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RESUMO

A obesidade é uma doenca multifatorial e complexa caracterizada por
desequilibrios metabdlicos, bioquimicos e acumulo excessivo de gordura
corporal no individuo. Entre as comorbidades mais debilitantes da obesidade
estdo a dor e a depressdo. Evidéncias clinicas sugerem que quanto maior o
indice de massa corporal, mais elevado o risco de depressdo e maior a taxa de
dor auto-relatada. Embora a obesidade seja mais prevalente em homens, dor
cronica e depressdo sdao mais relatadas por mulheres obesas, caracterizando
diferencas em relagéo ao género. Em vista destes fatos, o presente estudo teve
como objetivo caracterizar os comportamentos nociceptivo e do tipo depressivo
em ratos de ambos o0s sexos com obesidade induzida pela administracéo
neonatal de glutamato monossodico (MSG). Além das analises
comportamentais, parametros bioquimicos e biofisicos também foram
avaliados. Nossos dados demonstraram que o0s animais tratados com MSG
apresentaram menor taxa de ganho de massa, redugcdo no comprimento
nasoanal, aumento significativo na gordura visceral, maior indice de Lee e
maior circunferéncia abdominal. O grupo de ratos MSG apresentou maior
circunferéncia abdominal em comparacao as ratas MSG nos tempos avaliados,
enquanto ratas MSG mostraram um aumento do indice de Lee em 120 dias em
relacdo aos ratos MSG. Além disso, o tratamento com MSG induziu aumento
dos niveis de triglicérides, colesterol total e de colesterol VLDL. No entanto,
ndo houve diferengas significativas quanto aos niveis de colesterol HDL e de
glicemia nos grupos tratados com MSG. Quanto as diferencas de género, as
fémeas MSG apresentaram niveis plasmaticos mais elevados de colesterol
total qguando comparadas aos machos MSG. No teste da natacdo forcada, tanto
ratos quanto ratas MSG apresentaram aumento do tempo de imobilidade e
uma diminuicdo da laténcia para o primeiro episédio de imobilidade a partir dos
90 dias apés MSG. No entanto, o tempo de imobilidade dos ratos MSG ja foi
observado significativamente diferente dos controles no tempo de 60 dias. A
hiperalgesia mecanica foi observada em ratos e ratas a partir dos 60 dias apés
MSG, persistindo em outros tempos avaliados (90 e 120 dias). Finalmente, o
tratamento com MSG ndo induziu nenhuma mudangca nos parametros
locomotores no teste do campo aberto. Em conclusdo, nossos dados
evidenciam que o tratamento com MSG induz hiperalgesia mecanica e
comportamentos tipo-depressivo em ratos de ambos 0sS sexos, 0S quais
desenvolvem caracteristicas bioquimicas e biofisicas tipicas de obesidade. A
caracterizacdo do modelo permitird futuros estudos que visem o maior
entendimento dos mecanismos envolvidos na inter-relacdo entre obesidade,
depresséao e dor.

Palavras Chave: Glutamato monossodico. Obesidade. Dor. Depresséo.



ABSTRACT

Obesity consists in a multifactorial and complex disease featured by
unbalanced between metabolic and biochemical pathways and excessive
accumulation of body fat in the individual. Obesity is often accompanied by
debilitating comorbidities such as pain and depression. Clinical evidence
suggests that the higher the body mass index, the greater risk of depression
and the greater rate of self-reported pain. While obesity is more prevalent in
men, chronic pain and depression are more reported by obese women,
characterizing differences relative to the gender. In view of these facts, this
study aimed to characterize the nociceptive and depressive-like responses in
both male and female rats with obesity induced by neonatal administration of
monosodium glutamate (MSG). Litters of Wistar rats (male and female) were
subcutaneously treated with saline (SAL; control groups) or MSG (4 mg/g)
between the first and fifth day of extra-uterine life. Behavioral (mechanical
hyperalgesia using the Randall Selitto test; depressive-like behaviors during the
forced swimming test or locomotor activity in the open field test), biochemical
(lipid profile and blood glucose) and biophysical (body mass, nasoanal length,
abdominal circumference and visceral fat) parameters were evaluated at
different time points after these treatments. Our data showed that the MSG rats
had a lower rate of weight gain, reduced nasoanal length, and increased Lee
Index, abdominal circumference and visceral fat when compared with SAL
group. The male MSG group presented higher abdominal circumference than
female MSG rats in all time points, while female MSG rats showed higher Lee
Index than male MSG rats at 120™ day. Besides, the MSG treatment induced a
significant change in the lipid profile, i.e. higher levels of triglycerides, total
cholesterol and VLDL cholesterol, but no changes in HDL cholesterol neither in
blood glucose. Regarding gender differences, the female MSG group had
higher total cholesterol levels than male MSG rats. MSG rats of both genders
manifested increased immobility time and reduction of the first immobility
episode latency in the forced swimming test and a reduction of mechanical
threshold in the Randall Selitto test. When evaluated in the open field test, the
neonatal treatment with MSG in rats of both sexes did not cause a significant
change in the number of crossing. In conclusion, our data evidenced that both
mechanical hyperalgesia and depressive-like are similarly observed in male and
female rats treated with MSG, while some biophysical parameters differ
between genders. These findings may be relevant to future studies that target a
better characterization of the mechanisms behind the interrelations among
obesity, depression and pain

Key words: monosodium glutamate, obesity, pain and depression.
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1. INTRODUCAO

A obesidade € uma doenca crénica que repercute sobre a qualidade e expectativa
de vida, sendo responséavel por elevado 6nus social e econdmico devido as patologias
associadas, como diabetes, doencas cardiovasculares, hipertensdo, distarbios
reprodutivos em mulheres, alguns tipos de cancer e problemas respiratorios. Trata se de
um distdrbio que, além dos problemas de natureza estética e psicoldgica, constitui um
importante risco para a saude, e quando nao corrigido, danifica o coracdo, as artérias
(sobretudo as coronarias), o figado, as articulacdes e o sistema enddcrino. A obesidade
pode ser causa de dor e sofrimento, provoca depressao e comportamento de esquiva
social, prejudicando a qualidade de vida das pessoas.

A obesidade constitui um problema sério de saude publica, sua prevaléncia
cresceu de forma acentuada nas ultimas décadas, alguns especialistas a caracterizam de
forma epidémica, o que a torna um assunto universalmente relevante.

A escolha desse tema se deu devido a preocupacao com o aumento dos indices de
sobrepeso e obesidade, no mundo e no Brasil, obesidade essa que provém de uma
alimentacdo inadequada, rica em glutamato monossodico, e a falta de atividade fisica,

motivos nos quais levam a questionar sobre a qualidade de vida destes individuos.
1.1 OBESIDADE

A obesidade é uma doenca multifatorial complexa caracterizada por desequilibrios
bioquimicos e metabdlicos, devido ao excesso de tecido adiposo com consequente ganho
de peso (WHO, 2014). E uma epidemia global crescente, e um dos principais
contribuintes para a carga de doencas, além de estar associada a diversas comorbidades
(KAKKAR & DAHIYA, 2015).

Para diagnostico da obesidade em adultos o parametro internacional utilizado é o
IMC (indice de Massa Corporal), calculado dividindo-se o peso do paciente (em
qguilogramas) pelo quadrado da altura (em metros). A classificacdo internacional entre o
indice de massa corpérea sao classificadas de acordo com o IMC correspondente (OMS,
2014, WHO, 2004), conforme tabela 1.
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Tabela 1. Relacdo entre o indice de massa corpérea (IMC; Kg/m?) e a classificacdo
internacional do IMC em adultos, adaptada World Health Organization, 1995, WHO, 2000
and WHO, 2004.

CLASSIFICACAO IMC (Kg/m?)
Abaixo do peso Abaixo de 18,50
Peso normal 18,5- 24,9
Sobrepeso 225

Obeso 230-39,9
Obeso mérbido 240

Adaptada: World Health Organization, 1995, WHO, 2000 and WHO, 2004.

Esta previsto para 2050 que cerca de 60% dos homens, 50% das mulheres e 25%
das criancas com menos de 16 anos de idade sejam obesos (FORESIGHT et al., 2014;
KAKKAR & DAHIYA, 2015).

Em dados recentes de prevaléncia estima-se que mais de um terco dos adultos e
17% dos jovens (com idade entre 2-19 anos) nos Estados Unidos sejam obesos (OGDEN
et al., 2014). No Reino Unido, entre 1993 e 2011, a proporcdo de individuos com
sobrepeso, incluindo obesos, aumentou de 58% para 65% nos homens e de 49% para
58% em mulheres. (CHOICES, 2014; KAKKAR & DAHIYA, 2015). Ja em paises em
desenvolvimento o niumero de adultos com sobrepeso e obesidade mais do que triplicou
entre 1980 e 2008, atingindo mais de 900 milhdes de pessoas (OVERWEIGHT, 2014).

No Brasil, a Pesquisa de Orcamento Familiar (POF, 2014) recentemente divulgada
pelo Instituto Brasileiro de Geografia e Estatistica (IBGE, 2014) mostrou que o indice de
sobrepeso atinge mais de 30% das criancgas entre 5 e 9 anos de idade, cerca de 20% da
populacdo entre 10 e 19 anos e aproximadamente metade dos homens e mulheres acima
de 20 anos. Interessante notar que entre os 20% mais ricos, o excesso de peso chega a
61,8% na populacdo com mais de 20 anos, além de ser o grupo com maior percentual de
obesos: 16,9%. Sdo numeros que dado ao fenbmeno contornos de epidemia. Mantido o
ritmo atual de crescimento do numero de pessoas acima do peso no Brasil, em dez anos
elas serdo 30% da populacéo, padréo idéntico ao encontrado nos Estados Unidos, onde a
obesidade ja se constitui em sério problema de saude publica (KAKKAR & DAHIYA,
2015).
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1.1.2 TRATAMENTO FARMACOLOGICO DA OBESIDADE

A obesidade, como doenca poligénica e multifatorial, ndo possui tratamento Unico.
Dieta, atividade fisica, tratamento medicamentoso, cirargico e psicolégico compdem,
dentre outros, os procedimentos requeridos para reducao do peso (ALSALEH et al., 2012)

A farmacoterapia para a obesidade é indicada quando: o IMC encontra-se superior
a 30 kg/m? ou maior que 25 kg/m? e associado a doencas relacionadas ao excesso de
peso, ou situagBes nas quais o tratamento com dieta, atividade fisica e modificacbes
comportamentais ndo foi bem-sucedido (WHO, 2014). Nestes casos, 0 tratamento
farmacolégico inclui agentes envolvidos no mecanismo de controle da ingesta (inibidores
de apetite), agentes relacionados ao desvio do metabolismo normal de nutrientes, ou
reguladores do dispéndio de energia (MANCINI et al., 2006). O tratamento da obesidade
por meio de dietoterapia também se faz possivel, uma vez que a natureza dos nutrientes
influencia e pode contribuir para as comordidades da obesidade (FERREIRA et al., 2010).

Segundo Kakkar & Dahiya, 2015, entre os farmacos antiobesidade atualmente
aprovados esta o orlistat (inibidor seletivo das lipases gastrointestinais), aprovado em
1999, e depois de uma década duas novas terapias foram aprovadas, o lorcaserina e
associacao de fentermina/topiramato (anticonvulsivante). Em 2014, o FDA aprovou a
combinacgéo de bupropiona (antidepressivo atipico)/naltrexona (antagonista opioide) como
opcao para o tratamento da obesidade (KAKKAR & DAHIYA, 2015).

Outro agente antiobesidade utilizado é a sibutramina, disponivel na pratica clinica
h& cerca de uma década (COUTINHO et al., 2009). A sibutramina bloqueia a recaptacéo
de noradrenalina e serotonina, reduzindo a ingestao de alimentos e também estimulando

a termogénese no tecido adiposo marrom em animais (STOCK, 1999).

1.1.3 DOENCAS ASSOCIADAS E COMORBIDADES

O acumulo de tecido adiposo, principalmente visceral pode estar relacionado ao
aumento do surgimento de outras doencas como hipertensdo arterial, dislipidemias,
aterosclerose, problemas do sistema respiratorio, alguns tipos de cancer (mama, utero,
préstata, esodfago, estdbmago e intestino), associada ao sistema osteoarticular

(osteoartrose e deformidades 6sseas), sistema endocrino (resisténcia a insulina, diabetes
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tipo 2, gota, diminuicao da fertilidade em homens e mulheres) e sistema digestivo (refluxo,
gastro-esdfago e hérnia) (ARRANZ et al., 2014). outras doengas cardiovasculares e
doencas metabdlicas como diabetes mellitus (HERMSDORFF, 2004, FANTUZZI et al.,
2007 e BAYS et al., 2008), vide Fig. 1.

Além disso, e de especial importancia para este estudo, a obesidade esta
relacionada a diferentes comorbidades como depressédo (MANSUR et al., 2015) e dor
cronica (ZDZIARSKI et al., 2015).

o organismo ¢ afey
N
o

Distarbios psicossociais:
comportamento, humor,
personalidade.

O
QO

Sistema tegumentar:
dermatites, erisipela, estrias.

Sistema cardiovascular:
hipertensao arterial,
aterosclerose, acidente
vascular cerebral, trombose

Sistema respiratério:
apneia dq sono, restricao

sistémica, trombofiebite
superficial.

Alguns tipos de cancer :
como o de mama, Gtero,

préstata, esdfago, estdmago
e intestino.

Sistema endécrino-
metabdlico:
resisténcia insulinica,
diabetes tipo 2, gota,
diminuigao da fertilidade
em homens e mulheres.

Sistema digestoério:
refluxo gastro-esofagico,
hémia.

Sistema osteoarticular:
osteoartrose, deformidades

Infograficos- JC

Figura 1. Como a obesidade afeta o organismo (adaptada da Sociedade

Brasileira de Endocrinologia e Metabologia, 2015).

1.2. DEPRESSAO

A depressao é uma doenca grave, caracterizada por alteracdo no humor, anedonia
(perda do interesse em atividades prazerosas), tristeza, sensacdo de desespero e
dificuldade em expressar sentimentos, assim como distirbios do sono (hiposonia ou
hipersonia). Outros sintomas incluem a transtornos alimentares, disturbios digestivos,
perda de desejo sexual (libido), fadiga e perda de energia, e estd associada a
consequéncias graves, incluindo o suicidio e o aumento do risco de eventos
cardiovasculares (ZARATE et al., 2013). A depressao pode impactar de forma negativa a

vida das pessoas provocando incapacidades apresentando como consequencia auséncia
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no dia de trabalho, podendo ser analisada sobre a perspectiva de saude publica
(EVERSON et al., 2002; ATLANTIS e SULLIVAN, 2012; KEMP et al, 2014).

Existem diferentes teorias acerca da instalacdo do quadro depressivo, sendo
anormalidades no funcionamento de estruturas do sistema limbico, acompanhadas de
reducdo na sinalizacdo e esgotamento de monoaminas, principalmente de serotonina (5-
hidroxitriptamina, 5-HT), uma das mais aceitas (MEYER et al., 2006). Por outro lado, a
depressdo também pode estar associada com a desregulacdo do eixo HPA, que se
manifesta pela elevacdo de glicocorticoides na circulacdo (GE et al, 2013;. GOLD e
CHROUSOS, 1999; KOSTOWSKI, 1985). A hiperatividade do eixo HPA na depresséao
esta relacionada com a deficiéncia no mecanismo de feedback inibitério pelos hormbénios
endogenos corticosterona e adrenocorticotréfico (ACTH), que sdo os hormbnios mais
comumente alterados em pacientes depressivos e modelos de depressdo em animais
(ODIO e BRODISH, 1990).

1.2.1 TRATAMENTO FARMACOLOGICO DA DEPRESSAO

O tratamento da depressdo deve ser realizado de uma forma globalizada,
considerando os aspectos biologicos, psicologicos e sociais do paciente. A conduta de
escolha de tratamento deve ser personalizada e individualizada, sendo a intensidade e
frequéncia dos episédios depressivos fatores essenciais para orientar a prescricao
profilatica de antidepressivos (SOUZA, 1999).

Os antidepressivos produzem, em média, melhora de 60% a 70% dos sintomas
depressivos no prazo de um més (QUITRKIN et al., 1984, KATZ et al.,, 1987). A
classificacdo mais usada dos antidepressivos tem sido baseada no
neurotransmissor/receptor envolvido em seu mecanismo de acdo, sendo as principais
classes disponiveis os triciclicos (amitriptilina, clomipramina, imipramina, maprotilina,
nortriptilina), inibidores seletivos de recaptacdo de serotonina - ISRS (citalopram,
fluoxetina, fluvoxamina, paroxetina, sertralina), inibidores da MAO ( moclobemida,
tranilcipromina), inibidores ndo seletivos da serotonina (venlafaxina) e antagonista dos
receptores pré-sinapticos a2-adrenérgicos e bloqueio de receptores polissinapticos de

serotonina (mirtazapina).
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1.2.3 DEPRESSAO E OBESIDADE

A inter-relacéo entre o desenvolvimento de transtornos de humor e obesidade tem
sido amplamente observada, sendo descrito que individuos que apresentam transtorno
depressivo maior (MDD) tém risco aproximadamente 50% maior de desenvolver
obesidade, se comparados com a populacdo em geral (BLAINE, 2008; LUPPINO et al,
2010; TOUPS et al, 2013). Por outro lado, 0 excesso de peso e obesidade tem sido
relacionado com maior chance de aparecimento de sintomas depressivos significativos
(MATHER et al, 2009; VOGELZANGS et al, 2012; VANNUCCHI et al, 2014; MANSUR et
al., 2015).

Estudos epidemioldgicos longitudinais e clinicos tém relatado que estas doencas se
influenciam mutuamente em apresentacéo, trajetoria e evolugcédo. Portanto, uma relagéo
bidirecional convergente seria uma descricdo mais precisa. Com base nesses achados,
alguns autores propuseram que esta ocorréncia constitui um subtipo distinto da doenca, a
‘metabolic-mood syndrome” (MCINTYRE et al, 2007; VOGELZANGS et al, 2011,
LEVITAN et al., 2012, MANSUR et al., 2015). Outros estudos relatam que os pacientes
obesos apresentam maior desenvolvimento da sindrome metabdlica (SILAROVA et al.,
2015).

Considerando o alto impacto dos transtornos de humor e de obesidade em
incapacidade e morbidade, a ocorréncia dessas condi¢cdes torna-se relevante a partir de
uma perspectiva de saude publica (EVERSON et al.,, 2002; ATLANTIS e SULLIVAN,
2012; KEMP et al, 2014).

1.3 DOR

A Associacédo Internacional para o Estudo da Dor (IASP) define o conceito de dor
como “uma experiéncia sensorial e emocional desagradavel associada a dano tecidual
real ou potencial, descrita em termos que sugerem tal dano” (LOESER & TREEDE, 2008).
A dor tem propdsito inicialmente homeostatico, adaptativo (LE BARS et al., 2001, VERRI
et al., 2006), sendo essencial para a sobrevivéncia dos individuos, por impedir que
estimulos nocivos atinjam 6rgaos e tecidos (LOESER & TREEDE, 2008, JULIUS &
BASBAUM, 2001).
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Neste sentido, a nocicepcdo, ou componente sensorial da sensag¢do dolorosa, €
compreendida como “processo neural de codificacdo e processamento de um estimulo
nocivo” (IASP, 2008). A dor aguda, ou nociceptiva, € originada através da ativacéo dos
nociceptores, neurbnios especializados para a deteccdo de tais estimulos nocivos, 0s
quais estdo localizados especialmente na pele, mas também em outros locais como
visceras, musculos, ossos, entre outros (MILLAN, 1999, LOESER & TREEDE, 2008,
SCHOLZ & WOOLF, 2002).

Uma vez que a funcao fisiolégica da dor decorre da percepcado de estimulos
potencialmente lesivos, sua conclusdo esta atrelada a remissao da leséo, sendo esta a
situacdo comum. No entanto, ha casos em que mesmo apos o término do estimulo, a dor
persiste (SCHOLZ & WOOLF, 2002). Na dor crénica ndo ha uma relagéo direta entre dor
e estimulo, ndo havendo necessariamente leséo tecidual. Esta alteragéo na via normal de
transducéo da sensacao dolorosa é resultado de adaptagcdes no organismo, que ocorrem
tanto a nivel medular quanto encefalico (JULIUS & BASBAUM, 2001), assim como fatores
psicologicos e sociais (KENDALL, 1999).

De outro modo, a dor crdnica pode também ser resultante de uma ou mais doencas
cronica subjacentes, em que ha persisténcia do processo nociceptivo, o qual pode ser
acompanhado por desregulacdo neuroenddcrina, fadiga, disforia e até mesmo do
desempenho mental (CHAPMAN, 1999).

Sao caracteristicas da dor crénica a alodinia e a hiperalgesia (MARVIZON et al.,
2015). A alodinia é caracterizada pela percepcdo dolorosa de estimulos normalmente
considerados indcuos, ou nao nocivos (IASP, 2008). Ja a hiperalgesia caracteriza-se pelo
aumento da sensibilidade a estimulos anteriormente considerados dolorosos (LOESER &
TREEDE, 2008). Em ambos 0s processos, 0S nociceptores tem sua responsividade
aumentada devido a sensibilizacdo periférica, de forma que podem deflagrar facilmente
um potencial de acdo ao permitir a entrada de ions sodio, provocando a diminuicdo do
limiar nociceptivo, causando um aumento da intensidade de resposta a dor (MILLAN,
1999; LOESER & TREEDE, 2008; SCHOLZ & WOOLF, 2002).

Por isso, a dor crénica, muito mais do que a dor aguda, continua sendo um grande
desafio clinico, pois frequentemente os tratamentos séo inefetivos ou limitados por efeitos
colaterais indesejaveis (LEVINSON et al., 2012).
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1.3.1 TRATAMENTO FARMACOLOGICO DA DOR

A OMS propbe o tratamento da dor baseado em uma escada de trés degraus de
acordo com a intensidade de dor que o paciente apresenta. O primeiro degrau recomenda
o0 uso de medicamentos analgésicos simples e antiinflamatoérios para dores fracas. O
segundo degrau sugere opioides fracos, que podem ser associados aos analgésicos
simples ou antiinflamatorios do primeiro degrau, para dores moderadas e finalmente, o
terceiro degrau consta de opioides fortes, associados ou ndo aos analgésicos simples ou
antiinflamatérios, para dores fortes. Os adjuvantes podem ser usados nos trés degraus da
escada. A escada de trés degraus indica classes de medicamentos e nao farmacos
especificos, proporcionando ao médico flexibilidade e possibilidade de adaptacdo de
acordo com as particularidades de seu paciente, vide figura 2.

Os anti-inflamatorios nao esteroides (AINEs) continuam sendo a principal
ferramenta no tratamento da dor cronica. Acredita-se que os efeitos analgésicos destes
farmacos deve-se a sua habilidade em inibir a atividade da ciclo-oxigenase e lipo-
oxigenase e prevenindo a sintese das prostaglandinas e a sensibilizacdo de nociceptores
periféricos. Existem dois tipos principais de COX: a COX-1 e COX-2, presentes na maioria
dos tecidos. Existem também relatos da existéncia de um terceiro tipo de COX (COX-3),
presente principalmente no cortex cerebral, que é inibida seletivamente por drogas
analgésicas e antipiréticas, como a dipirona e o acetaminofeno. A acédo dos AINE é dose
/resposta limitada (efeito teto), ou seja, a sua administracdo em doses superiores as
recomendadas nao proporciona analgesia suplementar, aumentando a incidéncia de
efeitos colaterais (LAMONT e TRANQUILLI, 2000; OLIVEIRA FILHO, 2006). Ja os
glicocorticoides inibem as ciclooxigenases e as colagenases provocando aumento da
sintese do mediador anexina-1 com propriedades imunossupressoras devido sua acao
nas enzimas fosfolipases A2 (essas enzimas atuam sobre o fosfolipidio) produzindo acido
araquidénico e consequentemente produzem diminuicAo de seus metabdlitos
(prostaglandinas, leucotrienos e tromboxanos), diminuem a expressao de interleucinas e
TNFa e parecem estar envolvidos na diminuigdo da resposta dolorosa em processos
autoimunes (LAMONT e TRANQUILLI, 2000).

Os opioides sdo um grupo de farmacos naturais ou sintéticos amplamente
utilizados no manejo de dor pds-operatoria e em processos oncoldgicos. Receptores

opioides especificos estdo localizados na periferia, medula espinhal e estruturas supra-
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espinhais, sendo os receptores P(OP3) e k(OP2) os de maior importancia clinica
reforcando a acgdo fisiologica das endorfinas e das vias inibitérias noradrenérgicas e
serotoninérgicas. A eficacia analgésica dos opioides pode variar segundo a caracteristica,
duracdo e intensidade do estimulo; dosagem e espécie. Os opioides bloqueiam a
transmissao periférica e central da via nociceptiva aferente e por isso, tornam-se bastante
eficientes no tratamento da dor inflamatéria aguda. No entanto, eles ndo séo igualmente
eficazes para todo tipo de dor como, por exemplo, a dor neuropatica que possui uma
resposta pobre ou de curta duracdo aos opioides (RIBEIRO et al., 2002, BASSANEZI e
OLIVEIRA FILHO, 2006).

Dor
Intensa

DEGRAU 3

Dor
Moderada
DEGRAU 2

Opioides
Fortes

+
Analgésicos
AINE

Dor leve

DEGRAU 1

Analgésico
AINE

Drogas Adjuvantes

Figura 2 — Escada Analgésica da OMS.

1.3.2 OBESIDADE E DOR

A obesidade estd associada com o aumento da dor (STONE e BRODERICK,
2012). A coocorréncia entre dor e obesidade tem um impacto negativo sobre a qualidade
de vida, diminui a resposta ao tratamento, aumenta a dependéncia funcional, provocando
maior utilizacdo dos servicos de saude gerando maior 6nus para o sistema (HEO et al.,
2003, JANKE et al., 2007, GLYNN et al., 2011, SMITH et al., 2014). Pacientes obesos
relatam experiéncia de dor diaria em propor¢cdo mais elevada do que os pacientes de

peso normal (STONE e BRODERICK, 2012). Em uma pesquisa realizada em um milh&do
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de americanos as taxas de dor foram de 68% a 254% maiores em individuos obesos em
comparacao aos nao obesos (STONE e BRODERICK, 2012). Segundo alguns autores a
relagcdo entre a dor e a obesidade pode ser considerada como bi-direcional (JANKE e
KOZAK, 2012).

Entre os varios mecanismos potenciais que podem mediar as relagdes entre dor
cronica e obesidade (BUTTERWORTH et al, 2013) estdo: carregamento mecanico
(MESSIER et al., 2005), inflamacédo (KAUR, 2014) e status psicoldgico (HITT et al., 2007,
MARCUS, 2004). Além disso, a obesidade esta associada a diversas alteracdes
psicolégicas negativas que incluem dor e medo do movimento devido a dor.
Recentemente, tem sido sugerido que existe uma inter-relagdo entre a carga mecanica,
dor crénica, inflamacéao e status psicolégico (VINCENT et al., 2013, SEAMAN, 2013).

1.4 INTER-RELACOES ENTRE DOR E DEPRESSAQO

E possivel afirmar que depressdo e dor cronica se correlacionam, uma vez que a
taxa de depressdo € maior em pacientes que sofrem de dor crbnica, em relacdo a
populacdo em geral (ATLANTIS & SULLIVANI., 1992), assim como a depressao aumenta
significativamente o risco de desenvolvimento deste tipo de dor (VON KORFF; SIMON
1996). Assim, de importancia para este estudo, esta proposicdo de uma possivel
correlacdo entre dor e depressao estabelece uma triade entre obesidade, dor e depresséao
(figura 2), na qual os trés fatores influenciam-se entre si quanto a intensidade,
prevaléncia, gravidade e morbidade.

Portanto, parece plausivel sugerir que a obesidade, a dor e a depressdo possam
compartilhar mecanismos patofisiologicos similares, cujo entendimento pode promover a
melhora do tratamento destas patologias. Neste sentido, alguns modelos animais

preditivos de obesidade vem sendo propostos, 0s quais serdo abordados a seguir.
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Figura 3 - Relacéo bidirecional entre obesidade, depresséao e dor (Adami, 2015).

1.5 MODELOS DE INDUCAO DE OBESIDADE

A maioria dos casos de obesidade é causada pela combinacédo de estilo de vida
sedentario, variabilidade bioldgica adicionada as influéncias sociais e ambientais
(KRAUSS et al., 1998) e habitos alimentares ruins. A pesquisa de orcamento familiar
utilizando dados do IBGE de 2008/2009 mostrou que as familias estdo gradualmente
substituindo a alimentacao tradicional por bebidas e alimentos industrializados, em geral
mais caléricos e, em muitos casos, menos nutritivos (IBGE, 2014), muitas vezes ricos em
MSG (INSAWANG et al.,, 2012). O MSG é um aminoacido ndo essencial derivado do
acido glutamico (EGBUONU, 2012) responsavel por realcar o sabor dos alimentos
utilizado pela industria alimenticia.

Diante dessa preocupacdo, pesquisadores tem desenvolvido modelos
experimentais de obesidade para melhor compreender esta patologia (KANASAKI et al.,
2011). Entre os modelos de obesidade, um preditivo e de baixo custo, é o da inducéo de
obesidade pela administracdo neonatal de MSG, que como mencionado acima €
largamente utilizado como um aditivo alimentar. No entanto, a seguranca no uso de MSG
tem gerado preocupacao. Pesquisas recentes tém demonstrado que a exposicdo ao MSG

provoca mudancas nos produtos metabdlicos, o que pode resultar em graves disturbios
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em animais e seres humanos (DINIZ et al.; 2005;. INSAWANG et al, 2012.; ROTIMI et al.,
2012).

Em modelos animais o tratamento neonatal de inje¢cdes subcutdneas de MSG,
induz obesidade neuroenddcrina através da lesdo hipotalamica (NAKAYAMA et al., 2003;
XU et al.,, 2007; QUINES et al.; 2014), resultando em acumulo de tecido adiposo,
intoleréncia a glicose, hiperinsulinemia e resisténcia a insulina (BALBO et al., 2007). Tem
sido relatado que a obesidade ndo é acompanhada por hiperfagia (MARTINS et al., 2004).
Além disso, no hipocampo provoca degeneragdo das células piramidais CAl, o que foi
associado com a dificuldade de aprendizagem (ISHIKAWA et al., 1997).

Os animais MSG, sdo normofagicos, apresentam menor producdo de GH
(hormbnio do crescimento), hipercorticosteronemia, hiperinsulinemia, hiperleptinemia,
resisténcia a insulina, menor atividade da proteina translocadora de glicose GLUT-4,
menor atividade do tecido adiposo marrom e maior deposicdo de gordura visceral
(HIRATA et al, 1997).

Diante do exposto, 0 estudo buscou caracterizar alteracbes comportamentais

relacionadas a dor e depresséo.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Caracterizar alteracbes comportamentais relacionados a dor e depressdo em
modelo de obesidade induzido por glutamato monossaédico.

2.2. OBJETIVOS ESPECIFICOS

1) Padronizar o modelo de obesidade induzido por MSG através da avaliacdo de
caracteristicas:
v Biofisicas (medidas de evolugdo da massa corpérea, circunferéncia abdominal, distancia
nasoanal, calculo do indice de Lee e gordura visceral);

v Biogquimicas (medidas de glicose, colesterol total, fracdes e triglicerideos séricos);

2) Avaliar se as alteracbes induzidas pelo tratamento com MSG alteram o
comportamento relacionado a dor e depressao;
3) Avaliar a influéncia do género nestes parametros (bioquimicos, biofisicos e

comportamentais).
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3. ARTIGO CIENTIFICO

Characterization of nociceptive and depressive-like behaviors in male and female

rats with obesity induced by neonatal monosodium glutamate treatment

Eliana Rezende Adami®, Anne Karoline Schreiber?, Daiany Darlly Bello Redivo?®, Franciele

Franco Scarante?, Janaina Menezes Zanoveli®, Joice Maria Cunha®".

3.1. Introduction

Obesity, a multifactorial and complex disease featured by unbalanced between
biochemical and metabolic pathways, is defined by the World Health Organization as a
body mass index (BMI) higher than 30 kg/m? [1]. The prevalence of obesity has been
increasing in epidemic proportions, leading the prediction that, in 2050, 60% of adult men,
50% of adult women and 25% of children less than 16 years of age will be obese [2,3].
Maintaining the current rate of growth, the ratio of obesity in ten years tends to reach 30%
of the Brazilian population, a pattern similar to that found in the USA, where obesity has
already constituted a serious public health problem. To make it worse, obesity is also
considered a major risk factor for several debilitating conditions, such as hypertension,
stroke, heart disease, dyslipidemia, respiratory disorders, certain neoplasias and type 2
diabetes (DM2) [3,4].

The obesity has been also linked to different and more complicated clinical
presentation of co-morbidities such as depression [5] and pain [6]. For instance,
individuals with major depressive disorder (MDD) have an approximately 50% higher risk
of developing obesity when compared to the general population [5,7,8,9] and a higher
prevalence of metabolic syndrome [10]. Likewise, the obesity has been reported to
increase the risk of depressive symptoms [5,8,11,12,13] Considering the high impact of
obesity and depression in disability and morbidity, the co-occurrence of these conditions is
incredibly relevant from a public health perspective. Preliminary evidence indicates that a
cumulative effect on the associated burden of illness may occur [14,15,16]. Moreover, it

has been shown that the association of obesity and depression is not a simple
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comorbidity. Epidemiological, longitudinal and clinical studies have reported that these
illnesses mutually influence each other presentation, trajectory and outcome. Therefore, a
bidirectional, and convergent relationship would be a more accurate description. Based on
these findings, some authors have proposed that this co-occurrence constitutes a distinct
iliness subtype, a “metabolic mood-syndrome” [5,12,17,18].

Concerning to pain symptoms, it has been demonstrated that chronic pain and
obesity are also highly prevalent, being frequent comorbid conditions [19] In fact, the co-
occurrence of pain and obesity may have a negative impact on disability, quality of life,
responsiveness to treatment, functional dependence, health care utilization and cost
[20,21,22,23]. It seems that similar to the depression, the relationship between pain and
obesity is also bi-directional [24]. Indeed, self-reported pain symptoms increase with
progressively higher BMI values [25].

Currently, the development of obesity has been increasingly associated with the
incorrect food intake habits and reduced physical activity. Epidemiological data indicate
that families are gradually replacing the traditional healthy foods for more caloric and less
nutritious drinks and processed aliments rich in monosodium glutamate (MSG) [26].

Based on the above, the primary aim of this study was to characterize the
nociceptive response and depressive-like behaviors in an animal model of obesity induced
by neonatal treatment with MSG. For comparative purposes, rats of both genders were
tested and to better understand the interrelations among obesity, depression and pain,
these behavioral analyses were evaluated in the same experimental groups. In addition,
biophysical and biochemical parameters of obesity in rats were also evaluated or
calculated.

It is important to highlight that it has been described in the literature that this model,
the MSG-induced obesity mimics, at least in part, the clinical condition of obesity [27],
inducing a significant increase of corticosterone production [28], glucose intolerance,
insulin resistance, hyperinsulinemia, increased deposition of visceral fat [29,30], and also
behavioral alterations such as depression [28] and pain [31]. However, to our knowledge,
there is no study that evaluates these changes for a period greater than 60 days of
concomitantly in the experimental groups, comparing the responses between males and

females, which we believed is the differential of our study.
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3.2. Materials and Methods

3.2.1. Animals

Litters of Wistar rats (male and female) produced at the Federal University of
Parana breeding colony were divided into two experimental groups (saline or MSG-
treated) of 8 to 11 pups each group. During the first 21 days of life, the rats were breastfed
and, after weaning, they were kept in plastic cages (41 x 32 x 16.5 cm) with maximally 5
animals per cage and under controlled conditions of temperature (22 + 2°C) and light/dark
cycle of 12h with free access to food and water. All experiments were approved by the
Ethics Committee on Animal Use of Biological Sciences Division of the Federal University
of Parana (CEUA / BIO - UFPR; approval ID: #779) and conducted in accordance with the
current guidelines for the care of laboratory animals and ethical guidelines for investigation

of experimental pain in conscious animals [32].

3.2.2. Induction of obesity

Obesity was induced in both male and female Wistar rats by daily subcutaneous
administration of monosodium glutamate (MSG; 4 mg/g; s.c, Santa Cruz Biotechnology
Inc.) between the first and fifth day of extra-uterine life. Control rats received a
subcutaneous injection of an equivalent volume of saline during the same period. Obesity
condition was characterized by the increase of Lee Index [33], increase deposition of
visceral fat [34] and increase of total cholesterol, VLDL cholesterol and triglycerides [35].
Decrease of nasoanal distance [36,37,38] and the increase of abdominal circumference
were also evaluated as additional obesity parameters in rats [33]. The doses and
treatment schedules were based on preliminary tests in our laboratory and on previous
studies [39,40,41].

3.2.3. Serum lipid profile and blood glucose

At different time points after saline or MSG treatment (please see Figure 1), the
blood samples were collected for the following laboratory tests: fasting blood glucose, total

cholesterol, VLDL cholesterol, HDL cholesterol and triglyceride. The fasting blood glucose
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was measured by a strip operated reflectance meter (Accu-Chek Advantage®) in a blood
sample obtained by tail prick. Triglyceride, total cholesterol and fractions were determined
accordingly to the manufacturer’s instructions (In vitro Kovalente, S&o Gongalo, RJ, Brazil)
through an automated methodology for the BS-200 Mindray device. The time points of 90"
and 120™ days were adopted for blood collection and measurement of serum lipid profile

according to previous studies [34,35].

3.2.4 Biophysical analysis

At different time points (as indicated in the figure 1), the four experimental groups
(male treated with saline — M SAL, male treated with MSG — M MSG, female treated with
saline — F SAL and female treated with MSG — F MSG) were submitted to body
measurements that include: nasoanal (nose to base of tail) length [36], abdominal
circumference [33] and the body mass. Then, the Lee Index was calculated using the
following formula: [(body weight)*3/(nasoanal length)](1000), according Bernardis and
Patterson [42]. At the end of the experiments, the fat visceral was properly removed and

weighed after the euthanasia by decapitation of animals.

3.2.5. Randall-Selitto test

Mechanical hyperalgesia was evaluated using the Randall-Selitto device (Ugo-
Basile, Verase, lItaly). Briefly, progressively increasing pressure was applied to the dorsal
portion of the one of the rats' hind paws. The mechanical nociceptive threshold was
defined as the force in grams at which point the rat withdrew its paw. The nociceptive
threshold was measured in triplicate and the mean was used for statistical purposes. The

maximum force applied was set at 250 g to prevent tissue injury [43].

3.2.6. Open-field test

The open-field test was conducted according to Candland et al., [44]. Briefly,
animals were placed in the center of a rectangular arena (40 cm x 50 cm x 63 cm) with a
floor divided into 6 rectangular units. The exploratory activity was measured quantifying

the squares crossed with all four paws during five minutes.
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3.2.7. Forced swimming test

The forced swimming test (FST) was performed as previously described by Porsolt
et al., [45], with minor modifications. The test was conducted in two sessions. First, in the
pre-test session, the rats were placed individually to swim during 15 minutes in a tank (30
cm x 40 cm height) containing 25 cm of water at 24 + 1-C. After twenty-four hours, the
animals were then submitted to the 5 minute test session of forced swim. This second
session was recorded for the quantification of the total time of immobility (except the small
movement necessary to float) and the latency for the presentation of the first immobility
episode. After each session (pre-test and test session), the animals were removed and

allowed to dry in a separate cage before being returned to their home cages.

3.2.8. Experimental procedures

The behavioral (Randall-Selitto, forced swimming and open field tests), biophysical
(body mass, nasoanal length, abdominal circumference, LEE index and visceral fat), lipid
profile and blood glucose measurements were performed according to the time points
shown in the figure 1. It is important to point out that the lipid profile and visceral fat were
assessed only at 120 days in saline control animals, since the evaluation of these
parameters was possible only through euthanasia of animals. Following the ethical
principle of reduction, the values obtained in samples from animals treated with MSG were

then compared to these values for statistical purposes.

3.2.9. Statistical Analysis

All data are presented as mean * standard error of mean (SEM) for groups with 8 to
12 animals. One or two-way analysis of variance (ANOVA) with or without repeated
measures was performed when appropriated. Newman-Keuls or Bonferroni post-hoc test
was performed when ANOVA pointed significant difference between the factors (treatment
- MSG or vehicle; and gender- male and female). The level of significance was set as
p<0.05. The tests were carried out using the STATISTICA program (version 5.1, Stat Soft,
Inc., Tulsa, OK, USA) or GraphPad Prism program (version 5, San Diego, CA, USA).
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4. Results

4.1. Biophysical parameters

As shown in figure 2 (panel A), two-way ANOVA with repeated measures showed
an interaction between gender and treatment factors on body mass parameter [F(6,168)=
8.78; p<0.05)]. Newman-Keuls post hoc test showed that the group treated with MSG
showed a significantly lower body weight when compared to the control group treated with
saline at 60", 90" and 120" day (p<0.05).

Regarding to the nasoanal length (figure 2, panel B), two-way ANOVA with
repeated measures showed an interaction effect between gender and treatment factors
[F(3,84) = 34.84; p<0.05]. Newman-Keuls post hoc test showed that MSG animals had a
significant decrease of the nasoanal length when compared to control group at 60", 90™
and 120" days (p<0.05).

The body mass and nasoanal length were then used to calculate the Lee index.
One-way ANOVA showed that MSG rats had a significant increase in Lee Index when
compared to the control groups at 60", 90™ and 120™ days (figure 2, panel C, p<0.05).
Only for the 120™ days, Newman-Keuls post hoc test showed that F MSG animals had a
greater Lee Index than M MSG (p<0.05).

One-way ANOVA showed that MSG rats had a significant increase of abdominal
circumference when compared to the control groups at 60", 90" and 120" days (p<0.05).
Newman—Keuls post hoc test showed that M MSG animals had a higher abdominal
circumference than F MSG in all evaluated time points (figure 2, panel D).

Finally, one way ANOVA showed that rats treated with MSG had a significant
increase in visceral fat when compared to the control group at 90" and 120" days (figure 2,
panel E, p<0.05).

4.2. Biochemical profile

As shown in Table 1, two-way ANOVA demonstrated significant difference for the
factor experimental group in the following parameters: total cholesterol [F(2,44) = 22.09;
p<0.05], VLDL cholesterol [F(2,48) = 32.99; p<0.05] and triglyceride levels [F(2,48) =
61.26; p<0.05]. Only for the total cholesterol, two-way ANOVA showed a significant effect
on the factor gender [F(1, 44) = 25.19; p<0.05] but not the interaction between the

experimental group and gender. The MSG treated rats did not exhibit a significant
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difference, neither in the HDL cholesterol nor in the blood glucose levels at the time points

of 90™ or 120" days when compared to saline-treated animals.
4.3 Behavioral Analysis

4.3.1 Forced Swimming Test
As shown in figure 3 (panel A, B e C), two-way ANOVA indicated a significant
effect of the treatment on the immobility time of animals in the time points evaluated in the
FST (day 60 [F(1,20) = 11.29; p<0.05]; [day 90 [F(1,19) = 6.55; p<0.05] and day 120
[F(1,19) = 28.24; p<0.05]). Independent of the gender, the treatment with MSG in rats
induced an augmentation of the immobility time (p<0.05), except for the female MSG
group on the 60™ day. Regarding on the latency for the first immobility episode (figure 3;
panels D, E and F), two-way ANOVA showed only a significant effect of treatment on the
90™ ([F(1,17) = 13.84; p<0.05]) and 120™ days ([F(1,20) = 30.09; p<0.05]), but not on day
60 ([F(1,20) = 37.74; p>0.05]). Newman—Keuls post hoc test showed that MSG animals
exhibited a decrease in the latency for a first immobility episode in comparison to the
control animals on the 90™ and the 120" day (p<0.05).
Although both the immobility time and the latency to the first immobility have been
assessed at the time point of 30 days, no statistical difference between the control and
MSG-treated animals (both genders) was observed in these parameters in this time point

(data not shown).

4.3.2 Randall Selitto

Two-way ANOVA showed a significant interaction between gender and
treatment factors only on day 120: [F(1,20) = 19.88; p<0.05]. Newman-Keuls post hoc
showed that, regardless of gender, MSG rats exhibited a significant decrease in the
mechanical threshold at 60" day [F(1,20) = 11.10; p<0.05], 90™ day [F(1,20) = 5.64;
p<0.05] and 120™ day [F(1,20) = 110.19; p<0.05]), as can be seen in the figure 4 (panels
A, B and C). A lower mechanical threshold was further observed in F SAL animals when
compared with M SAL at 90™ and 120" days.
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At time point of 30 days after MSG or saline treatment, no statistical difference
between the SAL and MSG animals (both genders) was observed for the mechanical

threshold (data not shown).

4.3.3. Open Field

The statistical analysis of the number of crossings in the open field test
revealed no significant difference between saline- and MSG-treated animals (both
genders) in this parameter at the time points of the 30™ (data not shown), 60", 90™ and
120" day (see Table 2).

5. Discussion

Corroborating previous data [35], our results showed that the neonatal treatment with
monosodium glutamate (MSG) induced obesity accompanied by an increase in serum total
cholesterol, VLDL cholesterol and triglycerides, with no changes in blood glucose.
Interestingly, for the first time in the literature, it was demonstrated in the same animal that
MSG treatment induced depressive-like and also nociceptive behaviors perceptible after
60 days, persisting up to the latter time point of this study (120 days).

MSG is a derived of the nonessential amino acid glutamic and has the property of
flavor reinforcement, which explains its widespread use as a food additive. Since the first
description that treatment with MSG induces obesity [46], this model has been widely used
with the purpose of deepening the knowledge of metabolic and neuroendocrine alterations
related to obesity [47]. However, little is known about the behavioral changes caused by
MSG neonatal treatment [28, 31], which was the central aim of this study.

It has already described that the MSG treatment produces neuroendocrine changes
due to hypothalamic injury [28], leading to the increase of adipose tissue, glucose
intolerance, insulin resistance and hyperinsulinemia, also triggering the development of a
metabolic disease. These consequences have led to the questioning of the safety of this
salt for animal or even human use [26,48]. The MSG-obese animals are characterized by
a decrease of body mass [38] and an decrease of nasoanal distance [38], and increase
visceral fat [34] and Lee Index [33]. As shown in the figure 2, the MSG-treated animals of
our study fulfill these obesity characteristics. More specifically, our results show that the

MSG-treated rats (both male and female) had a significant decrease in body mass when
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compared to the corresponding saline-treated rats. This retarded lean body mass growth
observed in MSG treated rats was corroborated by previous studies [37,38] and has been
associated with the impaired secretion of adenohypophysial growth hormone (GH) [36]
due to neurotoxic cell destruction of the arcuate nucleus [49]. In addition, the smaller size
of MSG animals might result in a decrease in the nasoanal distance, as demonstrated in
the figure 2 and observed by previous studies [37,38]. Despite of that, it is possible that a
reduction of body mass may result from a replacement of muscle by fat tissue in the obese
animals.

The increase of total visceral fat has also been described previously [34]. The increase
of the visceral fat content seen in MSG animals is consistent with recent data from the
literature and can be attributed to corticosterone release and HPA axis dysregulation [28].
It was previously described that this enhanced release of glucocorticoids by HPA axis
dysfunction [50] modifying metabolic responses [51], leading to fat deposition [35],
impairing insulin sensitivity in adipocytes [52] and promoting the free fatty acid release
from mature adipocytes [53].

Besides biophysical alterations, the rats treated with MSG in the neonatal period also
developed changes in lipid profile, markedly by an increase in the total cholesterol, VLDL
cholesterol and triglyceride, as previously described in the literature [35]. Conversely,
when compared with the control group, neither the serum HDL cholesterol nor the blood
glucose levels were significantly different in MSG-treated rats in our study. Regarding to
the total cholesterol, it was also observed that the levels in female rats treated with MSG
are higher than those observed in males.

In terms of behavioral changes observable in MSG-treated rats, originally it was
investigated the immobility time and the latency for the first immobility during the forced
swimming test (FST) as a depressive-like behaviors. The importance of studying the
association between depression and obesity is reinforced by the findings that high BMI
may be a predictor of poor response to the therapy with antidepressants, associating the
obesity as a negative impact over treatment outcomes in mood disorders in general[5,54].
In the present study, it was observed that the MSG-treated rats exhibited an increase of
the immobility time and a reduction in latency for the first episode of immobility when
compared to the control group (figure 3, panels A, B, C, D, E and F), characterizing a more

robust depressive-like behavior. Interestingly, a significant increase in the immobility time
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was observed earlier in male MSG-treated rats (at 60™ day; figure 3, panel A) while this
parameter was noticeably different in MSG female rats only after 90 days (figure 3, panel
B). Accordingly to previous studies, the depressive-like behaviors in MSG rats may be due
to an increase in the function of the serotonergic reuptake system in the cerebral cortex or
to a dysregulation of the HPA axis [28]. As described above, this HPA axis alteration
induces higher levels of glucocorticoids [50], leading to fat deposition [35], more
specifically visceral fat [34]. Interestingly, it is plausible to hypothesize that these raised
levels of glucocorticoids may be a possible link between obesity and mood disorders,
since this phenomenon has been associated with both lipolysis and mood disorders [28].

Regarding to nociceptive response, our results show that MSG-treated animals showed
a significant decrease in mechanical threshold, suggesting a mechanical hyperalgesia.
This result corroborates previous studies showing that MSG- treated animals exhibited
mechanical allodynia (i.e. an increase of frequency of response to Von Frey hairs) and a
reduction of paw withdrawal latency in hot plate test [13]. Curiously, a significant reduction
of tail withdrawal latency was not observed in MSG-treated rats [31]. Conversely, previous
study conducted by Badillo-Martinez et al., (1984) observed the hotplate latencies of MSG-
treated rats were significantly longer when compared to control group [55]. These
seemingly controversial data can be explained due to variability in the nociceptive tests
applied, time points after MSG treatment, at which the tests were conducted and in
experimental protocols regarding to MSG treatment. Thus, it seems to be a consensus that
regarding to pain threshold, the MSG treatment may produce different effects, including
onset changes appear to vary according to the nature of the nociceptive stimuli.

In an attempt to explore the possible nociceptive mechanisms associated with MSG
treatment, studies suggest that the exposure to high concentrations of MSG early in life
leads to excessive activation of N-Methyl-D-aspartate glutamate receptors [56], which
induces cell death or cytoarchitectural changes in the hippocampal CA1 surviving neurons
[57]. Since it has been described that the postnatal MSG treatment produces central
nervous neurotoxic cell destruction, mainly in the arcuate nucleus and the CA1 field of
hippocampus [57], it is plausible to hypothesize that an increase of glutamatergic
neurotransmission within the hippocampus may be related to this late nociceptive
responses in MSG-treated rats. Corroborating this hypothesis, Al Amin et al., [58]

demonstrated that neonatal hippocampal lesion in rats increased the nociceptive
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sensitivity in adulthood [58]. Furthermore, it has been demonstrated that glutamate
activates the hippocampal pERK1/2 molecules in supraspinal nociceptive processing [59]
and that hippocampal injection of MK-801, an uncompetitive antagonist of the N-Methyl-D-
aspartate receptor, produces analgesia [60]. Additionally, the involvement of hippocampus
in pain processing has been reported in a vast number of experimental and clinical studies
[31], expanding the idea that this brain region may be associated not only to learning,
memory, energy-intake regulation and reward but also in pain related mechanisms [31].

Finally, when evaluated the general locomotor activity in the open field test, the MSG-
treated rats did not exhibit a significant difference in the number of crossing, suggesting
that both depressive-like and nociceptive behaviors are both related to the condition of
these animals, and not due to an impairment of locomotor performance.

Taken together, the results of the present study demonstrated that the neonatal
administration of MSG induced obesity, characterized by a set of observations, in
particular an increase of visceral fat, decrease of nasoanal distance, increase of Lee
Index, increased abdominal circumference and changes in lipid profile. Similarly, the MSG
group exhibited exacerbated depressive-like behaviors and mechanical hyperalgesia that
persist up to 120 days after the treatment. In contrast to our initial hypothesis that there
might be significant differences in behavioral terms when considering the gender of the
animals, our study showed that the sex of the animals did not significantly influence the
development of mechanical hyperalgesia neither the depressive-like behaviors. However,
the gender of the animals has become an important factor in some characteristics of
obesity as Lee Index and abdominal circumference. Finally, this study presented the basis
for better understanding of the MSG model of obesity, which may in future studies provide
insights for preventive and therapeutic strategies for the improvement of the quality of life

of obese patients.
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Figure Captions

Figure 1. Time line of the experimental procedures. The obesity was induced by
monosodium glutamate (MSG) treatment from the first to the fifth day after birth. Control
groups treated with saline were conducted in parallel. BGlu: blood glucose; BM: body
mass; BP: biochemical profile; PT-FST: pre-test in the forced swimming test; FST: forced

swimming test; OF: open field test; RS: Randall-Selitto test.

Figure 2. Evaluation of body mass (panel A), nasoanal length (panel B), LEE Index
(panel C), abdominal circumference (panel D) and visceral fat in monosodium
glutamate (MSG)-treated rats. The body mass, nasoanal length, abdominal
circumference and the total abdominal fat were evaluated in male (M) and female (F) rats
at the different time points after treatment with saline (SAL) or monosodium glutamate
(MSG). The Lee index was calculated as described in the material and methods section.
Values represent mean + SEM (n=8-11). (*) indicates p<0.05 when compared to the
corresponding saline-treated group (M-SAL or F-SAL) and (#) indicates p<0.05 when

compared to values obtained at 90" day.

Figure 3. Exacerbated depressive-like behaviors in monosodium glutamate (MSG)-
treated rats. The immobility time (panels A, B and C) and the latency for the first
immobility (panels D, E and F) during the forced swimming test were evaluated in male (M)
and female (F) rats at 60™ (panels A and D), 90™ (panels B and E) and 120" (panels C
and F) after treatment with saline (SAL) or MSG. Values represent mean £ SEM (n=8-11).
(*) indicates p<0.05 when compared to the corresponding saline-treated group (M-SAL or
F-SAL).

Figure 4. Mechanical hyperalgesia in monosodium glutamate (MSG)-treated rats.
The mechanical thresholds (in grams, g) were evaluated in male (M) and female (F) rats at
60™ (panel A), 90" (panel B) and 120™ (panel C) day after treatment with saline (SAL) or
MSG. Values represent mean = SEM (n=8-11). (*) indicates p<0.05 when compared to the
corresponding saline-treated group (M-SAL or F-SAL). (#) indicates p<0.05 when
compared to M SAL group.
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Table 1. Serum lipid profile and blood glucose levels in monosodium glutamate
(MSG)-treated rats. The serum lipid profile and the blood glucose were evaluated in
male and female at 90™ and 120™ after treatment with saline or MSG. The values shown
for the control group (saline) correspond to the time point of 120 days.

Saline MSG
90 days 120 days

Total Cholesterol (mg/DlL

Male 51.2 +1.8 61.6 +0.9* 64.7 +2.1*

Female 56.7 +2.9 78.6 + 3.1* 77.7 +4.2%
HDL Cholesterol (mg/DL

Male 25.7+1.1 28.03+0.7™ 30.0+1.1™

Female 34.7+25 37.09+1.1™ 36.8+1.9™
VLDL Cholesterol (mg/DL

Male 155+£0.8 28.7 +1.3* 38.6 + 3.8*

Female 151+1.9 33.9+3.1* 38.2+2.1*
Triglyceride (mg/DL)

Male 72.8+5.8 146.5 £+ 6.8* 205.7 + 16.5*

Female 67.7+2.1 169.7 £ 15.4* 191.1 £ 10.6*
Blood glucose (mg/DL)

Male 87.3+1.4 82.4£2.7™ 104.1 +3.6"™

Female 89.9+2.6 93.6 £1.8™ 101.9+1.8™

Values are expressed as mean + SEM (n=8-11). (*) indicates p<0.05 when compared to
corresponding saline-treated group (*) indicates p<0.05 when compared to MSG-treated
male group at the same time point. ns: no significant.
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Table 2. Locomotor activity in monosodium glutamate (MSG)-treated rats. The

number of crossings in the open field test was evaluated in male and female rats at 60™,
90™ and 120™ day after treatment with saline or MSG.

Number of crossings

Groups
60 days 90 days 120 days

Male

Saline 60.2+12.1 48.8 + 6.7 55.8+9.5

MSG 70.4+36™ 415+195™ 40.6 +3.9"™
Female

Saline 71.8+11.7 69.2+12.8 72.0+£6.4

MSG 66.7 +3.0™ 62.5+8.6™ 54.6 +2.4"

Values represent mean £ SEM (n=8-11). ns: no significant.
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HIGHLIGTS

¢ Neonatal treatment with MSG induced biophysical and biochemical changes typical
of obesity

e Neonatal treatment with MSG induced mechanical hyperalgesia

e Neonatal treatment with MSG exerted depressive-like behaviors

e Rats gender does not influence the time course of pain and depression induced by
MSG
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4. CONCLUSAO

Os resultados deste estudo demonstraram que a administracdo neonatal de MSG
foi capaz de induzir alteracdes biofisicas e bioquimicas relacionadas a obesidade bem
como alteragbes comportamentais relacionadas ao desenvolvimento de hiperalgesia
mecanica e de comportamento tipo-depressivo. A padronizacdo de um modelo de
obesidade capaz de ser preditivo quanto ao desenvolvimento de alteracdes
comportamentais observadas clinicamente possibilitar4d, no futuro, a conducédo de
investigacbes acerca dos possiveis mecanismos fisiopatolégicos que podem estar
associados a obesidade, depressédo e dor. Mais estudos, no entanto, sdo necessarios
para o melhor entendimento dos mecanismos toxicolégicos através dos quais 0 MSG

induz alteragbes comportamentais em ratos.
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