showed increase in number of rearing and crossing, and a decrease 

of grooming time compared to control group (Student’s t test, P<0.05). No difference 

were observed in latency time (Student’s t test, P> (Student’s t test, P> 0.05). 

The data were expressed by mean + SEM.  

#
 significantly different from control group. 

 

Table 2.  

No differences were observed at P16 in between groups in all behaviors analyzed 

(Student’s t test, P>0.05). However, at P30 morphine group showed an increase in % of 

open arm time (%OAT) and in open arm entries (%OAE), and in Non-protected head 

dipping (Student’s t test, P< 0.05).  

The data were expressed by mean + SEM, with a significant difference if P<0.05.  

#
 significantly different from control group. 

 

Table 3:  

At P16 both groups that received 0.2 or 0.5 mg/kg of haloperidol (control-haloperidol 

and morphine-haloperidol) showed decreased rearing and crossings, and increased 

latency compared to groups that received vehicle (control-vehicle and morphine-
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vehicle) (one way ANOVA, P<0.01). On the other hand, morphine-vehicle and 

morphine-haloperidol (0.2 and 0.5 mg/kg) groups showed increased of grooming time 

compared to other groups (one way ANOVA, P<0.01). 

At P30 morphine-vehicle group showed increase in rearing and crossing behaviors, and 

decreased grooming time compared to all groups, since that both doses of haloperidol 

administration reverses this effect (morphine-haloperidol is statistically similar to 

control-vehicle and control-haloperidol groups (one way ANOVA, P<0.01). No 

differences between groups were observed for latency to leave the first quadrant (one 

way ANOVA, P>0.05). 

The data were expressed by mean + SEM.  

*
 significantly different from the control-vehicle group. 

 

Table 4:  

Morphine-vehicle group showed increased % of open arm time, % of open arm entries 

and number of NPHD compared to other groups (one way ANOVA/SNK, P<0.01), 

since that haloperidol in both doses reverses these behavioral parameters. In addition, 

morphine groups that received haloperidol in both doses (0.2 and 0.5 mg/kg) showed 

totally decreased PHD compared to control-vehicle group, and control-haloperidol 

group showed partially decreased of this parameter compared to control-vehicle, since 

that both groups that received haloperidol in both doses are statistically similar, but only 

morphine-haloperidol groups are different to morphine-vehicle and control-vehicle 

groups (one way ANOVA/SNK, P< 0.01).  

#
 significantly different from the control-vehicle and morphine-vehicle groups. 

*
 significantly different from control-vehicle group. 
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Table 1.  Effects of repeated morphine administration in early life on behavioral 

responses in the open-field test at P16 and P30. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.  Effects of repeated morphine administration in early life on behavioral 

responses in the elevated plus-maze test at P16 and P30. 
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Table 3.  Effects of haloperidol administration on behaviors in the open fiel test at P16 

and P30 after repeated morphine administration 

 

 

 

 

 

 

 

Table 4.  Effects of haloperidol administration on behaviors in the elevated plus-maze 

test at P30 after repeated morphine administration 

 

 

 

 

 

 

 

 



211 

 

ARTIGO 6 

 

 

 

 

Morphine treatment alters nucleotidase activities in rat blood serum 

 

 

Journal of Experimental Pharmacology 2012; 4:187-193 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



212 

 

MORPHINE TREATMENT ALTERS NUCLEOTIDASE ACTIVITIES IN RAT 

BLOOD SERUM   

JOANNA RIPOLL ROZISKY
1,2,4,#

, YASMINE NONOSE
1,4,#

, GABRIELA LASTE
1,2,4

, 

VINICIUS SOUZA DOS SANTOS
1,4

, ISABEL CRISTINA DE MACEDO
1,2,4

, ANA 

MARIA OLIVEIRA BATTASTINI
2,3

, WOLNEI CAUMO
2,4

, IRACI L. S. 

TORRES
1,2,4,* 

1 
Laboratório de Farmacologia da Dor e Neuromodulação: Modelos Animais – 

Departamento de Farmacologia – Instituto de Ciências Básicas da Saúde - Universidade 

Federal do Rio Grande do Sul, CEP 90050-170 - Porto Alegre – Rio Grande do Sul – 

Brazil 
 

2 
Programa de Pós-Graduação em Medicina – Ciências Médicas - Universidade Federal 

do Rio Grande do Sul – CEP 90035-003 – Porto Alegre – Rio Grande do Sul – Brazil 

3 
Departamento de

 
Bioquímica – Instituto de Ciências Básicas da Saúde – Universidade 

Federal do Rio Grande do Sul, Prédio Anexo CEP 90035-003 – Porto Alegre – Rio 

Grande do Sul –  Brazil. 

4 
Unidade de Experimentação Animal e Grupo de Pesquisa e Pós-Graduação – Hospital 

de Clínicas de Porto Alegre – CEP 90035-003 – Porto Alegre – Rio Grande do Sul – 

Brazil.
 

# 
Both authors contributed equally to this work.

 

*
CORRESPONDING AUTHOR: 

Iraci Lucena da Silva Torres 

Departamento de Farmacologia - ICBS, UFRGS. 

Rua Sarmento Leite, 500 sala 202. 

90050-170 - Porto Alegre, RS, Brazil.  



213 

 

Phone: 0055-51 3308 3183; FAX: 0055-51 3308 3121.  

E-mail: iracitorres@gmail.com 

Keywords: NTPDase; 5’-nucleotidase; morphine; neonate; rat blood serum. 

Running header: Neonatal morphine treatment and NTPDase activity 



214 

 

Abstract 

Morphine has been widely used in neonatal pain management. However, this treatment 

may produce adaptive changes in several physiologic systems. Our laboratory has 

demonstrated that morphine treatment in neonate rats alters nucleoside triphosphate 

diphosphohydrolase (NTPDase) activity and gene expression in central nervous system 

structures. Considering the relationship between the opioid and purinergic systems, our 

aim was to verify whether treatment with morphine from postnatal days 8 (P8) through 

14 (P14) at a dose of 5 µg per day alters NTPDase and 5´-nucleotidase activities in rat 

serum over the short, medium and long term. We also investigated the ontogenic profile 

of these soluble nucleotidases. Morphine group showed increased hydrolysis of all 

nucleotides at P30, and a decrease in ADP (adenosine 5’-diphosphate) hydrolysis at 

P60. Moreover, we found that nucleotidase activities change with age: ADPase activity 

was lower at P16, and AMPase activity was higher at P60. These changes are very 

important, because these enzymes are the main regulators of blood nucleotide levels 

and, consequently, nucleotide signaling. Our findings showed that morphine treatment 

alters nucleotide hydrolysis in rat blood serum, which suggests that purine homeostasis 

can be influenced by opioid treatment in the neonatal period.  
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1. INTRODUCTION 

Opioids, such as morphine, are widely used in neonatal pain management because of 

reported benefits to neonatal behavior and positive outcomes from opioid-based 

analgesia and anesthesia.
1-3

 However, this practice may produce adaptive changes in the 

opioid system and associated signaling systems, leading to neuronal plasticity in brain 

regions and in other tissues and cells expressing opioid receptors, such as in the vascular 

and cardiac systems.
4-6 

Adenosine 5′-triphosphate (ATP) and its breakdown products, adenosine 5′-diphosphate 

(ADP), adenosine 5′-monophosphate (AMP), and adenosine, produce marked effects 

upon a range of biological processes, including neurotransmission and 

neuromodulation, and play an important role in cardiovascular system regulation.
7-9

 

ATP and ADP are released into the bloodstream from vascular smooth muscle, 

endothelium, and circulating blood cells, and via outflow upon cell lysis. When 

released, they promote a range of effects on platelets, endothelial tissue, and vascular 

smooth muscle.
10

 Inactivation of extracellular adenine nucleotides is performed by the 

enzymes of the nucleoside triphosphate diphosphohydrolase family (NTPDases), 

nucleotide phosphate/phosphodiesterase family (NPP), alkaline phosphatases, and 5′-

nucleotidase. The NTPDases hydrolyze ATP and ADP, while 5′-nucleotidase 

hydrolyzes AMP to adenosine.
11

 These enzymes are ubiquitously coexpressed in 

endothelial and hematopoietic cells and are the main regulators of purinergic signaling 

in the blood.
12

 Previous studies have demonstrated the presence of soluble NTPDases in 

rat blood serum as well as in human blood.
13,14

 Our group has also demonstrated the 

presence of NTPDase and 5'-nucleotidase in rat blood serum.
15-21

 Furthermore, the 
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presence of NTPDases associated with circulating plasma microparticles has been 

noted.
22

 These circulating soluble nucleotidases play a role in controlling the 

availability of ATP, ADP, AMP and adenosine, keeping extracellular levels within 

physiological limits and forming an enzymatic pathway with the dual function of 

removing one signal in the form of ATP and generating another in the form of 

adenosine.
23

 Thus, soluble NTPDase and 5'-nucleotidase are expressed in mammals, 

with the important role of maintaining homeostasis. 

Our laboratory has investigated the effects of morphine treatment in early life upon E-

NTPDase activities in central nervous system structures. We demonstrated that 

morphine administration in early life alters E-NTPDase activity and gene expression in 

the rat spinal cord and cerebral cortex.
24

 These relationships between the opioid and 

purinergic systems have been also studied by other researchers, who have shown that 

morphine administration promotes adenosine release in the central nervous system.
25

 

Likewise, cross-tolerance and cross-withdrawal studies have led to the proposal that a 

μ-opioid, α2-adrenergic, A1-adenosine receptor complex mediates antinociception in 

the periphery.
26

 Moreover, morphine has also been shown to stimulate cardiovascular 

release of adenosine, a well-documented cardioprotective agent, in hypotension.
27

  

Considering this close relationship between the opioid and purinergic systems, the 

present study investigated the activities of NTPDases and 5'-nucleotidase in rat blood 

serum after repeated morphine exposure in early life. We also investigated the 

ontogenic profile of these soluble nucleotidases. 

 

2. MATERIALS AND METHODS 
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2.1. Animals  

Eight-day-old male Wistar rats were divided into two groups: saline-control (C) and 

morphine-treated (M). Naive animals were housed in Plexiglas home cages (65 cm x 25 

cm x 15 cm) with sawdust-covered floors. Animals were kept on a standard 12-hour 

dark/light cycle (lights on between 0700 h and 1900 h), at room temperature (22 + 2°C), 

with free access to food and water. At birth, litters were standardized to contain up to 8 

pups per dam, and the pups remained with their mothers until 21 days of age. Rats at 

postnatal day 8 (P8) were chosen because it is accepted that animals of this age are at a 

similar stage of neurological development to that of a human newborn.
28

 It is also 

accepted that they are in a physiologically immature state.
29

 since this period is 

characterized by major developmental changes in the brain and plasticity of the 

developing pain system.
30-32

 Animal handling and all experiments were performed in 

accordance with international guidelines for animal welfare. The protocol of this 

experimental study was approved by the Ethics Committee of Hospital de Clínicas de 

Porto Alegre, the institution where the work was conducted. 

 

2.2. Reagents 

Nucleotides (ATP, ADP, and AMP), Trizma® base, and Coomassie Brilliant Blue G 

were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Morphine sulfate 

(Dimorf® 10 mg/ml) was provided by Hospital de Clínicas de Porto Alegre, Porto 

Alegre, RS, Brazil. All other reagents were analytical grade. 

 

2.3. Morphine treatment 
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Each animal received saline (control group) or morphine (5 μg s.c. in the mid-scapular 

area; morphine group) starting at postnatal day 8 (P8), then once a day for 7 days, such 

that at start of treatment (P8) the morphine’s dose was 0.33mg/kg since the animals 

weighed in average about 15 g, and at the end of treatment (P14) the dose administered 

was 0.23 mg/kg since animals weighed in average about 22 g. This dose was chosen on 

the basis of the first study conducted by our group in this line of research, because it 

was the lowest dose able to induce analgesia in neonate rats.
33

 Moreover, our group has 

demonstrated that this dose, when administered for 7 days in the postnatal period, 

induces changes in NTPDase 1 activity and its mRNA expression pattern in the rat 

spinal cord and cerebral cortex two days after the end of treatment, which constitutes a 

short-term effect.
24

 In other studies, we found that this treatment regimen induces 

hyperalgesic behavior in the medium and long term.
34

 All treatments were administered 

at the same time each day (1100 h). One milliliter of morphine sulfate was diluted in 9 

ml of 0.9% NaCl (saline solution). At the end of each stage of the experiment, rats were 

decapitated for collection of blood samples. Enzyme assays were performed at postnatal 

day 16 (P16) (n=4-5 per group), postnatal day 30 (P30) (n=5-7 per group), and postnatal 

day 60 (P60) (n=4-5 per group).  

 

2.4. Isolation of blood serum fraction 

Blood samples were drawn after decapitation, as described previously, and were soon 

centrifuged in plastic tubes at 5000g for 5 minutes at room temperature, without any 

additives or anticoagulant.
14

 After centrifugation, the supernatant (serum) was separated 

and kept frozen at −20 °C until the assays were performed. 
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2.5. Enzyme assay (determination of NTPDase and 5’-nucleotidase activity) 

ATP and ADP hydrolysis were determined using a modification of the method 

described by Oses and colleagues.
13

 The reaction mixture, containing 0.5 to 1.0 mg 

serum protein in 112.5 mM Tris–HCl, pH 8.0, was preincubated for 10 min to 

equilibrate the mixture. The reaction was started by the addition of ATP or ADP (final 

concentration of 3.0 mM) and the mixture was incubated at 37 °C, in a final volume of 

200 μL, for 40 min. The reaction was stopped by the addition of 200 µL 10% 

trichloroacetic acid (TCA). All samples were centrifuged at 5000g for 5 min to 

eliminate precipitated protein and the supernatant was used for colorimetric assay. The 

inorganic phosphate (Pi) released was measured by the Malachite green method.
35

 AMP 

hydrolysis was quantified essentially as described above for ATP and ADP hydrolysis. 

The reaction mixture, containing 3.0 mM AMP as substrate in 100 mM Tris–HCl, pH 

7.5, was incubated with 0.5 to 1.0 mg serum protein at 37 °C in a final volume of 200 

μL. All other procedures were the same as described above for ATP and ADP 

hydrolysis. 

For all enzyme assays, incubation times, substrate and protein concentrations were 

chosen in order to ensure the linearity of the reactions. All samples were run in 

triplicate. In order to correct for non-enzymatic hydrolysis, we performed controls by 

adding the serum after the reaction was stopped with TCA. Protein concentration was 

measured by the Coomassie Blue method, using bovine serum albumin as standard.
36

 

Enzyme activity was expressed as nmol of inorganic phosphate released per minute per 

milligram of protein (nmol of Pi.min
-1

.mg
-1

 protein). 

 

2.6. Statistical analysis  



220 

 

The between-group comparisons were performed with Student's t-test for independent 

samples or one-way ANOVA followed by the Student–Newman–Keuls test, as 

indicated in the figure legends. The results were expressed as mean ± standard error of 

the mean (SEM). Differences were considered significant at P < 0.05. 

 

3. RESULTS 

3.1. Effect of morphine treatment on nucleotide hydrolysis in rat blood serum 

We verified the effects of morphine administration in early life on nucleotide hydrolysis 

in rat serum at different ages. It was performed after daily morphine exposure from 

postnatal days 8 through 14, and NTPDase and 5´-nucleotidase activities in serum was 

analyzed at postnatal days 16, 30 and 60. In this assay, we found no significant between-

group differences at P16 (ATP: C=1.63+0.26; M=1.60+0.37; ADP: C=1.2+0.15; 

M=1.21+0.38; AMP: C=1.32+0.22; M=1.03+0.1; Student’s t test, P>0.05; Fig. 1). 

However, at P30, the morphine group exhibited a significant increase in hydrolysis of all 

nucleotides when compared to the control group (ATP: C=2.14+0.2; M=4.22+0.56; ADP: 

C=2.45+0.16; M=3.71+0.47; AMP: C=0.9+0.22; M=1.85+0.3; Student’s t test, P<0.05; 

Fig. 1). At P60, the morphine group exhibited a significant decrease in ADP hydrolysis 

when compared to the control group (ADP C= 3.45+0.52; M=1.97+0.2; Student’s t test, 

P<0.05), while there was no difference in the hydrolysis of other nucleotides (ATP: 

C=2.77+0.71; M=2.72+0.38; AMP: C=2.29+0.51; M=1.5+0.2; Student’s t test, P>0.05; 

Fig. 1). 

 

--------------------------------------- Insert Fig. 1 about here ------------------------------------ 
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In order to verify the presence of soluble NTPDases in serum after morphine exposure, 

we analyzed the ratio of ATP/ADP hydrolysis in all ages after morphine treatment. A 

value of ~1:1 was observed, with no significant between-group differences in all ages 

(P16: C=1.06+0.13; M=1.31+0.1; P30: C=0.93+0.15; M=1.2+0.22; P60: C=0.96+0.3; 

M=1.23+0.14; Student’s t test, P>0.05, Fig. 2). These results indicate the presence of 

NTPDase 1, which hydrolyzes ATP and ADP equally well.
37

  

 

-------------------------------------------Insert Fig. 2 about here ---------------------------------- 

 

3.2. Effect of aging on nucleotide hydrolysis in rat blood serum: 

We also assessed whether nucleotide hydrolysis changes with age. We found that ADP 

hydrolysis was lower at P16 as compared to P30 and P60 (F(2,13) = 11.847; one way 

ANOVA, SNK, P<0.05, Fig. 3a). On the other hand, 5’-nucleotidase activity was higher 

at P60 than at P16 or P30 (F(2,13) = 5.044; one way ANOVA, SNK, P<0.05, Fig. 3a). No 

changes in ATP hydrolysis were observed between these ages (F(2,13) = 2.010; one way 

ANOVA, P>0.05, Fig. 3a). The ~1:1 ratios of ATP/ADP hydrolysis suggest the 

presence of NTPDase 1 at all analyzed ages. The ratio between ATPase and ADPase 

activity remained constant at all analyzed ages (F(2,13) = 0.218; one-way ANOVA, 

P>0.05, Fig. 3b).  

 

--------------------------------- Insert Fig. 3a and 3b about here ----------------------------- 

 

4. DISCUSSION 
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In this study, we have shown that ATPase, ADPase and AMPase activities in rat serum 

are sensitive to morphine administration in neonatal period. We observed that this 

treatment positively modulates the hydrolysis of all nucleotides at the medium term 

(P30). Meanwhile, in the long term (P60), morphine administration negatively 

modulates ADP hydrolysis. These results show a long-term effect of morphine 

treatment in early life upon soluble NTPDases and 5’-nucleotidase in serum. Notably, 

the parallel increase in ATP/ADP hydrolysis seen at P30 suggests a possible effect on 

the activity of the soluble NTPDase 1-like enzyme, since parallel behavior for the 

hydrolysis of these substrates is a characteristic of this enzyme. 

Previous studies by our group have evidenced the presence of soluble NTPDases and 

5’-nucleotidase in rat blood serum.
15-21

 Under baseline conditions, vascular endothelial 

NTPDases and 5'-nucleotidase, acting in concert, are the enzymes that regulate 

nucleotide homeostasis in the vasculature.
38,12 

NTPDase-1 is expressed on the cell 

surface of vascular endothelial tissue and smooth muscle cells, and it may be released 

through proteolytic cleavage of membrane-bound NTPDase or co-released with ATP 

and norepinephrine via sympathetic stimulation.
38-40

 Ecto-5’-nucleotidase, which 

hydrolyzes AMP to adenosine, is attached to the cell surface, and may occur also in a 

soluble form via cleavage of its glycosyl-phosphatidylinositol (GPI)-anchor by 

phospholipase C.
41

 Likewise, it is able to reduce infarct size and improve 

cardioprotection both in wild-type and CD73−/− mice during acute myocardial 

ischemia, and also to attenuate tissue damage and improve survival during acute lung 

injury.
42,43

 

NTPDase 1 is notable for its high preference for nucleoside triphosphates and 

nucleoside diphosphates.
44,45

 When NTPDase 1 is active, extracellular ATP is converted 
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to AMP and then to adenosine by 5'-nucleotidase, and ADP is not an appreciable 

product. Thus, we can suggest that the difference in ATP and ADP hydrolysis observed 

at P30 is possibly due to an increase in NTPDase 1-like activity in serum, since our 

results showed a ~1:1 ratio of ATPase/ADPase.
45 

On the other hand, at P60 ADP 

hydrolysis was decreased. In this way ATP is converted to ADP by other ATPases, such 

as NTPDase 2, NPPs and alkaline phosphatase, and ADP concentrations will be 

relatively stable. In this case, AMP (which is the substrate for 5’-nucleotidase) may be 

reduced, and ADP may accumulate in the bloodstream. However, no change in 5'-

nucleotidase activity was observed, making it difficult to infer whether this outcome 

will result in decreased extracellular adenosine in vivo. Moreover, decreased activity of 

NTPDase 1 may prolong the effect of ATP and ADP at their respective receptors.
46

 In 

our experimental conditions, we did not rule out a potential role of NTPDase 5 and 6 in 

addition to NTPDase 1 and 2.
 

In a previous study, we demonstrated that ecto-ATPase, ecto-ADPase and ecto-5’-

nucleotidase activities in rat spinal cord synaptosomes change in relation to gender and 

age.
47

 It is likely that these ecto-nucleotidases, regulating the concentration of ATP and 

adenosine in the synaptic cleft, play an important role in central nervous system 

development.
48

 Corroborating these findings, we verified in the present study that the 

nucleotide hydrolysis profile in the serum of control animals also changes with age, 

with lower ADPase activity at P16 and higher AMPase activity at P60. This change is 

very important, because these enzymes are regarded as the major regulators of 

purinergic signaling in blood.
49

  

The relationships between the purinergic and vascular systems have been widely 

studied. ATP can be released into the circulation with norepinephrine from sympathetic 
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nerves, causing vasoconstriction via purinergic P2X receptors on smooth muscle 

cells.
50,51

 In addition, there is growing evidence for the role of ATP as a 

neurotransmitter in perivascular non-adrenergic/non-cholinergic nerves, which promote 

vasodilatation through direct actions on vascular smooth muscle, or indirectly through 

their effects on the endothelium, mediated by purinergic P2Y receptors.
50

 ADP is a 

potent platelet aggregator and it also promotes vasoconstriction.
10,52

 In contrast, 

adenosine—besides other effects—inhibits platelet aggregation.
52

 Therefore, soluble 

nucleotidases also may play an important role in the maintenance of homeostasis and 

thromboregulation, as they reduce excess levels of these nucleotides in the 

bloodstream.
38

 This may partly explain why ADPase activity is lower in young life and 

the AMPase activity is higher in adult life in naïve animals. It is well known that, at 

P16, the rat cardiovascular system is still immature, and that modulation of nucleotide 

levels is very important to the development of cardiac and vascular functions and 

contributes to the regulation of vascular tone.
53

 In addition, the regulation of ATP-

metabolizing enzymes in blood probably plays a significant role in the normal function 

of this tissue at different ages. Conversely, 5’-nucleotidase activity is higher in adult 

life. This can lead to increased blood levels of adenosine, which can thus exert its 

vascular and cardioprotective effects.
27

  

Studies about relationship between opioid and cardiovascular systems are well know, 

Chronic opioid-µ receptor stimulation can decrease muscle sympathetic nerve activity 

and plasma levels of norepinephrine.
54

 Furthermore, low doses of morphine have been 

found to elicit cardioprotective effects against myocardial ischemia-reperfusion through 

modulation of sympathetic nervous system activity, thus suggesting an additional role 

of the central nervous system in the cardioprotective effect of opioid drugs.
55

 In a 
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previous study, we demonstrated that norepinephrine increases soluble NTPDase 1-like 

activity in blood serum by a direct stimulatory effect.
20

 This positive modulatory effect 

suggests a new role for circulating norepinephrine in regulation of the nucleotidases 

(probably soluble NTPDase-1) pathway, where it may induce a decrease in extracellular 

ATP and ADP in the circulation.
20

 Taking into account that the morphine treatment in 

early life changes soluble nucleotidase activities in rat serum in medium and long term, 

observed as increased NTPDase 1-like and 5’nucleotidase at P30, and decreased 

NTPDase 1-like at P60, we can suggest that in these different ages soluble nucleotidases 

modulate the cardiovascular tonus by control the levels of nucleotides in blood serum, 

such as increase of adenosine levels at P30 and increase ADP levels at P60. Although 

adenosine is well know by inhibits platelet aggregation and ADP induces platelet 

aggregation and vasconstriction, we do not know whether nucleotides actually exert the 

mentioned functions in medium and long-term after morphine treatment in early life, as 

several other factors are very important in determining the direction of the vascular 

response elicited by adenine nucleotides, such as the presence and nature of the 

purinoceptor subtype involved and its location in relation to the structural components 

of the vascular wall. Other studies concerning the functional relevance of these changes 

are warranted. 

In light of the above, we suggest that the results of the changes on nucleotidase 

activities were of medium and long-term after morphine treatment, i.e., after 2 and 6 

weeks after end of treatment. In this way, we believe that there are not circulating 

morphine in blood serum and it was no able to act directly on nucleotidase structures. 

Thereby, morphine treatment during neonatal period could act at transcriptional level, at 

the similar manner showed by our previous work when were observed these changes in 
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central nervous system structures.
24

 In addition, we emphasize that the peak of enzyme 

protein expression does not always coincide with enzyme activity.
56,57

 For example, 

high protein levels of NTPDase 1 from synaptic plasma membrane from cerebral cortex 

did not match the peak of enzymatic activity.
57

 These findings indicate that changes in 

enzyme activity are not necessarily reflected by similar changes in expression levels. 

In summary, our findings showed that morphine treatment in neonatal period altered 

nucleotide hydrolysis in rat serum, which suggests that purine homeostasis can be 

influenced by opioid treatment in the neonatal period. This modulator effect of 

morphine could involve the maintenance of extracellular nucleotide levels in medium 

and long-term and, consequently, contribute to the inhibition of platelet aggregation and 

thrombus formation induced by ATP and ADP. Moreover, we propose that this change 

in the nucleotide pathway could be considered a new pathway of side effects in the 

medium and long term after discontinuation of morphine treatment.  
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LEGENDS 

FIG. 1. Effect of morphine administration in early life on NTPDases and 5´-

nucleotidase in rat blood serum at P16, P30 and P60. At P16, no between-group 

differences in ATP, ADP or AMP hydrolysis were observed (Student’s t test, P > 0.05). 

At P30, however, the morphine group showed an increase in hydrolysis of all 

nucleotides as compared to the control group (Student’s t test, P<0.05). At P60, ADP 

hydrolysis was decreased in the morphine group (Student’s t test, P<0.05), while there 

were no differences in the hydrolysis of other nucleotides (Student’s t test, P>0.05 for ATP 

and AMP). 

Bars represent mean + SEM. Specific enzyme activities expressed as nmol of Pi.min
-

1
.mg

-1
 protein. 

*
denotes a difference between the control and morphine-treated groups. 

 

FIG. 2. Ratio of ATPase/ADPase activity following morphine administration in early 

life. Bars represent mean ± SEM. Specific enzyme activities expressed as nmol of 

Pi.min-1.mg-1 protein. There were no between-group differences in the ratio of 

ATP/ADP hydrolysis at any age (Student’s t test, P>0.05).  

 

FIG. 3. Effect of aging on adenine nucleotide hydrolysis in rat blood serum (A) and on 

ratio of ATPase/ADPase activity (B). At P16 it was observed a decrease of ADP 

hydrolysis in comparison to P30 and P60, while at P60 it was observed an increase of 

AMP hydrolysis in comparison to P16 and P30 (one way ANOVA, P>0.05 for ATP; 

one way ANOVA, SNK, P<0.05 for ADP and AMP). The ratio of ATP/ADP hydrolysis 

did not change with age (one way ANOVA, P>0.05). 
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Bars represent mean + SEM. Specific enzyme activities expressed as nmol of Pi.min
-

1
.mg

-1
 protein. 

*
denotes a difference between ages. 
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Figure 2 
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Figure 3a 

 

*

*

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

ATPase ADPase AMPase

n
m

o
l 
P

i 
/ 
m

in
 /

 m
g

 p
ro

te
in

16 days

30 days

60 days

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



240 

 

Figure 3b 
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CONSIDERAÇÕES FINAIS 

 

 Considerando que a morfina possui propriedades analgésicas potentes no período 

neonatal e que tem sido amplamente utilizada em pacientes neonatos em ambiente 

hospitalar tanto para sedação como analgesia, a carência de estudos que estejam focados 

nas alterações comportamentais e bioquímicas após o tratamento nos levou a estudar e 

aprofundar os conhecimentos nesta importante área da farmacologia da dor em 

neonatos. Os resultados obtidos com esta tese demonstram que animais que receberam 

tratamento com morfina na dose de 5 μg, do 8º ao 14º dias pós-natal, apresentam uma 

série de alterações tanto comportamentais como bioquímicas por pelo menos até 45 dias 

após o fim do tratamento. Primeiramente observou-se aumento de comportamentos 

relacionados à nocicepção no teste da formalina a médio (P30) e longo prazo (P60). No 

P30, os animais apresentaram aumento da resposta nociceptiva na fase II do teste, 

enquanto que no P60 a resposta nociceptiva encontrou-se aumentada em ambas as fases 

I (neurogênica) e II (inflamatória). Estas respostas foram totalmente revertidas por 

antagonista do receptor glutamatérgico NMDA (cetamina) e parcialmente revertidas por 

anti-inflamatório não esteroidal (indometacina). O efeito da cetamina pode ser 

explicado pela ativação do sistema glutamatérgico na hiperalgesia induzida pela morfina 

(Stanford e Silverman, 2009). Neste fenômeno há ativação persistente dos receptores 

NMDA pelo glutamato liberado pelas fibras aferentes primárias levando à 

hipersensibilização dos neurônios do corno dorsal da medula espinal (Baranauskas e 

Nistri, 1998). Além disso, o envolvimento dos neurotransmissores excitatórios, 

principalmente o glutamato, na dor inflamatória, é justificado pelo aumento dos níveis 

deste neurotransmissor no gânglio da raiz dorsal e na medula espinal em modelos 
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experimentais de dor inflamatória (Wimalawansa, 1996; Löfgren et al., 1997; Ossipov 

et al., 2005). 

 Estes dados demonstram uma forte evidência dos efeitos do tratamento repetido 

com morfina no período neonatal com consequentes alterações no sistema 

glutamatérgico. Considerando a importância do controle da concentração de glutamato 

no espaço extracelular após sua liberação e, consequentemente, da ativação dos 

receptores glutamatérgicos, foi então avaliada a captação de glutamato em 

sinaptossomas de medula espinal. Observamos que tanto no P30 quanto no P60 os 

animais que receberem o tratamento com morfina apresentaram menor captação de 

glutamato comparado aos animais do grupo controle. Os transportadores de glutamato 

parecem ter um papel mais refinado do que a simples remoção do neurotransmissor, 

uma vez que regulam a extensão da ativação dos receptores glutamatérgicos e, desta 

forma, participam na regulação da transmissão sináptica. Acredita-se que as alterações 

na atividade dos transportadores de glutamato e propriedades funcionais, e em especial 

as suas densidades e localizações, podem ter implicações importantes para o 

funcionamento normal do sistema nervoso (para revisão ver Danbolt, 2001). Com o fato 

de que a exposição à morfina no período neonatal altera a resposta nociceptiva em P30 e 

P60, a diminuição da captação de glutamato pode estar relacionada com altas 

concentrações deste neurotransmissor na fenda sináptica.  

 De acordo com as evidências de que os animais que receberam morfina no 

período neonatal apresentam adaptações na circuitaria nociceptiva, observado 

primeiramente por aumento da resposta nociceptiva no teste da formalina no P30 e P60, 

então nós conduzimos uma investigação de estratégias terapêuticas objetivando reverter 

estas respostas alteradas. Escolhemos para este estudo a melatonina devido ao seu 
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potencial efeito antinociceptivo e anti-inflamatório. Observamos que a administração de 

melatonina antes do teste da formalina foi capaz de reverter o aumento da resposta 

nociceptiva nos animais que receberam morfina no período neonatal. Aos 30 dias, o 

efeito antinociceptivo foi observado em ambos os grupos morfina e controle em ambas 

as fases do teste em comparação aos animais que receberam veículo da melatonina. Aos 

60 dias a melatonina promoveu um efeito antinociceptivo mais pronunciado somente no 

grupo morfina na fase I; porém, na fase II ambos os grupos controle e morfina 

apresentaram efeito antinociceptivo em comparação aos grupos que receberam veículo. 

Assim, estes resultados sugerem que a melatonina é capaz de reverter o aumento da 

resposta nociceptiva induzida pelo tratamento com morfina no período neonatal e pode 

ser útil como terapia adjuvante em processos dolorosos, principalmente quando há 

envolvimento dos componentes neurogênico e inflamatório. 

 Além das alterações nas respostas nociceptivas, observamos que os animais 

tratados com morfina apresentaram respostas comportamentais alteradas, como aumento 

de comportamento exploratório e diminuição do comportamento do tipo ansioso em P16 

e P30 nos testes de campo aberto e labirinto em cruz. Estes comportamentos foram 

revertidos pela administração de antagonista dopaminérgico D2 no P30. Considerando 

que estes efeitos foram específicos para os animais tratados com morfina no período 

neonatal, podemos sugerir que este tratamento modulou o sistema dopaminérgico, mais 

especificamente em nível de receptor D2 no P30, uma vez que no P16 os 

comportamentos não foram revertidos com a administração de haloperidol. 

Adicionalmente, sugerimos que os comportamentos analisados em ambos os testes 

sejam específicos para cada idade analisada. A participação de outros sistemas nestas 

alterações comportamentais não pode ser descartada; porém, novos estudos são 
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necessários para elucidar os mecanismos e sistemas envolvidos em cada idade. 

 Ao analisarmos possíveis alterações neuroquímicas no hipocampo, observamos 

que os animais que receberam morfina no período neonatal apresentaram aumento dos 

níveis de BDNF no P30 e P60. Adicionalmente, observamos uma menor atividade da 

enzima antioxidante SOD com paralela diminuição da razão SOD/GPx em P60 em 

comparação ao grupo controle. Estes dados sugerem que a exposição à morfina no 

período neonatal leva a alterações de longa duração no hipocampo. O BDNF pode estar 

atuando em processos de modulação da transmissão sináptica e, dessa forma, mediar os 

efeitos de retirada em médio e longo prazo após exposição repetida à morfina no 

período neonatal. Por outro lado, a diminuição da atividade da SOD pode levar ao 

aumento da formação de peroxinitrito (ERO), podendo desencadear disfunções 

mitocondriais levando a danos oxidativos nas células do hipocampo. Porém, não foram 

observadas alterações na viabilidade e morte celular no hipocampo. Mas, após insulto 

com peróxido de hidrogênio, observamos uma menor viabilidade e maior morte celular 

no hipocampo em ambos os grupos. No entanto, novos estudos devem ser feitos para 

verificar se o tratamento repetido com morfina leva a alterações celulares e plasticidade 

sináptica no hipocampo.  

 Nas análises dos efeitos deste tratamento sobre as atividades das nucleotidases 

solúveis no soro sanguíneo, observamos que o grupo morfina apresentou aumento da 

atividade de hidrólise de ATP, ADP e AMP no P30, e uma diminuição na atividade de 

hidrólise do ADP em P60. Estes dados são muito importantes, uma vez que estas 

enzimas são as principais reguladoras das concentrações de nucleotídeos no sangue e 

consequentemente da sinalização purinérgica. Dessa forma, sugerimos que as 

nucleotidases possam estar modulando o tônus vascular por controlar os níveis de 
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nucleotídeos após o tratamento repetido com morfina no período neonatal. Entretanto, 

outros estudos devem ser realizados para investigar os efeitos deste tratamento sobre o 

sistema vascular e a relação destas mudanças com as alterações vistas aqui no sistema 

purinérgico. 

 Concluindo, os resultados apresentados nesta tese demonstram que o tratamento 

repetido com morfina no período neonatal de ratos leva a alterações em médio e longo 

prazo em parâmetros nociceptivos associado a mudanças no sistema glutamatérgico; em 

curto e médio prazo a mudanças comportamentais, sendo as mudanças em médio prazo 

possivelmente associadas a alterações no sistema dopaminérgico; a alterações 

neuroquímicas no hipocampo, como mudanças a médio e longo prazo nos níveis de 

BDNF e em longo prazo na atividade da SOD; a alterações em médio e longo prazos 

nas atividades das nucleotidases solúveis séricas. 

 Estes dados demonstram a necessidade de novas pesquisas focando os efeitos do 

tratamento com morfina no período neonatal em alterações comportamentais e 

neuroquímicos, bem como a necessidade de se buscarem alternativas terapêuticas que 

possam reverter tais alterações. 
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