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APRESENTACAO

Este trabalho foi desenvolvido no Laboratério do Alcool e Tabaco, no Instituto
de Ciéncias Basicas da Saude da Universidade Federal do Rio Grande do Sul. Os
resultados desta dissertacdo de mestrado estdo apresentados sob a forma de um
artigo cientifico

Na parte | desta dissertagcdo encontra-se a introducao do trabalho contendo
as bases tedricas para o seu entendimento. Na parte |l encontra-se o artigo cientifico
denominado “Combined use of alcohol and cigarette smoke on neurotrophic,
inflammatory, and oxidative parameters in different brain areas of rats”.Na parte llI

encontram-se os resultados complementares, a discussao e conclusoes.
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RESUMO

Alcool e cigarro sdodrogas de abuso que causam inimeros maleficios a
saude humana e estdo associados a milhdes de mortes por ano. No entanto, poucos
estudos avaliam o efeito de seu uso combinado. Nosso objetivo foiavaliar o efeito da
sua associacdo sobre parametros neurotroficos, neuroinflamatérios, oxidativos e
comportamentais de ratos. Ratos Wistar, machos, adultos, foram administrados com
veiculo ou 2g/kg de alcool, via oral (gavagem). Imediatamente apds a administracéo
do alcool, eram colocados em camaras para exposicdo ao ar ambiental ou fumaca
de 6 cigarros, 2 vezes/dia, por 28 dias.No 26° dia foi realizado o teste de memoria
(esquiva inibitéria)para avaliacdo da memoria decurta duracdo. No 28° dia, apés
eutanasia, hipocampo, cértex frontal e estriado foram dissecados para avaliacdo dos
parametros neurotréficos e neurotransmissoresatravés do fator neurotréfico derivado
do encéfalo (BDNF) e glutationa sintetase (GS), neuroinflamatorios pela
quantificacdo das citocinas fator de necrose tumoral alfa (TNF-a) e interleucina 1
beta (IL-1B) e oxidativos pela determinacdo de glutationa (GSH) e
diclorofluoresceina diacetato (DCFH-DA). Sangue troncular foi coletado para
determinacdo de espécies reativas. Comportamento alimentar e hidrico, bem como
variacdo de peso também foram monitorados. Nossos resultados mostramque 0s
parametros neurotréficos, inflamatoério e oxidativo variam de acordo com a area
encefalica e tipo de tratamento. O uso combinado de &lcool e fumaca de cigarro
diminuiu BDNF e aumentou IL-1B nas trés areas encefélicas, enquanto TNF-a
aumentou no estriado e cortex frontal. Aumento das espécies reativas foi detectado
apenas no hipocampo. Memdéria de curta duracdo ndo foi afetada. Os animais
expostos a fumaca de cigarro ganharam menos peso e reduziram a ingestdo de
racdo. Portanto, a associacdo entre alcool e cigarro potencializa mecanismos
neurodegenerativos no encéfalo de ratos, representando maior risco para a saude

humana do que seu uso isolado.



ABSTRACT

Alcohol and cigarettes are drugs of abuse that cause innumerable human health
hazards and are associated with millions of deaths each year. However, few studies
evaluate the effect of their combined use. Our objective was to evaluate the effect of
its association on neurotrophic, neuroinflammatory, oxidative and behavioral
parameters of rats. Adult male Wistar rats were given either vehicle or 2 g/kg alcohol
via oral (gavage). Immediately after administration of the alcohol, they were placed in
chambers for exposure to ambient air or 6 cigarette smoke, twice a day, for 28 days.
On the 26th day, the memory test (inhibitory avoidance) was performed to evaluate
short-term memory. On the 28th day, after euthanasia, hippocampus, frontal cortex
and striatum were dissected to evaluate the neurotrophic parameters and
neurotransmitters through brain-derived neurotrophic factor (BDNF) and glutathione
synthetase (GS), neuroinflammatory by the quantification of cytokines tumor necrosis
factor alpha (TNF-a) and interleukin 1 beta (IL-18) and oxidative by determination of
glutathione (GSH) and dichlorofluorescein diacetate (DCFH-DA). Trunk blood was
collected for determination of free radicals. Food and water behavior, as well as
weight variation were also monitored. Our results show that the neurotrophic,
inflammatory and oxidative parameters vary according to the encephalic area and
type of treatment. The combined use of alcohol and cigarette smoke decreased
BDNF and increased IL-1B in the three encephalic areas, while TNF-a increased in
the striatum and frontal cortex. Increased reactive species was detected only in the
hippocampus. Short-term memory was not affected. The animals exposed to
cigarette smoke gained less weight and reduced feed intake. Therefore, the
association between alcohol and cigarette smoking potentiates neurodegenerative
mechanisms in the brain of rats, representing a greater risk for human health than its

isolated use.
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1. INTRODUCAO

Alcool e cigarro séo drogas licitas, amplamente utilizadas e comercializadas,
com uso estimulado importantemente pela midia. O uso abusivo de cada uma delas
esta associado a inumeras doencas e, no caso do &lcool, ao aumento da
criminalidade, acidentes de transito e de trabalho (OMS, 2014, 2016). Consumo
abusivo de alcool esta relacionado a mais de 60 diferentes tipos de doenca e
juntamente com a violéncia e acidentes de transito, totalizam mais de 3,3 milhdes de
mortes anualmente (OMS, 2014). Uso crénico de cigarro, por outro lado, também
esta associado a inimeras doencas e a mais de6 milhdes de mortes anualmente
(OMS, 2016). De fato, 12% de todas as mortes de individuos maiores de 30 anos
podem ser atribuidas ao cigarro (OMS, 2016). Apesar dessas estatisticas
alarmantes, ha poucos estudos avaliando as consequéncias do uso concomitante de
alcool e do cigarro, embora se saiba que mais de 90% dos individuos dependentes
de alcool sdo fumantes e que alcoolistas pesados fumam mais que individuos néao
alcoolistas (Meyerhoff, et al., 2006).

Embora n&o haja justificativa para a elevada frequéncia do uso combinado do
alcool e do cigarro, alguns pesquisadores sugerem que, por serem drogas licitas,
sua venda livre aumenta naturalmente o risco de abuso e dependéncia por
individuos compulsivos ou predispostos a dependéncia (Falk et al.,, 2006; Little,
2000). Outros sugerem o envolvimento de mecanismos farmacoldgicos devido a
contraposi¢ao dos seus efeitos, uma vez que, enquanto a nicotina aumenta o estado
de alerta, o alcool promove perda do controle motor e aumento do tempo de reacéo
(Room, 2004; Rose et al., 2004). Portanto, o uso associado reduziria sinais de
intoxicacdo, prolongando os efeitos prazerosos. Ndo se descarta que 0 uso
concomitante também apresente efeito sinérgico, ndo sO prolongando o prazer,
como também o intensificando (Little, 2000; Rose et al., 2004). Ndo se descarta
ainda que susceptibilidade genética, comum entre alcool e cigarro, poderia explicar
comorbidade (Howard et al., 2003).

Embora muitos estudos avaliem os efeitos danosos aos tecidos, bem como
alteracdes comportamentais e de memoria resultantes do uso isolado de cada uma
das drogas, poucos exploram os efeitos do uso combinado entre alcool e cigarro.

Estudar os efeitos da associacéo entre alcool e cigarro sobre os tecidos, bem como

15
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desvendar os mecanismos resultantes de sua agdo combinada é importante para o

estabelecimento de estratégias para prevencdo de dano, controle do uso, reducéo
de sindrome de abstinéncia e risco de recaida.
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2. OBJETIVOS

2.1.Geral

Avaliar o efeito da associa¢do da exposi¢éo cronica a fumaca do cigarro e ao
alcool sobre parametros oxidativo, neuroinflamatérios, neurotréficos e

com portamentais em ratos.

2.2.Especificos

Avaliar o efeito da exposi¢do cronica ao alcool, a fumaca do cigarro ou sua
associacao sobre:

e Pardmetros oxidativos no hipocampo (DCFH-DA e GSH), estriado, cértex
frontal e soro de ratos;

e Atividade da enzima glutamina sintetase no cértex pré-frontal, hipocampo e
estriado de ratos;

e Paradmetros neuroinflamatérios (TNF-a e IL-18) no hipocampo, estriado e
cortex frontal de ratos;

e Parametros neurotréficos (BDNF) no hipocampo, estriado e cortex frontal de
ratos;

e Memodria de curta-duracao em ratos;

e Comportamento alimentar, hidrico e controle de peso em ratos.

17
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3. REVISAO DA LITERATURA

3.1.Epidemiologia do alcoolismo e do tabagismo

Dados da Organizacdo Mundial da Saude mostram que mais de 2 bilhées de
pessoas consomem bebidas alcodlicas no mundo, correspondendo a
aproximadamente 40% da populagcdo, ou seja, 2 em cada 5 pessoas(OMS, 2014).
Seu consumo esta associado a mais de 3,3 milhdes de morte por ano,
representando 5,9% do total de mortes/ano por qualquer causa (OMS, 2014). E fator
causal de mais de 200 condicbes médicas, incluindo doencas psiquiatricas ou
incapacidade relacionada a acidentes de trabalho ou transito. Estes e outros fatores
estdo associados a prejuizo ndo apenas para 0 usuario, mas também para a

sociedade com importante impacto econdémico e social.

Consumo per capita em litros

E menos que 2,5 - 10a12,4

[ | 25a49 B s e 125

[:] 5a74 C] Dados néo disponiveis
B 75209 || No aplicaveis

Figura 1. Consumo total de alcool per capita em 2010 (litros de &lcool puro), de
individuos maiores de 15 anos de idade (Adaptado de OMS, 2010).

O uso de élcool inicia-se ainda na infancia ou adolescéncia, com prevaléncia

na idade entre 15 a 19 anos, com maior consumo na Regido Europeia, Américas e

18
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Pacifico Ocidental, como mostrado na Figura 1.0 consumo global entre maiores de
15 anos de idade no ano de 2010 era de cerca de 6,2 litros de &lcool puro/ano,
equivalente a 13,59 de alcool por dia(OMS, 2014). Aléem disso, dados da OMS
revelam que homens consomem cerca de 3 vezes mais alcool (16,8%) do que
mulheres (6,2%). Globalmente, as bebidas destiladas sdo as mais consumidas
(50%), seguidas das fermentadas como cerveja (35%). No entanto, nas Américas,
incluindo o Brasil, a bebida mais consumida é a cerveja (55%), seguida de
destilados (32,6%) e vinho (11,7%)(OMS, 2014).

No Brasil, o consumo total estimado de &lcool é maior que o mundial e
equivalente a 8,7L de éalcool por pessoa no ano de 2010, com homens consumindo
2,2 vezes mais alcool (19,6 L/ano) do que mulheres (8,9 L/ano)(OMS, 2014).
Embora apresente consumo elevado de alcool, verifica-se diminuicdo de cerca de
11% no consumo per capita de alcool puro no Brasil entre 2005 (9,8L) e 2010 (8,7L)
(OMS, 2014). Aqui a prevaléncias de consumo de alcool € maior em adultos jovens,
afrodescendentes ou indigenas, fumantes, ou pessoas que avaliaram sua saude
como boa ou muito boa (Garcia e Freitas, 2015). Prevaléncia menor foi observada
entre individuos sem instrucdo ou com ensino fundamental incompleto e entre
agueles que referiram morbidades(Garcia e Freitas, 2015). Quanto ao local de
residéncia, prevaléncias mais expressivas eram de moradores de zonas urbanas,
nas regides Centro-Oeste e Nordeste, sendo que a regido Sul apresentava menores
indices de consumo(Garcia e Freitas, 2015).

Com relagéo ao cigarro e seus derivados, a OMS mostra que mais de 1 bilhdo
de pessoas séo usuarias, consumindo cerca de 6 trilhdes de cigarros por ano (OMS,
2016). Prevaléncia de consumo é maior na Asia, Africa e Oriente Médio, com menor
extensdo na Europa e Américas. Uso cronico esta associado a mais de 6 milhdes de
mortes por ano, com projecdo de mais de 8 milhdes mortes para o ano 2030,
representando 10% do total de mortes por qualquer causa. Destas, mais de 600.000
estdo associadas a morte prematura por exposi¢cdo passiva a fumaca do cigarro
(OMS, 2016). Atualmente, o tabagismo é responsavel por 63% dos O&bitos
relacionados com doencas crbnicas ndo transmissiveis, como doenca pulmonar
cronica (85%), diversos tipos de cancer (30%), doenca coronariana (25%) e acidente
vascular encefalico (25%). Fumar também é importante fator de risco para doencas

transmissiveis como tuberculose e infecgbes do trato  respiratorio
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inferior(OMS,2016). Em todas as regifes, homens fumavam mais que mulheres,
com menor disparidade nas Américas, onde os homens fumam cerca de 1,5 vezes
mais do que as mulheres (INCA, 2011; OMS, 2016). A prevaléncia de fumantes
entre os anos 2007 e 2013 (Figura 2) mostra reducédo do consumo, embora aumento

da populagéo projete aumento do nimero de fumantes nos préximos anos.

4

40 4 38 0 8

6 36
2 33
0

30 - 28 ® Homens 2007
X 23 25
©
3 51 bo 2221 Homens 2013
C
2 20 1 7 175 ™Mulheres 2007
>
()
a Mulheres 2013

10 - 87 Total 2007

5
4 43 Total 2013

Global Paises com Paises com Paises com
altarenda médiarenda baixarenda

Figura 2. Prevaléncia global de fumantes entre os anos de 2007 a 2013 de acordo
com a distribuicdo de renda (Adaptado de OMS, 2014).

Mais de 90% dos usuarios comecam a fumar antes dos 19 anos de idade,
sendo a idade média de 15 anos para inicio de uso (INCA, 2011). Segundo o Banco
Mundial o tabagismo agrava a fome e a pobreza, pois pela dependéncia, muitos pais
deixam de alimentar seus filhos para comprar cigarro ou seus derivados, agravado
pelo fato de que em alguns paises € mais barato comprar cigarros do que alimentos
(World Bank, 2003). O Brasil & hoje o maior exportador de tabaco do mundo, desde
1993 (Portal do Tabaco, 2017). Embora isso, cerca de 35% dos cigarros
comercializados no pais sdo contrabandeados e comercializados por menor prego
do que o do mercado legal, favorecendo sua aquisicdo e consumo entre jovens e

adultos economicamente desfavorecidos (Cavalcante, 2003).
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3.2.Implicagdes do uso de alcool, cigarro e sua associacao

O consumo de bebidas alcodlicas faz parte de processos culturais de diversos
paises (McGovern, 2009). Como mencionado, ouso de alcool esta entre os 5
principais fatores de risco para doencgas, incapacitacdo e morte no mundo. As
doencas mais frequentes estdo apresentadas na Figura 3 (OMS, 2014).

m Doencas Cardiovasculares e Diabetes
m Danos sem Intencéo

m Doencas Gastrointestinais

m Canceres

m Danos com Intencéo

u Doencas Infecciosas

Transtornos Neuropsiquiatricos

Figura 3. Distribuicdo de doencas com morte associadas ao uso de alcool
(Adaptado de OMS, 2014)

Alcool é depressor do sistema nervoso central, apresentando efeito ansiolitico
e sedativo, promovendo descoordenagdo motora, desinibicdo, relaxamento, euforia,
agitacdo (de acordo com a dose), déficit cognitivo e de meméria e quando usado de
forma crbnica, causa dependéncia (McKeon et al., 2008). Conceitualmente,
alcoolismo ou doenca associado ao uso de alcool (alcohol use disorder - AUD), é
caracterizada como doenca cronica recorrente, definida por 5 caracteristicas
principais como: frequentes episédios de intoxicacdo, uso de alcool apesar de
consequéncias adversas, compulsdao pelo uso, perda do controle sobre o uso e
aparecimento de sintomas emocionais negativos na abstinéncia (American
Psychiatric Association, 1994).

Cigarro, por outro lado, é a forma industrializada mais comum para consumo
inalatério da fumacga produzida pela queima das folhas secas de tabaco (Nicotina
rusticum e Nicotina tabacum) (SISP, 2017). Dentre os componentes volateis da
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fumaca estdo monoxido e dioxido de carbono. Nicotina e alcatrdo compbem a
porcdo particulada da fumaga. Além da nicotina presente nas folhas de tabaco,
cerca de 4.700 compostos séo produzidos pela queima do cigarro (SISP, 2017).

Entre as principais doencas causadas pelo uso do cigarro, destacam-se
cancer de pulmao (71% dos casos), bronquite crbnica, enfisema pulmonar,
coronariopatias, canceres de lingua, faringe, esbéfago e bexiga (OMS, 2010).
Também estd comprovado que o fumo durante a gravidez aumenta a incidéncia de
gueda ponderal de peso do feto, prematuridade, aborto e mortalidade neonatal
(Tarantino, 1982). Cabe ainda ressaltar que a nicotina, principal componente
psicoativo do cigarro, aumenta o estado de alerta, cognicdo e memadria além de
reduzir a irritabilidade e a agressividade (Crooks e Dwoskin, 1997).

Estudos mostram que individuos dependentes de alcool fumam regulamente,
e estes que fumam consomem maior quantidade de éalcool do que individuos néo
fumantes (Pomerleau et al., 1997; Room, 2004). Além de consumirem maiores
guantidades de alcool por ocasido, fumantes tendem a ingeri-lo com maior
frequéncia que nao fumantes. Outros estudos mostram que alcoolistas fumantes tém
mais dificuldade de se tornarem abstinentes ao cigarro (Romberger e Grant, 2004).
Porém ha poucos estudos avaliando o efeito dessas duas substancias em
associacao sobre a saude humana, uma vez que o efeito deletério a saude de cada
uma delas, isoladamente, ja é bastante conhecido, quando utilizada cronicamente e
em grandes concentracfes (OMS, 2012). Os efeitos da associacdo entre alcool e
cigarro sobre o SNC sédo um pouco mais conhecidos, pois estudos mostram que
uma substéncia afeta o desempenho da outra, em testes de memdéria, em seres
humanos e animais (Friedman et al., 2011; Gulick e Gould, 2008; Sanday et al.,
2013). Curiosamente, embora haja uma alta frequéncia de uso combinado, ha
poucos estudos avaliando os reais efeitos da interacdo entre alcool e cigarro. Ainda
mais escassos sao 0s grupos de pesquisa que utilizam modelos animais avaliando a
associacao entre alcool e fumacga de cigarro, uma vez que ndo apenas a nicotina,
mas 0S outros constituintes do cigarro, quando inalados, podem interferir sobre os

efeitos do alcool e a saude dos usuarios.
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3.3.Neurobiologia do alcoolismo e do tabagismo

O abuso de drogas é um processo complexo de neuroadaptacdo (modulado
por fatores genéticos e ambientais)no qual sdo alterados aspectos celulares e
moleculares da funcdo neural gerando os efeitos comportamentais destas
substancias(White, 2002).Sabe-se, entretanto, que substancias de abuso
desregulam os principais sistemas cerebrais envolvidos na motivacao, recompensa,
tomada de decisdo e memoaria(Turton e Lingford-Hughes, 2016).

Alcool € um termo genérico para designar uma familia de substancias
quimicas organicas de propriedade comuns. Etanol ou &lcool etilico, cuja formula
guimica é CH3CH,OH, esta presente em bebidas alcoodlicas (Oga et al., 2003). Ele
afeta sistemas multiplos do neurotransmissor no cérebro através da interacdo direta
com proteinas de membrana, como receptores e canais ionicos(Gordis, 1998). No
inicio do uso, o comportamento de beber é motivado pela (busca de um estimulo
prazeroso (reforco positivo), enquanto no estado de dependéncia este
comportamento torna-se guiado também pela fuga de um estimulo aversivo (reforco
negativo) (Gilpin e Koob, 2008)).Seu consumo produz uma ampla gama de efeitos
nos sistemas excitatérios e inibitérios do cérebro, que em combinagcdo sao
responsaveis pelos seus efeitos caracteristicos (Pierce e Kumaresan, 2006).Entre
eles, podemos exemplificar as deficiéncias de memdria relacionadas geradas por
sua atividade antagdnica em receptores de glutamato de N-metil-d-aspartato
(NMDA), reduzindo a neurotransmissdo glutamatérgica excitatéria (Turton e
Lingford-Hughes, 2016). De fato, Vasconcelos e colaboradores (2008)
demonstraram que a administracdo do alcool aumenta os niveis de glutamato no
corpo estriado de rato e que esse efeito foi revertido pela associa¢do do alcool com
ketamina, um antagonista ndo-competitivo do receptor NMDA.

A nicotina é considerada uma droga psicoativa estimulante e seu mecanismo
de dependéncia é semelhante ao da cocaina, heroina ou outras drogas de abuso
(Meirelles, 2009). Na queima do cigarro, o fumante inala (tragar) profundamente,
fazendo a nicotina alcancar os bronquiolos terminais e os alvéolos, onde o pH da
levemente acido da fumaca (cerca de 6,0) finalmente se alcaliniza para ser melhor
absorvida (Meirelles, 2009). Dos alvéolos, a nicotina atinge o cérebro em

aproximadamente7 segundos, onde se propaga para regides corticais, talamo,
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hipotalamo, hipocampo, nucleo acumbens e tronco cerebral, agindo principalmente
no sistema mesolimbico-dopaminico (Meirelles, 2009). Devido a sua estrutura
molecular semelhante a da acetilcolina (Figura 4), a nicotina interage com receptores
nicotinicos presentes nas membranas de muitos neurénios, também denominados
receptores nicotinicos-acetilcolinicos (hnAChRs), distribuidos nas regides periféricas e
centrais do cérebro(Rosemberg, 2004; Kirchenchtein e Chatkin, 2004; Fagerstrém,
2006).Ao serem ativados, os receptores nicotinicos podem modular outros sistemas
neurotransmissores e neuroreguladores, resultando em alguns efeitos da nicotina
como prazer, alerta, diminuicdo do apetite, melhora da memoria, reducdo da

ansiedade, entre outros (Meirelles, 2009).

NSNS

O

Acetilcolina Nicotina

Figura4. Comparacédo da estrutura quimica da acetilcolina e da nicotina.

Nao ha estudos avaliando a interferéncia da associagéo entre alcool e cigarro
sobre esses sistemas neurotransmissores, tampouco se seu uso combinado pode
aumentar o reforco positivo dessas drogas, acelerando processos de adicdo ou

agravando sindrome de abstinéncia.

3.4.Efeito do alcoolismo e tabagismo, sobre a meméoéria

Memoaria é definida como aquisicdo, formacado, conservacédo e evocacao de
informacdes(lzquierdo et al., 2002). Memoarias de curta duracdo séo fenémenos de
natureza bioquimica, que envolvem plasticidade sinaptica e que se relacionam com
a consolidacdo de memarias de longo prazo (lzquierdo et al., 2002). J& a memoria
de longa duracdo é consolidada por células especializadas do hipocampo e das
areas do cortex com as quais ele se conecta (Izquierdo et al., 2002). Diferente da

memoria de curta duragdo, que perdura de 1 a 3 horas ap0s o aprendizado, a
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memoéria de longa duracdo perdura por dias, meses ou anos, sendo também
chamada de memoéria remota (Izquierdo et al., 2002; Moncada e Viola, 2007).

Segundo Wester et al. 2004, o uso prolongado de alcool pode resultar em
distarbios cognitivos que incluem déficits de memodria, comprometimento
visuoespacial, déficits de atencdo e disfuncdo executiva, mas a extensao em que
esses dominios sdo afetados varia bastante. Entretanto, de forma controversa,
doses baixas de alcool ndo comprometem a memoria (Berry e Matthews, 2004) ou
até mesmo a melhoram (Gulick e Gould, 2008).

A nicotina, por sua vez, é capaz de melhorar o desempenho de ratos em
testes de memodria de longa duragdo (Haroutunian et al., 1985; Puma et al., 1999).
Um Unico estudo, avaliando o efeito da fumaca do cigarro sobre a memdria em
camundongos adolescentes, mostra que a memoéria de longa duracdo esta
comprometida pela exposicao por 15 dias a fumaca do cigarro (Abreu-Villaca et al.,
2013).

Quando avaliados em associacdo alcool e cigarro ocasionam um aumento da
apoptose hipocampal, associada a déficit de memdéria e aprendizado (Abreu-Villaca
et al.,, 2013; Gomez et al., 2015; Jang et al., 2012; Oliveira-da-Silva et al., 2009).
Entretanto alguns estudos mostram que a nicotina nao reverte o déficit de atencéo
produzido pela administracdo de &lcool (Bizarro et al., 2003), enquanto outros
mostram que ela aumenta cognicdo e memoria e que a administracdo de alcool

reduz esses parametros (Rezvani e Levin, 2002).

3.5.Influéncia do alcoolismo e tabagismo nos niveis de BDNF

O BDNF é uma pequena proteina dimérica, membro da familia de fatores
neurotroficos de crescimento (Leibrock et al., 1989). Esta envolvido no crescimento,
desenvolvimento, regeneragdo, sobrevivéncia, manutencdo e funcdo dos neurénios
(Park e Poo, 2013). Também é relacionado com plasticidade sinaptica e, por
consequéncia, esta envolvido em mecanismos de aprendizagem, participando de
respostas de potencializacdo de longo prazo (LTP) e consolidacdo da memoaria
(Lang et al., 2007; Thoenen, 1995). Estudos mostram que h& uma correlagédo entre

mecanismos de neurogénese no giro dentado no hipocampo e memoaria (Zhao et al.,
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2008), e que novas células granulares sédo seletivamente recrutadas para as redes
hipocampais com aprendizagem (Kee et al., 2007). Além disso, se supde que a
apoptose coordenada e 0s mecanismos de neurogénese sejam especialmente
importantes para a formacdo da memoria, pelo menos para algumas formas de
aprendizagem dependente do hipocampo com participacdo do BDNF(Dupret et al.,
2007).

Estudos mostram que o BDNF é parte de uma via homeostatica que controla
alguns dos efeitos adversos associados a exposicdo ao alcool(Ron and Messing,
2013). Em modelos animais, deplecdo de BDNF esta associado a comportamentos
de ansiedade, resultando em aumento do consumo de &lcool, o que pode ser
prevenido pela confusdo de BDNF (Sakai et al., 2005). Além disso, a infusdo de
BDNF na amigdala medial diminui o consumo de &lcool, enquanto a inibicdo da
producdo de BDNF no nudcleo mediano ou central da amigdala aumenta a
preferéncia por alcool em um modelo de livre escolha(Pandey e Agrawal, 2006). A
reducdo de BDNF em modelos de autoadministracdo crénica de alcool é
demonstrada no hipocampo (MacLennan et al., 1995), cortex frontal e pré-frontal,
sem alteragcOes no estriado em roedores (Ebada et al., 2014, Fernandez et al., 2016,
Logrip et al. Al., 2009).

O numero de cigarros fumados por dia também parece correlacionar-se com
0s niveis séricos de BDNF (Zhang et al., 2010), mais precisamente uma associacao
positiva, 0 que sugere que o tabagismo esta associado ao aumento dos niveis
séricos de BDNF (Bus et al.,, 2011). Além disso, Lang e colaboradores (2007)
demonstraram que o comportamento de fumar € mais frequente em seres humanos
portadores do alelo Met na posicdo de aminoacidos 66 da variacdo missense do
BDNF (val6émet) e ainda aumenta a possibilidade de que portadores de Met tentam
compensar um comprometimento cognitivo pela ingestdo de nicotina. A exposicao
repetida a fumaca de cigarro também reduz os niveis de BDNF no cortex pré-frontal
de ratos expostos durante o periodo de desenvolvimento pré-natal e pds-natal (Xiao
et al., 2015) ou no hipocampo de ratinhos infantis e adultos (Lobo Torres et al., 2012,
Tuon et al., 2010, Xiao et al., 2015).
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3.6.Uso de &lcool, cigarro e a geracdo de espécies reativas

As espécies reativas de oxigénio (ROS) e as espécies reativas de nitrogénio
(RNS) sé@o produtos de processos metabdlicos em muitos 6rgdos e tecidos
(Comporti et al., 2010; Drougard et al., 2015).Este processo é essencial para a
manutengcao e regeneracao celular em todos os tecidos, incluindo o SNC (Cobb e
Cole, 2015). Quando ha o desequilibrio entre a producdo dessas espécies reativas e
os antioxidantes enddgenos, ocorre o processo conhecido como estresse oxidativo,
que pode ser deletério para os tecidos(Cobb e Cole, 2015). A concentracdo de
antioxidantes no encéfalo € menor se comparada a tecidos periféricos, no entanto,
nao se considera que o encéfalo seja mais susceptivel a danos gerados por estresse
oxidativo (Cobb e Cole, 2015).As células nervosas utilizam recursos antioxidantes
como a glutationa (GSH), para preservar o equilibrio redox (Aoyama e Nakaki,
2015).

O estresse oxidativo induzido pelo alcool esta relacionado principalmente ao
seu metabolismo, realizado por trés vias metabdlicas distintas envolvendo as
enzimas: alcool desidrogenase, sistema de oxidacdo microssomal de etanol (MEOS)
e catalase (Das e Vasudevan, 2007). Cada uma dessas vias é capaz de produzir
espécies reativas, entretanto a via catalisada pela enzima alcool desidrogenase
forma, além desses radicais, o acetaldeido, um metabdlitoainda mais toxico que o
préprio alcool. Uma das principais enzimas responsaveis pela neutralizacdo dos
efeitos toxicos do acetaldeido € a GSH, que encontra-se diminuida especialmente
no cerebelo, estriado e cortex apds intoxicagdo por alcool (Augustyniak et al., 2005).

Estima-se que cada tragada de fumaca de cigarro carreie cerca de
1015espécies reativas que danificam micro e macromoléculas em diferentes tecidos,
com maior vulnerabilidade para pulmdes e cérebro (G et al, 2017). Além dos radicais
de oxigénio e de carbono, passam pelo sistema de filtro do cigarro substancias
altamente reativas que aumentam da producéo intracelular de espécies reativas ao
oxigénio/nitrogénio (Church e Pryor, 1985).0 acumulo destas espécies reativas nos
tecidos pode ser devido a um aumento na geracao de oxidantes, a uma diminui¢cao
dos agentes de defesa antioxidantes ou a incapacidade de reparar danos oxidativo

(Naik et al., 2014; Uttara et al., 2009).Além disso, o efeito do estresse oxidativo
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induzido pelo fumo de cigarro pode ser exacerbado com o envelhecimento e a
doenca de Alzheimer (Cano et al., 2010).

3.7.Alcoolismo, tabagismo e neuroinflamacéo

Citocinas sao proteinas multifuncionais que desempenham um papel criticona
comunicacdo e ativacao celular sendo representadas por interferons, interleucinas,
fatores de crescimento, TNFa, quimiocinas e outras (Crews et al., 2006). A maioria
das células do sistema imunolégico respondem as citocinas, aumentando a sintese
das mesmas e promovendo uma cascata pré-inflamatoria (Crews et al.,, 2006). O
TNF-a e a IL-1B sao liberados pela ativacdo metabdlica da micrdglia e astrdcitos,
promovendo aumento do consumo de oxigénio e da producdo de espécies reativas
de oxigénio (EROS), gerados pela neuroinflamacao (Maes, 2013).

O alcoolismo tem sido reconhecido como uma doenca inflamatdria sistémica,
sendo responsavel pelo aumento dos niveis séricos de citocinas pré-inflamatorias
em humanos e roedores (Crews e Vetreno, 2014; Gonzéalez-Quintela et al., 2000;
Gonzéalez-Reimers et al., 2014). A administragdo cronica de &lcool aumenta os niveis
de TNF-qa, IL-1 B, IL-6, entre outras e da proteina quimioatraente de mondécitos no
soro, figado, cortex e hipocampo de camundongos (Qin et al., 2008). O uso
excessivo de alcool também aumenta a concentracdo sérica da proteina C reativa,
um marcador de inflamagé&o sistémica em alcoolistas(Alho et al., 2004, Liukkonen et
al., 2006). Além disso, Vvérios sinais pro-inflamatérios estdo associados ao aumento
da preferéncia e consumo de alcool em modelos animais de autoadministracéo
(Blednov et al., 2012). Dados mostram que a inflamacao periférica promove aumento
no consumo voluntario de &lcool, enquanto a administracdo de anti-inflamatdrios
reduz seu consumo em animais (Agrawal et al., 2011; Blednov et al., 2012).

A fumaca do cigarro, por outro lado, também estimula a resposta inflamatérias
(Figura 5), aumentando a produgéo de citocinas pro-inflamatorias tais como o TNF-a
e interleucina (IL-1, IL-6 e IL-8), diminuindo a produgdo de citocinas anti-
inflamatorias, como a IL-10 (Arnson et al., 2010; Gongalves et al., 2011). Petrescu e
colaboradores (2010) verificaram que 0s niveis séricos de TNF-a eram

significativamente mais elevados nos fumantes em comparacado com nao fumantes.
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Esses niveis eram ainda maiores entre individuos que fumaram mais de uma
carteira por dia (20 cigarros), evidenciando uma correlacdo positiva entre os niveis
séricos de TNF-a e nuamero de cigarros consumidos(Petrescu et al., 2010). Niveis
mais elevados de IL-1B e TNF-a também foram encontrados no soro de fumantes
ativos em comparagdo com nao-fumantes(Barbieri et al., 2011). Ambas as citocinas
IL-18 e TNF-a desempenham papéis importantes na patogénese de perturbacdes

inflamatorias (Barbieri et al., 2011).
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Figura 5. Espécies reativas da fumaca do cigarro provocam estresse oxidativo e
inflamacdo que levam a disfuncdo sinaptica e neurodegeneracdo do cérebro
(Adaptado de G, 2017).

3.8.Glutamato e uso de alcool e cigarro

O glutamato, reconhecido como o principal neurotransmissor excitatério do
SNC é crucial para plasticidade neuronal e, consequentemente, para processos de
aprendizado e memoria (Peng et al.,, 2011). No cérebro, a enzima glutamina

sintetase é utilizada como um importante agente na reducdo da concentracdo de
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amonia, com consequente desintoxicacdo e sintese de glutamina para nova sintese

de glutamato (Rowbottom et al., 1996)como representado na Figura 6.

Glutamato
desidrogenase

A)NH, + o-cefoghutarato + NADPH + H* £ Glutamato + NADPH ¢ H,0

Glutamina
sintetase

B) Glutamato + NH, + ATP == Glutamina + ADP + P’

l Glutaminase
() Glutamina + H,0 ——— Glutamato + NH,

Figura 6. Sintese de glutamato pela acdo da enzima glutamato desidrogenase (A),
sintese de glutamina catalisada pela enzima glutamina sintetase (B) e hidrdlise de
glutamina a glutamato pela enzima glutaminase (C).

A desregulacdo glutamatérgica tem sido considerada um fator chave no
alcoolismo(De Witte et al., 2003; Tsai e Coyle, 1998). Microdialise cerebral em ratos
mostrou um aumento dos niveis de glutamato extracelular durante a retirada do
alcool(Dahchour et al., 1998). Por outro lado, a inibicdo da recaptacdo de glutamato
usando &cido dI-treo-p-benziloxaspartico (TBOA) mostrou um aumento no consumo
voluntario de alcool (Kapasova e Szumlinski, 2008). Esses resultados evidenciam
gue a exposicdo ao alcool reduz a atividade de GS(Davies e Vernadakis, 1984) e
inibe a proliferagdo em cultura de astrocitos, onde GS se expressa de modo
exclusivo, sendo um dos marcadores de sua funcédo (Kane et al., 1996). Nicotina
administrada em células piramidais do coértex pré-frontal medial aumenta a
concentracdo de glutamato extracelular em camundongos(Lambe et al., 2003).
Estudos demonstraram também, que o bloqueio dos receptores de glutamato reduz

a autoadministracéo de nicotina (Kenny et al., 2003; Sidique et al., 2012).
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Abstract

Although the devastating effect of alcohol use disorders and cigarette smoke habit on
health, few studies explore the consequences of their combined use. Here we studied the
effect of the combined use of alcohol and cigarette smoke on neurotrophic, inflammatory, and
oxidative parameters in the hippocampus, striatum, and frontal cortex of rats, as well its effect
on the short-term memory. Adult male Wistar rats were treated with 2 g/kg alcohol, via oral,
and exposed to smoke from 6 cigarettes, twice a day, for 28 days. Results were compared with
alcohol-air, smoke-saline, or saline-air treated rats. On day 26, they were exposed to the
inhibitory avoidance test for short-term memory effect. On day 28, they were euthanized and
brain areas were dissected for Brain-derived neurotrophic factor (BDNF), pro-inflammatory
cytokines: interleukin 1 beta (IL-1B)and tumor necrosis factor alpha (TNF-a), glutamine
synthetase (GS), glutathione (GSH), and intracellular free radical 2’-7'-dichlorofluorescein
diacetate (DCFH-DA) analyzes. Our results showed that the combined use significantly
decreases BDNF levels and increased IL-1p in all brain areas, as well as increased TNF-a in
the striatum and hippocampus, and increases reactive species in the hippocampus of rats.
Combined use did not affect short-term memory in rats. Our results evidenced that combined
use is even more deleterious that alcohol or cigarette isolated use, and the damage is

dependent of the brain area studied.

Keywords: Cytokines, BDNF, Ethanol, Reactive species, Cigarette Smoke, Glutamine

synthetase
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1. Introduction

According to World Health Organization, harmful use of alcohol causes a large disease,
social, and economic burden in society and tobacco consumption is epidemic and one of the
biggest public health problem (WHO, 2016, 2014). Alcohol use disorder causes more than 60
diseases and is associated with violence and road traffic accidents associate to more than 3
million death per year (WHO, 2014). Active or passive cigarette smoking, on the other hand,
is associated with more than 6 million deaths per year, related to pulmonary, cardiac, vascular
diseases, or different forms of cancer (WHO, 2016). Although these alarming numbers related
to alcohol use and cigarette smoke, few studies explore the biological and functional
consequences of their combined use. Almost 80% of alcoholics smoke regularly and smokers
consume more alcohol per occasion than non-smokers (Bobo and Husten, 2000; Pomerleau et
al., 1997; York and Hirsch, 1995). Moreover, smokers consume alcohol in a higher quantity
per occasion and more frequently than nonsmokers (York and Hirsch, 1995).

Chronic alcohol use has been recognized as a systemic inflammatory disease (Crews
and Vetreno, 2014; Gonzélez-Reimers et al., 2014; Qin et al., 2008). Indeed, alcohol use
increases plasma levels of pro-inflammatory cytokines in humans and rodents (Crews and
Vetreno, 2014; Gonzélez-Quintela et al., 2000; Gonzélez-Reimers et al., 2014). In the brain,
cytokines as TNF-o and IL-1B enhance in microglia and astrocytes after alcohol
administration or trauma, activating intracellular cascades relate to apoptotic pathways
(Dinarello, 2007). Chronic alcohol use also decreases plasma brain-derived neurotrophic
factor (BDNF) levels, a neurotrophin that play a key role in the synaptic plasticity,
neurogenesis and neuronal survival (Binder and Scharfman, 2004; Fernandez et al., 2016; Joe
et al., 2007). Additionally, in vitro and in vivo studies show that alcohol and its metabolite
acetaldehyde generate reactive oxygen species and decrease antioxidant enzymes levels,

leading to oxidative damage on membrane lipid and proteins, and DNA (Bondy and Guo,
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1995; Hernandez et al., 2016). Both oxidative stress and neuroinflammatory effects may
promote structural and functional changes in brain areas, related to neurodegenerative
process, impairing behavioral control, mood, learning, and memory, related to alcohol use
disorder (Geil et al., 2014; Gomez et al., 2015; Mechtcheriakov et al., 2007).

Cigarette smoke, on the other hand, is a highly complex aerosol composed by more than
4,700 chemical substances distributed between the gas and particulate phases (Church and
Pryor, 1985). Some of these substances are known to directly activate cell intracellular
signaling cascades, increasing pro-inflammatory mediators as TNFa and IL-1PB in rodents
(Khanna et al., 2013; Lee et al., 2012). Moreover, cigarette smoke contain simple oxygen and
carbon radicals and other reactive substances, such as polyunsaturated aldehydes and ketones,
known to increase the production of oxygen and nitrogen reactive species, promoting
oxidative stress in different tissues (Anbarasi et al., 2006; Church and Pryor, 1985; Khanna et
al., 2013; Ramesh et al., 2015). In previous studies the combined use of alcohol and cigarette
smoke or nicotine decreased up to 60% cell proliferation in the hippocampus of rats (Gomez
et al., 2015; Jang et al., 2002; Oliveira-da-Silva et al., 2009). Reduced hippocampal
neurogenesis may influence regional functions, decreasing learning and memory. Indeed, both
chronic alcohol intake or cigarette smoking are associated to cognitive decline, affecting
memory in humans (Anstey et al., 2007; Bernardin et al., 2014; Durazzo et al., 2012; Kim et
al., 2012). However, there is no study evaluating the combined use of alcohol and cigarette
smoke on neurotrophic, inflammatory, and oxidative parameters in different brain areas of
rats, as well its effect on short-term memory.

We hypothesize that the combined use of alcohol and cigarette is even more
deleterious than their isolated use, increasing the risk of neural damage in alcoholics who
smoke. For clarify these, we aimed here to study the effect of the combined use on

neurotrophic, inflammatory, and oxidative parameters in the hippocampus, striatum, and
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frontal cortex, as well its effect on the short-term memory of rats.

2. Material and Methods
2.1. Animals

Adult, male Wistar rats (~ 280 g) born and reared at the Center for Reproduction and
Experimentation of Laboratory Animals (CREAL- UFRGS) were housed in the animal
facility of the Department of Pharmacology, in polypropylene cages (3 rats/cage, 33 x 40 x
17.8 cm). Environmental conditions were controlled (22 + 2 °C; 12 h light/dark cycle; 55 +
5% air humidity) and rats had free access to water and food (Nuvilab, Colombo, Brazil). All
procedures were performed according to international and local policies for experimental
animal handling and the Ethics Committee for Animal Experimentation approved this study

(CEUA-UFRGS # 30088).

2.2. Alcohol solution and cigarette smoke

Ethanol (98%) (Nuclear, Sdo Paulo, Brazil) was diluted to 20% (w/v) in tap water,
daily prepared, and administered at the volume of 10 mL/kg by oral gavage. Control rats
received the same volume of tap water. Cigarettes from a commercial brand (0.8 mg of
nicotine/cigarette, according to the manufacturer) were burned in an appropriated apparatus
and smoke was dragged to a hermetically sealed glass chambers (50 x 30 x 30 cm), by a

negative airflow of 10 L/min, maintained constant by a vacuum pump (Gomez et al., 2015)

2.3. Experimental procedure

Animals were allocate in control (CT) or cigarette smoke (CS) groups to receive tap
water, and in alcohol (AL) or alcohol + cigarette smoke (ALCS) groups to receive 2 g/kg
alcohol, via oral, twice a day (9 AM and 2 PM), for 28 days (n = 12/group). Immediately after
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the oral administration, animals were placed in hermetic chambers (n = 6 rats/chamber), with
ambient air (CTR and ALC groups) or cigarette smoke (6 cigarettes; CS and ALCS groups)
circulation, for 2 h (Figure 1). Cigarettes were burned with a 10 min interval between one and
other to avoid intoxication of rats. The total per day treatment was 4 g/kg alcohol and 12
burning cigarettes. On day 26, the rats were trained in the inhibitory avoidance task (described
below) to evaluate the interference of alcohol, cigarette smoke, or their combined use on
short-term memory (tested 1.5 h after training). Both, training and tests were performed with
no interruption of the experiment. Training started at 12 PM followed by the short-term
memory test (1.5 h), before the afternoon exposure. On day 28, rats were euthanized by
decapitation 60 min after the morning treatment. Trunk blood samples were centrifuged (2,5
rom/10 min) and serum stored at -30 °C for analysis of DCFH-DA and GSH. Brain was
removed and the frontal cortex, hippocampus, and striatum was carefully dissected and stored

at -80 °C for further analysis of BDNF, TNF-qa., IL-13, DCFH-DA, GSH, and GS.

2.4. BDNF Concentration

Changes on the BDNF levels were assessed using the ChemiKine brain-derived
neurotrophic factor (BDNF) Sandwich ELISA kit (Millipore, USA), following the
manufacturer's recommendations. Briefly, the slices of hippocampus, frontal cortex, or
striatum were individually homogenized in buffer containing 100 mM Tris-HCI (pH 7.0), 2%
bovine serum albumin (BSA), 1 M NaCl, 4 mM EDTA-Na2, 2% Triton X-100, 0.1% sodium
azide, and a cocktail protease inhibitors (Sigma, Sao Paulo, Brazil). Samples were centrifuged
for 30 min at 14,000 xg and after the supernatant was incubated on a 96-well microplate
previously coated with anti-BDNF monoclonal antibody. After blocking, plates were
incubated with biotinylated mouse anti-BDNF monoclonal antibody for 2 h and streptavidin-

HRP conjugate solution for 1h. Then color reaction with 3,3',5,5'-tetramethylbenzidine
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substrate was quantified in a plate reader at 450 nm. The standard BDNF curve ranged from

7.8 to 500 pg/mL. Results are presented as pg/mg of protein.

2.5. TNF-a and IL-1B measure
TNF-o and IL-13 assays were carried out, using a rat TNF-o. ELISA and IL-1p

ELISA, respectively, from Peprotech (Rocky Hill, NJ, USA). Results are presented as pg/mg.

2.6. Intracellular reactive oxygen species (ROS) production

Reactive oxygen species (ROS) are small oxygen-containing molecules, highly
reactive, that can react with and damage complex cellular when overproduced. DCFH-DA (2'-
7'-dichlorofluorescein diacetate) oxidation assay was used to measure ROS production, by
directly measuring the redox state of a cell (Eruslanov and Kusmartsev, 2010). Slices from
frontal cortex, hippocampus, or striatum were treated with 10 mM DCFH-DA for 30 min at
37 °C. After DCFH-DA exposure, the slices were placed into PBS with 0.2% Triton X-100.
Fluorescence was measured in a plate reader (Spectra Max M5, Molecular Devices, USA)
with excitation at 485 nm and emission at 520 nm. The ROS production was calculated as

fluorescence units per milligram protein (UF/mg).

2.7. Glutathione (GSH) Content Assay

GSH is the major antioxidant enzyme in the central nervous system (CNS) and lower
levels increases vulnerability to oxidative stress and neuroinflammation. GSH levels were
assessed as previously described (Browne and Armstrong, 1998). Briefly, frontal cortex,
hippocampus, and striatum were homogenated in 20 mM sodium phosphate buffer, pH 7.4,
containing 140 mM KCI. Homogenates were diluted in 10 volumes of 100 mM sodium
phosphate buffer, pH 8.0, containing 5 mM EDTA. The protein was precipitated with 1.7%
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meta-phosphoric acid and the supernatant was assayed with o-phthaldialdeyde (1 mg/mL
methanol) at room temperature for 15 min. Fluorescence was measured using excitation and
emission wavelengths at 350 and 420 nm, respectively (Browne and Armstrong, 1998). A
calibration curve was built with standard GSH solutions (0 — 500 uM) and GSH levels were

calculated as nmol/mg protein.

2.8. Gutamine Synthetase (GS) measure

GS is an astrocytic enzyme that metabolizes glutamate and ammonia to glutamine,
playing a pivotal role in the astrocyte glutamate uptake/release and the glutamate-glutamine
cycle (Rose et al., 2013). For GS activity assay, the tissues were homogenized in a 150 mM
KCI solution and assayed as previously described (dos Santos et al., 2006). Homogenate was
added to a reaction mixture (MgCl,: 10 mM; L-glutamate: 50 mM; imidazole-HCI buffer (pH
7.4): 100 mM; 2-mercaptoethanol: 10 mL; hydroxylamineHCI: 50 mM; ATP: 10 mM) 1:1,
and incubated at 37 °C for 15 min. Reaction was stopped by adding 0.4 mL of a solution with
ferric chloride: 370 mM, HCI: 670 mM, and trichloroacetic acid 200 mM. Samples were
centrifuged (1,000 g/10 min) and the absorbance of the supernatant was measured at 530 nm.
C-glutamylhydroxamate added to ferric chloride reagent was used as a standard. The results

are expressed as mmol/h/mg of protein.

2.9. Inhibitory avoidance task

The inhibitory avoidance apparatus is an acrylic box (50 x 25 x 25 cm®) whose floor
has parallel stainless steel bars (1 mm diameter) spaced 1cm apart (Insight, Sao Paulo,
Brazil). A 7-cm wide, 2.5-cm high platform is placed on the floor of the box against one wall.
In the training session, rats were individually placed on the platform and the latency to step-

down on the grid with four paws was recorded. When their paws touched the grid, they
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received a 0.4 mA footshock for 3 s and were immediately removed from the apparatus. They
returned at 1.5 h to the apparatus to record the latency to step-down (maximum 180 s). No
footshock was presented at this time. Short-term memory is showed as latency to step-down
from the platform in the test session and the memory index was calculated as the latency to
step-down in the training session divided by the sum of latency to step step-down in the
training session, multiplied by 100 to represent it as perceptual of learning. This index

consider the stimulatory effect of cigarette smoke in rats.

2.10. Statistical analysis

The results were firstly tested for normal distribution by the Shapiro-Wilk test.
Parametric values were analyzed using a two-way analysis of variance (ANOVA), with
alcohol and cigarette smoke as independent factors, followed by the Bonferroni post-hoc test.
Non-parametric values were analyzed using the Kruskal-Wallis followed by the Dunn’s test.
Statistical significance was considered when P < 0.05. All analyses were performed using the
Statistical Package for Social Sciences (SPSS) software version 21.0, and results are

presented as men + S.E.M.

3. Results
3.1. Combined use of alcohol and cigarette reduces BDNF levels in level in the
hippocampus, striatum and frontal cortex of rats

Our results showed that BDNF levels was lower in the hippocampus of AL, CS, or
ALCS rats than CT rats (F(1,23) = 26.83; P < 0.001, Figure 2-A). An additional decreasing on
BDNF levels was showed in the ALCS group compared with AL (P = 0.020) and CS (P =
0.006) rats, supporting our hypothesis of the more deleterious effect of the combined use of

alcohol and cigarette. Additionally, in the striatum, BDNF levels decreased only in the ALCS
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group (F23 = 23.26; P < 0.001; Figure 2-B) with an interaction effect in this specific brain
area (F(1,23) = 6.02; P = 0.025)(Figure 2-B) . Results from the frontal cortex followed the same
pattern of the hippocampus with all treatments (AL, CS, and ALCS) decreasing BDNF levels
(F,23) = 119.54; P < 0.001) compared with CT rats (Figure 2-C). In summary, combined use
(ALCS) significantly decreased the BDNF levels in the hippocampus (3 65%), striatum (3
66%), and frontal cortex (¥ 82%) compared with CT group. AL and CS groups also decreased
BDNF levels in the hippocampus and frontal cortex, by 38% and 42%, respectively, from CT

rats.

3.2. Combined use of alcohol and cigarette increases TNF-a level in the striatum and
frontal cortex, and IL-1p level in the hippocampus, striatum and frontal cortex of rats

In the hippocampus AL (P = 0.018), CS (P = 0.041), and ALCS (P=0.009) groups
significantly increased the TNF-a level when compared to CT (Fugo3 = 4.98; P =
0.010)(Figure 3-A). However, in the striatum (Figure 3-B) and in the frontal cortex (Figure 6-
C), combined use increased significantly TNF-a level when compared with other groups
(F123 = 18.90, P = 0.004 and F 23 = 27.50, P < 0.001, respectively). Additionally to these
results we also showed that AL (P = 0.017) and CS (P = 0.001) treatment increased TNF-a
level in the striatum (Figure 3-B) and AL (P= 0.027) treatment increased significantly TNF-a
in the frontal cortex (Figure 3-C), when compared with CT group.

The IL-1B cytokine increased in the of AL, CS, and ALCS rats (F(123 = 37.50; P <
0.001; Figure 4-A) from all treatments in the three brain areas studied, except from the CS
group in the frontal cortex (hippocampus: F 23 = 37.50; P < 0.001; striatum: F 23) = 27.54; P
< 0.001, frontal cortex: F(1 23y = 14.50; P < 0.001; Figure 4A-C). For the hippocampus (Figure
4-A) and striatum (Figure 4-B), ALCS combined use increased significantly IL-1B levels
compared with AL (hippocampus: P = 0.002 and striatum: P < 0.001, respectively) and CS
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(both areas: P < 0.001) groups and in the frontal cortex (Figure 4-C) compared with CS group

(P < 0.001).

3.4. Combined use of alcohol and cigarette increases reactive species in the rat
hippocampus

We showed that the combined use of alcohol and cigarette (ALCS) significantly
increased the intracellular ROS production in the hippocampus of rats compared with CT (P =
0.002), AL (P = 0.011), and CS (P < 0.001) groups (F(1,23=36.54; P < 0.0001; Figure 5-A).
Combined use was required for this effect as seen by the mathematic interaction between
alcohol use and cigarette smoke exposure (F,23=14.06; P = 0.001). Interestingly, CS showed
lower ROS levels than AL (P = 0.004) or CT (P 0.023) rats, suggesting a neuroprotective of
smoke for this specific brain area.

Different results were see in the striatum or frontal cortex. In the striatum, both AL (P
< 0.001) and CS (P = 0.001) rats decreased ROS production and the ALCS combined use
prevented this neuroprotective effect (Figure 5-B). The ANOVA-2 way analysis showed a
significant interaction between alcohol and cigarette, evidencing that when these drugs are
combined we lost the neuroprotective effect of isolate use (F,23 = 24.70; P < 0.0001). The
frontal cortex, on the other hand, was not affected by different treatments (Figure 5-C).

With the purpose of to correlate changes on peripheral end CNS, we analyzed the
DCFH-DA levels also in blood samples (Figure 5-D). Our results showed that daily moderate
doses of alcohol significantly decreased serum ROS levels in AL (P = 0.012) and ALCS (P =

0.023) compared with CT rats. This effect was lost in CS group.

3.5. Alcohol, cigarette, and their combined use decreases GSH levels according to rat

brain area
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Our results showed that GSH levels were lower in the hippocampus for AL (P <
0.001), CS (P < 0.001), and ALCS (P = 0.002) compared with CT rats (F( 23 = 17.56; P <
0.001; Figure 6-A), independently of alcohol or smoke cigarette exposure. Combined use
increased GSH levels compared to ALC rats but did not reach GSH levels as CT rats (ALCS
x AL: P = 0.016).

In the striatum, while AL use decreased (P = 0.045), CS exposure increased (P =
0.019) GSH levels compared to CT rats (F(,23 = 15.76; P < 0.001; Figure 6-B), suggesting a
neuroprotective effect of smoke cigarette in this specific brain area. We did not find
differences in the ALCT and CT rats. As seen for DCFH-DA results, we did not find
differences in GSH levels in the rat’s frontal cortex (Figure 6-C). Because equal variance test
failed we performed a non-parametric analysis for the serum results (Figure 6-D). We showed

that GSH was lower in AL group compared with CT or CS groups (H = 19.37; P <0.001).

3.6. Alcohol, cigarette, and their combined use decreases GS activity according to rat
brain area

GS activity was lower in the hippocampus for AL (Fu23 = 11.36; P = 0.003), CS
(Fa,23) = 12.68; P = 0.002), and ALSC (F(123) = 13.81; P = 0.001) compared with CT rats
(Figure 7-A). In the striatum, only cigarette smoke exposure decreased GS activity in rats
(Fa,23) = 9.82; P = 0.005; Figure 7-B). Combined use (ALCS) increased GS activity when
compared to AL (P = 0.009) or CS (P < 0.001) rats. In the frontal cortex, GS activity was
lower in AL and CS (P < 0.001). However combined use increased GS activity in ALCS rats

compared to AL (P =0.003) and CS (P = 0.001) rats (F( 23 = 34.31; P < 0.001) (Figure 7-C).

3.7. Combined use of alcohol and cigarette does not affect short-term memory tested in

the inhibitory avoidance task in rats
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Under our experimental conditions, we did not find differences in the latency to step-
down at the inhibitory avoidance task among CT, ALC, CS, or ALCS group at 1.5 h after
training session (Figure 8A and B). Because the training session was performed 2 h from the
alcohol administration and 1 hour from the last cigarette smoke, we did not discard that the
sedative or psychostimulant effect of these drugs could interfere in the latency to step-down in
the training session. In spite of the mathematical strategy used to calculate the memory index,
we did not find changes on short-term memory after 28 days of alcohol and/or cigarette

smoke exposure in our rat.

4. Discussion

Alcohol and tobacco use are among the top causes of preventable deaths. Although
this alarming information, few studies have been explored the combined effects of drinking
and smoking on human health. Here we showed that the combined use of alcohol and
cigarette smoke is even more deleterious than when they are used alone, in spite of moderate
doses have been administered to our rats (4 g/kg/day alcohol + 12 cigarettes/day, for 4
weeks). Combined use of alcohol and cigarette smoke significantly decreased BDNF and

increased IL-1p levels in all brain areas studied, as well as it increased TNF-a. in the striatum

and frontal cortex or rats. Combined use also promoted reactive species in the rat
hippocampus. Additionally, we showed that alcohol or cigarette use alone changes parameters
according to the brain area.

BDNF has been studied for its effects on the development, neurogenesis, and synaptic
transmission (Binder and Scharfman, 2004). Reduced BDNF levels have been related with
neurodegenerative and neuropsychiatry diseases, affecting learning, memory, and mood
(Binder and Scharfman, 2004). Here we showed that BDNF levels significantly decreased in

the hippocampus, striatum, and frontal cortex of rats after combined use of alcohol and
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cigarette, evidencing the more deleterious effect of this combination in the CNS. BDNF levels
also decreased in the hippocampus and frontal cortex, but not in the striatum, of rats treated
only with alcohol or only with cigarette smoke. Chronic alcohol self-administration decreases
BDNF levels in the hippocampus (MacLennan et al., 1995), frontal and prefrontal cortex, with
no changes in the striatum in rodents (Ebada et al., 2014; Fernandez et al., 2016; Logrip et al.,
2009). Studies suggest that corticostriatal BDNF pathway may regulates responses to alcohol
intake, since moderate alcohol consumption increases BDNF levels in the dorsolateral
striatum and decreases alcohol intake in animals (Jeanblanc et al., 2009; Logrip et al., 2015).
Authors suggest this BDNF pathway plays a crucial role in the regulation of alcohol intake
and when it becomes dysregulated drives the transition from moderate to high alcohol intake
(Jeanblanc et al., 2009; Logrip et al., 2015).Repeated cigarette smoke exposure also reduces
the BDNF levels in the prefrontal cortex of mice exposed during prenatal and early postnatal
period of development (Xiao et al., 2015) or in the hippocampus of infant and adult mice
(Lobo Torres et al., 2012; Tuon et al., 2010; Xiao et al., 2015). Additionally, in humans,
plasma BDNF levels are significantly lower in smokers than nonsmokers (Bhang et al., 2010).
As aforementioned, combined use was even more deleterious than either drugs alone, as seen
by the decreased BDNF level in all brain areas, but not in the striatum for alcohol or smoke
alone. We do not discard that reduced BDNF levels in the striatum for combined use is related
to dysregulation in the corticostriatal BDNF pathway and may partially justify why smokers
drink more than non-smokers and alcoholics are frequently smokers. Additionally, in a
previous study we found that cell proliferation was impaired in the hippocampus after
combined alcohol and cigarette use (Gomez et al., 2015). Coincidently, the perceptual
decrease in the cell proliferation rate and BDNF levels were similar in both studies, as seen by
the lower 60% and 65%, respectively, confirming the harmful effect of drinking and smoking.

In humans, a magnetic resonance imaging (MRI) study showed that combined use of alcohol
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and cigarette significantly decreased thickness (- 5%) in different brain areas when compared
with alcoholics (- 2.5%) or control individuals (Durazzo et al., 2013).

Concerning the inflammatory response, we showed that combined use increased both
TNF-o and IL-1B cytokines in all brain areas studies, except for TNF-a in the striatum.
According to doses, alcohol use have been related to the deactivation of transcription factors
as the cAMP responsive element binding protein (CREB), which protects neurons from
excitotoxicity, and to the activation of the nuclear factor kB (NFxB), which promotes
inflammatory response, both important for neuronal survival (Crews and Ventreno, 2012).
Indeed, alcohol increases DNA binding to NFkB and reduces binding to CREB, increasing
the risk of neurodegeneration (Crews et al., 2015; Gomez et al., 2015). Activation of NF«B is
associated with increases in TNF-a, a key pro-inflammatory cytokine, that induces the
secretion of other cytokines, as IL-1p, in cells and tissues. Additionally, alcohol directly
activates the IL-1p receptor type I and the toll-like receptor type 4 (IL-1RI/TLR-4) receptor in
microglia, promoting cytokine secretion (Alfonso-Loeches et al., 2010; Blanco et al., 2008).
Here we showed that alcohol administration increased TNF-a and IL-1f levels in all brain
areas studied, except for IL-1p in the striatum. Results from others also show that chronic
alcohol administration increases TNF-a and IL-1p levels in the cortex, striatum, and
hippocampus of rodents (Flora et al., 2005; Pascual et al., 2015; Qin et al., 2008; Tiwari and
Chopra, 2013), as well NF-kp and caspase-3 in the cortex and in the hippocampus of rats
(Tiwari and Chopra, 2013). Although the consensus about the inflammatory damage of
cigarette smoke in the periphery (Arnson et al., 2010; Lee et al., 2012), few studies explored
the effect of cigarette smoke in the CNS. Indeed, a recent review mentioned that is undeniable
the relationship between cigarette smoke and risk for neurological disorders in spite of
specific mechanisms are not well clarified (G et al., 2017). In humans, neuroimaging studies

show that cigarette smoke habit is associated with increased blood-brain barrier (BBB)
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disruption and lesion volumes, and brain atrophy in multiple sclerosis patients (Zivadinov et
al., 2009). Cigarette smoke also induces dysfunction in brain white matter of chronically
exposure mice, associate with lipid peroxidation, protein oxidative injury, and alterations in
myelin lipid composition (Nunez et al., 2016; Yu et al., 2016). Our results showed, for the
first time, that cigarette smoke increases pro-inflammatory responses in different brain areas,
parallel to reduced BDNF levels. Different from alcohol use, cigarette smoke alone increased
TNF-a and IL-1B levels in the striatum and hippocampus, but did not changed them in the
frontal cortex. However, when alcohol was added to cigarette smoke, inflammatory response
was intensified, except for TNF-a in the hippocampus. Thus, we may infer that, as for the
alcohol, cigarette smoke also deflagrate inflammatory cascades in the brain and the combined
use may add risk for neurological disorders.

Oxidative stress and inflammation are closely related, namely oxidative stress-induced
inflammatory cascades causes the inflammation, which in turn increases oxidative stress
(Biswas, 2016). However, we found only higher ROS in the hippocampus after combined use,
and lower GSH levels was found in the hippocampus and striatum mainly related to alcohol
administration. Oxidative stress and stimulus of neuroinflammatory and neuroapoptotic
pathways have been largely associated with the neurotoxic effect of alcohol (Crews and
Vetreno, 2014; Das and Vasudevan, 2007; Haorah et al., 2008; Herndndez et al., 2016).
Alcohol accelerate oxidative mechanisms directly, via increased production of ROS, and
indirectly, by impairing antioxidant mechanisms in peripheral and CNS, according to doses,
regime of administration, or tissue studied (Bondy and Guo, 1995; Fowler et al., 2014;
Somani and Husain, 1997; Zhong et al., 2012; Das and Vasudevan, 2007). Oxidative stress
increases after oral alcohol administration, 2 g/kg/day, for 45 days in the cortex, with no
changes in the striatum, cerebellum, and medulla of rats (Somani and Husain, 1997). In that

study, increasing on ROS counterpart with decreasing on GSH levels in the cortex, contrary to

48



PARTE Il

others that do not find changes in ROS or GSH levels in the cortical area after 12 days of
feed-alcohol treatment (Bondy and Guo, 1995). Indeed, we showed that alcohol decreased
ROS and GSH levels in the striatum and serum, denoting an ambulance between pro- and
antioxidant defenses only in these tissues. In the hippocampus, alcohol did not change ROS
levels, but GSH was lower in AL than CT rats. In the same brain area, ROS increases and
GSH levels decreases after oral administration of 2 or 3 g/kg alcohol, for 3 or 4 weeks, with
no changes on cortical area (Motaghinejad et al., 2017; Zhong et al., 2012). Those authors
also show a positive correlation between ROS production and the CYP2E1 expression (Zhong
et al., 2012), an enzyme involved in the alcohol metabolism and production of superoxide
anion radical and hydrogen peroxide (H,O;) (Das and Vasudevan, 2007). Concerning
cigarette smoke, we showed that daily exposure to smoke of 12 cigarettes, along 4 weeks,
significantly decreased ROS levels in the hippocampus and striatum, with no changes on
frontal cortex and serum of rats. However, lower ROS levels were combined with lower GSH
levels in the hippocampus, suggesting that in this specific brain area neurons were insulted by
smoke, stimulating their antioxidant defenses. As abovementioned, cigarette smoke comprises
several chemical compounds as many species of oxidants and free radicals, capable of
initiating or promoting oxidative damage in different tissues, contributing in the pathogenesis
of cigarette smoking-induced toxicity (Church and Pryor, 1985). Preclinical studies show that
exposure to smoke of 7-10 cigarettes/day, for 12 weeks, increases lipid peroxidation and
decrease some antioxidant parameters in the rat whole brain(Anbarasi et al., 2006; Ramesh et
al., 2015). However, repeated smoke (1 h, twice a day, for 2 weeks) in infant mice shows
different responses according to the brain area (Lobo Torres et al., 2012). On that infant mice,
malondialdeide (MDA), a biomarker of lipoperoxidation, does not change in the
hippocampus, prefrontal cortex, or striatum, but glutathione reductase enzyme activity

increases in the prefrontal cortex, and glutathione S-transferase activity increases in
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prefrontal cortex and striatum (Lobo Torres et al., 2012). Curiously, we showed that smoke
decreased ROS and increased GSH levels, denoting a neuroprotective effect of cigarette.
Nicotine also shows a dual effect on oxidative parameters with moderate doses showing a
neuroprotective effect in the striatum (nucleus accumbens), and a neurotoxic effect in the
ventral tegmental area of rats (Song et al., 2016). Combined use (ALCS rats), on the other
hand, significantly increased ROS and decreased GSH levels in the hippocampus, showing
that this brain area was more responsive to oxidative damage by concomitant alcohol and
cigarette use. However, chronic exposure to cigarette smoke (2 h/day, 4 weeks) did not show
changes on lipid peroxidation or antioxidant enzyme activities in the hippocampus of
rats(Delibas et al., 2003). Adding to the potential harmful effect of the combined use we
showed that it prevented the decrease on ROS and increase GSH levels in the striatum, related
to possible neuroprotective effect of cigarette in this brain area.

We showed here that AL, CS, or ALCS treatments decreased GS activity it in the
hippocampus, CS exposure decreasing it in the striatum and AL and CS treatments decreasing
it the frontal cortex, also evidencing a response according to treatment and brain area. This
enzyme is critical for the metabolism of the glutamate, and its deficit has been linked to the
generation of recurrent seizuresin rats as a result of extracellular glutamate accumulation in
astrocytic (Eid et al., 2008). Although considered not to be important in the regulation of GSH
synthesis, stressful or pathological conditions reduce both GSH levels and GS activity(Lu,
2013). Here we did not detected correlation between GSH and GS, expect in the hippocampus
where both decreased. Alcohol use reduces GS activity in the hippocampus of immature rats
after administration during pregnancy (Cesconetto et al., 2016) and in the striatum after 12
days of voluntary alcohol intake (Bondy and Guo, 1995). There are no results for cigarette

smoke or nicotine, except that, in situ, nicotine decreases GS activity in glial cells (Lim and
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Kim, 2003). Taking in account that GS is related to glutamate excitotoxicity we may infer that
the hippocampus was the main area affected by the combined use.

Although we could detect changes on neurotrophic, inflammatory, and oxidative
parameters, we did not show an association with behaviors. Under our experimental
conditions, we did not find changes on short-term memory in our rats. Because BDNF levels
were reduced in the hippocampus of our rats and, we could expect a cognitive decline and
worst performance in the short-term memory test. Studies in humans and rodents are
controversies since results are dependent of doses, administration regime and the
experimental design. Here rats were trained after 3 hours from the last alcohol intake and 1
hour from the last cigarette smoke to avoid interferences of drugs in the acquisition memory.
In a previous study, following the same experimental protocol we found that alcohol and
cigarette smoke increase the long-term memory in rats (Gomez et al., 2015). Combined use of
alcohol (2 g/kg, i.p.) and cigarette smoke (8 h/day) for 5 days decreases the short-term
memory in mice trained and tested during the exposure (Abreu-Villaca et al., 2013). On the
other hand, acute alcohol (1.5 g/kg, i.p.) and nicotine (0.30 mg/kg, s.c.) administration
improves the memory of rats tested in the 8-arm radial maze (Rezvani and Levin, 2002). In
humans, results are controversies, since studies found that combined use of alcohol and
cigarette decreases the short-term memory compared with cigarette alone (Schuster et al.,
2016) or alcohol intake does not affect the worst performance of smokers tested immediately
after smoke (Greenstein et al., 2010).

Because of the morbidity and mortality associated with both alcohol and tobacco
abuse, it is important to address studies exploring the effect of their combined use. Here we
focused on the effect of the combined use in the CNS and globally found that it increased
inflammatory response and decreased neurogenisis more importantly when compared with the

use of alcohol or cigarette alone. Additionally, we showed for the first time the effect of
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cigarette smoke in the CNS. In spite of reactive species parameters in the hippocampus and
striatum suggested a “neuroprotective-like" effect from smoke, inflammatory and
neurotrophic parameters did not support this result. Thus, in the CNS, alcohol and cigarette
use lead to major neurological risks when used alone and together. Although more studies
need to be done, we confirm our hypothesis that combined use is more deleterious than

alcohol and cigarette alone.
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Legends of figures
Figure 1.Timeline from experimental procedures. Alcohol was administered immediately

before the cigarette smoke exposure and the procedure was repeated at 9 am and 2 pm.

Figure 2.Brain-derived neurotrophic factor(BDNF) levels in different brain areas of rats after
alcohol use (AL, 4 g/kg/day, orally), cigarette smoke exposure (CS, 12 cigarettes/day,
inhalation), or their combined use (ALCS), along 28 days. CT: control group. The data are
presented as mean £ S.E.M., (n =6 — 7). Two-way ANOVA followed by Bonferroni post-hoc

test. Different letters indicate statistical differences (P < 0.005).

Figure 3.Tumor necrosis factor alpha (TNF-a) leves in different brain areas of rats after
alcohol use (AL, 4 g/kg/day, orally), cigarette smoke exposure (CS, 12 cigarettes/day,
inhalation), or their combined use (ALCS), along 28 days. CT: control group. The data are
presented as mean £ S.E.M., (h =6 — 7). Two-way ANOVA followed by Bonferroni post-hoc

test. Different letters indicate statistical differences (P < 0.005).

Figure 4.Interleukin 1 beta ( IL-1B) levels in different brain areas of rats after alcohol use
(AL, 4 g/kg/day, orally), cigarette smoke exposure (CS, 12 cigarettes/day, inhalation), or their
combined use (ALCS), along 28 days. CT: control group. The data are presented as mean +
S.E.M,, (n=6—7). Two-way ANOVA followed by Bonferroni post-hoc test. Different letters

indicate statistical differences (P < 0.005).

Figure 5.Reactive oxygen species (ROS) production in different brain areas and serum of rats
after alcohol use (AL, 4 g/kg/day, orally), cigarette smoke exposure (CS, 12 cigarettes/day,

inhalation), or their combined use (ALCS), along 28 days. CT: control group. The data are
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presented as mean £ S.E.M., (n =6 — 7). Two-way ANOVA followed by Bonferroni post-hoc

test. Different letters indicate statistical differences (P < 0.005).

Figure 6.Glutathione (GSH) levels in different brain areas and serum of rats after alcohol use
(AL, 4 g/kg/day, orally), cigarette smoke exposure (CS, 12 cigarettes/day, inhalation), or their
combined use (ALCS), along 28 days. CT: control group. The data are presented as mean *
S.E.M., (n=6— 7). Two-way ANOVA followed by Bonferroni post-hoc test. Different letters

indicate statistical differences (P < 0.005).

Figure 7.Glutamine synthetase (GS) activity in different brain areas of rats after alcohol use
(AL, 4 g/kg/day, orally), cigarette smoke exposure (CS, 12 cigarettes/day, inhalation), or their
combined use (ALCS), along 28 days. CT: control group. The data are presented as mean *
S.E.M., (h=6— 7). Two-way ANOVA followed by Bonferroni post-hoc test. Different letters

indicate statistical differences (P < 0.005).

Figure 8.Short-term memoryin rats after alcohol use (AL, 4 g/kg/day, orally), cigarette smoke
exposure (CS, 12 cigarettes/day, inhalation), or their combined use (ALCS), along 28 days.
CT: control group. A: step-down latency in the test session; B: memory index calculated as
[latency in the test session/ latency in the (test + training) sessions] x 100. The data are
presented as mean + S.E.M., (n =6 — 7). Two-way ANOVA followed by Bonferroni post-hoc

test. Different letters indicate statistical differences (P < 0.005).
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Figure 5
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Figure 6
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Figure 7
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Figure 8
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4. RESULTADOS COMPLEMENTARES

Ao longo do experimento descrito na Parte Il desta dissertacdo e apresentado
no formato de artigo, monitoramos outros parametros como peso corporal, bem com
0 consumo de 4gua e racdo dos animais. Como esperado e representado na Figura
7, houve aumento no peso dos ratos ao longo das quatro semanas. No entanto, o
ganho médio de peso foi menor para os ratos dos grupos expostos a fumaca de
cigarro (TB) ou sua associacdo(ALTB), quando comparados ao grupo controle (CT)
ou alcool (AL). De fato, apés a 42 semana, o ganho de peso total dos animais dos
grupos CT e ALC foi de cerca de 21 g, enquanto que os que do grupo TAB e ALTB

ganharam apenas 16 g (Figura 7).

Incremento de peso semanal

25+
204 9 CT
= AL
S 154 -+ TB
e *
e = ALTB
< 10‘
5-
0 T T T
2 3 4
Semanas

Figura 7. Ganho de peso médio semanal de ratos tratados com alcool (4g/kg/dia), via oral e
expostos a fumaga de 12 cigarros/dia, via inalatéria ou sua associacdo, por 28 dias. n =
12/grupo; ANOVA-2 vias de medidas repetidas + Bonferroni. * diferente dos demais grupos
na mesma semana, P< 0,001.

Apesar de todos os ratos ganharem peso, a ingestdo de alimento reduziu
cerca de 1,5 g ao longo do experimento (Figura 8). A média do consumo de racdo no
grupo AL foi27% menor do que a ingestéao diaria de racao pelos ratos dos grupos os
grupos ALC e ALTB na segunda semana de tratamento. Durante o resto do periodo
houve um aumento gradual no consumo de ragcédo, mas este ainda foi menor que o

consumo dos animais CT. Em contrataste, na quarta semana, o grupo ALTB
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apresentou uma redugéo significativa do consumo, quando comparado aos demais

grupos. O grupo TAB apresentou consumo médio muito proximo ao grupo controle.

Consumo ragao

30+
* CT
- AL
25 + TB
S * ALTB
g
2 204 *
15 1 L] L) 1
1 2 3 4

Semanas

Figura 8. Consumo médio semanal de ragdo de ratos tratados com &lcool
(4g/kg/dia), via oral, expostos a fumaca de 12 cigarros/dia, via inalatoria, ou sua
associagédo, por 28 dias. n = 12/grupo; ANOVA-2 vias de medidas repetidas +
Bonferroni. * diferente dos demais grupos na mesma semana, P < 0,001.

Para a ingestdo de agua (Figura 9), observamos que na 12 a 32 semana 0s
animais do grupo ALC consumiram em média 10% mais agua que 0S outros grupos.
O consumo médio de agua durante o experimento para os ratos CR foi de 15,8

mL/dia, enquanto que o grupo ALC consumiu uma média de 17,41 mL/dia.

Consumo hidrico

601
-+ CT
s 501 = AL
2 -+ TB
w
= == ALTB
E 401
30 L) L] L] L]
1 2 3 4
Semanas

Figura 9. Consumo médio semanal hidrico de ratos tratados com alcool (4g/kg/dia),
via oral, expostos a fumaca de 12 cigarros/dia, via inalatoria, ou sua associacao, por
28 dias. n = 12/grupo; ANOVA-2 vias de medidas repetidas + Bonferroni.
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5. DISCUSSAO

O alcoolismo e o tabagismo sédo doencas frequentes e de dificil tratamento.
Nesse contexto, o grande desafio da terapia para a drogadic&o por alcool e cigarro
a descoberta de novos farmacos mais potentes, seletivos e seguros estudar os
mecanismos alterados pelo uso de alcool, cigarro ou sua associacdo, pode auxiliar
na construcdo do conhecimento para desenvolvimento de medicamentos que
possam auxiliar na reducdo da dependéncia, controle da sindrome de abstinéncia ou
risco de recaida

Visando aprofundar o conhecimento sobre os mecanismos de agédo da
associacdo destas drogas que futuramente possam nortear a descoberta de
substancias que possam auxiliar no tratamento da sua dependéncia, o0 presente
trabalho objetivou a avaliacdo do efeito da exposicdo crénica a fumaca do cigarro e
ao alcool em associacdo sobre parametros oxidativo, neuroinflamatorios e
comportamentais em ratos.

O principal achado desta pesquisa foi, em um primeiro momento, que o abuso
de ambas as drogas testadas, ou a sua associacdo estdo relacionas com estresse
oxidativo. O teste de emissdo DCFH-DA, mostrou que os resultados séo
dependentes do tecido avaliado, sendo que alguns apresentaram aumento e outros
uma reducdo da emissdo. Em concordancia, o teor de GSH, o principal antioxidante
do SNC diminuiu no hipocampo, estriado, coértex frontal e soro de ratos que
consumiram alcool e cigarro em associagao, provavelmente devido ao seu consumo
para tentar alcancar o equilibrio redox. Ndo devemos desconsiderar também que
uma reducédo de substrato (glutamato), poderia ter reduzido a sintese de GSH.

A hipotese de reducdo de glutamato também estd de acordo com os
resultados encontrados para a atividade da enzima GS que foi significativamente
menor no hipocampo de animais, para o uso de alcool e cigarro isolados ou em
associacdo. Além disso, sabe-se que a enzima GS é bastante sensivel ao estresse
oxidativo (Banerjee et al., 2008), que poderia ser mais um fator gerador desta
reducao.

O uso isolado de alcool e cigarro ou da associacdo aumentou a concentracao
de citocinas pro-inflamatorias, avaliadas como TNFa e IL-1.Nossos resultados estéo

de acordo com outro estudo, que mostra a associacdo de niveis elevados de
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citocinas pro-inflamatoérias com estresse oxidativo cerebral e apoptose, por meio da
producdo de EROS e outros mediadores inflamatérios no cérebro (Kissela et al.,
2005).

Também verificamos que o uso isolado de alcool e cigarro ou da associacao
reduz os niveis de BDNF. Entretanto, apesar dos estudos mostrarem uma relacao
entre BDNF e a memodria, sob nossas condigBes experimentais, ndo observarmos
alteracdo da memoaria de curta duracéo apos tratamento crénico com alcool, fumaca
de cigarro ou sua associacdo. Os mecanismos exatos pelos quais a apoptose e a
neurogénese interferem na formacdo de memodria e o papel exato para o BDNF
nestes dois processos celulares ainda nédo é totalmente compreendido. Entretanto,
de fato, verificamos que a manutencéo, crescimento e diferenciacdo de neurénios e
sinapses estdo comprometidos com o uso das drogas.

Adicionalmente, nossos resultados mostram que a associacao entre alcool e
fumaca de cigarro afeta 0 comportamento alimentar na Gltima semana de exposicao.
Entretanto, curiosamente, ndo foi possivel observar a alteracdo do comportamento
alimentar pelo uso de alcool isoladamente podendo indicar uma interacdo entre
essas drogas de abuso, potencializando o efeito hipofagico da nicotina,
possivelmente modulando sistema serotonérgico e dopaminérgico no hipocampo.
Porém, independentemente das alteracdbes de comportamento alimentar,
observamos que os ratos dos grupos CS e ALCS apresentaram menor ganho de
peso ao longo do experimento. Acreditamos que o comportamento dos animais do
grupo ALCS pede ser justificado pela reducédo da ingestdo de racéo, associada ao
aumento da taxa metabdlica e alteracdo do transito intestinal.

O conjunto de resultados desta investigagdo em ratos mostrou que alcool e
fumaca de cigarro isoladamente ou em associacdo afetam o SNC e causam, por
meio de mecanismos complexos, danos neurolégicos pela promocdo do estresse
oxidativo e da neuroinflamacédo. Entretanto ressalta-se que a associagcao entre alcool
e cigarro parece potencializar alguns dos efeitos observados apenas pela exposi¢ao
as drogas individuais, representado maior risco para a saude. No entanto, mais
estudos sdo necessarios para confirmar esta hipotese. Nossas conclusdes mostram
o grande potencial das vias oxidativas e inflamatorias como alvo para novos agentes

terapéuticos.
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6. CONCLUSOES

A avaliacdo de parametros neurotroficos, comportamentais, oxidativos e
neuroinflamatorios de ratos neste estudo possibilitaram concluir que o uso de alcool
em associagao com fumaca de cigarro:

e aumenta espécies reativas no hipocampo

e reduz a neuroprotecdo ao diminuir a concentracao de BDNF;

e aumenta a neuroinflamacdo ao aumentar a concentragdo de citocinas pro-
inflamatérias;

¢ ndo afeta a memoria de curta duracao;

e diminui o comportamento alimentar e o ganho de peso ao longo do

experimento, sem afetar a ingesta hidrica.

Portanto, a associacdo entre alcool e cigarro potencializa mecanismos
neurodegenerativos no encéfalo de ratos, representando maior risco para a saude
humana do que seu uso isolado. Estudos adicionais, avaliando outros parametros
relacionados a morte neuronal, alteracfes de sistemas neurotransmissores, volume
encefalico, entre outros, sdo necessarios para auxiliar na compreensao dos efeitos
do uso combinado de &lcool e cigarro, duas drogas licitas, associadas a doenca,

mortes e prejuizos sociais.
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