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RESUMO

Muitos estudos tém destacado uma relagao entre diabetes e transtornos do humor.
Além de alteragbes no metabolismo energético, estresse oxidativo e neurotrofinas.
Assim, o objetivo do presente estudo foi avaliar essas alteracées em um modelo
animal de diabetes e em pacientes com diabetes do tipo 2. Para isso o estudo foi
dividido em 3 etapas. A primeira teve como objetivo avaliar a prevaléncia de
transtornos do humor, risco de suicidio e a qualidade de vida de pacientes com
diabetes do tipo 2. Os resultados mostraram que pacientes com diabetes tiveram
uma maior prevaléncia de transtornos do humor, maior risco de suicidio e uma pior
qualidade de vida, quando comparado a pessoas nao diabéticas. A segunda parte
do estudo avaliou parametros de meméria, metabolismo energético e de estresse
oxidativo em cérebro de ratos Wistar submetidos a um modelo animal de diabetes
induzido por aloxano. Os resultados mostraram que esses animais ndo tiveram
alteracées na memoria de reconhecimento, porém tiveram alteragbes na atividade
dos complexos da cadeia respiratoria mitocondrial, creatina quinase e citrato sintase.
Além de um aumento na peroxidacao lipidica, carbonilacdo de proteinas, e
alteracées nas enzimas antioxidantes, superdxido dismutase (SOD) e catalase
(CAT). Ja a terceira parte do estudo investigou os efeitos da imipramina, um
antidepressivo triciclico, no modelo animal de diabetes. Os ratos com diabetes
tiveram comportamento do tipo depressivo no teste do nado forgado, e a imipramina
reverteu este efeito. Além disso, a imipramina aumentou os niveis do fator
neurotréfico-derivado do cérebro (BDNF) no cértex pré-frontal. Concluindo, os dados
encontrados no presente estudo mostraram alteracées do humor a partir de uma
amostra clinica e alteracbes comportamentais e neuroquimicas em um modelo
animal de diabetes.

Palavras chaves: Metabolismo Energético; Estresse Oxidativo; Fator Neurotréfico-
Derivado do Cérebro; Transtornos Psiquiatricos; Diabetes.



ABSTRACT

Many studies have highlighted a link between diabetes and mood disorders. Also,
changes in energy metabolism, oxidative stress and neurotrophins. The objective of
this study was to evaluate these changes in an animal model of diabetes and in
patients with type 2 diabetes. For this, the study was divided in three parts. The first
was to evaluate the prevalence of mood disorders, suicide risk and quality of life in
patients with type 2 diabetes. The results showed that patients with diabetes had a
higher prevalence of mood disorders, increased risk of suicide and poorer quality of
life, when compared to non-diabetics. The second part of the study evaluated
memory, energy metabolism and oxidative stress parameters in brain of Wistar rats
subjected to an animal model of diabetes induced by alloxan. The results showed
that these animals had no changes in recognition memory, however there were
changes in the mitochondrial respiratory chain complexes, creatine kinase and citrate
synthase activities. Still, there was an increase in lipid peroxidation, protein
carbonylation, and changes in antioxidant enzymes, superoxide dismutase (SOD)
and catalase (CAT). The third part of the study investigated the effects of imipramine,
a tricyclic antidepressant, in an animal model of diabetes. Rats with diabetes had
depressive-like in the forced swimming test, and imipramine reversed this effect. In
addition, imipramine increased the levels of brain derived-neurotrophic factor (BDNF)
in prefrontal cortex. Finally, our findings showed alterations on mood disorder in
humans with type 2 diabetes. In addition, the animal model of diabetes induced by
alloxan led to behavioral and neurochemical changes related with diabetes.

Keywords: Energy Metabolism; Oxidative Stress; Brain Derived-Neurotrophic
Factor; Psychiatric Disorders; Diabetes.
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PARTE |

1 INTRODUCAO

1.1 Diabetes

O Diabetes Mellitus (DM) € uma das principais sindromes de evolugéo crbénica
que acomete a populacdo nos dias atuais. A sua prevaléncia vem crescendo
significativamente com o processo de industrializagdo e urbanizacdo populacional
dos ultimos anos. Atualmente, esta doenca representa um importante problema de
saude publica com alta morbidade, mortalidade e repercussdes econdmicas
significativas (Sociedade Brasileira de Diabetes, 2009), sendo uma das doencas
croénicas mais onerosas para os sistemas de saude (American Diabetes Association,
2007).

O DM é um grupo heterogéneo de disturbios envolvendo todos os substratos
energéticos (carboidratos, proteinas e gorduras), sendo caracterizado principalmente
pela hiperglicemia, resultante da deficiéncia de secre¢cdo ou da ac¢do da insulina.
(American Diabetes Association, 2007; Sociedade Brasileira de Diabetes, 2009).
Esta doenca ocorre, frequentemente, acompanhada de dislipidemia, hipertenséao
arterial e disfuncdo endotelial afetando, atualmente, 8% da populagdo adulta, com
aumento da incidéncia para mais de 20% em pessoas com mais de 65 anos de
idade (Felig & Frohman, 2001). Trata-se de uma doenga com critérios diagndsticos

bem definidos, porém de manejo complexo, devido a abordagem terapéutica
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medicamentosa associada a mudancga de habitos de vida dos pacientes (Assuncao,
Santos & Costa , 2002).

Em 1985, estimava-se haver 30 milhdes de adultos com esta doenga no
mundo, esse numero cresceu para 135 milhdes em 1995, atingindo 173 milhdes em
2002, com projegao de chegar a 366 milhdes em 2030. Cerca de dois tercos desses
individuos com DM vivem em paises em desenvolvimento, onde a epidemia tem
maior intensidade, com crescente proporcao de pessoas afetadas em grupos etarios
mais jovens. Estes dados permitem referir que uma epidemia de DM esta em curso.
(Wills, 2002).

No Brasil, em 2000, havia aproximadamente 4,5 milhdes de individuos
portadores de DM (World Health Organization, 2010), dos quais 50% desconheciam
seu diagnostico (International Diabetes Federation, 2006), com previsdo de que em
2030 essa doenca atinja 11 milhdes de portadores da doenca (World Health
Organization, 2010).

Frequentemente, na declaracao de 6bito ndo se menciona o DM pelo fato de
serem suas complicagdes, particularmente as cardiovasculares e cerebrovasculares,
as causa da morte. No inicio do século XXI, estimou-se que se atribuiram 5,2% de
todos os 6bitos no mundo ao diabetes, 0 que torna essa doenca a quinta principal
causa de morte. Parcela importante desses é prematura, ocorrendo quando ainda os
individuos contribuem economicamente para a sociedade (Roglic et al., 2000).

O Diabetes é o principal fator de risco para cardiopatias e doencas
cérebrovasculares e, geralmente, ocorre associada a Hipertensao Arterial. (King,

Aubert & Herman, 1998; Globalnews International Diabetes Federation, 2006).
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Dados brasileiros de 2006 mostram que as taxas de mortalidade por DM (por
1000 mil habitantes) apresentam acentuado aumento com o progredir da idade,
variando de 0,46 para a faixa etaria de 0 a 29 anos de idade a 223,3 para a de 60
anos ou mais, ou seja, um gradiente préximo a 400 vezes (Brasil, 2010).

Existem evidéncias de que pessoas com o diabetes ndo tratado ou mal
controlado desenvolvam mais complicagdes do que aquelas com diabetes bem
controlado (Oliveira e Milech, 2004). A prevaléncia do diabetes, as projecdes para o
futuro e os fatores associados ao seu crescimento levam a uma justificada
necessidade de estudar o tema quer seja nos aspectos epidemiolégicos,

fisiopatolégicos, de diagnéstico precoce ou de tratamento.

1.2 Classificacao do Diabetes Mellitus

A classificacao atual do DM é baseada na etiologia e ndo no tipo do
tratamento. Deste modo, os termos DM insulinodependente ndo devem mais ser
utilizados (Sociedade Brasileira de Diabetes, 2009).

A classificagdo moderna do DM continua se desenvolvendo com o aumento
do conhecimento sobre a epidemiologia, patofisiologia e genética. A Sociedade
Brasileira de Diabetes, em suas ultimas diretrizes (2009), baseada nas classificacbes
da Organizacdo Mundial da Saude (OMS) e da Associacao Americana de Diabetes,
assim o Caderno de Atencado Basica N.16 do Ministério da Saude recomenda a
classificacdo do DM em:

- DM tipo 1: caracterizada pela deficiéncia absoluta de insulina, resulta
primariamente da destruicdo das células beta pancredticas, tem tendéncia a

cetoacidose. Inclui casos decorrentes de doenga auto-imune e aqueles nos quais a
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causa da destruicdo das células beta ndao é conhecida (causa idiopatica).
Corresponde de 5% a 10% do total de casos. A forma rapidamente progressiva é
comumente observada em criangas e adolescentes, porém pode ocorrer também em
adultos. A forma lentamente progressiva ocorre geralmente em adultos e é referida
como diabetes latente auto-imune do adulto (LADA — Latent autoimune diabetes in
adults).

- DM do tipo 2: resultante, em geral, de graus variaveis de resisténcia a
insulina e deficiéncia relativa de secreg¢ao de insulina. A maioria dos pacientes tem
excesso de peso e a cetoacidose ocorre apenas em situacdes especiais, como
durante infecgdes graves. O diagnéstico, na maioria dos casos, é feito a partir dos
40 anos de idade, embora possa ocorrer mais cedo, mais raramente em
adolescentes. Abrange 90% a 95% do total de casos;

- DM gestacional: caracterizado pela diminuicao da tolerancia a glicose, de
magnitude variavel, diagnosticada pela primeira vez na gestacdo, podendo ou nao
persistir apos o parto. Abrange os casos de DM e de tolerancia a glicose diminuida
detectados na gravidez.

- Outros tipos de DM: pertencem a essa classificacdo formas menos comuns
de DM cujos defeitos ou processos causadores podem ser identificados, como:
defeitos genéticos funcionais da célula beta; defeitos genéticos na acao da insulina;
doencas do pancreas exocrino; endocrinopatias; DM induzido por farmacos ou
agentes quimicos; infecgdes; formas incomuns de diabetes imunomediado; outras
sindromes genéticas geralmente associadas ao diabetes.

Pré-Diabetes:
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A hiperglicemia no DM tipo 2 geralmente se desenvolve de forma gradual, ndo
sendo suficiente nos estagios iniciais para promover o aparecimento dos sintomas
classicos, podendo o paciente permanecer com a doenga sem diagnostico por varios
anos, tendo como consequéncia o desenvolvimento de uma complicacdo que muitas
vezes é detectada no momento do diagnoéstico do DM tipo 2. A causa deste
desenvolvimento gradual é a evolucdo da doenca que se inicia com uma leve
resisténcia a acao da insulina podendo culminar com a deficiéncia na produgao de
insulina (Oliveira e Milech , 2004).

O processo fisiopatolégico do DM tipo 2, decorrente de uma condicido
genética, caracterizada pela resisténcia insulinica, em que o nivel de insulina é
normal, mas nao é eficaz em sua funcao de promover a utilizacao periférica da
glicose (Sociedade Brasileira de Diabetes, 2009). Uma segunda condicdo genética é
a insuficiéncia insulinica, situacdao na qual existe efetivamente uma reducao de sua
secrecdo pelo pancreas e que, geralmente, ocorre depois de alguns anos de
evolucao da doenca (Pedrosa et al., 2006).

As pessoas com esta forma do DM n&o sdo dependentes de insulina exdgena
para sobrevivéncia, porém podem necessitar de tratamento com insulina para a
obtencdo de um controle metabdlico adequado (American Diabetes Association,
2008; Sociedade Brasileira de Diabetes, 2009).

O estagio intermediario entre a homeostase normal da glicose e o DM é
chamado pré-diabetes, e pode ser dividido em duas categorias: glicemia de jejum
alterada e tolerancia a glicose diminuida. A glicemia de jejum alterada refere-se as
concentracdes de glicemia de jejum que séo inferiores ao critério diagndstico para o

DM, porém mais elevadas que o valor de referéncia normal. A toleréncia a glicose
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diminuida representa uma anormalidade da regulagdo da glicose no estado pés-
sobrecarga, que é diagnosticada através do teste oral de tolerancia a glicose
(Sociedade Brasileira de Diabetes, 2009).

A evolucédo para o DM ocorre ao longo de um periodo de tempo variavel,
passando pelos estagios intermediarios: glicemia de jejum alterada (evidéncias
precoces de disfuncao de célula beta) e tolerancia a glicose diminuida (na presenca
de glicemia de jejum normal, representariam quadro de resisténcia insulinica). Na
presenca de ambos os estagios, haveria um quadro misto, com maior risco para
progressao para diabetes e doenca cardiovascular. Qualquer dos estagios, pré-
clinicos ou clinicos, pode caminhar em ambas as dire¢des, progredindo para o
estado diabético ou revertendo para a normalidade da tolerancia a glicose
(Sociedade Brasileira de Diabetes, 2009).

Independentemente do tipo de diabetes, uma das maiores preocupacgdes dos
profissionais de saude é a prevencao de complicacdes, devido a sua gravidade e
repercussdes para o paciente, familia e sociedade.

As complicagdes do DM sao classificadas em agudas e cronicas. Entre as
complicagdes agudas encontram-se a cetoacidose diabética e o coma hiperosmolar
nao cetético, complicacbes estas de facil manejo clinico, mas que podem ter
consequéncias sérias se nao tratadas a tempo (Pedrosa et al., 2006).

As complicacdes cronicas do DM incluem as alteragdes macrovasculares,
microvasculares e as neuropatias (Sacco et al., 2007).

As complicagdes macrovasculares manifestam-se, principalmente, nas
artérias coronarianas, cerebrais e periféricas de extremidades inferiores, tendo

progndstico agravado pelo fato de a aterosclerose desenvolver-se em idade precoce
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nos portadores de DM (Pedrosa et al., 2006). Os portadores de DM tipo 2
apresentam maior risco de desenvolvimento de complicagdes cardiovasculares
(40%) e de morrerem por estas complicacdes do que os ndo diabéticos (Bianchi,
2008; Howard et al., 2006).

As complicagbes microvasculares resultam de alteragdes dos niveis
glicémicos, que provocam um espessamento da membrana basal dos capilares, e

estdo relacionadas a retinopatia, nefropatia e neuropatia (De Luccia, 2003).

1.3 Diagnéstico do Diabetes Mellitus

Os critérios diagndsticos estdo baseados nas recomendacdes das Diretrizes
da Sociedade Brasileira de Diabetes (2009) e incluem valores de glicemia de jejum
medidos no soro ou plasma.

Os critérios aceitos para o diagnéstico do DM sao trés:

1) sintomas de polidria, polidipsia e perda ponderal acrescidos de glicemia casual
acima de 200 mg/dL (realizada a qualquer hora do dia, sem se observar o intervalo
desde a ultima refeicao);

2) glicemia de jejum = 126 (em caso de pequenas elevagdes da glicemia o
diagnéstico deve ser confirmado pela repeticdo do testes em outro dia;

3) glicemia de 2 horas pds-sobrecarga de 75 g de glicose acima de 200 mg/dL. O
grupo de individuos que apresentam valores de glicemia acima do normal, mas
abaixo dos valores determinados para o diagnéstico de DM, sao incluidos nas
categorias de glicemia de jejum alterada (glicemia entre 100 mg/dL e 126 mg/dL) e

tolerancia a glicose diminuida (ap6s o teste de sobrecarga de 75 g de glicose, o
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valor de 2 horas encontra-se entre 140 mg/dL e 199 mg/dL) (Sociedade Brasileira de

Diabetes, 2009).

1.3.1 Hemoglobina Glicada

A hemoglobina glicada (termo bioquimicamente correto), também conhecida
como hemoglobina glicosilada, glicoemoglobina ou HbA1c, refere-se a um conjunto
de substancias formadas em reac¢des entre a hemoglobina normal do adulto (HbA) e
alguns acucares (Grupo Interdisciplinar de padronizacdo da hemoglobina glicada,
2007 ; Sociedade Brasileira de Diabetes, 2009).

Os niveis de HbA1c refletem a glicemia média de um individuo durante os
dois ou trés meses anteriores a data de realizagdo do teste, tendo assim grande
utilidade na avaliagdo do nivel de controle glicémico e da eficacia do tratamento
vigente (Sociedade Brasileira de Diabetes, 2009). Dependendo do método
laboratorial utilizado para analise, os valores de hemoglobina podem variar de 3% a
6% da HbA total em pessoas normais até 20% ou mais em diabéticos mal
controlados. O exame de hemoglobina glicada foi definido como padrao ouro na
monitorizacao do tratamento hipoglicemiante e pela relagdo direta comprovada entre
a glicemia média do paciente e o surgimento de complicacdes cronicas da doenca,
mas nao € um exame adequado para o diagnéstico do diabetes (Sociedade
Brasileira de Diabetes, 2009).

Os testes de HbA1c devem ser realizados pelo menos duas vezes ao ano
para todos os pacientes diabéticos e quatro vezes por ano (a cada trés meses) para

pacientes que se submeterem a alteracbes do esquema terapéutico ou que nao
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estejam atingindo os objetivos recomendados com o tratamento vigente (Sociedade
Brasileira de Diabetes, 2009).

Os niveis recomendados de HbA1c sao inferiores a 7%, segundo a American
Diabetes Association (2008), pois valores superiores a este estdo associados a um
risco progressivamente maior de complicagdes cronicas, como retinopatia, nefropatia
€ neuropatia.

Em 2009, a Sociedade Brasileira de Diabetes adotou em suas novas
diretrizes para o controle glicémico do diabetes tipo 2 a meta de HbA1¢c<6,5%, em
concordancia com as recomendacdes da Unido Européia, da Federacao
Internacional de Diabetes e da American Association of Clinical Endocrinologists

(Sociedade Brasileira de Diabetes, 2009).

1.4 Tratamento do Diabetes Melitus

O tratamento do DM inclui as seguintes estratégias: educacao; modificacoes
do estilo de vida, que incluem suspensado do fumo, aumento da atividade fisica e
reorganizacdo dos habitos alimentares; e, uso de medicamentos (Fauci et al., 1998).
Desse modo, compreende-se que o tratamento para o diabetes pode ser nao
medicamentoso e medicamentoso. O tratamento medicamentoso pode ser efetuado
por meio de antidiabéticos orais e também da insulina.

Os medicamentos antidiabéticos devem ser empregados quando nao se tiver
atingido os niveis glicémicos desejaveis apds o uso das medidas dietéticas e do
exercicio. A natureza progressiva do DM, caracterizada pela piora gradual da
glicemia de jejum ao longo do tempo, faz com que haja necessidade de aumentar a

dose dos medicamentos e acrescentar outros no curso da doenca. A combinacao de
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agentes com diferentes mecanismos de acao é comprovadamente Gtil. O arsenal
utilizado com a finalidade de diminuir a hiperglicemia inclui diversos medicamentos
com varios mecanismos de acao diferentes (Felig e Frofman, 2001)

De modo geral e de acordo com 0 mecanismo de acdo principal, pode-se
sbdividir os antidiabéticos orais em aqueles que incrementam a secrecio
pancreatica de insulina (sulfoniluréias e glinidas); os que reduzem a velocidade de
absorcao dos glicicios (inibidores das alfaglicosidases); os que diminuem a producao
hep’tica de glicose (biguanidas); e/ou os que aumentam a utilizacdo periférica de

glicose (glitazonas).

1.4.1 A Insulina no tratamento do diabetes

A insulina € um horménio sintetizado nas células B das ilhotas de Langerhans
do péancreas. A parte endocrina do pancreas (2% da massa total do 6rgao) é
formada por 500.000 a um milh&o de ilhotas de Langerhans, dentro das quais, as
células-beta constituem 60-80% do todo (Felig e Frohman, 2001). As células B das
ilhotas pancreaticas sintetizam insulina a partir de um precursor de 110 aminoacidos
de cadeia simples, denominado pré-pro-insulina.

A insulina é a mais efetiva medicacao hipoglicemiante conhecida e pode
reduzir a HbA1c aos niveis de controle desejaveis a partir de quaisquer niveis de
HbA1c iniciais. Nao existem doses maximas acima das quais seu efeito terapéutico
nao ocorra, nem contra indicacdes ao seu uso (Nathan et al., 2006).

A acado da insulina é essencial para regular a homeostase de glicose em
varios niveis, reduzindo a producdo hepatica de glicose (via diminuicdo da

gliconeogénese e glicogendlise) e aumentando a captagao periférica de glicose,
24



principalmente nos tecidos muscular e adiposo. A insulina também estimula a
lipogénese no figado e nos adipocitos e reduz a lipdlise, bem como aumenta a
sintese e inibe a degradacao protéica (Carvalheira, Zecchin & Saad, 2002).

Os tecidos-alvo importantes para a regulacdo da homeostasia da glicose pela
insulina sdo o figado, o musculo e o tecido adiposo, mas ela também exerce
potentes efeitos reguladores sobre outros tipos celulares, sendo o principal horménio
responsavel pelo controle de captacdo, da utilizacdo e do armazenamento dos
nutrientes celulares. As acbes anabdlicas da insulina incluem estimulacdo da
utilizacdo e do armazenamento intracelular de glicose, aminoacidos e acidos graxos,
enquanto inibe processos catabdlicos como a degradacao de glicogénio, lipidios e
proteinas. A insulina exerce essas funcdes gerais ao estimular o transporte de
substratos e ions para dentro das células, ao promover a translocacao de proteinas
entre compartimentos celulares, ao ativar e inativar enzimas especificas e ao
modificar as quantidades de proteinas, alterando a taxa de transcricdo génica e de
traducao de mRNA especifico (Davis & Granner, 2003).

Recomenda-se que a terapéutica com insulina seja iniciada quando, a
despeito de doses maximas de duas drogas orais utilizadas por alguns meses, 0
paciente mantiver niveis de HbA1c maiores que 7% (Sociedade Brasileira de

Diabetes, 2009).

1.5 Diabetes e Alteracoes Comportamentais

O DM dos tipos 1 e 2 sdo estados hiperglicémicos e hipoinsulinémicos
crénicos que podem modificar fungbes do Sistema Nervoso Central (SNC) (Bellusch

et al.,, 1991; Lustamn et al., 1992). Em pacientes diabéticos, situacées extremas de
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hiperglicemia ou hipoglicemia sao geralmente acompanhadas de perda da
consciéncia, convulsao e coma (Wilson et al., 1998). O impacto do DM no SNC tem
sido estudado mais intensamente na ultima década do século passado, a partir de
estudos de Mccall (1992) que descreve a encefalopatia diabética (Biessels et al.,
2002). Aléem das bem conhecidas consequéncias, como o aumento do risco de
acidente vascular pela aterosclerose, o diabete é associado a déficits cognitivos e
alteracoes estruturais e neurofisiologicas no cérebro (Biessels et al., 2002).
Manifestacbes Psiquiatricas parecem acompanhar esta encefalopatia, uma vez que
a prevaléncia da depressao é de 39% nos diabéticos, 0 que é 2 a 3 vezes mais
elevado que na populacao nao diabética (Téllez-zenteno & Cardiel, 2002).

A hipoglicemia aguda, resultante da administracdo de doses elevadas de
agentes hipoglicemiantes, estd relacionada com o aumento da liberacdo de
aminoacidos excitatérios, como o glutamato que, associado a pouca disponibilidade
de adenosina trifosfato (ATP) e consequente reducdo da recaptacdo desse
neurotransmissor para as células gliais, pode produzir dano neuronal irreversivel,
uma vez que esse aminoacido é citotoxico (Cox & Henneberry, 1989).

Pesquisas sobre transtornos mentais concomitantes as doengas organicas
cronicas, em particular o DM, tém indicado presenca de depressdo, ansiedade e
abuso de sustancias (alcool e sedativos) nestes pacientes (Wells, Golding &
Burnam, 2009).

Algumas pesquisas indicam maior prevaléncia de transtornos de humor e
ansiedade nos diabéticos, outros ndo apontam o diabetes como fator de risco maior

do que o encontrado em outras doencas crénicas (Thomas et al., 2003). Entretanto,
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a maioria dos estudos focaliza a depressao e sua relacdo com o diabetes (Rubin &
Peyrot, 2001).

A presenca de transtornos psiquiatricos no DM poderia ser um dos fatores
que dificultaria o controle metabdlico e facilitaria a evolucdo da doenca. Além disso,
a presenca de uma sindrome depressiva e de sintomas alimentares parece
influenciar negativamente o controle metabdlico da doenca. Parece importante
investigar a presenca de um transtorno psiquiatrico em pacientes com diabetes,
sobretudo naqueles que nao conseguem um controle metabdlico satisfatoério.
Pesquisadores tem demonstrado que estas complicacdes reduzem a qualidade de
vida dos pacientes e aumentam a utilizagdo dos servicos de saude (Fincke et al.,
2005; UKPDS, 1999). Outras evidéncias tem apontado associacao entre transtornos
psiquiatricos e diabetes, sobretudo alcoolismo, ansiedade e depresséo, sendo que a
elevada prevaléncia de transtornos psiquiatricos em pacientes diabéticos ja vem
sendo descrita ha pelo menos um século e pode influenciar o curso desta doenca
(Clavijo et al., 2006).

Ha evidéncia de que os pacientes com DM apresentam uma maior
prevaléncia de fatores de risco para o desenvolvimento de transtornos psiquiatricos
porém ha escassez de estudos em nosso meio. Além disso, o conhecimento da
prevaléncia destes fatores € essencial para o bom manejo clinico dos pacientes,
pois a maior parte dos componentes da sindrome pode ser tratada por meio de
medidas comportamentais e/ou intervencdes farmacoldgicas.

Clavijo et al. (2006) desenvolveram estudos para verificar a frequéncia de
transtornos psiquiatricos em pacientes diabéticos tipo 2, comparado a um grupo de

nao-diabeticos e evidenciaram que a frequéncia de risco de suicidio e episédio

27



hipomaniaco passado foi significativamente maior entre diabéticos do que entre os
nao-diabéticos na éarea estudada. Os achados de frequéncia de transtornos
psiquiatricos foram altos em ambos os grupos, sendo que no dos diabéticos
predominaram os diagnésticos de depressao e ansiedade.

Rocha & Bezerra (2006) comentam que a relacdo entre transtornos
psiquiatricos e comorbidades como obesidade, dislipidemia e diabetes tem cada vez
mais sido avaliada no contexto da sindrome metabdlica.

Lutsman (1992) vem pesquisando ha 16 anos a relacao entre os transtornos
psiquiatricos e o diabettes, e refere que a pessoa com diabetes pode desenvolver
praticamente qualquer transtorno psiquiatrico, sendo que os mais comuns sao a
ansiedade e a depressao.

Estudos encontraram evidéncias de associacao entre transtornos do humor e
diabetes. Pacientes com transtorno afetivo bipolar sdo mais obesos que a populacéo
em geral, com estudos mostrando um consumo maior de alimentos ricos em
acucares e carboidratos e reduzida pratica de atividade fisica. No entanto também
nao ha evidéncias de que a obesidade possa elevar o risco para o desenvolvimento
desse transtorno (Teixeira, Moreira & Rocha, 2005).

Outro ponto importante € que a ligacdo fisiopatolégica comum entre
obesidade, diabetes e transtornos do humor pode ser a hipercolesterolemia. Ela é
observada tanto em pacientes com diabetes quanto naqueles com transtornos
bipolar e unipolar (Talbot & Nowen, 2000).

A Hipercolesterolemia leva a obesidade visceral que é observada em
pacientes com depressado grave, e esta leva ao aumento da resisténcia a insulina e

ao DM do tipo 2 (Parker et al., 2003, Talbot & Nowen, 2000).
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Pacientes com diabetes necessitam modificar habitos alimentares e aderir a
esquemas terapéuticos restritivos, tais como aplicacées regulares de insulina e
monitorizagao glicémica diaria. Além disso, estes pacientes devem lidar com o fato
de ter que conviver durante toda a vida com uma doenca que é responsavel por
complicagdes clinicas que prejudicam a saude do individuo. Todas essas variaveis
poderiam repercutir no estado de humor dos pacientes diabéticos (Moreira et al.,
2003), o que favorece a instalagdo de estados ansiosos, situacdes estressantes e
estados de depressao. Tais situacdes sao facilmente evidenciadas na pratica clinica
no atendimento a pacientes diabéticos.

A maioria dos estudos focaliza a depressédo e sua relagdo com o diabetes,
ndao sendo investigado com a mesma importancia esta relacdo com outros
transtornos mentais (Rubin, 2001).

Abrahamian et al (2009) comenta que a depressdao € comum em pacientes
com DM e tem um impacto negativo sobre o auto-cuidado e a adesdo ao
tratamento, sendo predisponente para o desenvolvimento de complicagdes. O
tratamento eficaz da depresséo tem sido associada com a melhoria nos parametros
metabdlicos. A depressdo parece elevar o risco de desenvolver DM do tipo 2
enquanto o tipo 1 pode estar biolégica e/ou psicologicamente ligado a etiopatogenia
da depressao (Parker, et al. 2003).

Krabe et al (2006) relatam que o Fator Neurotréfico Derivado do Cérebro
(BDNF) se apresentou diminuido em pacientes diabéticos o que pode ser um fator
predisponente para a depressao e que os niveis do BDNF em mulheres apresentou-

se mais elevado que em homens.
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Boulanger (2009) em estudo para avaliar o impacto social e econédmico do
diabettes associado a depressao concluiu que estes sao elevados devido a elevada
incidéncia de hospitalizacbes destes pacientes diabéticos que apresentam
comorbidades como a depressado. Lin et al (2009) comentam que pacientes
diabéticos que apresentam comorbidades psiquiatricas como a depressao
apresentaram maior taxa de mortalidade.

Além disso, resultados controversos tém correlacionado a resisténcia a
insulina como fator de protecao para o desenvolvimento da depressao (id Ibid).

Na ultima década, passou-se a estudar a depressdo como um dos fatores
etiologicos do diabetes (Rubin e Peyrot, 2002) e alguns estudos evidenciaram que a
depressao prediz a ocorréncia posterior de diabetes (Eaton et al., 1996; Kawakami
et al., 1999).

Mais especificamente, sintomas depressivos poderiam prejudicar a adeséo ao
tratamento, piorar o controle metabdlico e aumentar o risco de complicagdes do DM.
A depressdo apresenta alteragcbes neuroquimicas € hormonais que teriam efeitos
hiperglicemiantes e poderiam acarretar disturbios no metabolismo glicémico. Em
contrapartida, o DM tem efeitos neuroquimicos sobre os sistemas centrais
serotoninérgicos, noradrenérgicos e dopaminérgicos, levando a uma diminuicdo da
funcdo monoaminérgica, a semelhanca do que ocorre na depressdo (Leedom,
2001). A sobreposicao de alteragbes fisiopatolégicas de ambas as condi¢cdes
poderia explicar a ocorréncia frequente de sintomas depressivos em pacientes
diabéticos.

Em uma metandlise recente, avaliando estudos que utilizaram grupos-controle

normais, a prevaléncia de depressdao em pacientes diabéticos foi de 11% a 31%,
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enquanto que a presenca de diabetes aumentou em duas vezes o risco de
depressao em relacdo aos grupos controle, independentemente se fosse do tipo 1
ou 2 (Anderson et al., 2001). Pacientes com depressao também tém maior risco de
desenvolver diabetes tipo 2 (Eaton et al., 1996).

A presenca de depressao também amplifica a percepcao dos sintomas do
diabetes, ou seja, pacientes diabéticos deprimidos sentem mais sintomas do que os
nao-deprimidos, mesmo com a gravidade do diabetes controlada (Ciechanowski et
al.,, 2002). Finalmente, pacientes com comorbidade depressdo e diabetes
apresentam pior controle glicémico e maior prevaléncia de complicagdes multiplas
do diabetes, como retinopatia, nefropatia, neuropatia, disfuncdo sexual e
complicagcdes macrovasculares (de Groot et al., 2001).

A depressao € também uma doenga crdnica grave que esta associada com
mais incapacidade funcional do que muitas outras doengas crbénicas.

A depressao é uma sindrome psiquiatrica altamente prevalente na populagcéao
em geral; estima-se que acometa 3% a 5% desta. J& em populagdes clinicas, a
incidéncia é ainda maior, uma vez que a depressao € encontrada em 5% a 10% dos
pacientes ambulatoriais e 9% a 16% de internados (Katon, 2003).

A presenca de depressao piora diversos fatores relacionados a saude em
pacientes clinicos. Estudos recentes descreveram maior mortalidade associada a
sintomas depressivos em pacientes idosos com doencas clinicas crbénicas (Cooper
et al., 2002; Untzer et al., 2002). Pacientes com doencas clinicas e depressao tém

maior risco de nao aderirem as recomendacgdes médicas (Dimatteo et al., 2000).
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Algumas evidéncias sugerem as alteragbes do transporte de glicose em
regibes especificas do cérebro poderiam ocorrer em pacientes diabéticos,
favorecendo o desencadeamento da depressao (Musselmann et al., 2003).

Dadas as implicagcbes da comorbidade entre depressdao e diabetes, é
imprescindivel a avaliacdo cuidadosa da sua ocorréncia nos pacientes diabéticos. As
implicagdes clinicas de quadros depressivos sao evidentes. A auséncia de
tratamento ou tratamento inadequado elevam o risco a uma ordem de magnitude
semelhante ao risco apresentado pela elevacdo da pressao arterial ndo tratada ou
tratada de forma inadequada (Adler et al. 2000).

Infelizmente, estudos demonstram que a depressao € subdiagnosticada, em
especial nos pacientes com diabetes. Estima-se que apenas um terco dos pacientes
diabéticos com depressao recebe diagnéstico adequados (Sociedade Brasileira de
Diabetes, 2009).

Apesar da impresséo clinica de que o tratamento dos sintomas depressivos
pudesse interferir com a evolugéo clinica do DM, ainda nao existe, até o momento,
um consenso definitivo em relacdo a esta questdo. Um outro aspecto a ser
destacado é que o préprio tratamento do DM parece interferir com a presenca e a
evolucao de sintomas depressivos. Deste modo, as intervencdes terapéuticas
direcionadas ao DM poderiam resultar em uma melhora do quadro depressivo
associado (Moreira, et al 2003) e a remissao do quadro depressivo poderia contribuir
com a diminui¢cdo dos riscos de morbidade e mortalidade (Sociedade Brasileira de
Diabetes, 2009).

O tratamento farmacolégico com agentes antidepressivos é o pilar

fundamental da terapéutica da depressao.

32



Antidepressivos constituem uma classe heterogénea de medicacdes, que sao
utilizadas para o tratamento de transtornos alimentares, transtornos de ansiedade,
do humor e também sindromes hiperalgésicas (Bacaltchuk & Hay, 2003; Krueger et
al., 2004).

O tratamento farmacolégico para depressdao usualmente envolve o aumento
da transmissdo monoaminérgica no SNC. Desde a descoberta que os farmacos que
aumentam a transmissdo monoaminérgica melhoram o humor, ocorreu um grande
investimento para a sintese de novas drogas com mecanismo similar. A imipramina
por exemplo, foi descoberta por acaso. (referéncia)

Este antidepressivo triciclico (ADTs) estava em testes devido a possivel
propriedade sedativa por se tratar de um derivado iminodibenzilico. Entretanto, Kuhn
(1958) observou que a imipramina ndo apresentava propriedades sedativas, mas
melhorava o humor de pacientes deprimidos.

O tratamento farmacolégico para depressdo usualmente envolve o aumento
da transmissdo monoaminérgica no sistema nervoso central (SNC). Desde a
descoberta que os farmacos que aumentam a transmissdo monoaminérgica
melhoram o humor, ocorreu um grande investimento para a sintese de novas drogas
com mecanismo similar, fazendo surgir outros grupos de antidepressivos como 0s
inibidores da monoamino oxidase (IMAQOs) e os inibidores seletivos da recaptacéao
da serotonina (ISRS), estes ultimos considerados a primeira linha no tratamento da
depressao. (referéncia)

IMAOs, ADTs e ISRS podem produzir aumentos imediatos na
neurotransmissdo monoaminérgica, entretanto o efeito na melhora do humor requer

semanas de tratamento (Berton & Nestler, 2006). Sabe-se hoje que o aumento
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agudo de monoaminas nas fendas sinapticas produzido pelos antidepressivos leva
secundariamente a processos de neuroplasticidade que podem ser responsaveis
pelo efeito antidepressivo (Nestler et al., 2002; Pittenger & Duman, 2008).

Alguns antidepressivos possuem efeitos sobre a glicemia e requerem atencao
especial quando utilizados em pacientes com diabetes.

O estudo de Derijks et al. (2008) avaliou a correlagdo entre o uso de
antidepressivos em pacientes diabéticos e a taxa de internagcdo por hipoglicemia
nestes. Nao foi observado aumento de risco para hipoglicemia com antidepressivos.
No entanto, houve uma tendéncia maior em pacientes que fizeram uso de
medicacdes com maior afinidade serotoninérgica e, naqueles que usaram por mais
de trés anos, o risco para internagdo por hipoglicemia foi trés vezes maior.

Diante do exposto é possivel inferir que pode haver associacao importante
entre diabettes e transtornos psiquiatricos, sobretudo a depressdo, e que o
tratamento da depressdo em pacientes diabéticos torna-se imprescindivel para

prevenir recaidas e minimizar morbidade e mortalidade.

1.6 Diabetes e Qualidade de Vida

As informacoes sobre Qualidade de Vida (QV) tém sido utilizadas para avaliar
a eficacia de determinados tratamentos de doencas, os agravos a saude e o impacto
fisico e psicossocial (Seidl & Zanon, 2004; WHOQOL,1995) O Grupo de Qualidade
de Vida da OMS define o termo QV como:“a percepcdo do individuo de sua posicao
na vida, no contexto da cultura e do sistema de valores em que vive e em relagao

aos seus objetivos, expectativas, padrbées e preocupagdes’ (Minayo et al., 2000).
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A QV esta relacionada aos elementos que a sociedade considera como
padrao de conforto e bem-estar, variando com a época, os valores, 0s espagos e as
diferentes histérias, com foco na promocao da saude (Buss, 2000).

A primeira década do século XXI oferece um alto grau de sofisticacao
tecnologica ao monitoramento destas doencgas. Portanto, para a garantia da QV, é
importante investir na prevencdo do DM, evitando agravos, hospitalizacdo e
consequentes gastos publicos (Peixoto et al, 2004).

Minayo et al. (2000) destacam que termo QV esta diretamente relacionado ao
grau de satisfacdo encontrado na vida familiar, amorosa, social e ambiental e a
propria estética existencial, ou seja, capacidade de sintetizar todos os elementos
que a sociedade considera como sendo padrao de bem-estar. Pode-se acrescentar
que tais consideracbes também englobam conhecimentos e experiéncias, valores
individuais e coletivos, aspectos culturais e sociais.

De acordo com 0o WHOQOL — group (World Health Quality of Life) a qualidade
de vida é a percepc¢ao do individuo de sua posicao na vida no contexto da cultura e
sistema de valores nos quais ele vive e em relagdo aos seus objetivos, expectativas,
padrbes e preocupacgdes (WHOQOL, 1995).

Para que haja a promocgdo da qualidade de vida é fundamental conter o
avanco da doenca e trabalhar seus aspectos preventivos e de adaptagdo dos
pacientes ao tratamento farmacolégico quando existe assim como ao monitoramento
diario da glicemia capilar. A Organizacao Pan-Americana da Saude, a Declaracao
das Américas, a Federagao Internacional da Diabetes e outras organiacdes
nacionais e internacionais se reuniram no dia 14 de novembro de 2007 para

colocarem em pratica acbdes efetivas de prevencdo, atencdo, conscientizacao,
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acompanhamento, vigilancia, controle dos principais atores e determinantes do risco
para diabetes, assim como para a melhoria da qualidade de vida dos diabéticos
(PAHO, 2007).

Ha instrumentos de avaliacdo que podem indicar aspectos da qualidade de
vida, como o utilizado para medir o grau de depresséao, ansiedade e os varios fatores
que envolvem o bem estar.

A presenca ou auséncia de DM pode interferir na qualidade de vida, assim
como Latini et al. (2006) concluiram em seu estudo que os individuos com DM
apresentaram uma queda maior na qualidade de sua vida que o0s sujeitos nao
portadores de diabetes.

Ha dois tipos de classificagcdbes mais utilizados para mensurar as questoes
relacionadas com a qualidade de vida, a genérica e a especifica. Um exemplo muito
usado na primeira classificacao é o Grupo de Qualidade de Vida, The Whoqol Group
(1995), que se baseia na construcdo subjetiva da qualidade de vida,
multidimensional composta por elementos positivos e negativos (Fleck, 2000).

As mensuracgdes especificas estdo relacionadas a situacdes da qualidade de
vida cotidiana dos individuos subsequente a experiéncia de doengas, agravos ou
intervencées médicas, e que devem ser utilizadas nesse caso de portadores de
diabetes, pois ira tratar de situacbes cotidianas relacionadas a uma enfermidade
cronica. Existem muitos indiciadores subjetivos da convivéncia com doencas e
lesbes, como sentimentos de vergonha e culpa, que trazem consequéncias
negativas sobre a percepcdo da qualidade de vida por parte dos individuos
acometidos e suas familias (Minayo et al., 2000). Nota-se, no entanto, a

necessidade de saber quais aspectos os portadores de DM relatam ter maior
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influéncia em sua qualidade de vida, uma vez que muitos sdao dependentes de
tratamento farmacolégico incluindo o tratamento com a insulina com aplicacées
diarias e ha presenca de alguns sintomas caracteristicos quando a doencga esta mal
controlada. De uma forma geral, os estudos existentes sugerem que a presenca de
complicagdes crbnicas esta associada a uma diminuicao significativa na qualidade
de vida.

Todavia, também existem estudos, ainda que escassos, que encontram uma
relacao significativa entre a presenca de determinadas complicacdes crénicas e uma
melhoria em alguns dominios da qualidade de vida e que verificaram que as
sequelas parecem explicar muito pouco da variancia desta variavel (Hanestad,
1993).

Hahl et al (2002) desenvolveram um estudo com o objetivo de avaliar a
qualidade de vida de doentes com DM e de descrever a influéncia que os sintomas
das complicacdes crdnicas da doenca tém nessa variavel, tendo verificado que a
elevada prevaléncia de sintomas das complicagcdées crénicas combinada com o seu
significativo impacto negativo parecem causar uma diminuicdo da qualidade de vida
dos doentes e da utilidade destes, quer do ponto de vista individual, quer social.

No trabalho de Anderson et al. (2001) mais de uma centena de artigos foram
analisados a partir da relacdo entre diabetes, qualidade de vida e desgaste
psicolégico, mais especificamente sobre o manejo do DM e qualidade de vida. Os
autores constataram que os fatores que parecem intervir no controle glicémico e na
qualidade de vida sdo os sintomas de hiperglicemia e de hipoglicemia, tipo de
tratamento, satisfacdo com o tratamento, presenca de complicacbes e

caracteristicas psicossociais. O desgaste psicolégico € muito semelhante no DM dos
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tipos 1 e 2, mas as dificuldades diarias sdo diferentes, os diabéticos tipo 1 estao
preocupados, principalmente, com o impacto potencial do DM em suas carreiras e
na capacidade de planejar sua vida diaria e em encontrar formas de lidar com a
doenca para ajusta-la ao estilo de vida que levam em funcao de serem diabéticos.

Em pacientes com DM e outras doengas cronicas a presenca de depressao
tem mostrado ter efeitos adversos sobre a vida social e o funcionamento fisico assim
como sobre a qualidade de vida. Da mesma forma, tratar a depressdo tem efeitos
positivos sobre aquelas condi¢cées (Anderson et al., 2001). Papelbaum et al. (2001)
abordam a ocorréncia de desordens psiquiatricas em pacientes diabéticos.

Anderson et al. (2001) concluem, também, que as dificuldades diarias e os
transtornos relacionados ao auto-cuidado do DM contribuem de forma significativa
para o desgaste psicolégico, independente da ansiedade e depressdao que se
desenvolvem a longo prazo, relacionados ao carater crénico do DM. Os portadores
desenvolvem uma sensacao de derrota por conviver com o DM e, também, um
sentimento de incapacidade e impoténcia em relagdo a prevencao de complicacdes
sérias. Portanto, € necessario melhorar a forma de administracdo de insulina e os
esquemas de tratamento além de realizar intervencgdes educativas que habilitem no
auxilio dos pacientes em melhorar a qualidade de vida (Fischer & Skovlund, 1999).

O principal objetivo do tratamento do DM é a melhoria do controle glicémico
através do equilibrio entre a dieta e os niveis de insulina enddégena ou exdgena.
Entretanto, embora sejam estes apenas dois fatores de controle, sua consecucgao
nem sempre € facil porque ha uma necessidade de disciplina estrita na sua
aplicagédo. A longo prazo processa-se, geralmente, uma fadiga na continuidade dos

esquemas dietéticos e da aplicacdo de insulina, constatando-se altos niveis de

38



ansiedade entre os pacientes, no desejo de controlarem as aplicacées do remédio e
pelo temor das complicacbes que advém da cronicidade da doenca (Fischer &
Skovlund, 1999).

Por fim, um estudo desenvolvido por Silva et al. (2003) identificou que de uma
forma geral, os resultados sugerem que, entre os individuos com DM, aqueles que
sofrem de complicagdes cronicas demonstram ter uma qualidade de vida inferior a
dos que nao sofrem de sequelas da doenca.

Destaca-se, também que o questionario utilizado para avaliar a qualidade de
vida é importante na pratica clinica, pois ajuda no processo de decisdo da

terapéutica a ser utilizada.

1.7 Diabetes e alteracoes neuroquimicas

1.7.1 Metabolismo Energético

Os seres vivos precisam de energia para realizar varias fungdes, como, por
exemplo, o transporte ativo de ions e moléculas, neurotransmisséo, sintese de
macromoléculas e outras biomoléculas a partir de precursores simples e para a
contracdo muscular. A energia necessaria para realizar essas fung¢des é obtida com
a oxidacao de substancias pela respiracao celular. O ATP é o principal combustivel
da célula na maioria dos processos que precisam de energia, sendo a energia
liberada pela hidrélise de ATP, que impulsiona uma série de reagdes (Lehninger et

al., 2007).
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1.7.1.1 Cadeia respiratoria e fosforilacao oxidativa

A cadeia respiratéria e a fosforilagdo oxidativa ocorrem nas mitocondrias. A
cadeia respiratoria é formada por uma série de complexos protéicos, onde ocorre a
transferéncia de elétrons doados por NADH e FADH2. O fluxo de elétrons do NADH
e FADH2 até O2 se da através de complexos enzimaticos ancorados na membrana
mitocondrial interna, essa transferéncia de elétrons é impulsionada por um crescente
potencial redox entre as coenzimas NADH e FADH2, os complexos enziméaticos e
oxigénio, o aceptor final da cadeia respiratéria (Lehninger et al., 2007; Berg et al.,
2008).

A cadeia respiratéria € composta de quatro complexos (I, Il, 1l e IV). O
complexo |, conhecido como NADH desidrogenase ou NADH: ubiquinona
oxidorredutase, transfere elétrons do NADH para a ubiquinona, formando ubiquinol.
Essa reacdo faz com que quatro prétons sejam bombeados para o espaco
intermembrana. O complexo I, também denominado de succinato: ubiquinona
oxirredutase, € formado pela enzima succinato desidrogenase (SDH) e trés
subunidades hidrofébicas. Esse complexo participa do ciclo de Krebs e transfere
elétrons do succinato para a ubiquinona e também forma ubiquinol. O complexo I,
ou citocromo ¢ oxirredutase, transfere elétrons do ubiquinol para o citocromo c,
reacdo que serve para o bombeamento de mais quatro prétons para o espacgo
intermembrana. O complexo 1V, mais conhecido como citocromo c oxidase, transfere
elétrons do citocromo c¢ reduzido para o oxigénio, reduzindo-o a H20. Nessa etapa
0s ultimos dois prétons sdo bombeados (Wallace, 1999; Murray, 2002; Voet et al.,

2008).
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O gradiente eletroquimico formado pelo bombeamento de prétons durante a
cadeia respiratoria mitocondrial é utilizado como forga-motriz para o complexo V, ou
ATP sintase, formar ATP (fosforilacdo oxidativa). Dessa forma, a oxidacdo de
substratos energéticos esta acoplada ao processo de fosforilacdo do ADP, ou seja,
quando o potencial de membrana é issipado pelo fluxo de prétons a favor do
gradiente eletroquimico, a energia liberada é utilizada pela ATP sintase, que atua

como uma bomba de prétons ATP-dependente (Voet et al., 2008).
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Figura 1: Cadeia respiratdria mitocondrial (Nelson & Cox, 2000).

Além da regeneracao do ATP, a mitocondria é a principal fonte de espécies
reativas de oxigénio (ROS) e de defesas antioxidantes nas células (Cadenas &
Davies, 2000), gerando anions superéxido no espaco intermembrana pelo
vazamento de elétrons que se combinam com oxigénio molecular no complexo IlI
em um processo que € dependente do potencial de membrana, e na matriz, através

do complexo | (Han et al., 2001). Além disso, a mitocondria participa ativamente da
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homeostase de calcio (Nicholls & Akerman, 1982). Neste contexto, alteracdes na
fungdo mitocondrial levam a uma rapida queda na produgdo de energia e morte
celular (Ankarcrona et al., 1995). Além disso, a diminuicdo do metabolismo
energético pode levar a apoptose através da liberagdo de citocromo ¢ (Liu et al.,
1996; Heales et al., 1999).

Acredita-se que a diminuicao no metabolismo energético pode estar envolvido
na fisiopatologia de diversas doencas dentre as quais o diabetes (Brennan et al.,
1985; Beal et al., 1992; Heales et al., 1999; Blass, 2001).

Por fim, achados recentes indicam que portadores de DM do tipo 2
apresentam células B com anormalidades no metabolismo da glicose e na
estrutura e funcdo mitocondrial o que resulta em producdo de ATP e de glicose
prejudicada comprometendo a producéo de insulina (Marcheti, et al, 2010).

A creatina quinase é uma enzima muito importante para o homeotase, a qual
exerce diversas fungdes integradas, tais como controle metabdlico e transferéncia
de energia dos sitios produtores para os de consumo. E bem descrito na literatura
que uma inibicdo na atividade da creatina quinase esta implicada na fisiopatologia
de muitas doencas (Khuchua et al., 1998; Schlattner & Wallimann, 2000). A citrato
sintase € uma outra enzima que é inibida quando ha grandes concentragdes de
ATP, acetil CoA e NADH, nos casos em que o suprimento de energia é muito alto
(Sheperd & Garlad, 1960). Além disso, essa enzima tém sido usada como um
marcador quantitativo da presenca intacta da mitocdndria (Marco et al., 1974).
Desse modo, essas enzimas podem também desempenhar um papel importante na

fisiopatologia da diabetes.
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1.7.2 Estresse Oxidativo

Os radicais livres sdo gerados em diversos processos metabdlicos celulares,
tanto como segundos mensageiros de rotas enzimaticas, quanto como produtos
indesejados de rotas metabdlicas diversas para produgdao de ATP. Por outro lado,
existe uma variedade de mecanismos através dos quais 0 organismo mantém
controle sobre os radicais gerados. Quando esses mecanismos nao sao eficientes
para controlar o nivel de radicais livres, ocorre o que € chamado de estresse
oxidativo.

O estresse oxidativo ocorre quando existe um desequilibrio entre a geracao
de espécies reativas de oxigénio (ERO) e as defesas antioxidantes, tais como
superoxido dismutase (SOD) e catalase (CAT) ocasionando um potencial dano
oxidativo em todas as biomoléculas, incluindo lipidios, proteinas e o DNA (Dalle-
Donne et al., 2006; Halliwell & Gutteridge, 1999).

O estresse oxidativo provoca alteracdes, por diversos mecanismos, na
fisiologia da célula, podendo acarretar morte celular. Este fendmeno parece
desempenhar um papel importante no avanco de sintomas de diversas doencas
cronicas dentre as quais esta o diabetes (Imaeda et al., 2001; Ceriello et al., 2000).

InUmeras pesquisas relataram que o estresse oxidativo € um colaborador no
desenvolvimento e progressdo da diabetes e suas complicacées (Imaeda et al,
2001). Diversos mecanismos podem contribuir para o aumento do estresse oxidativo
nos pacientes diabéticos, especialmente a exposicao cronica a hiperglicemia.

Evidéncias apontam que a hiperglicemia pode levar a uma elevada producao

de ROS e de nitrogénio (RNS) pelo sistema respiratério mitocondrial (Nishikawua &
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Arake, 2007) com auto-oxidagdo da glicose. A hiperglicemia pode promover um
desequilibrio oxidativo importante, favorecendo a producédo de radicais livres e
reducdo das defesas antioxidantes. Tais modificagdes oxidativas no diabetes
afetaria diversas funcdes celulares, metabolismo e expressao génica, o que pode
causar outras condicoes patoldgicas (Young & Woodside, 2001).

O sistema imunoldgico é especialmente vulneravel a danos oxidativos
porque muitas células do sistema imunolégico, tais como neutréfilos, produzem ROS
e RNS como parte dos mecanismos de defesa do organismo para destruir
patdgenos invasores. Neutréfilos de pacientes diabéticos tém demonstrado atividade
subnormal, atividade em fagocitose, quimiotaxia, e resposta fungicida
associado com a glicose alta (Galacher et al, 1995; Alba Loureiro et al, 2006).

Especificamente na relagdo com o diabetes, um fator que tem sido unificador
entre diabetes e disfungcdo mitocondrial € a existéncia de dano oxidativo celular.
Varios estudos tém mostrado que o diabetes € na verdade um estado de estresse
oxidativo. Os mecanismos pelos quais ocorre o estresse oxidativo e a geracdo de
ROS aumenta em diabéticos ndo estdo completamente elucidados. Devido ao fato
de que a mitocdndria é uma das principais fontes celulares de ROS, acredita-se que
a disfuncao mitocondrial em tecidos diabéticos em grande parte contribui para o
dano oxidativo presente em tecidos diabéticos. Uma das principais consequéncias
do dano oxidativo é a producdo de produtos de peroxidacéo lipidica, incluindo
aldeidos, a partir de fosfolipidios das membranas bioldgicas, como resultado de
reacdes envolvendo radicais livres. Os produtos da peroxidacao lipidica gerados
sao altamente toxicos para as células e podem causar modificacdes estruturais e

funcionais de proteinas celulares. Com base nestas considerac¢des sustenta-se a
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hipotese de que os defeitos mitocondriais nos diabéticos, especificamente na cadeia

transportadora de elétrons, € uma importante fonte de ROS (Lashin, 2005).

1.7.3 Fator Neurotrofico Derivado do Cérebro

Os fatores neurotroficos compdem duas principais familias: a das
neurotrofinas (NTs) e a do fator neurotrofico derivado da glia (GDNF), cujos
componentes podem atuar de forma isolada ou conjuntamente nos processos de
regeneracao das fibras nervosas lesadas. NTs sdo uma familia de proteinas que
regulam diversos aspectos do desenvolvimento e fung¢des neuronais, incluindo a
formacao de sinapses e plasticidade sinaptica (Chao, 2003). Os principais
componentes da familia, entre os mamiferos, sdo o fator de crescimento neuronal
(NGF), fator neurotréfico derivado do cérebro (BDNF), neurotrofina-3 (NT-3) e
neurotrofina-4/5 (NT-4/5).

Os fatores neurotréficos sdo proteinas solluveis enddégenas que regulam a
sobrevivéncia, o crescimento, a plasticidade morfolégica e a sintese de novos
neurbnios com funcdes diferenciadas, por isso, podem estar relacionadas as
diferentes manifestacées clinicas apresentadas pelos pacientes diabéticos, tendo
em vista as mudangas ocorridas no metabolismo da glicose, sobretudo nas
condigdes de hiperglicemia. O BDNF é a proteina mais abundante no cérebro e
responsavel pelo desenvolvimento e manutencdo do sistema neuronal, sendo
produzido principalmente pela glia e nucleo dos neurénios. Atua como modulador da
plasticidade sinaptica do sistema nervoso central e periférico e dos
neurotransmissores, regulando a excitabilidade neuronal (Zhao et al. 2005; Szapacs

et al., 2004; Shimizu et al., 2003; Bimonte 2003). O BDNF tem grande expressao no
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hipocampo, neocortex, amigdala e cerebelo e faz modulagdo de diversas funcoes
sinapticas, induzindo estimulo a maturacdo, nutricdo, crescimento e integridade
neuronal.

As neurotrofinas, em especial o BDNF, parecem estar implicados na base
fisiopatolégica de diversas doencas neurodegenerativas e psiquiatricas. Evidéncias
clinicas e pré-clinicas indicam que o BDNF desempenha papel fundamental na
plasticidade neuronal e meméria. O BDNF parece mediar os principais processos
dependentes de estimulo externo, isto é, aprendizado, experiéncias, memdérias, ou
seja, as suas caracteristicas o tornam um potencial mediador neurobiol6gico dos
efeitos das experiéncias de vida. Ainda, a exposicao ao estresse diminui os niveis de
BDNF em modelos animais (Murakami et al., 2005).

As modificacbes na expressdo do BDNF podem ocorrer por uma série de
respostas a eventos tais como crises epilépticas (Marini et al.,, 2007), uso de
glicocorticéides e diabetes (Kumamaru et al., 2008), esterdides sexuais (Beglioumini
et al, 2007), hipdxia cerebral (Tapia-Arancibia et al., 2004; Marini et al., 2007) e
exercicios fisicos (Lou et al., 2008).

Em animais o BDNF esta envolvido com a resisténcia a insulina. Ja se
descobriu que o BDNF reduz a ingestdo de alimentos e
diminui a glicemia em modelos animais de ratos diabéticos obesos,
e que BDNF tem uma acado hipoglicemiante independente da alteracdo do apetite
(Ono et al, 1997; Nakagawa et al. 2000).

Autores também tem analisado o efeito do BDNF sobre a sinalizacdo da
insulina em ratos e demonstrou-se que o BDNF aumenta a insulina estimulando a

ativacdo de fosfatidilinositol (PI) 3-quinase em tecidos periféricos, incluindo
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figado, muasculo esquelético e tecido adiposo (Strachan, 1997). Desse modo
compreende-se que o BDNF afeta o metabolismo da glicose e possivelmente a
sensibilidade a insulina.

Ainda, encontra-se que os medicamentos redutores do colesterol (estatinas)
supostamente aumentam os niveis de BDNF (Chen, Zhang et al, 2005; Wu et al,
2008). Outro aspecto que merece destaque é que o género pode afetar os niveis de
BDNF. As mulheres mostraram ter maior nivel de BDNF no plasma e sangue total
do que os homens, o que pode ser afetado pelo peso corporal (Lommatzsch et al.,
2005; Trajkovskaet al., 2007).

Nos seres humanos, o diabetes tipo Il esta associado com deficiéncia da
fungdo cognitiva, incluindo a aprendizagem, memoria e processamento da
velocidade (Strachan et al., 1997; Awad et al.,, 2004). Um estudo longitudinal de
grande base populacional mostra que a taxa de declinio cognitivo é acelerado em
idosos com diabetes do tipo 2 (Allen et al., 2004). H& boas evidéncias de que a
sensibilidade a insulina e BDNF podem afetar a cognicéo e a integridade neural em
animais e seres humanos.

Estudo desenvolvido por Krabe et al. ( 2006) que buscou identificar a relacao
entre BDNF e diabetes tipo Il encontrou que ha uma producao cerebral de BDNF, e
que esta é inibida durante condicbes hiperglicemiantes em seres humanos. Isto
pode explicar a constatacao concomitante de baixos niveis circulantes de BDNF em
individuos com diabetes tipo 2, e a associacao entre baixo BDNF plasmatico e a
gravidade da resisténcia a insulina. Encontraram também uma significativa
associacgao inversa entre BDNF e glicemia, mas nenhuma associacéo entre BDNF e

insulina plasméatica. Os resultados deste estudo confirmam os de outros estudos
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com modelos animais (Ono et al., 1997; Kernel et al., 2000) que sustentam a
hipétese de que o BDNF desempenha um papel na resisténcia a insulina e no
balango de energia.

Resultados dos estudos conduzidos por Krabe et al (2006), permitiram aos
autores sugerirem que os niveis de BDNF circulantes sao regulados em resposta a
niveis plasmaticos de glicose.

De acordo com dados de coorte, onde a glicose alta foi associada com baixos
niveis de BDNF no plasma, a saida cerebral de BDNF foi inibida quando os niveis de
glicose no sangue estavam elevados durante condicdes extremas. Em contraste, a
producao cerebral de BDNF nao se alterou durante condi¢des hiperinsulinémicas-
euglicémicas analisadas por meio do clamp glicémico, indicando que altos niveis de
glicose, mas nao de insulina, tém uma influéncia negativa sobre a saida de BDNF no
cérebro. (Krabe et al., 2006).

A correlagdo negativa entre o plasma da glicose elevada e da gravidade da
resisténcia a insulina, por um lado e os niveis circulantes de BDNF no outro sublinha

a importancia clinica de estudos efetuando estas analises (id ibid).

1.8 Modelo animal de diabetes induzido por aloxano

Dentre os modelos experimentais de diabetes encontra-se a aplicacdo de
aloxano cuja injecdo intravenosa destroi seletivamente as células B pancreaticas,
sendo captadas rapidamente pelos transportadores de glicose (GLUT2) e causando
formacao de radicais livres ap6s uma série de reagdes que culminam com a lesédo

celular (Malaisse et al., 1982; Lenzen, 2008).
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O aloxano proporciona discreta reducao glicémica cerca de 30 minutos apds
sua injecao, como resultado de estimulagdo da secrecédo de insulina e consequente
aumento da insulinemia (Lenzen, 2008).

Contudo, apdés 60 minutos da injecdo ocorre hiperglicemia decorrente de
decréscimo da insulinemia persistindo nas préximas 4 horas, ocorrendo nessa fase
as primeiras alteracbes morfoldgicas das células B, como dilatagdo do reticulo
endoplasmatico rugoso e das mitocéndrias, além de diminuicao do complexo de
Golgi, dos granulos e do conteudo de insulina. No periodo de 4 a 8 horas ocorre
grande aumento da insulinemia, como consequéncia de ruptura da membrana
celular (id ibid).

Posterior e permanentemente segue a hiperglicemia, que ocorre de forma
crescente entre 9 a 144 horas, estabilizando-se em seguida. Esta fase é alcancada
com a completa desgranulacdo e perda de integridade das células B, ocorrendo
aumento da presenca de macréfagos no pancreas (Boquist, 1977; Szkudelki, 2001;
Lenzen, 2008).

Estas breves alteracbes sdo de fundamental importdncia para o
desenvolvimento do quadro diabético no animal que, em longo prazo, incluem
reducdo no peso, polifagia, polidipsia e alteragdes no sistema imunoldgico. Os
avancos em pesquisas biomédicas estao acoplados ao desenvolvimento de modelos
animais das doencas humanas. Como em todas as condicées clinicas, a
aproximacao entre a doenca e as agdes de medicamentos corretivos em animais de
laboratério e essencial para o desenvolvimento de terapias eficazes (Lenzen, 2008).

Neste trabalho experimental utiliza-se o aloxano por via endovenosa, cuja

atividade diabetogénica foi inicialmente notada por Dunn et al. (1943), quando
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estudava os efeitos do acido Urico e seus derivados na producgao da lesdo renal em
coelhos.

O aloxano administrado por via endovenosa, na dose de 42 mg/kg de peso
corporal, produz nos animais diabetes, com o desenvolvimento de alteragdes
clinicas e laboratoriais, bem definidas, incluindo, respectivamente, elevagdo da
ingestao hidrica e da diurese, valores glicémicos acima de 300 mg/dl e glicose
urinaria maior que 3000 mg/dI.

Desse modo, entende-se que o modelo animal de diabetes induzido por
aloxano encontra-se bem estabelecido e validado e que permite a mimetizacdo da

doenca para o estudo da fisiopatologia e novos alvos terapéuticos.
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2 JUSTIFICATIVA E PROBLEMA DE PESQUISA

O aumento da incidéncia de diabetes € uma das maiores preocupacdes atuais
em saude publica, sendo projetado em calculos epidemioldégicos que o numero de
diabéticos chegue a aproximadamente 366 milhdes no ano de 2030, caso ndo haja
intervengdes (Wild et al., 2004; Sociedade Brasileira de Diabete, 2009). Desta forma
tornam-se imprescindiveis estudos envolvendo modelos experimentais de Diabetes
DM, que fornecam informacdes que possam ser uteis no desenvolvimento de
procedimentos mais eficazes na preveng¢ao e no tratamento da doenga. O modelo
diabético induzido pelo aloxano é reconhecido pela similaridade ao quadro diabético
insulino-dependente (Lenzen, 2008).

Do mesmo modo, torna-se imprescindivel analisar o comportamento do
diabetes e sua relacdo com outras doencas, dentre as quais os transtornos
psiquiatricos, sobretudo a depressao por meio de estudos epidemiolégicos. Estas
sdo questdes cruciais na tentativa de ampliar o conhecimento sobre as intrincadas
relagbes que se estabelecem com os pacientes diabéticos e os problemas advindos
disso.

As diretrizes para tratamento e acompanhamento do DM, recentemente
lancadas pela Sociedade Brasileira de Diabetes, apontam dados epidemiolégicos
que demonstram aumento de 5 a 6 vezes na populacdo diabética nos ultimos 17
anos, estimando-se cerca de 8 milhdes de pessoas portadoras de diabetes no Brasil
(Sociedade Brasileira de Diabete, 2009). Estes dados reforcam a importancia de

estudos basicos que contribuam para prevencao e tratamento do DM.
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Outra questdao que se torna imprescindivel € o conhecimento sobre como
vivem as pessoas diabéticas, sobretudo aquelas que dependem do uso de insulina,
0 que implica na qualidade de vida. Conhecer os mecanismos que mais interferem
na qualidade de vida destes pacientes € instrumento potente para a conducao do
tratamento e a orientacdo para o auto-cuidado.

A pratica clinica no atendimento diario a pacientes diabéticos permite
identificar situacées que produzem inquietagao relativas sobretudo as evidéncias na
associacao de diabetes e alguns transtornos psiquiatricos sobretudo os transtornos
do humor, com especial énfase sobre a depressao.

Frente a essa realidade, torna-se imprescindivel a melhor compreenséao dos
mecanismos fisiopatoldgicos do diabetes e de suas complicacdes, a procura de um
tratamento capaz de contribuir com as alteragdes enddcrino-metabdlicas causadas
pela doenca e, principalmente, as lesdes cronicas.

Neste particular, os estudos experimentais sobre o diabetes tém sido
extremamente necessarios, assim como estudos epidemiolégicos, na tentativa de se
desenvolver novas e cada vez mais potentes estratégias terapéuticas para o

diabetes o que justifica a realizagao desta pesquisa.
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3 OBJETIVOS

Etapa |

3.1 Objetivo Geral

Avaliar a prevaléncia de transtornos psiquiatricos, risco de suicidio e

qualidade de vida em pacientes diabéticos tipo Il em tratamento com insulina.

3.2 Objetivos Especificos
- Avaliar a prevaléncia de transtornos psiquiatricos em pacientes diabéticos

tipo Il em tratamento com insulina, comparando com controles nao diabétios;

- Avaliar o risco de suicidio em pacientes diabéticos tipo Il em tratamento com

insulina, comparando com controles ndo diabétios;

- Avaliar a qualidade de vida em pacientes diabéticos tipo Il em tratamento

com insulina, comparando com controles ndo diabétios;

- Avaliar se a prevaléncia de transtornos psiquiatricos, risco de suicidio e

qualidade de vida em pacientes diabéticos tipo Il em tratamento com insulina estao

associadas a aderéncia ao tratamento e a niveis glicémicos.
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Etapa ll

3.1 Objetivo Geral

Avaliar parédmetros do metabolismo energético em um modelo animal de

diabetes induzido por aloxano.

3.2 Objetivos Especificos
- Avaliar a atividade da enzima citrato cintase em tecido cerabral de ratos

Wistar submetidos ao modelo animal de diabetes induzido por aloxano;

- Avaliar a atividade da enzima creatina quinase em tecido cerabral de ratos

Wistar submetidos ao modelo animal de diabetes induzido por aloxano;

- Avaliar a atividade dos complexos da cadeia respiratoria mitocondrial (1, I1-

[, 11l e IV) em tecido cerabral de ratos Wistar submetidos ao modelo animal de

diabetes induzido por aloxano.
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Etapa lll

3.1 Objetivo Geral

Avaliar parametros de memdria e de estresse oxidativo em um modelo

animal de diabetes induzido por aloxano.

3.2 Objetivos Especificos

- Avaliar a meméria de reconhecimento através do teste de reconhecimento
de objetos em ratos Wistar submetidos ao modelo animal de diabetes induzido por

aloxano;

- Avaliar a producdo de TBARS e de superdoxido em particulas
submitocondriais de tecido cerabral de ratos Wistar submetidos ao modelo animal de

diabetes induzido por aloxano;

- Avaliar os niveis de TBARS e carbonilagdo de proteinas em tecido cerabral

de ratos Wistar submetidos ao modelo animal de diabetes induzido por aloxano;

- Avaliar a atividade das enzimas antioxidantes, SOD e CAT em tecido

cerabralde ratos Wistar submetidos ao modelo animal de diabetes induzido por

aloxano.
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Etapa IV

3.1 Objetivo Geral

Avaliar os efeitos comportamentais e moleculares da administracdo de

imipramina em um modelo animal de diabetes induzido por aloxano.

3.2 Objetivos Especificos
- Avaliar os efeitos antidepressivos da imipramina através do teste do nado

forcado em modelo animal de diabetes induzido por aloxano;

- Avaliar os efeitos nos niveis de BDNF da administracdo de imipramina em
tecido cerebral de ratos Wistar submetidos ao modelo animal de diabetes induzido

por aloxano.
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Abstract

Objectives: The study evaluated the association of mood disorders, risk of suicide
and quality of life in patients with type 2 diabetes.

Research Design and Methods: We used cross section study with 996 patients with
type 2 diabetes, (using insulin for over 1 year) and 2.145 individuals without diabetes
and evaluate the presence of different mood disorders, suicide risk and quality of life.
Results: We showed an association between type 2 diabetes and depressive
episode, recurrent depressive episode, dysthymia, mood disorder with psychotic
symptoms and suicide risk. In diabetics patients the recurrent depression and
depression with psychosis were associated with high levels of glycosylated
hemoglobin and non-adherence to insulin treatment, dysthymia was associated with
high blood glucose and the presence of suicide risk the high fasting glucose was the
risk factor. Patients had lower mean scores in the domains, physical, psychological
and environment, but had higher scores in the item social relations.

Conclusions: The data demonstrated, a worse quality of life, a high comorbidity of
type 2 DM with depressive disorders and suicide risk, and poor control of DM is a

factor for more severity of mood disorders.

59



Introduction

Diabetes Mellitus (DM) is a public health problem and it is estimated that there
are over 150 million people affected worldwide (1). There are two most common
forms of diabetes, type 1 and type 2. Type 2 DM is the most abundant endocrine
disease, its pathophysiology is very complex and it is related to the development of
insulin resistance in liver and peripheral tissues accompanied by a defect in insulin
secretion by pancreatic beta cells thus leading to a hyperglycemic state (2,3).

In addition, the risk for developing type 2 DM increases with age, obesity and
cardiovascular diseases (4). Nevertheless, recent studies have shown a relationship
between diabetes and psychiatric disorders. In fact, a survey showed that the
prevalence of depression is approximately 10% higher in diabetic patients (5). On the
other hand, chronic hypercortisolemia may lead to insulin resistance, which may
explain the association between DM and depression and vice versa (6).

Interestingly, Knol et al. (7) showed that depression increases the risk for type
2 DM by 37%. Ali et al. (8) showed that the prevalence of unipolar depression in
patients with type 2 DM is 10.9-32.9%. Also in 2006, Barnard et al. (9) pointed to a
prevalence of 7.8-12% of major depressive disorder and depressive symptoms in
diabetic adults.

In diabetic patients with depression is associated with poorer glycemic control,
more complications of the disease, and reduced quality of life and increased mortality
(10-12). Recently, a longitudinal study following diabetic patients who had co-
morbidity with depression showed that over 40% of these patients developed major

depressive disorder after two years after the initial period (13), the study also
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attributed the anxiety in these patients as a predictor factor for the onset of major
depression.

In addition, one study showed that treatment with antidepressant reduced the
severity of depression in diabetic patients (14). It was also recently shown that
treatment with antidepressant imipramine reversed depressive-like behavior in
animals subjected to a model of diabetes (15). Recent publications also indicate a
current prevalence of diabetes among individuals with schizophrenia and affective
disorders. It has been found a relationship of insulin resistance, diabetes and
metabolic syndromes with psychosis and affective disorders (16).

Exercise as a public health tool has largely been built around its plausible
impact on physical health, including a positive impact on the prevention and
management of type 2 diabetes (17). There is a growing interest in its potential to
influence other aspects of quality of life such as mental health and general well-
being. The effects of physical activity on overall quality of life are well established in
the general population and have been analyzed on various dimensions of Quality of
Life-BREF (WHOQOL-BREF) including physical and social functioning; subjective
well-being, emotion and mood; self esteem and self-perception; cognitive
performance; and sleep quality (17).

Studies relating the prevalence of mood disorders, suicide risk and quality of
life in diabetic patients has been poorly characterized, usually describing only major
depression or a syndrome suggestive of depression. The objective of this study was
to evaluate the presence of different mood disorders, suicide risk and quality of life in
patients with type 2 DM with insulin treatment, compared to controls without diabetes.

In addition, the study also linked the presence of psychiatric disorders and quality of
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life with adherence to treatment, with levels of glucose and glycosylated hemoglobin

(Hb1C) in diabetic patients.

Research Design and Methods

Ethic aspects

The study was planned according to the resolution 196/96 of the National
Health Council, being submitted and approved by the Ethics in Research — CEP
University of Southern Santa Catarina - UNESC, on the protocol number 310/2009.
After the presentation and identification of the researcher, each volunteer received
information about the procedures, as well as the purposes of the study, their freedom

to accept to participate or not and ensuring their anonymity.

Study Design

This is a cross-sectional study with control, where cases were composed of a
sample of individuals with type 2 diabetes from outpatient facilities of the public
system in the southern municipality of Santa Catarina, named in the study as
patients. The group called the population was composed of people from the

community who did not have diabetes.

Study Population and Sampling
The city where the study was conducted has 192,308 inhabitants, according to
the latest population census (IBGE), from those 1,332 are registered in the municipal

health department as type 2 diabetics. For inclusion in the study, we selected 1.007
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diabetics over 18 years of age, with more than 5 years of diagnosis and undergoing
treatment with insulin for at least 1 year. Later were subsequently excluded 3 illiterate
and 8 who refused to participate in the study leaving a final sample of 996 patients.
The study was development between March and November, 2010.

For each patient we adopted 2 or 3 controls (population group), as available in the
localities, preferably neighbors of the same street. It was used, sex matching, age (3
years more or less), and home in the same neighborhood. It was considered for the
non-diabetic group two fasting glucose levels below 126 mg/dL held until six months
before the survey, lack of medical history (current or past) of DM and / or without the
classic symptoms of hyperglycemia (polyuria, polyphagia, polydipsia and weight
loss). At first, it was allocated 2.262 controls, excluding 117 with glucose levels
above the normal standards, which were referred to the health service, leaving a final

sample of 2.145 controls.

Data Collection Methods and Instruments

Data collection was performed by previously trained interviewer, performed
individually with volunteers in their homes. The survey included information on socio-
demographic data (age, gender, marital status and education), history of high blood
pressure (hypertension), acute myocardial infarction (AMI) and stroke (CVA), and
laboratory data of blood glucose fasting glycated hemoglobin (Hb1C), total
cholesterol and low density lipoproteins (LDL). The cut-off points adopted for the
results of these examinations were 110mg/dl for blood glucose, total cholesterol

200mg/dl, 100mg/dl LDL cholesterol and 9% Hb1C.
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For analysis of psychiatric problems and as criteria for mood disorders and
suicide risk was used the Portuguese version of the Mini International
Neuropsychiatric Interview (MINI) (18). The instrument is a standardized interview
compatible with DSM-IV (APA) and ICD-10 (WHO), which has the convenience of
being brief (15 to 30 minutes with trained professionals) and can be used in clinical
and research practice after a short training (1 to 3 hours) (18). In the data analysis of
the interview were studied only the current frames (to avoid memory bias) for
Depressive Episode, Recurrent Depressive Episode, Dysthymia and Psychotic Mood
Disorder. The suicide risk was assessed for its presence or absence, as well as mild
moderate or severe degree. The instrument used to assess the quality of life was the
WHOQOL-BREF questionnaire, validated into Portuguese (19). This questionnaire
proposed by the World Health Organization (WHO) consists of 26 questions, 2
general and other 24 addressing four domains (physical, psychological, social
relationships and environment). The punctuation adopted for general items and
domains allowed a variation from 0 to 100, the higher the score the better the quality

of life index.

Statistical Analysis

After data collection the data were tabulated and analyzed with statistical
software Statistical Package for Social Sciences (SPSS) version 16.0. Statistical
analysis of qualitative data was first in bivariate order, through the chi-squared or
Fisher's exact test (when applicable). Once the variables total cholesterol, LDL,
hypertension, myocardial infarction and stroke were not paired in two groups,

multivariate analysis was performed by Poisson regression to reduce the risk of bias.
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For comparisons with the scores of the WHOQOL it was employed Student's t test or

one-way ANOVA. The level of significance was 5%.

Results

A general description of the data groups of patients (n = 996) and control (n =
2.145) is seen in Table 1. There was no statistically significant difference between
the distribution of age, gender, marital status and education. On the other hand, there
was no matching data in the laboratory and of the three clinical comorbidities studied.
The patients with type 2 DM had a higher prevalence of elevated total cholesterol
and LDL, as well as referred presence of hypertension, myocardial infarction and
stroke.

In the MINI it was found higher rates of problems among patients. As shown in
Table 2, it was found an association between type 2 diabetes and depressive
episode (adjusted PR = 1.5, p <0.001), recurrent depressive episode (adjusted PR =
1.5, p <0.001), dysthymia (adjusted PR = 2.3, p <0.001), mood disorder with
psychotic symptoms (adjusted PR = 1.02, p <0.001) and risk of suicide (adjusted PR
= 1.1, p <0.001). It is also evident that the occurrence of mood swings was a frequent
event in patients with a prevalence of 66.7% for major depressive episode, 2 / 3 not
being the first episode (44.7% recurrent depressive episode), 2.7% of this sample
with psychotic symptoms and 91.7% of individuals with symptoms that the instrument
classifies as dysthymia. As to the likelihood of suicide, mentioned earlier in relation to
presence, there was also an association between endocrine disorders and the

severity of risk. It was obtained for high risk OR = 60.7 ( 1C95% 8,2-448,8, p <0.001),
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moderate OR = 5.3 (IC95% 2,4-11,9, p <0.001) and mild OR = 6.0 (IC95%4,0-8,9 , p
<0.001).

In Table 3 there is data only from the patients group, referring in general to the
adequate control of the disease or not. Although depressive episode was not
associated with glycemic control and Hb1C, the recurrent Hb1C were associated with
higher Hb1C (OR = 1.3, p <0.05). The same occurred with psychotic symptoms (OR
= 4.1, p <0.05). Dysthymia was associated with high blood glucose (OR = 1.6, p
<0.05).

In evaluating the quality of life (Figure 2), patients had lower mean scores in
the domains: physical [36.5 (13.6) X 56.0 (4.9), p <0.001], psychological [42.6 (8.6) X
47.9 (8.6), p <0.001] and Environment [40.0 (8.6) X 49.2 (8.3), p <0.001], but had
higher scores in the item Social Relations [50.2 (16.9) X35, 7 (27.9), p <0.001]. Table
4 shows the comparison between the control of metabolic disease and quality of life.
Fasting plasma glucose <110mg/dl and glycosylated hemoglobin <9% were
associated with better quality of life in the physical domain (both p <0.001), however
the other three domains were not associated with glycemic control and Hb1C

patients (p> 0.05).

4. Conclusions

Depression is the most prevalent mood disorder. It is estimated that 121
million people are affected globally (20). Recently some studies have shown a high
prevalence of this disorder among diabetic patients (21). Furthermore, depression is

associated with poor glycemic control, which can lead to an increased risk and
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related complications in diabetes (21, 22). Depression and diabetes are among the
most chronic diseases that cause disability and mortality (22).

In this study we used the MINI as a tool for evaluation, and our findings
showed a higher occurrence of depressive episode, recurrent depressive episode,
dysthymia, and mood disorder with psychotic symptoms in patients with type 2
diabetes. Concurrent with our study, other authors have also shown a relationship
between diabetes and psychiatric disorders. A retrospective cohort study reported a
high prevalence of depression in diabetic patients (23). Moreover, Lustman et al. (22)
found that depression was significantly associated with hyperglycemia in patients
with DM type 1 and type 2.

Bot et al. (13) in a longitudinal study, using MINI as a research tool showed
that 40% of diabetic patients who had depression as a comorbidity developed major
depressive disorder within two years after the initial period of the study. The authors
also attributed anxiety as an important factor related to depression (13). Similar to
our study Golden et al. (24) showed that patients with type 2 DM are 52% more likely
to develop major depressive disorder than the general population. On the other hand,
another study in which it was compared the prevalence of mental disorders among
141 diabetic patients and 4028 subjects without diabetes, Kruse et al. (25) found that
people with diabetes did not differ in respect to depression according to DSM-IV.
Differences in these studies may be attributed to the number of patients or sample
size.

In this study it was not observed differences in relation to age, gender, marital
status and education between diabetic and non-diabetic patients in the studied

population. However, another study showed that depressive symptoms in patients
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with diabetes were associated with some factors, for example, it was higher in
women, youth and persons with low education (26).

The results of the present work also showed that diabetic patients had
elevated total cholesterol and LDL, as well as a greater presence of hypertension,
myocardial infarction and stroke. Interestingly, Clouse et al. (27) showed that in
diabetic women, major depression was an independent risk factor that accelerated
the development of heart disease. In addition, we showed that depression was a
predictor of the incidence of heart disease among 4538 people with 60 years of age
with systolic hypertension (28). In fact, in both diabetic and depressed patients there
is a higher prevalence of heart disease, (29) so it would be important to monitor and
treat the mood disorders in patients with DM.

High levels of Hb1C and non-adherence to insulin found in this study were
associated with recurrent depression, as well as psychotic symptoms. Furthermore,
dysthymia was associated with non-adherence and elevated blood glucose levels.
According to the American Association of Diabetes (30) patients with diabetes should
maintain low glycated hemoglobin levels, blood pressure and LDL. Completing these
data, published data have suggested that the presence of depression in diabetic
patients has been linked as a possible cause of an inadequate metabolic control.
Papelbaum et al. (31) reported high levels of glycated hemoglobin in patients with
type 2 DM, also diagnosed with recurrent depression compared with patients who did
not have mood disorders.

In the literature, there are few studies correlating diabetes with the risk of
suicide. In the present data we showed a higher incidence of suicide risk. Moreover,

the presence of suicide risk was associated with elevated fasting glucose. Also, Roy
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et al. (32) in a study examining suicide and its correlates in type 1 diabetics 412
African-American, showed that the population studied had a raised risk of attempting
suicide, compared with 404 African-American without diabetes. Pompili et al (33)
evaluated the perceived quality o life and its association with suicide risk in 100
Italian patients with type 1 and 2 diabetes. The authors related that patients with
diabetes showed greater hopelessness and suicide ideation than internal medicine
outpatients. Moreover, poor quality of life was related to low self-efficacy, high
hopelessness and suicidality (33).

In the present study we also showed that patients with type 2 diabetes
perceive a poor quality of life caused by their physical limitations, psychological and
environment. Still, fasting plasma glucose and glycosylated hemoglobin were
associated with better quality of life in the physical domain. However, the social
relation was better in diabetics patients. This result may be related, at least in part, by
the fact that patients in the present study participate in therapeutic groups operating
both in health facilities to which they belong and in health clinics at the university to
which they are met. It is known that integration, the exchange of experiences and
above all the others living with diabetes relieves the burden of disease to the extent
that activities associated with leisure activities, health information presents significant
adherence of diabetics. Very recently, ljzerman et al. (34) also related reduction in
quality of life in people with type 2 diabetes. Furthermore, patients with type 2
diabetes improved in fasting blood sugar, LDL, HDL and quality of life following 8
weeks of aerobic exercise training (35).

Recent studies also have shown that patients with major depression are more

likely to develop diabetes (32). This association may be explained by the fact that
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individuals with depression often have a higher caloric intake and do little physical
activity which may contribute to obesity (34). Nevertheless, depressive symptoms
with activation of the hypothalamic pituitary adrenal (HPA), changes in the immune
system, which can lead to insulin resistance and lead to development of DM (36).
Another important fact is that antidepressants, antipsychotics and mood stabilizers
may contribute to weight gain, hyperglycemia and hipertension (37). The chronic
hypercortisolemia may lead to insulin resistance, which may explain the association
between DM and depression and vice versa (6). It has also been recently shown that
diabetic patients have alterations in the levels of the-derived neurotrophic factor in
the brain (BDNF), which is classically known to be altered in depression (38).
Abnormal levels of this neurotrophin may also explain the association between DM
and depression (15).

It is important to state that, this study has some limitations, the MINI is not
used as a clinical diagnosis, being used for a rapid diagnostic interview. Moreover, it
was not evaluated the association of the use of antidepressants by patients.
However, it is known that antidepressant treatment reduced the severity of
depression in diabetic patients (14).

In conclusion the present study demonstrated a high prevalence of depressive
disorders, suicide risk and poor quality of life in patients with type 2 diabetes in
treatment with insulin. In addition, inadequate control of DM was shown to be a
factor for more severe disorders and suggests further studies to investigate the

biological basis of the association of mood disorders among diabetic patients.
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Tables

Table 1- Distribution of groups in terms of sociodemographic and clinical
variables.
Varia Factor Pati Pop Te
bles ents ulation st
(n= (n=2
996) 145)
55,0 55,8 t= C
Age Mean
a. a. 1,84 ,07
12,4 12,6
S.D.
a. a.
43,4 40,8 X2 C
Gender Male
% % =1,83 ,18
56,6 59,2
Female
% %
_ _ 12,0 12,3 X2 C
Marital Single
% % =2,01 73
. 46,0 43,8
Status Married
% %
10,7 11,6
Stable
% %
14,7 16,0
Separate
% %
16,6 16,4
Widower
% %
Educati Incomplete 6,6 7 39, X? C
on Primary % = =2,11 ,83
Complete 48,5 48,0
Primary Y% %
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Incomplete 19,1 18,2
Middle % %
Complete 16,4 16,0
Middle % %
Incomplete 2,4
_ 2,2%
Superior %
Complete 7,0
. 8,2%
Superior %
Choles 35,3 47 4 X2 0
< 200mg/dl
terol % % =40,47 ,001*
64,7 52,6
Total = 200mg/dl
% %
Choles 25,7 64,2 X2 0
< 100mg/dl
terol % % =403,2 ,001*
74,3 35,8
LDL = 100mg/dl
% %
Hypert 63,4 35,8 X2 C
Present
ension % % =209,3 ,001*
36,6 64,2
Absent
% %
9,8 X2 C
AMI Present 6,7%
% =9,69 ,002*
90,2 93,3
Absent
% %
10,4 X2 C
Stroke Present 1,1%
% =154,0 ,001*
89,6 98,9
Absent
% %
AMI= Acute Myocardial Infarction; * p<0,05 comparison between patients and
controls.

76



Table 2- Distribution of groups in the presence of mood boards adjusted by

multivariate Poisson regression presented in prevalence and prevalence ratios (IC

95%)
Presence of: P Pop Adjuste P
atients ulation d Ratio
( (n=2
n=996) 145)
Major Depressive 6 24,0 1,5(1,44 0
Episode 6,7% % -1,56) ,001*
Recurrent  Depressive 4 6,7 1,5(1,42 0
Episode 4,7% Y% -1,61) ,001*
Symptoms of 9 5,5 2,35(2,3 0
Dysthymia 1,7% % 0-2,40) ,001*
Psychotic Mood 2, 0,2 1,02(1,0 0
Disorder 7% % 1-1,03) ,001*
Risk of Suicide Present 1 2,1 1,1(1,08 0
3,2% % -1,13) ,001*

*p<0,05 comparison between patients and controls.
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Table 3: Distribution among the 996 patients and the association between

fasting glucose control, glycosylated hemoglobin with current prevalence of

psychiatric problems and quality of life.

Stati Glucose Hb1C
stically
Psychiatric Disorder
Major Depressive OR(C 1,2 (0,90- 1,2 (0,93-
Episode 195%) 1,56) 1,58)
Recurrent  Depressive OR(C 1,2 (0,93- 1,3(1,01-
Episode 195%) 1,58) 1,68)*
Symptoms of OR(C 1,6 (1,02- 1,3 (0,81-
Dysthymia 195%) 2,54)* 2,04)
Psychotic Mood OR(C 0,7 (0,23- 4.1 (1,09-
Disorder 195%) 2,30) 15,1)*
Risk of Suicide Present OR(C 2,3 (1,56- 1,0 (0,69-
195%) 3,23)** 1,46)
WHOQOL-BREF
Psysical Domain MD(C 2,6(0,78- 7,6(5,96-
195%) 4,41)** 9,24)**
Psychological Domain MD(C -0,8(- 0,5(-0,63-
195%) 0,37-1,89) 1,61)
Social Domain MD(C -2,2(- -1,6(-
195%) 0,03-4,39 3,72-0,61)
Environment Domain MD(C -0,9(- -1,3(-
195%) 0,30-2,04) 2,41-0,20)

OR=

Odds Ratio; MD=

Mean Differece

Confidence Interval ; *p<0,05; ** p<0,01

(Controled-Noncontroled); Cl=
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Legend of figure

Figure 1: Distribution of mean difference (column) and 95% confidence interval
(dash) for scores in four domains of WHOQOL-BRIEF between patients (n = 996)
and population (n=2145), *p<0,001.
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A growing body of evidence has indicated that altered mitochondrial function may be
involved in mechanism for the development of diabetic complications. Thus, we
investigated whether animal model of diabetes induced by alloxan alters energy
metabolism parameters. Wistar rats received one single injection of alloxan (250
mg/kg) and after fifteen days we evaluated mitochondrial respiratory chain
complexes |, Il, IlI-lll and IV, creatine kinase and citrate synthase activities in
prefrontal cortex, hippocampus and striatum. We observed that animal model of
diabetes induced by alloxan increased complexes | and IV activities in hippocampus,
complexes Il and lI-lll activities in prefrontal cortex and striatum and complex IV in
prefrontal cortex; however decreased complex IV activity in striatum. Moreover,
diabetes rats decreased creatine kinase activity in striatum and increased citrate
synthase activity in hippocampus. In conclusion, this study indicates that the
alteration in mitochondrial function is probably involved in the pathophysiology of

diabetes.

Keywords: mitochondrial respiratory chain; creatine kinase; citrate synthase; diabetes
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Introduction

Diabetes mellitus (DM) comprises a group of chronic metabolic disorders
characterized by hyperglycemia as a result of complete lack of insulin, a relative lack
of insulin or insulin resistance (Robles and Singh-Franco, 2009). Type 1 and type 2
diabetes mellitus are the more common forms of diabetes (Giuffrida and Reis, 2005).

The prevalence of DM has increased in recent years, principally due to the
great number of patients with type 2 diabetes, which is related to the prevalence of
obesity and sedentary lifestyle (Zimmet et al., 2001; Junior et al., 2009). DM affects
more than 150 million people worldwide and is expected to double over the next 20
years, almost exclusively due to an increase in the prevalence of type-2 diabetes
mellitus (King et al., 1998).

Even though cardiovascular complications are a major cause of morbidity and
mortality in patients with diabetes, this disease has also been associated with several
cancers (Wideroff et al., 1997; El-Serag et al., 2001; Hassan et al., 2002; Jamal et
al., 2009). Moreover DM is associated neurodegeneration (De La Monte, 2009), with
moderate cognitive deficits and neurophysiological and structural changes in the
brain (Biessels et al., 2002). Psychiatric manifestations seem to accompany this
encephalopathy, since the prevalence of depression is as high as 39% in diabetic
patients, much higher than in the general population (Gavard et al., 1993; Téllez-
Zentero and Cardiel, 2002). Oxidative stress may play a role in the development of
diabetes complications (Imaeda et al., 2001; Behr et al., 2008; Forgiarini et al., 2009)
and oxidative stress may play a central role in the individual susceptibility to diabetic

nephropathy (Ceriello et al., 2000). It is well known that the reactive oxygen species
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cause damage in the mitochondrial oxidative phosphorylation system and
that reactive oxygen species itself is vulnerable the mitochondrial dysfunction (Adam-
Vizi, 2005; Navarro and Boveris, 2007). In addition, mitochondria function is altered
in the pathophysioloy of diabetes (Ritov et al., 2005; Friederich et al., 2009;
Hernandez-Alvarez et al., 2009; Ritov et al., 2009; Robol et al., 2009).

Many experimental models have so far been developed to determine the
possible pharmacological targets of the disease and to better evaluate diabetes
associated complications (Srinivasan and Romarao, 2007; Franconi et al., 2008).
Experimental diabetes models can be induced by chemicals that selectively destroy
the insulin-producing B-cells in the pancreas. One of the most used chemicals is
alloxan (AL, 2,4,5,6-tetraoxypyrimidine; 5,6-dioxyuracil) (Szkudelski, 2001; Behr et
al., 2008).

In this context, the main objective of our study was to evaluate the effects of
animal model of diabetes induced by alloxan in the citrate synthase, mitochondrial

respiratory chain and creatine kinase activities.

Experimental Procedures

Animals

Male Adult Wistar rats (60 days old) were obtained from UNESC (Universidade do
Extremo Sul Catarinense, Criciima, SC, Brazil) breeding colony. They were housed
five per cage with food and water available ad libitum and were maintained on a 12-h
light/dark cycle (lights on at 7:00 AM). All experimental procedures involving animals

were performed in accordance with the NIH Guide for the Care and Use of
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Laboratory Animals and the Brazilian Society for Neuroscience and Behavior
(SBNeC) recommendations for animal care and with approval by local Ethics

Committee under protocol number 16/2010.

Diabetes Induction

Diabetes was induced in rats by using a single intraperitonial injection of
alloxan from Sigma Chemical Co. (St Louis, MO, USA) dissolved in saline
physiological (0.9% NaCl) solution (150 mg/kg), whereas the control group received
only saline injection (Behr et al., 2008). Both groups were injected after an 18-h
fasting period (60—70 mg/dL blood glucose). Fasting animals are more susceptible to
alloxan probably due to partial protection by increased blood glucose (Szkudelski,
2001). All induced rats showed hyperglycemia (400-600 mg/dL) 48 h after alloxan
administration. During the experiment, the blood glucose level was monitored daily
with commercial kit by performing a small puncture at the tail. This methodology is
quick and noninvasive, subjecting the rats to a negligible stress. At the end of the
study, rats with glycemia between 400 and 600 mg/dL were considered diabetic
(Behr et al., 2008). Fifteen days after induction, all rats were weighted and killed by
decapitation, and the skulls were removed immediately after the death of animals

and hippocampus, prefrontal cortex and striatum and kept at —70°C.

Tissue and homogenate preparation
Hippocampus, prefrontal cortex and striatum were homogenized (1:10, w/v) in
SETH buffer, pH 7.4 (250 mM sucrose, 2 mM EDTA, 10 mM Trizma base, 50 1U/ml

heparin). The homogenates were centrifuged at 800 x g for 10 min and the
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supernatants were kept at -70°C until it will be used for enzyme activity
determination. Protein content was determined by the method described by Lowry et

al (1951), using bovine serum albumin as standard.

Respiratory chain enzyme activities

NADH dehydrogenase (complex |) was evaluated by the method described by
Cassina and Radi (1996) by the rate of NADH-dependent ferricyanide reduction at
420 nm. The activity of succinate: Cytochrome c¢ oxidoreductase (complexes II-lll)
were determined according to the method of Fischer et al. (1985), measured by
Cytochrome c¢ reduction from succinate. The activity of Cytochrome c oxidase
(complex 1V) was assayed according to the method described by Rustin et al. (1994),
measured by following the decrease in absorbance due to the oxidation of previously
reduced Cytochrome c¢ at 550 nm. The activities of the mitochondrial respiratory

chain complexes were expressed as nmol/min x mg protein.

Creatine Kinase Activity

Creatine kinase activity was measured in brain homogenates pre-treated with
0.625 mM lauryl maltoside. The reaction mixture consisted of 60 mM Tris-HCI, pH
7.5, containing 7 mM phosphocreatine, 9 mM MgSO 4 and approximately 0.4—1.2 y g
protein in a final volume of 100ul. After 15 min. of preincubation at 37°C, the reaction
was started by the addition of 0.3 umol of ADP plus 0.08umol of reduced glutathione.
The reaction was stopped after 10 min. by the addition of 1 umol of
hydroxymercuribenzoic acid. The creatine formed was estimated according to the

colorimetric method of Hughes (1962). The color was developed by the addition of
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100 pL 2% a-naphthol and 100 uL 0.05% diacetyl in a final volume of 1 mL and read
spectrophotometrically after 20 minutes at 540 nm. Results were expressed as

nmol/min x mg protein.

Citrate synthase activity

Citrate synthase activity was assayed according to the method described by
Shepherd and Garland (1969). The reaction mixture contained 100 mM Tris, pH 8.0,
100 mM acetyl CoA, 100 mM 5,5'-di-thiobis-(2- nitrobenzoic acid), 0.1% triton X-100,
and 2—4 pg supernatant protein and was initiated with 100 uM oxaloacetate and
monitored at 412 nm for 3 min at 25°C. Results were expressed as nmol TNB/min x

mg protein.

Statistical analysis
Data were analyzed by Student’s t-test for unpaired data and are expressed
as mean * standard deviation. All analyses were performed using the Statistical

Package for the Social Science (SPSS) software version 16.0.

Results

As depicted in Fig. 1, complex | activity increased in hippocampus of rats
diabetes induced (Fig. 1A; p < 0.05). Moreover, complexes Il and II-lll activities were
significantly increased in prefrontal and striatum of rats diabetes induced, compared
to control group (Fig. 1B; C; p < 0.05). In addition, alloxan increased complex IV

activity in prefrontal cortex and hippocampus; however in the complex IV activity was
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inhibited in striatum of rats diabetes induced compared to control group (Fig. 1D; p <
0.05).

The animal model of diabetes induced by alloxan inhibited creatine kinase
activity in striatum of rats (Fig. 2; p < 0.05).

The citrate synthase activity increased in hippocampus of rats submitted to

animal model of diabetes by alloxan (Fig. 3; p < 0.05).

Discussion

In the present study we evaluated the effects of the animal model of diabetes
induced by alloxan on mitochondrial respiratory chain complexes I, Il, lI-lll and 1V,
creatine kinase and citrate synthase activities in prefrontal cortex, hippocampus and
striatum. We showed that alloxan increased complexes | and IV activities in
hippocampus, complexes Il and Il activities in prefrontal cortex and striatum and
complex IV in prefrontal cortex; however decreased complex IV activity in striatum.
Moreover, diabetes rats decreased creatine kinase activity in striatum and increased
citrate synthase activity in hippocampus from diabetic animals induced by alloxan.

The use of alloxan to induce diabetes in experimental animal models has been
extensively studied, and is quite well characterized now (Szkudelski, 2001; Behr et
al., 2008). The alloxan mechanism of action is in part characterized by the
involvement of reactive oxygen species and consequently oxidative stress (Heikkila
et al., 1976). In fact, the reactive species of thiobarbituric acid (TBARS) index was
increased in the liver of rats that received a single intraperitoneal injection of alloxan

(150 mg/kg) (Behr et al., 2008). Additionally, Haeser et al. (2007) also showed
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increases of TBARS in plasma and hippocampus and decreases of total antioxidant
reactivity in plasma from diabetic animals induced by streptozotocin. In fact, free
radicals are frequently associated with aging and disease, and mitochondria are a
major source and target of these damaging molecular oxidants (Dickinson et al.,
2009).

Diabetes is a metabolic disease characterized by a chronic hyperglycemic
status that may modify central nervous system functions (Bellush et al., 1991).
Several studies have showed relationship between diabetes and mitochondrial
function (Edwards et al., 2010; Liu et al., 2009; Lu et al., 2009; Ritov et al., 2009;
Schiff et al., 2009). The role of mitochondria in disease pathogenesis came from a
report by Luft and colleagues almost 50 years ago of a patient with severe
hypermetabolism and weight loss (Luft et al., 1962).

The primary role of mitochondria is to convert the products of carbohydrate,
protein, and fat metabolism to CO, and H.O, using key enzymes of the electron
transport chain (Johannsen and Ravussin, 2009).

Tissues with high energy demands, such as the brain, contain a large number
of mitochondria, being therefore more susceptible to reduction of the aerobic energy
metabolism (Beal, 1992). In the present study we demonstrated that animal model of
diabetes induced changes in mitochondrial respiratory chain complexes.

Mitochondrial dysfunction has also been implicated in the pathogenesis of
insulin resistance related to type 2 diabetes (Johannsen and Ravussin, 2009). Much
of this study has been done in isolated mitochondria from muscle biopsy tissue of
insulin-resistant individuals, and has demonstrated reduced levels of mRNA for

mitochondrial genes (Mootha et al., 2003; Patti et al., 2003; Morino et al., 2005;
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Heiloron et al., 2007), decreased mtDNA (Ritov et al., 2005; Boushel et al., 2007),
lower protein expression of respiratory chain subunits (Heilbronn et al., 1999; Lu et
al., 2009), reduced oxidative enzyme activities and decreased mitochondrial size and
density (Kelley et al., 1999; Heilbronn et al., 2007; Morino et al., 2005; Ritov et al.,
2005). Impaired basal and insulin-stimulated mitochondrial metabolism in vivo was
also demonstrated in patients with type 2 diabetes (Schrauwen-Hinderling et al.,
2007; Szendroedi et al., 2009). In addition, decreased muscle mitochondrial activity
has been reported in type 2 diabetes patients and in mouse model of diabetes (Schiff
et al., 2009). Moreover, Ritov et al., (2010) showed that the specific activity of NADH-
oxidase and NADH-oxidase/citrate synthase and NADH-oxidase/beta-HAD ratios
were reduced by 2-3 folds in both type 2 diabetes and obesity patients.

In this study we also showed increase in citrate synthase activity in the
hippocampus of rats and decrease in creatine kinase activity in the striatum of rats
submitted to animal model of diabetes.

Creatine kinase is important for normal energy homeostasis by exerting
several integrated functions, such as temporary energy buffering, metabolic capacity,
energy transfer and metabolic control and it is well described that inhibition of
creatine kinase activity has been implicated in the pathogenesis of a number of
diseases, especially in the brain (Khuchua et al., 1998; Schlatther and Wallimann,
2000). Citrate synthase is an enzyme that inhibited by high amounts of ATP, acetyl
CoA and NADH, when the cell energy supply is high. This regulation ensures that
Krebs cycle will not oxidise an excess of pyruvate and acetyl CoA when ATP

concentrations in the cell are high (Sheperd and Garlad, 1960). In addition, citrate
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synthase has been used as a quantitative enzyme marker for the presence of intact
mitochondria (Marco et al., 1974).

In conclusion, considering that mitochondrial respiratory chain complexes,
creatine kinase and citrate synthase play an important role in brain energy
metabolism and that mitochondrial dysfunction is probably involved in the

pathophysiology of diabetes.
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LEGEND OF FIGURES

Figure 1: Complex | (A); Il (B); Ill (C) and IV (D) activities in prefrontal cortex,
hippocampus and striatum of rats subjected to animal model of diabetes induced by
alloxan. Values are expressed as meanS.D. (n = 5). Different from saline; *p < 0.05,

according to Student t-test.

Figure 2: Creatine kinase activity in prefrontal cortex, hippocampus and striatum of
rats subjected to animal model of diabetes induced by alloxan. Values are expressed

as meanzS.D. (n = 5). Different from saline; *p < 0.05, according to Student t-test.

Figure 3: Citrate synthase activity in prefrontal cortex, hippocampus and striatum of

rats subjected to animal model of diabetes induced by alloxan. Values are expressed

as meanzS.D. (n = 5). Different from saline; *p < 0.05, according to Student t-test.
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Abstract

Diabetes mellitus is associated with pathological changes in the central nervous
system (SNC), as well alterations in oxidative stress. Thus, the main objective of this
study was to evaluate the effects of the animal model of diabetes induced by alloxan
on memory and oxidative stress.Diabetes was induced in Wistar rats by using a
single injection of alloxan (150 mg/kg),and fifteen days after induction, the rats
memory was evaluated through the use of the object recognition task. The levels of
superoxide and thiobarbituric acid reactive species (TBARS) production were
measured in submitochondrial particles, TBARS and carbonyl oxidation, and the
activity of antioxidant enzymes, superoxide dismutase (SOD) and catalase (CAT) in
the rat brain were also measured. The results showed that the animal model of
diabetes induced by alloxan did not alter recognition memory. However, in diabetic
rats there was an increase in the superoxide levels in the prefrontal cortex, in the
TBARs in the prefrontal cortex and in the amygdala in the submitochondrial particles.
Also, there was an increase in the protein oxidation in the hippocampus and striatum
and in the TBARS oxidation in the striatum and amygdala. The SOD activity was
decreased in diabetic rats in the striatum and amygdala. However, the CAT activity
was increased in the hippocampus from diabetic rats. In conclusion, our findings
illustrate that the animal model of diabetes induced by alloxan did not alter
recognition memory, but it produced oxidants and an imbalance between SOD and

CAT activities, which could contribute to pathophysiology of diabetes.

Keywords: oxidative stress, antioxidant enzyme, memory, diabetes.

105



1. Introduction

Diabetes mellitus (DM) is a heterogeneous metabolic disorder characterized
by hyperglycemia [1]. In type 1 diabetes (DM1),which generally develops at a young
age (children, earlyadulthood), the principal defect is an auto immune-mediated
destruction of pancreatic cells, leading to insulin deficiency [2]. In type 2 diabetes
(DM2) the principal defect is insulin resistance,leading to a relative insulin deficiency
[3]. In both the human and animal models, DM is associated with pathological
changes in the central nervous system (SNC) that lead to cognitive and affective
deficits and to an increased risk for brain vascular complications [3]. In the animal
models of diabetes, several brain alterations have been described, such as increased
hippocampal astrocytic reactivity, impaired synaptic plasticity, vascular changes,
decreased dendritic complexity and disturbed neurotransmission [4].

Recently, a significant body of evidence accumulated to indicate that diabetes
has detrimental effects on brain function. A number of investigations have been
performed to indicate that memory loss is a consequence of both type | and type Il
diabetes [5]. Some authors have also reported a reduction in the length and a
simplification of the dendritic trees of the hippocampal pyramidal cells in diabetic
rodents [4]. There is evidence from the animal models showing that changes in
dendritic morphology, probably associated with synaptic disturbances, correlate with
alterations in memory and learning abilities [6]. Mitochondria are the principal source
of reactive oxygen species (ROS) in cells, as the result of imperfectly coupled
electron transport. Oxidative stress is widely accepted as playing a key mediatory

role in the development and progression of diabetes and its complications due to the
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increased production of free radicals and impaired antioxidant defenses [7]. Several
mechanisms can contribute to increased oxidative stress in diabetic patients,
especially the chronic exposure to hyperglycemia. Accumulated evidence points out
that hyperglycemia can lead to elevated ROS and reactive nitrogen species (RNS)
production by the mitochondrial respiratory system [8], glucose autoxidation [9],
activation of the polyol pathway [10], formation of advanced glycation end-products
(AGEs) [11], antioxidant enzyme inactivation [12] and imbalance of glutathione redox
status [13]. Hyperglycemia can promote an important oxidative imbalance, favoring
the production of free radicals and the reduction of antioxidant defenses. At high
concentrations, ROS/RNS can lead to damage of the major components of the
cellular structure, including nucleic acids, proteins, amino acids and lipids [14]. Such
oxidative modifications in the diabetes condition would affect several cell functions,
metabolism and gene expression, which can cause other pathological conditions
[15].

Studies linking diabetes, memory and oxidative stress inbrain tissue have not
been fully characterized. In this context, the main objective of our study was to
evaluate the effects of the animal model of diabetes induced by alloxan on the object
recognition task and on the parameters of oxidative stress in the hippocampus,

striatum, prefrontal cortex and amygdala.
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2. Material and Methods

2.1 Animals

Male Adult Wistar rats (60 days old) were obtained from the UNESC
(Universidade do Extremo Sul Catarinense, Criciima, SC, Brazil) breeding colony.
They were housed five per cage with food and water available ad libitum and were
maintained on a 12-h light/dark cycle (lights on at 7:00 a.m.). All experimental
procedures involving animals were performed in accordance with the NIH Guide for
the Care and Use of Laboratory Animals and the Brazilian Society for Neuroscience
and Behavior (SBNeC) recommendations for animal care and with approval by the

local Ethics Committee under protocol number 16/2010.

2.2 Diabetes Induction

Diabetes was induced in rats by using a single intraperitonial injection of
alloxan from Sigma Chemical Co. (St Louis, MO, USA) dissolved in saline
physiological (0.9% NaCl) solution (150 mg/kg), whereas the control group received
only saline injection [16]. Both groups were injected after an 18-h fasting period (60—
70 mg/dL blood glucose). Fasting animals are more susceptible to alloxan probably
due to partial protection by increased blood glucose [17]. All induced rats showed
hyperglycemia (400-600 mg/dL) 48 h after alloxan administration. During the
experiment, the blood glucose level was monitored daily with commercial kits by
performing a small puncture at the tail. This methodology is quick and noninvasive,

subjecting the rats to a negligible level of stress. At the end of the study, rats with
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glycemia between 400 and 600 mg/dL were considered diabetic [18]. Fifteen days

after induction, all rats were submitted to the object recognition task.

2.3 Object recognition task

The object recognition task took place in a 40x60 cm open field surrounded by
50 cm high walls made of ply wood with a frontal glass wall. The floor of the open
field was divided into 12 equal rectangles by black lines. All animals (alloxan or
saline; n=10-15 animals per group)were submitted to a habituation session where
they wereallowed to freely explore the open field for 5 min. No objects were placed in
the box during the habituation trial. Twenty-four hours after habituation, training was
conductedby placing the individual rats in the open field for 5 min, in which two
identical objects (objects A1 and A2; both being cubes) were positioned in two
adjacent corners, 10 cm fromthe walls. In a short-term recognition memory test given
1.5 h after training, the rats explored the open field for 5 min in the presence of one
familiar (A) and one novel (B, a rectangle). In a long-term recognition memory test
given 24 h after training, the rats explored the open field for 5 minin the presence of
one familiar (A) and one novel (C, apyramid with a square-shaped base) object. All
objects had similar textures (smooth), colors (blue), and sizes (weight150-200 g) but
distinctive shapes. A recognition index calculated for each animal was calculated in
the test session, it reports the ratio TB/(TA + TB) (TA = time spent exploring the
familiar object A; TB = time spent exploring the novel object B) and it reports the ratio
TC/(TA + TC) (TA = time spent exploring the familiar object A; TC = time spent

exploring the novel object C). Between trials, the objects were washed with 10%
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ethanol solution. Exploration was defined as sniffing (exploring the object 3-5 cm

away fromit) or touching the object with the nose and/or forepaws [19].

2.4 Oxidative stress parameters

Immediately after the object recognition task, the animals were sacrificed by
decapitation and the brain areas; the prefrontal cortex, amygdala, hippocampus and
striatum (n=4-6 animals per group) were dissected according to the stereotaxic atlas
[20] in ice-cold buffer in a Petri dish, and submitochondrial particles were prepared in
parallel from the four brain regions of each animal. For biochemical analysis in total

tissue, the brain structures were rapidly frozen and stored at -70°C.

2.4.1 Mitochondrial isolation

Rat brain homogenates were centrifuged at 700g for 10 min to discard nuclei
and cell debris and the pellet was washed to enrich the supernatant that was
centrifuged at 700g for 10 min. The obtained pellet, washed and resuspended in the
same buffer, was considered to consist mainly of intact mitochondria able to carry out
oxidative phosphorylation. The operations were carried out at 0-2°C.
Submitochondrial particles (SMP) were obtained by the freezing and thawing (three
times) of isolated mitochondria. For superoxide production measurements, SMP were
washed twice with 140 mMKCI, 20 mMTris—HCI (pH 7.4) and suspended in the same

medium [21].
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2.4.2 Superoxide production in submitochondrial particles of the rat brain

Superoxide production was determined in washed brain SMP using a
spectrophotometric assay based on superoxide-dependent oxidation of epinephrine
to adrenochrome at 37°C (€ 4sonm = 4.0 mM™" cm™). The reaction medium consisted
of 0.23 Mmannitol, 0.07 M sucrose, 20 mMTris—HCI (pH 7.4), SMP (0.3-1.0 mg
protein/ml), 0.1 uM catalase, and 1 mM epinephrine. NADH (50 pM) and succinate (7
mM) were used as substrates and rotenone (1 uM) and antimycin (1 uM) were added
as specific inhibitors, respectively, to assay O production at the NADH
dehydrogenase and at the ubiquinone—cytochrome b region. Superoxide dismutase

(SOD) was used at 0.1-0.3 uM final concentration to give assay specificity [22].

2.4.3. Thiobarbituric acid reactive species formation

To determine oxidative damage in lipid, we measured the formation of
Thiobarbituric acid reactive species (TBARS) during an acid-heating reaction, as
previously described [23]. The samples were mixed with 1 ml of trichloroacetic acid
10% and 1ml of thiobarbituric acid 0.67%, and then heated in a boiling water bath for
30 min. Malondialdehyde equivalents were determined in tissue and in
submitochondrial particles of the rat brain spectrophotometrically by the absorbance

at 532 nm.

2.4.4. Carbonyl protein formation
The oxidative damage to proteins was assessed by the determination of
carbonyl groups content based on the reaction with dinitrophenylhidrazine (DNPH),

as previously described [24]. Proteins were precipitated by the addition of 20%
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trichloroacetic acid and were redissolved in DNPH. The absorbance was monitored

spectrophotometrically at 370 nm.

2.4.5. Superoxide dismutase activity

This method for the assay of superoxide dismutase (SOD) activity is based on
the capacity of pyrogallol to autoxidize, a process highly dependent on O,?; a
substrate for SOD [25]. The inhibition of autoxidation of this compound thus occurs
when SOD is present, and the enzymatic activity can be then indirectly assayed
spectrophotometrically at 420 nm, using a double-beam spectrophotometer with
temperature control. A calibration curve was performed using purified SOD as the
standard, in order to calculate the specific activity of SOD present in the samples. A
50% inhibition of pyrogallol autoxidation is defined as 1 unit of SOD, and the specific

activity is represented as units per mg of protein.

2.4.6. Catalase activity

The catalase (CAT) activity was assayed using a double-beam
spectrophotometer with temperature control. This method is based on the
disappearance of H,O, at 240 nm in a reaction medium containing 20 mM H,O,,
0.1% Triton X-100, 10 mM potassium phosphate buffer, pH 7.0, and 0.1— 0.3 mg
protein/ml [26]. One CAT unit is defined as 1 mol of hydrogen peroxide consumed

per minute, and the specific activity is reported as units per mg protein.
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2.4.7. Protein determination
All biochemical measures were normalized to the protein content with bovine

albumin as standard [27].

2.5 Statistical analysis

In the open field test, the differences betweentraining test sessions were
analyzed by the paired Student’st-test. Data for recognition indexes are reported as
median zinterquartile ranges (25 and 75). Comparisons among groups were
performed using the Kruskal-Wallis test followed by Mann-Whitney test when
necessary. The oxidative stress parameters were analyzed by Student’s t-test for
unpaired data and are reported as mean * S.E.M.P valuesless than 0.05 were

considered to be statistically significant.

3. Results

As depicted in Fig. 1in the object recognition task, no statistical differences
were observed in the saline or alloxan groups in the training session (p > 0.05). In the
control rats, 1.5h after the training session (short-term recognition memory), we
observed an increase in the recognition index compared to the training session, and
24h after the training session (long-term recognition memory) there was an increase
in the recognition index, compared to the training session and with short-term
memory (p < 0.05; Fig. 1). In the diabetic rats induced by alloxan, there was an
increase inthe recognition index after 24 h, but not 1.5 h after the training session (p

< 0.05; Fig. 1).
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In diabetic rats, there was an increase in the superoxide submitochondrial particles in
the prefrontal cortex (p < 0.05; Fig. 2A) and an increase in the TBARS
submitochondrial particles in the prefrontal cortex and amygdala (Figure 2B). In
diabetic rats it was shown that there was an increase in the carbonyl proteins in the
hippocampus and striatum (p < 0.05; Fig. 3A) and an increase in the TBARS
oxidation in the striatum and amygdala (p < 0.05; Fig. 3B). The SOD activity was
decreased in diabetic rats in the striatum and amygdala (p < 0.05; Fig. 4A). However,
the CAT activity was increased in the hippocampus from diabetic rats (p < 0.05; Fig.

4B).

4. Discussion

Experimental diabetes models can be induced by chemicals that selectively
destroy the insulin-producing B-cells in the pancreas [28]. One of the most used
chemicals is alloxan. This drug induces diabetes by intracellular generation of ROS
formed in a cyclic reaction involving alloxan and its reduced product called dialuric
acid [16], with subsequent inhibition of insulin synthesis and secretion.

Recently, a significant body of evidence has accumulated to indicate that
diabetes has detrimental effects on brain function. A number of investigations have
been performed to indicate that memory loss is a consequence of both type | and
type Il diabetes [29, 3]. However, the exact mechanism(s) as to how diabetic
conditions could affect memory activity remains to be fully characterized. In the
present study our results showed that in diabetic rats, there was an increase in the

recognition index 24 h after the training session, indicating that diabetic rats did not
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alter recognition memory, when subjected to the object recognition task. Contrary to
this, another study showed a significant reduction of memory formation, evaluated in
the passive avoidance test in streptozotocin-induced diabetic mice [5]. The authors
suggest that the overexpressed B-amyloid precursor might be one of the underlying
factors causing memory deficit. Differences between these studies could be related
with the animal model of diabetes and tests used to evaluate memory.

Although some studies have shown that oxidative stress induces significant
deficits in cognitive performance (learning ability and memory retention) [30], in the
present findings we did not show this correlation. We recently demonstrated that
brain derived-neurotrophic factor (BDNF) levels did not alter in the hippocampus from
alloxan-induced diabetic rats [31]. BDNF is a neurotrophin which has an important
role in hippocampal-dependent forms of memory [32]. Thus, the findings of the
present study on recognition memory could be related, at least in part, because the
animal model of diabetes induced by alloxan did not alter BDNF levels.

Uncontrolled ROS production could lead to damage in cellular
macromolecules (DNA, lipids and protein) and other small antioxidant molecules [33],
contributing to the progress of diabetic complications. Still, research indicates that
obesity and hyperglycemia are associated with increases in the ROS production
[34,35]. In the present study we observed an increase in the superoxides in the
prefrontal cortex and an increase in the TBARS in the prefrontal cortex and amygdala
in  submitochondrial particles. Diabetes causes mitochondrial superoxide
overproduction and this increased superoxide production is the major mediator of
diabetes tissue damage [36]. The mitochondria are an organelle and have the ability

to generate superoxides at complexes | and Il [37,38]. In addition to this, in brain
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tissue, complex | and lll has been attributed to major ROS production [39,40]. In fact,
studies from our group demonstrated that in alloxan-induced diabetic rats there were
alterations in the mitochondrial respiratory chain [18]. Thus we suggest that alloxan-
induced diabetic-like symptoms may provide a useful animal model to test the
hypothesis of the involvement of oxidative stress in diabetes.

Our results also showed an increase in carbonyl protein in the hippocampus
and amygdala, and an increase in TBARS oxidation in the striatum and amygdala
from diabetic animals. Recently, Chang et al. [41] showed an increase in the carbonyl
protein in the renal tissues from diabetic animals induced by streptozotocin.
Additionally, similar to us, the TBARS index was increased in the liver of rats that had
received a single injection of alloxan (150 mg/kg) [28]. Also, there was shown to be
an increase in the TBARS in the plasma and hippocampus from diabetic animals
induced by streptozotocin [42].

The present findings showed that SOD activity decreased in the striatum and
amygdala. On the other hand, theCATactivity increased in the hippocampus in
diabetics animals. The SOD is a protective enzyme that can selectively scavenge the
superoxide anion radical (O,") by catalyzing its dismutation to hydrogen peroxide
(H202) [43]. The CAT catalyzes degradation of H>O, to water and O,. Another study
showed that SOD and CAT activities were increased in the livers from alloxan-
induced diabetic rats [29]. Also, Amer et al. [44] demonstrated that polymorphisms of
glutathione S-transferase (an antioxidant enzyme) genes GSTM1 and GSTT1 were
associated with an increased risk of type-2 DM. Interestingly, Di Naso et al. [45]
reported that exogenous antioxidant copper zinc superoxide dismutase (Cu/Zn SOD)

decreased liver peroxidation and increased nitric oxide synthase (NOS) in diabetic
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rats. Moreover, Gibson et al. [46] showed that N-acetylcysteine (NAC), a biosynthetic
precursor of the antioxidant glutathione, reduced trombotic propensity in type-2
diabetes patients, suggesting that this effect occurred by increasing the platelet
antioxidant status as a result of elevated glutathione synthesis.

The precise mechanisms involved in the decreased SOD and increased CAT
activities in diabetic rats, as observed in this study cannot be explained, but it is
important to note that an increase in antioxidant concentrations can be considered as
a compensatory response to oxidative stress [47]. Another study from our group also
showed a decrease in the SOD and an increase in the CAT activities in the brain of
rats submitted to chronic the mild stress procedure [48]. In fact, studies have
reported a relationship between diabetes and stress [49,50] inclusively, alloxan-
induced diabetic rats presented depressive-like behaviour [18].

The cause of overall oxidative imbalance demonstrated in our study may be
due to mitochondrial dysfunction. Recently, it was shown that alloxan-induced
diabetic rats presented alterations in the mitochondrial respiratory chain, creatine
kinase and citrate synthase activities [18]. However, mitochondrial alteration could
occur by oxidative imbalance. In fact, ROS causes damage in the mitochondrial
oxidative phosphorilation [51]. In addition, Bhattacharya et al. [52] reported
decreased mitochondrial membrane potential, enhanced cytochrome c¢ release,
reciprocal regulation of the Bcl-2 family, and increases of caspases 3 and 9 in
alloxan-induced diabetes. The authors also showed that treatment with D-saccharic
acid 1.,4-lactone, a derivative of D-glucaric acid which has antioxidant properties,

counteracted these changes [53].
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5. Conclusions

To our knowledge our data describes for the first time, the effects of the animal
model of diabetes induced by alloxan on memory and oxidative stress parameters in
the rat brain. In conclusion, alloxan-induced diabetes did not alter recognition
memory, but induced oxidative damage and an imbalance between antioxidant

enzymes, contributing, at least in part, to the pathophysiology of diabetes.
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Legends of figures

Figure 1: Effects of the animal model of diabetes induced by alloxan on the object
recognition task. Results are reported as median * interquartile rangesof the
recognition indexes in training and short and long-term memory retentiontest trials.
N=10-15 per group,*p < 0.05 different from training sessionand # p < 0.05 different

from training from 1.5 h retention, according to Kruskal-Wallis test.

Figure 2: Effects of the animal model of diabetes induced by alloxan on the
superoxide (A) and TBARS (B) levels in submitochondrial particles in the
hippocampus, striatum, prefrontal cortex and amygdala. Results are reported as
mean + S.E.M. N=4-6 per group,*p < 0.05 different from saline, according to Student

t-test.

Figure 3: Effects of the animal model of diabetes induced by alloxan on the TBARS
levels (A) and carbonyl formation (B) levels in the hippocampus, striatum, prefrontal
cortex and amygdala. Results are reported as mean + S.E.M. N=4-6 per group,*p <

0.05 different from saline, according to Student t-test.

Figure 4: Effects of the animal model of diabetes induced by alloxan on the
superoxide dismutase (A) and catalase (B) activities in the hippocampus, striatum,
prefrontal cortex and amygdala. Results are reported as mean + S.E.M. N=4-6 per

group,*p < 0.05 different from saline, according to Student t-test.
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Figure 2
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Figure 3
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Figure 4
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Abstract

A growing body of evidence has shown an association between diabetes and
depression, as well a role of brain-derived neurotrophic factor (BDNF) in diabetes
and depression. The present study was aimed to evaluate the behavioral and
molecular effects of antidepressant imipramine in diabetic rats. To this aim, after
diabetic induction by alloxan (150 mg/kg), Wistar rats were treated with imipramine
(30 mg/kg) once a day for 14 days and then subjected to the forced swimming and
open field tests. BDNF was assessed in the prefrontal cortex, hippocampus and
amygdala by ELISA sandwich assay. In diabetic rats treated with saline was
observed an increase on the immobility time, compared with control rats treated with
saline. Treatment with imipramine decreased immobility time in nondiabetic and
diabetic rats, compared with both nondiabetic and diabetic rats treated with saline. In
the open-field test, was observed that treatment with imipramine reduced the number
of crossings of diabetic rats, compared with nondiabetic rats treated with saline. The
number of rearings did not alter in all groups. Diabetic rats injected with saline did not
alter BDNF protein levels in the prefrontal cortex, hippocampus or amygdala, but
interestingly, the treatment with imipramine in diabetic animals increased BDNF
protein levels in the prefrontal cortex. In conclusion, this study indicates an
involvement between diabetes and depression, and considering the action of
imipramine, it is suggested that it could be an alternative for depression to diabetic
patients, once it could present antidepressant effect in diabetic rats and increase

BDNF protein levels.

Keywords: Imipramine; BDNF; Forced Swimming Test; Depression, Diabetes.
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Introduction

Diabetes mellitus (DM) is a significant public health problem associated with a
high index of mortality and morbidity, incluinding major depression [1-4]. In fact,
prevalenve of depression is aproximatelly 10% in diabetic patients [5]. In addtion,
chronic hypercortisolemia may cause insulin resistance, which may explain the
association between DM and depression and vice versa [6]. Indeed, Knol et al. [7]
showed that depression increases the risk for type 2 diabetes by 37%. Moreover,
antidepressant treatment reduced the severity of depression in diabetic patients [8].

Experimental models of diabetes may be replicated to determine the possible
pharmacological targets of the disease and to better evaluate diabetes associated
complications [9]. In addtion, diabetic mice and rats presented depressive-like
behavior when submitted to the forced swimming test [10-12]. Moreover, clonazepam
(a positive GABAA receptor modulator) treatment reverted the immobility in diabetic
rats [10, 13].

Many studies have shown an important role of neurotrophins, especially brain-
derived neurotrophic factor (BDNF) in the pathophysiology of diabetes, as well in
depression [14-17]. BDNF is prominent in development, survival and function of
neurons [18]. Decreased levels of BDNF have been found in humans with depression
and animal models of depression [19]. On the other hand, treatment with
antidepressants increase levels of this neurotrophin [20]. In addtion, a study showed
that individuals with type 2 DM had decreased plasma BDNF, independent of obesity
[21]. However another study reported an increase serum BDNF in type 2 DM,

associated with obesity [22].
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Studies linking diabetes, depression, treatment with antidepressants and
BDNF in brain tissue has not been fully characterized. So, the main aim of the
present study was to evaluate behavioural and molecular effects in diabetic rats
treated with imipramine, a tricyclic antidepressant, which is widely used as a predictor

of antidepressant activity in the forced swim test [23].

Material and Methods

Animals

Male Adult Wistar rats (60 days old) were obtained from UNESC
(Universidade do Extremo Sul Catarinense, Cricima, SC, Brazil) breeding colony.
They were housed five per cage with food and water available ad libitum and were
maintained on a 12-h light/dark cycle (lights on at 7:00 a.m.). All experimental
procedures involving animals were performed in accordance with the NIH Guide for
the Care and Use of Laboratory Animals and the Brazilian Society for Neuroscience
and Behavior (SBNeC) recommendations for animal care and with approval by local

Ethics Committee under protocol number 16/2010.

Diabetes induction

Diabetes was induced in rats by using a single intraperitonial injection of
alloxan from Sigma Chemical Co. (St Louis, MO, USA) dissolved in saline
physiological (0.9% NaCl) solution (150 mg/kg), whereas the control group received
only saline injection [24]. Both groups were injected after an 18-h fasting period (60—

70 mg/dL blood glucose). Fasting animals are more susceptible to alloxan probably
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due to partial protection by increased blood glucose [25]. All induced rats showed
hyperglycemia (400-600 mg/dL) 48 h after alloxan administration. During the
experiment, the blood glucose level was monitored daily with commercial kit by
performing a small puncture at the tail. This methodology is quick and noninvasive,
subjecting the rats to a negligible stress. At the end of the study, rats with glycemia

between 400 and 600 mg/dL were considered diabetic [24].

Drug and treatment

Imipramine  (tricyclic antidepressant), was obtained from Novartis
Pharmaceutical Industry (Brazil) in the dose of 30 mg/kg was injected
intraperitoneally once a day during 14 days after diabetes induction. The treatments
were administrated in a volume of 1 ml/kg. To develop this study we employed 60
animals (n = 15 each) separated in four groups, as follows: (1) control — saline; (2)
control — imipramine; (3) alloxan — saline; (4) alloxan — imipramine. Diabetics’ rats
were tested in the open field and forced swim tests following chronic saline and

imipramine treatments.

Open-field test

This apparatus consists of a brown plywood arena 45 x 60 cm surrounded by
wood 50 cm high walls and containing a frontal glass wall. The floor of the open field
was divided into nine rectangles (15 x 20 cm each) by black lines. Animals were
gently placed on the left rear quadrant, and left to explore the arena. After the chronic
treatment, on 12" day, rats were exposed to the open-field apparatus. The number

of horizontal (crossings) and vertical (rearings) activity performed by each rat during
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5 min observation period was counted by an expert observer, in order to assess

possible effects of drug treatment on spontaneous locomotor activity.

Forced swimming test

The forced swimming test was conducted according to previous reports [26-
29]. The test involves two individual exposures to a cylindrical tank with water in
which rats cannot touch the bottom of the tank or escape. The tank is made of
transparent Plexiglas, 80 cm tall, 30 cm in diameter, and filled with water (22—23 °C)
to a depth of 40 cm. On 13" day of chronic treatment with imipramine, 1 h after drug
treatment rats were individually placed in the cylinder containing water for 15 min
(pre-test session). On the 14™ day, rats received the last intraperitoneal drug
treatment, and after 1 h, they were subjected again to the forced swimming test for a
5 min session (test session) and the immobility time of rats was recorded in seconds.
After the behavioral tests (fifteen days after induction of diabetes), all rats were killed
by decapitation, and the skulls were immediately removed and prefrontal cortex,
hippocampus and amygdala were quickly isolated by hand dissection using a
magnifying glass and a thin brush, dissection was based on histological distinctions

described by Paxinos and Watson [30].

BDNF analysis

BDNF levels in prefrontal cortex, hippocampus and amygdala were measured
by anti-BDNF sandwich-ELISA, according to the manufacturer’s instructions
(Chemicon, USA). Briefly, rat prefrontal cortex, hippocampus and amygdala were

homogenized in phosphate buffer solution (PBS) with 1 mM phenylmethylsulfonyl
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fluoride (PMSF) and 1 mM (EGTA). Microtiter plates (96-well flat-bottom) were
coated for 24 h with the samples diluted 1:2 in sample diluents, and standard curve
ranged from 7.8 to 500 pg/ml of BNDF. The plates were then washed four times with
sample diluent and a monoclonal anti-BNDF rabbit antibody diluted 1:1,000 in
sample diluent was added to each well and incubated for 3 h at room temperature.
After washing, a peroxidase conjugated anti-rabbit antibody (diluted 1:1,000) was
added to each well and incubated at room temperature for 1 h. After addition of
streptavidin-enzyme, substrate and stop solution, the amount of BDNF was
determined by absorbance in 450 nm. The standard curve demonstrates a direct
relationship between Optical Density (OD) and BDNF concentration. Total protein
was measured by Lowry's method using bovine serum albumin as a standard, as

previously described by Lowry et al. [31].

Statistical analysis

All data are presented as mean = S.E.M. Differences among experimental
groups in the forced swimming and open field tests and in the assessment of BDNF
levels were determined by one-way ANOVA, followed by Tukey post-hoc test when

ANOVA was significant; P values < 0.05 were considered to be statistical significant.

Results

As depicted in Figure 1A, in diabetic rats treated with saline was observed an
increase on the immobility time, compared with control rats treated with saline.

Statistical analyses revealed that treatment with imipramine decreased immobility
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time in nondiabetic and diabetic rats, compared with both nondiabetic and diabetic
rats treated with saline (Fig. 1A; F 338y = 15.08; p < 0.001). The figure 1B, shows the
rat behavior subjected to the open-field test, we observed that treatment with
imipramine reduced the number of crossings (Fig. 1B; F (3.49) = 3.58; p = 0.02) of
diabetic rats, compared with nondiabetic rats treated with saline. The number of
rearings did not alter in all groups (Fig. 1B; F (3.49)= 2.74; p = 0.052).

BDNF protein levels are illustrated in Figure 2. Diabetic rats injected with
saline did not alter BDNF protein levels in the prefrontal cortex, hippocampus (Fig. 2;
F 342 = 1.25; p = 0.3) or amygdala (Fig. 2; F .93 = 1.65; p = 0.19), but interestingly,
the treatment with imipramine in diabetic animals increased BDNF protein levels in

the prefrontal cortex (Fig. 2; F (3.55) = 2.81; p = 0.04).

Discussion

DM is characterized by hyperglycemia as a result of complete lack of insulin, a
relative lack of insulin or insulin resistance [32], which can lead to changes central
nervous system functions [33]. In addition, it is estimated that in 2030 about 366
million of people will be affected [34].

Many studies have documented an association between diabetes and
depression [5, 6]. In the present study we evaluated the effects of antidepressant
imipramine in diabetic rats. We observed that imipramine treatment reversed the
increase on immobility time and reduced the number of crossings in diabetic rats.

Moreover, imipramine increased BDNF protein levels in the prefrontal cortex in
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diabetic rats. In fact, it is fairly consolidated the role of BDNF in both depression and
diabetes [16, 17, 20, 35].

In some experimental models of diabetes animals exhibiting a syndrome of
type 2 DM, with characteristics similar to humans [36]. In addition, these models
allow evaluating the onset, the development and the progression of the disease and
contributing to the understanding of the molecular mechanisms underlying of type 2
DM [9]. Animal model of diabetes can be induced by chemicals, for example, alloxan,
some animals with inherent diabetes have a destruction in insulin-producing B- cells
in the pancreas [24, 25], characterized by severe hyperinsulinaemia with only mild to
moderate hyperglycaemia [36, 37]. In fact, recently, our group showed that alloxan
induced hyperglycemia 48 h after alloxan administration [38].

It is quite evident the association between diabetes and depression. Patients
with type 2 diabetes are 52% more likely to develop major depression than the
general population [39]. In addition, Shen et al. [40] showed in a cohorts study that
minor depression was highly prevalent among woman with complex chronic illness,
such as diabetes or heart disease or hypertension. A longitudinal study showed that
more than 40% of the diabetic patients with co-morbid subthreshold depression
developed a major depression during 2 year follow-up period [41]. Also, some studies
have shown that patients with diabetes and clinical depression, compared with those
who have diabetes alone, show poorer adherence to diet, exercise and taking
medications [42, 43]. Katon et al. [44] reported that diabetic patients with comorbidity
depression have double the probability of cardiac risk factors like smoking, obesity,

and others.
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The pharmacotherapy with antidepressants did lead to reduction of depressive
symptoms in diabetics patients [45]. In the present data we showed that diabetic rats
increased the immobility time. The immobility is a parameter evaluated in the forced
swimming test and it is interpreted as a depression-like behavior [26], suggesting an
unbalance in the noradrenergic and serotoninergic neurotransmission. In fact,
diabetic animals present low levels of dopamine and serotonin [46].

The depressive-like in diabetic rats reported in the present study are in
agreement with literature data, which show that diabetic animals presented
depressive-like behaviour. Sharma et al. [47] reported that both juvenile and adult
genetically modified db/db mice displayed behavioral despair with increased despair
immobility time in forced swimming test. Also, has been shown depression-like
behavior in streptozotocin-induced diabetic mice [48]. Some author have reported
that clonazepam reverses the increase of immobility in the forced swimming test of
diabetic rats [10, 12, 13, 49], showing an antidepressant effect in these animals.

Interestingly, we demonstrated that tricyclic antidepressant imipramine
reversed depressive-like behaviour in diabetic rats. In contrast, antidepressants
drugs, including imipramine (32 mg/kg) did not prevent escape deficits in diabetic rats
submitted to learned helplessness model of depression [50]. Similar to us,
Anjaneyulu et al. [51] showed that quercetin, a bioflavonid, and antidepressants
fluoxetine (5 mg/kg) and imipramine (15 mg/kg) lowered the immobility time in
streptozotocin-induced diabetic mice. Suggesting that imipramine effects are
dependent of specie, animal model and dose administrated. Our study is the first to
show that imipramine reverses depressive-like behavior in alloxan-induced diabetic

rat. We also showed that imipramine reduced the number of crossing in diabetic rats.
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Regarding the effects of locomotor activity some authors suggesting that a decrease
in this activity in the open field test may account for increase duration of immobility in
forced swimming test, however, other authors did not have showed correlation
between locomotor activity and performance of mice in forced swimming test [52, 53].
Although we have shown a significant decrease in locomotor activity only in diabetic
rats treated with imipramine, there was a tendency for decreased locomotor activity
also in diabetic rats treated with saline. Decreased locomotor activity was observed
also in ob/ob mouse strain [47, 52].

The present findings also reported that imipramine treatment increased BDNF
protein levels in the prefrontal cortex, but not in the hippocampus or amygdala of
diabetic rats. Alterations in hippocampal, amygdalar and prefrontal areas have been
associated with both type 2 diabetic and depression [54, 55].

BDNF is an important neurotrophin that has a role in the survival and
differentiation in neurons in the peripheral and central nervous systems [56, 57].
Also, BDNF seems to play a role in the regulation of food intake and body weight [58-
61].

Studies from literature have characterized the role of BDNF in depression [55].
Reduced levels of BDNF have been reported in the serum, plasma and brain in
animals and humans with depression [62, 63]. On the other hand, antidepressant
treatment increases BDNF [64]. In diabetes also has been shown the role of BDNF.
In fact, Krabbe et al. [21] showed reduced plasma levels of BDNF in humans with
type 2 diabetes, independent of obesity. In addition, in impaired insulin function
individuals had lower plasma levels in comparison to matched non-insulin resistant

controls [35]. However, Suwa et al. [22] reported an increase of serum BDNF in type
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2 diabetes, associated with obesity. In a mouse model was showed that diet-induced
maternal obesity impairs hippocampal BDNF production in young offspring [65].
Change in neurotrophins receptors was found also in nerves and peripheral tissues
in the diabetic states [61].

On the other hand, BDNF exerted protective effect on pancreatic islets in
obese diabetic mice [66], ameliorated glucose metabolism and prevented pancreatic
exhaustion in diabetic mice [67]. Still, BDNF treatment prevented the development of
diabetes in early diabetic and prediabetic db/db mice [68], suggesting that BDNF
prevents the development of diabetes by enhancing in the peripheral tissues and
preventing pancreatic exhaustion. The Glia cell line-derived neurotrophic factor
(GDNF) was also reduced in colon in diabetic [69], suggesting that the reduction of
GDNF might be involved in mechanism of diabetic enteric neurons damage.
However, in another study, both GDNF and BDNF mRNA expression did not alter in
the striatum and cerebellum of streptozotocin-treated rats [70]. Although, in the
present study we have not shown a significant decrease of BDNF levels in diabetic
rats, we showed a tendency to decrease BDNF levels in the prefrontal, hippocampus
and amygdala of diabetic rats. Thus, the increase of BDNF in prefrontal exerted by
imipramine may have been a mechanism of neuroprotection.

In conclusion, considering that imipramine facilities signaling of serotonin or
norepinephrine [71], which are impaired in diabetes [46], and that the alterations in
monoamine metabolism evoke adaptative changes in intracellular signal
transduction, such as BDNF [71, 72], it's antidepressant-like effect in diabetic rats in
the present study may be related at least in part, by effects of imipramine on BDNF

levels in the prefrontal. Moreover, since changes of BDNF are a pathogenic factor
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common to both diabetes and depression, these alterations might explain at least in

part the association between them.
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Legends of Figures

Figure 1. Effects of animal model of diabetes induced by alloxan on the immobility
(1A) time of rats subjected to the forced swimming test and on the number of
crossings and rearings (1B) in rats repeatedly treated with imipramine. Bars
represent means = S.E.M. (n = 15). * P < 0.05 vs. nondiabetic and */# p < 0.05 vs.

nondiabetic and diabetic according to ANOVA followed by Tukey post-hoc test.

Figure 2. Effects of animal model of diabetes induced by alloxan on the BDNF
protein levels in the prefrontal cortex, hippocampus and amygdala of rats repeatedly
treated with imipramine. Bars represent means + S.E.M. (n = 10). * P < 0.05 vs.

nondiabetic according to ANOVA followed by Tukey post-hoc test.
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PARTE IlI

8 DISCUSSAO

A depressao é o transtorno do humor mais prevalente. Estima-se que 121
milndes de pessoas sejam afetadas mundialmente (Sattler & Rothstein, 2007).
Recentemente alguns estudos tém mostrado uma alta prevaléncia desse transtorno
entre pacientes diabéticos (Nau, Aikens & Pacholski, 2007). Além disso, a depressao
esta associada a um pobre controle glicémico, o que pode levar a um aumento de
riscos em complicacdes relacionadas a diabetes (Lustman et al., 2000; Nau, Aikens
& Pacholski, 2007; Sacco et al., 2007). A depressao e o diabetes estdo entre as
doencas crbnicas que mais causam desabilidade e mortalidade (Murray & Lopez,
1997; Nau, Aikens & Pacholski, 2007).

No presente estudo utilizou-se o MINI como instrumento de avaliacdo e os
resultados da pesquisa mostraram uma maior ocorréncia de episédio depressivo,
episddio depressivo recorrente, distimia e transtorno de humor com sintomas
psicéticos em pacientes diabéticos do tipo 2. Concomitante com este estudo, outros
autores também tém demonstrado uma relacdo entre diabetes e transtornos
psiquiatricos. Um estudo de coorte retrospectivo relatou uma alta prevaléncia de
depressado em pacientes diabéticos (O'Connor et al., 2009). Além disso, Lustman et
al.?* observaram que a depressao foi significativamente associada com hiperglicemia
em pacientes com DM dos tipos 1 e 2.

Bot et al. (2010) em um estudo longitudinal, utilizando como instrumento de

investigacdo o MINI mostraram que 40% de pacientes diabéticos que tinham como
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co-morbidade a depressdo desenvolveram o transtorno depressivo maior em até
dois anos apés o periodo inicial do estudo. Os autores atribuiram ainda a ansiedade
como um importante fator relacionado a depressao (Bot et al., 2010). Semelhante ao
presente estudo Golden et al. (2008) mostraram que pacientes com DM do tipo 2
sdo 52% mais susceptiveis a desenvolver transtorno depressivo maior do que a
populacao geral. Por outro lado, outro estudo, no qual foi comparado a prevaléncia
de transtornos mentais entre 141 pacientes diabéticos e 4.028 sujeitos sem diabetes
Kruse, Lemaster & Madesen (2010) observaram que as pessoas com diabetes nao
apresentaram diferencas com relacao a depressao de acordo com critérios do DSM-
IV. Diferencas nesses estudos podem ser atribuidas ao tamanho amostral no qual foi
utilizado o estudo.

Nao foi observado no presente trabalho diferencas com relacdo a idade,
género, estado civil e escolaridade entre pacientes diabéticos e nao-diabéticos na
populacao estudada. Entretanto, outro estudo mostrou que sintomas depressivos em
pacientes com diabetes foram associados com alguns fatores, por exemplo, foi
maior em mulheres, em jovens e em pessoas com baixa escolaridade (Katon et al.,
2004).

Os resultados da presente pesquisa mostraram também que pacientes
diabéticos tiveram colesterol total e a a lipoproteina de baixa intensidade (LDL)
elevados, assim como uma maior presenca de hipertensdo arterial, infarto do
miocardio e acidente vascular cerebral. Interessantemente, Clouse et al (2003)
mostraram que em mulheres diabéticas, a depressdao maior foi um fator de risco
independente que acelerou o desenvolvimento de doengas cardiacas. Além disso,

mostrou-se que a depressao foi um preditor de incidéncia de doencas cardiacas
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entre 4.538 pessoas com 60 anos de idade com hipertensao sistélica (Abramson et
al., 2001). De fato, tanto em pacientes diabéticos quanto em pacientes depressivos
ha uma maior prevaléncia de problemas cardiacos, (O'Neil et al., 2011; Wint, 2011)
assim seria importante 0 monitoramento e tratamento de transtornos de humor em
pacientes com DM.

Niveis elevados de hemoglobina glicada e a ndo adesao ao uso de insulina
encontrados no presente estudo foram associados a quadros depressivos
recorrentes, bem como a sintomas psicéticos. Ja a distimia foi associada a nao
adesao e a niveis glicémicos elevados. De acordo com a Associagdo Americana de
Diabetes (2007), pacientes com esta doenca deveriam manter baixos 0s niveis de
hemoglobina glicada, pressdo sanguinea e LDL. Completando esses dados, dados
da literatura tém sugerido que a presenca de depressdao em pacientes diabéticos
tem sido associada como uma possivel causa de um controle metabdlico
inadequado. Papelbaum et al. (2011) relataram altos niveis de hemoglobina glicada
em pacientes com DM do tipo 2, também diagnosticados com depressao recorrente,
comparados com pacientes que nao possuiam transtornos de humor.

Corroborando os dados acima, tém-se demonstrado que pacientes com
depressdo maior sdo mais susceptiveis a desenvolver diabetes (Chien et al., 2011).
Esta associacdo pode ser explicada pelo fato de que individuos com depressao
muitas vezes possuem um maior consumo calérico e fazem pouca atividade fisica o
que pode contribuir para a obesidade (Goodman & Whitaker, 2002). Nao obstante,
na depressao ocorre ativacdo do eixo hipotadlamo hipéfise adrenal (HPA), alteracdes
no sistema imunoldgico, o que pode levar a uma resisténcia a insulina e levar ao

desenvolvimento de DM (Golden, 2007). Outro fato importante é de que
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antidepressivos, antipsicoticos e estabilizadores do humor podem contribuir para
ganho de peso, hiperglicemia e hipertensao (Citrome et al., 2004; Andersohn et al.,
2009). A hipercortisolemia crénica pode levar a uma resisténcia a insulina, o que
pode explicar a associagao entre DM e a depressao e vice e versa (Power, Kupper &
Adriaanse, 2010). Recentemente também tem sido mostrado que pacientes
diabéticos possuem alteracées nos niveis do fator neurotréfico- derivado do cérebro
(BDNF), o qual é classicamente conhecido por estar alterado na depressao (Rao et
al., 2008; Taliaz et al., 2011).

E importante destacar que o presente estudo apresenta algumas limitacdes,
por exemplo, o MINI ndo é utilizado como diagnéstico clinico, e sim para uma
entrevista diagnostica rapida. Além disso, nao foi avaliada a associagdo do uso de
antidepressivos pelos pacientes. No entanto, sabe-se que tratamento com
antidepressivo reduziu a severidade da depressao em pacientes diabéticos (Khazaie
et al., 2011).

Ha poucos estudos na literatura que relacionam a diabetes do tipo 2 com o
risco de suicidio. Os dados do presente estudo mostraram um alto indice de risco de
suicidio. Além disso, a presenca do risco de suicidio foi associada com altos niveis
glicémicos. Roy et al. (2010) em um estudo onde examinaram o suicidio e a sua
correlacdo com a diabetes do tipo 1 em 412 pacientes Afro-Americanos apontaram
para um maior risco de suicidio, comparado com 404 Afro-Americanos sem diabetes.
Além disso, Pompili et al. (2009) avaliaram a qualidade de vida a associacao dela
com risco de suicidio em 100 pacientes italianos diabéticos com diabetes dos tipos 1

e 2. Os autores relataram que os pacientes com diabetes apresentaram ideacao
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suicida. Também relatou-se uma menor qualidade de vida nesses pacientes, a qual
foi relacionada a um maior risco de suicidio.

No presente estudo também foi mostrado que pacientes com diabetes do tipo
2 apresentaram uma qualidade de vida prejudicada, a saber, tiveram maiores
limitacOes fisicas, psicologicas e ambientais. Além disso, a glicemia de jejum e a
hemoglobina glicada foram associados com uma melhor qualidade de vida no
dominio fisico. No entanto, a relagdo social foi melhor em pacientes diabéticos. Este
resultado pode estar relacionado, pelo menos em parte, pelo fato de que os
pacientes do presente estudo participam de grupos terapéuticos, tanto em
estabelecimentos de saude quanto em clinicas de saude na universidade. Sabe-se
que a integracao e a troca de experiéncias entre pacientes diabéticos pode ajudar na
qualidade de vida desses pacientes.

Modelos experimentais de diabetes podem ser induzidos por substancias
quimicas, as quais seletivamente destroem as células B do pancreas, que sao
produtoras de insulina (Szkudelski, 2001). Um dos produtos mais utilizados € o
aloxano. Estes modelos permitem avaliar o inicio, 0 desenvolvimento e a progressao
da doenca e contribuir para a compreensdo dos mecanismos moleculares
subjacentes da diabetes (Yorek, 2003).

Estudos recentes tém demonstrado que o diabetes leva a alteragdes
cerebrais. De fato, evidéncias indicam que a perda de memoéria é uma das
consequéncias da diabetes dos tipos 1 e 2 (Biessels & Gispen, 2005; Beauquis et
al., 2010). No entanto, ndo se sabe ao certo quais 0os mecanismos que levam a
alteracées na memoéria decorrentes do diabetes. No presente estudo foi relatado que

ratos diabéticos ndao apresentaram déficits na memoria de reconhecimento de
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objetos. Porém, outro estudo mostrou que ratos submetidos ao modelo animal de
diabetes induzido por estreptozotocina tiveram reducdes na formacdo de memoria
quando avaliados no teste da esquiva passiva (Jung, Han & Kim, 2010). As
diferencas apontadas nesses estudos podem ser relacionadas ao teste utilizado
para avaliar a meméria e também as diferencas no modelo animal de diebetes.

Alguns estudos apontam que o estresse oxidativo leva a déficits cognitivos,
porém no presente estudo nao foi mostrado essa correlacdo. A producao excessiva
de ROS pode levar a danos em moléculas, como lipidios, protéinas e DNA (Halliwell,
1999). Os resultados do presente estudo mostraram um aumento de TBARS e de
superoxidos em particulas submitocondriais. Também foi mostrado um aumento nos
niveis de TBARS e carbonilacido de proteinas em cérebro de ratos diabéticos. Chang
et al. (2011) mostraram um aumento na carbonilacéo de proteinas em tecidos renais
de ratos diabéticos. Além disso, semelhante ao presente estudo foi mostrado um
aumento de TBARS no figado em animais que receberam uma unica injecao de
aloxano (Szkudelski, 2001).

Os resultados do presente trabalho mostraram também uma diminui¢gdo na
atividade da SOD na amigdala e no estriado. Entretanto, a atividade da CAT
aumentou no hipocampo. Os mecanismos pelos quais tais efeitos tenham ocorridos
nao podem ser explicados, mas é importante relatar que um aumento nas
concentracdes de enzimas antioxidantes pode ser relacionado a uma resposta ao
estresse oxidativo (Michel et al., 2004). Outro estudo também mostrou uma
diminui¢cdo na atividade da SOD e um aumento na atividade da CAT em cérebro de
ratos submetidos ao modelo animal de estresse crdénico moderado (Lucca et al.,

2009).
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O dano oxidativo pode ser também relacionado as disfuncées no metabolismo
energético. De fato, no presente estudo também foi mostrado um aumento na
atividade dos complexos | e IV no hipocampo, nos complexos Il e lI-lll no cértex pré-
frontal e no estriado, e no complexo IV no cértex pré-frontal; entretanto ocorreu uma
diminuicdo na atividade do complexo VI no estriado. Além disso, houve uma
diminuigdo na atividade da creatina quinase no estriado e um aumento na atividade
da citrato sintase no hipocampo de ratos diabéticos.

Algumas pesquisas tém mostardo uma relagdo entre diabetes e a funcgéao
mitocondrial (Liu et al., 2009; Lu et al., 2009; Ritov et al., 2010; Schiff et al., 2009;
Edwards et al., 2010). Por exemplo, disfuncdo mitocondrial tém sido implicada na
resisténcia a insulina relacionada ao diabetes do tipo 2 (Johannsen & Ravussin,
2009). As alteracbes mitocondriais podem ocorrer também por desequilibrio nos
parametros de estresse oxidativo. De fato, ROS provocam danos na fosforilagao
oxidativa mitocondrial (Adam-Vizi, 2005).

O presente estudo também avaliou se 0 modelo animal de diabetes induzido
por aloxano levaria a comportamentos do tipo depressivo em ratos. Foi observado
que ratos diabéticos tiveram comportamento do tipo depressivo no teste do nado
forcado. Um fato interessante foi que a imipramina, um antidepressivo triciclico
classico, reverteu essas alteragdes, mostrando efeitos antidepressivos nesses
animais. Além disso, a imipramina aumentou os niveis de BDNF no cértex pré-frontal
em ratos diabéticos. O papel do BDNF tanto na diabetes quanto na depressédo vem
sendo abordado por diversos pesquisadores (Arentoff et al., 2009; Duman &

Monteggia, 2006; Rao et al., 2008; Taliaz et al., 2011). O tratamento com
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antidepressivos levou a uma reducdo de sintomas depressivos em pacientes
diabéticos (Van der Feltz-Cornelis, 2010).

O comportamento do tipo depressivo apresentado pelos animais diabéticos no
presente estudo estdo de acordo com dados literatura, os quais mostram tais efeitos.
Sharma et al. (2010) relatou que ratos geneticamente modificados para os genes
db/db exibiram comportamento do tipo depressivo no teste de natacao forcada. Além
disso, foi mostrado comportamento do tipo depressivo em ratos submetidos ao
modelo animal de diabetes induzido por estreptozotocina (Hirano, Miyata & Kamei,
2007). Alguns autores tém relatado que o clonazepam, um benzodiazepinico,
reverteu o aumento no tempo imobilidade de ratos diabéticos submetidos ao teste de
natacao forcada (Gomez & Barros, 2000; Rajtar, Zolkowska & Keinrok, 2003; Haeser
et al., 2007; Wayhs et al., 2010), mostrando assim um efeito antidepressivo nestes
animais.

Semelhante aos resultados do presente estudo, Anjaneyulu, Chopra & Kaur
(2003) mostraram que a quercetina, um bioflavondide, e os antidepressivos
fluoxetina (5 mg/kg) e imipramina (15 mg/kg) reduziram o tempo de imobilidade em
ratos diabéticos submetidos ao modelo animal de diabetes induzido por
estreptozotocina.

O BDNF é uma neurotrofina que tem um papel importante na sobrevivéncia e
diferenciacao de neurdnios no sistema nervoso periférico e central (Reichardt, 2006;
Yoshii & Constantine-Paton, 2010). Além disso, o0 BDNF parece desempenhar um
papel na regulacdo da ingestdo alimentar e peso corporal (Yeo et al., 2004;
Akkermann et al., 2011). Estudos da literatura tém caracterizado o papel do BDNF

na depressao (Yu & Chen, 2011). Reducao dos niveis de BDNF foram relatados no
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plasma, soro e em cérebro de animais e humanos com depressao (Karege et al.,
2008; Kozisek et al., 2008). Por outro lado, o tratamento com antidepressivos
aumentou os niveis de BDNF (De Foubert et al., 2004). No diabetes também tem
sido demonstrado um papel do BDNF. Por exemplo, Krabbe et al. (2006) mostraram
uma reducao nos niveis plasmaticos de BDNF em humanos com diabetes do tipo 2,
independente da obesidade. No entanto, Suwa et al. (2006) relataram um aumento
nos niveis séricos de BDNF de pacientes com diabetes do tipo 2, associado com a
obesidade.

Em conclusao foi demonstrado no presente estudo uma elevada prevaléncia
de transtornos depressivos, risco de suicidio e uma pior qualidade de vida em
pacientes com diabetes do tipo 2. Além disso, o controle inadequado do DM mostrou
ser um fator para maior gravidade dos transtornos e sugerem-se mais estudos que
investiguem as bases biolégicas da associacdo da depressdao entre pacientes
diabéticos.

Além disso, 0 modelo animal de diabetes induzido pelo aloxano nao alterou a
mem©éria de reconhecimento, mas levou a comportamentos do tipo depressivo, além
de alteragdes cerebrais nos parametros de estresse oxidativo e do metabolismo
energético. A imipramina apresentou efeitos antidepressivos nesses animais e
aumentou os niveis de BDNF. As alterac6es neuroquimicas apresentadas por este
modelo podem explicar a fisiopatologia dessa doenca. No entanto, mais estudos
tanto em modelos animais quanto em pacientes diabéticos sdo sugeridos para
melhor entender as alteragdes cognitivas, comportamentais e moleculares, afim de

buscar novos alvos para seu tratamento.
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