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RESUMO 
 

 

LUCCA, Marina de, M.Sc., Universidade Federal de Viçosa, Junho de 2016. Histologia 

hepática após uso crônico de álcool e treinamento físico em ratos Wistar. Orientadora: 

Luciana Moreira Lima. Co-orientadora: Eveline Torres Pereira. 

 

A Doença Hepática Alcóolica (DHA) inclui um espectro de doenças, desde uma simples 

esteatose ao carcinoma hepatocelular, cujos fatores genéticos e ambientais interagem para 

produzir um fenótipo da doença e sua progressão. Doenças hepáticas contribuem 

significativamente para a carga global de morbimortalidade. Em princípio, toda a carga 

global da DHA é evitável, porém difícil de alcançar, pois interfere em hábitos individuais e 

culturais de longa data. A abordagem para minimizar a carga global de doença da DHA 

envolve intervenções principalmente nos estágios iniciais da doença. A compreensão dos 

mecanismos subjacentes à DHA pode auxiliar na descoberta de intervenções que reduzem a 

progressão da esteatose a formas graves de lesão hepática, como esteatohepatite, fibrose e 

cirrose. Nesse contexto, o exercício físico tem sido investigado como coadjuvante terapêutico 

para DHA. O objetivo geral dessa dissertação foi avaliar a histologia hepática após uso 

crônico de álcool e treinamento físico em ratos Wistar. Essa dissertação contempla dois 

artigos, sendo que o objetivo do artigo de revisão foi realizar revisão de literatura sobre o 

tema da dissertação e os objetivos do artigo original foram: descrever a morfologia hepática 

após uso crônico de álcool e treinamento físico em ratos Wistar; aferir área, perímetro, 

diâmetro máximo, diâmetro mínimo e fator forma de núcleos e citoplasmas de hepatócitos 

após uso crônico de álcool e treinamento físico em ratos Wistar; correlacionar alterações na 

morfologia e morfometria hepáticas com o uso de álcool e treinamento físico em ratos 

Wistar; descrever alterações do peso, tempo de exaustão e velocidade máxima de corrida dos 

animais durante o experimento; verificar possíveis benefícios do treinamento físico na 

histologia hepática após uso crônico de álcool.O primeiro estudo demonstrou que a ingesta 

crônica de álcool causa danos tóxicos diretos e indiretos principalmente ao aumentar o 

estresse oxidativo, reduzir os níveis de antioxidantes não-enzimáticos, reduzir a relação 

NAD+/NADH, alterar a função mitocondrial, aumentar a peroxidação lipídica e aumentar a 

produção de acetaldeído. Por outro lado, os exercícios podem ser uma terapia útil para 

melhorar a performance e capacidade funcional em indivíduos com doença hepática, podendo 

ter alguma influência positiva direta, além da simples modificação dos níveis de gordura no 

fígado. Parece também que a intensidade da atividade física é importante para prevenir a 

progressão da doença, porém mais estudos são necessários para definir se o exercício físico 
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pode restaurar a saúde hepática e qual seria a quantidade e o tipo de exercício necessários.O 

segundo estudo foi experimental com 24 ratos Wistar, com duração de 6 semanas, sendo 

quatro semanas de administração de álcool e duas de treinamento físico. Os resultados 

apresentados evidenciaram que o treinamento físico aeróbico realizado por duas semanas não 

foi suficiente para suprimir as alterações histopatológicas do fígado causadas pelo uso 

crônico de álcool em ratos Wistar. No entanto, esses dados não excluem os benefícios 

hepáticos da atividade física aeróbica, uma vez que o uso crônico do álcool parece ter 

minimizado o efeito benéfico do treinamento físico na área do núcleo dos hepatócitos. É 

possível que uma duração maior do treinamento físico seja necessária para demonstrar 

benefícios, levando a perspectiva de novo experimento, aperfeiçoando o protocolo de 

exercício físico e controle das limitações identificadas.  
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ABSTRACT 

 

LUCCA, Marina de, M.Sc., Universidade Federal de Viçosa, June, 2016. Hepatocytes 

morphometry after chronic use of alcohol and exercise training in Wistar rats. Adviser: 

Luciana Moreira Lima. Co-adviser: Eveline Torres Pereira. 

 

Alcoholic liver disease (ALD) includes a spectrum of diseases ranging from simple steatosis 

to hepatocellular carcinoma, whose genetic and environmental factors interact to produce a 

phenotype of the disease and its progression. Liver diseases contribute significantly to the 

global burden of morbidity and mortality. In principle, the entire global burden of ALD is 

preventable but difficult to achieve because it interferes with longstanding individual and 

cultural habits. The approach to minimize the global burden of disease ALD involves 

interventions particularly in the early stages of the disease. Understanding the mechanisms 

underlying ALD may help in finding interventions that reduce the progression of steatosis to 

severe forms of liver damage, such as steatohepatitis, fibrosis and cirrhosis. In this context, 

the exercise has been investigated as a therapeutic adjunct to ALD. The overall objective of 

this thesis was to evaluate the hepatic histology after chronic use of alcohol and physical 

training in rats. This dissertation includes two articles, with the aim of the review article was 

to conduct a literature review on the topic of the dissertation and the goals of the original 

article were to describe the liver morphology after chronic use of alcohol and physical 

training in rats; to measure area, perimeter, maximum diameter, minimum diameter and form 

factor of nuclei and cytoplasm of hepatocytes after chronic use of alcohol and physical 

training in rats; to correlate changes in liver morphology and morphometry with the use of 

alcohol and physical training in rats; to describe changes in weight, time to exhaustion and 

maximal running speed of animals during the experiment; to check possible benefits of 

physical training in liver histology after chronic use of alcohol. The first study showed that 

chronic alcohol intake causes direct and indirect toxic damage primarily increasing oxidative 

stress, reducing the levels of non-enzymatic antioxidants, reducing NAD + / NADH ratio, 

altering mitochondrial function, increasing lipid peroxidation and increasing the production 

of acetaldehyde. On the other hand, the exercise can be a useful therapy to improve 

performance and functional capacity in patients with liver disease and may have some direct 

positive effect, beyond the mere modification of fats in the liver. It also appears that the 

intensity of physical activity is important to prevent progression of the disease, but more 

studies are needed to determine whether physical exercise can restore liver health and what 
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would be the amount and type of exercise needed. The second study was experimental with 

24 Wistar rats, 6-week duration (four weeks of alcohol administration and two physical 

training). The results presented showed that aerobic physical training carried out for two 

weeks was not enough to suppress the histopathological changes in the liver caused by 

chronic use of alcohol in rats. However, these data do not exclude hepatic benefits of aerobic 

physical activity, since the chronic use of alcohol seems to have minimized the beneficial 

effect of physical training in the core area of hepatocytes. It is possible that a longer duration 

of exercise training is necessary to demonstrate benefits, bringing the prospect of new 

experiment, improving exercise protocol and control the identified limitations. 
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APRESENTAÇÃO 

 

 

A presente dissertação foi elaborada de acordo com as normas estabelecidas pela Pró-Reitoria 

de Pesquisa e Pós-Graduação da Universidade Federal de Viçosa - UFV. O corpo do trabalho 

compreende uma introdução geral, objetivos geral e específicos, dois artigos científicos e 

uma conclusão geral. O primeiro artigo intitulado “Interações entre exercício físico, álcool e 

fígado” foi formatado de acordo com as normas da Revista Médica de Minas Gerais, para 

qual o artigo foi submetido.O segundo artigo intitulado “Hepatocytes morphometry after 

chronic alcohol use and exercise training in rats” foi formatado de acordo com as normas 

da revista Alcoholism: Clinical & Experimental Research, para qual o artigo foi submetido. 
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INTRODUÇÃO GERAL 

 A Doença Hepática Alcóolica (DHA) inclui um espectro de doenças, desde uma 

simples esteatose ao carcinoma hepatocelular, cujos fatores genéticos e ambientais interagem 

para produzir um fenótipo da doença e sua progressão (Ishak et al., 1991; Lieber, 

1993;Harrison e Burt, 1993). Essa particularidade poderia explicar o motivo pelo qual alguns 

indivíduos que fazem uso pesado do álcool (NIAAA, 2016) não progridem para 

esteatohepatite, enquanto outros que fazem uso moderado a desenvolvem (Lieber, 2004; Liu, 

2014). Porém, a DHA está mais frequentemente associada a níveis altos de consumo de 

álcool (Bertola et al., 2013; Sheron, 2016). 

 A ingesta crônica de álcool causa danos tóxicos diretos e indiretos em qualquer idade. 

O etanol aumenta a produção de espécies reativas de oxigênio e nitrogenadas, além de reduzir 

os níveis de antioxidantes não-enzimáticos particularmente no fígado. Essas alterações são 

frequentemente associadas com aumento de produtos da peroxidação lipídica que têm papel 

central no desenvolvimento da doença hepática alcóolica (Mallikarjuna, 2009). 

A esteatose desenvolve-se em aproximadamente 90% dos indivíduos que ingerem mais 

de 60g/dia de etanol, mas essa condição é completamente reversível após 4 a 6 semanas de 

abstinência. A fibrose e a cirrose desenvolvem-se em 5 a 10% dos indivíduos. Mesmo nas 

formas leves de hepatite alcóolica, existe um risco elevado para desenvolver lesão hepática 

progressiva, com cirrose desenvolvendo-se em mais de 50%. A abstinência alcoólica está 

associada com normalização histológica em 27% dos pacientes com hepatite alcóolica, com 

progressão para cirrose em 18% e hepatite persistente nos demais (Frederico et al., 2015; 

French, 2015). Apesar de ser considerada uma anormalidade histológica benigna e reversível, 

pacientes com esteatose que persistem no uso de álcool podem desenvolver fibrose e, em 

alguns casos, cirrose, sem desenvolvimento prévio de esteatohepatite (Schwartz e Reinus, 

2012). 
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Doenças hepáticas contribuem significativamente para a carga global de 

morbimortalidade. Com relação à carga global de doença atribuída à cirrose hepática, 47,9% 

das mortes por cirrose hepática e 46,9% dos anos potenciais de vida perdidos ajustados para 

incapacidade (DALY = disability adjusted life year) foram atribuídos ao consumo de álcool 

(Rehm, et al.,2013). A medida DALY agrega medidas de mortalidade e morbidade em um 

único valor, calculado pela soma dos anos de vida perdidos em função de mortes prematuras 

e dos anos de vida com alguma incapacidade, devido a problemas de saúde não fatais. Os 

anos de vida com alguma incapacidade são ajustados em função da magnitude da limitação 

funcional (Vermelho et al., 2006). 

 Ao contrário da mortalidade que acometeu principalmente idosos, pessoas entre 35 e 

64 anos foram responsáveis pelo maior número de DALYs por cirrose hepática atribuível ao 

consumo de álcool, tanto em homens, quanto em mulheres (495,4 DALYs por 100.000 

habitantes). DALYs por cirrose hepática foi mais por mortalidade prematura do que anos 

vividos com incapacidade (Rehm et al., 2013). 

 A neoplasia hepática atribuível ao consumo de álcool foi responsável por 0,2% de 

todas as mortes; 10,7% das mortes por neoplasia hepática; 1,7% das mortes atribuíveis ao 

álcool e 23,9% de todas as mortes por neoplasias. (Rehm et.al, 2013).  

Em princípio, toda a carga global da DHA é evitável, porém difícil de se alcançar, 

pois interfere em hábitos individuais e culturais de longa data. A abordagem para minimizar a 

carga global de doença da DHA envolve intervenções principalmente nos estágios iniciais da 

doença (Rehm et al., 2013; Rocco, 2014). 

A compreensão dos mecanismos subjacentes à DHA pode auxiliar na descoberta de 

intervenções que reduzem a progressão da esteatose a formas graves de lesão hepática, como 

esteatohepatite, fibrose e cirrose. (Rehm, 2013) 

Exercícios podem ser uma terapia útil para melhora da performance e da capacidade 
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funcional em indivíduos com doença hepática, mas não está claro se o exercício pode 

restaurar a saúde hepática e nem qual seria a quantidade e o tipo de exercício necessários. A 

atividade física pode ter alguma influência positiva direta na patologia hepática, além da 

simples modificação dos níveis de gordura no fígado e parece que a intensidade da atividade 

física é importante para prevenir a progressão da doença (Shephard e Johnson, 2015; Larson-

Meyer et al 2008; Johnson et al 2009; Eckard et al, 2013; Keating et al, 2012; Keating et al, 

2015). 

Exercícios moderados parecem não influenciar significativamente as características 

morfológicas do tecido hepático ou a função hepática. Por outro lado, em exercícios pesados 

e prolongados, observam-se estresse oxidativo, alterações histológicas, prejuízo da 

farmacocinética e níveis alterados de enzimas hepáticas. Após alguns dias de cessação do 

exercício, parece haver recuperação da função hepática normal. As alterações hepáticas com 

o exercício agudo parecem ser transitórias e possivelmente contribuem para adaptações ao 

exercício, mantendo a homeostase. (Shephard e Johnson, 2015) 

   

REFERÊNCIAS 

 

Bertola, A, Mathews S, Ki SH, Wang H, Gao B. (2013) Mouse Model of Chronic and Binge 

Ethanol Feeding (The NIAAA Model). Nat Protoc 8: 627-36. 

Eckard C, Cole R, Lockwood J, Torres DM, Williams CD, Shaw JC, Harrison SA.  (2013) 

Prospective histopathologic evaluation of lifestyle modification in nonalcoholic fatty liver 

disease: a randomized trial. Therap Adv Gastroenterol 6: 249-59. 

Federico A, Cotticelli G, Festi D et al. (2015) The effects of alcohol on gastrointestinal tract, 

liver and pâncreas: evidence-based sugestions for clinical management. Eur Rev Med 

Pharmacol Sci 19: 1922-40. 

French SW. (2015) How to prevent alcoholic liver disease. Experimental and Molecular 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Torres%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=23814606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Williams%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=23814606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shaw%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=23814606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Harrison%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=23814606


 

 

4 
 

Pathology 98:304-07. 

Harrison DJ, Burt AD. (1993) Pathology of alcoholic liver disease. Baillieère's Clin 

Gastroenterol 7:641-62. 

Ishak KG, Zimmerman HJ, Ray MB. (1991) Alcoholic Liver Disease: Pathologic, 

Pathogenetic and Clinical Aspects. Alcohol Clin Exp Res15:45-66. 

Johnson NA, Sachinwalla T, Walton DW, Smith K, Armstrong A, Thompson MW, George J. 

(2009) Aerobic Exercise Training Reduces Hepatic and Visceral Lipids in Obese Individuals 

Without Weight Loss. Hepatology 50: 1105-12. 

Keating SE, Hackett DA, Parker HM et al. (2015) Effect of aerobic exercise training dose on 

liver fat and visceral adiposity. J Hepatol 63:174-82. 

Keating SE., Hackett DA, George J. Johnson NA. (2012) Exercise and non-alcoholic fatty 

liver disease: A systematic review and meta-analysis. J Hepatol57:157-66. 

Larson-Meyer DE, Newcomer BR, Heilbronn LK et al. (2008) Effect of 6-Month Calorie 

Restriction and Exercise on Serum and Liver Lipids and Markers of Liver Function. Obesity 

16: 1355–62. 

Lieber CS. (1993) Aetiology and pathogenesis of alcoholic liver disease. Baillieres Clin 

Gastroenterol 7: 581-608. 

Lieber CS. (2004) Alcoholic fatty liver: its pathogenesis and mechanism of progression to 

inflammation and fibrosis. Alcohol 34: 9-19. 

Liu J. (2014) Ethanol and liver: Recent insights into the mechanisms of ethanol-induced fatty 

liver. World J Gastroenterol20: 14672-85.  

Mallikarjuna K, Nishanth K, Hou CW, Kuo CH, Reddy KS. (2009) Effect of exercise 

training on ethanol-induced oxidative damage in aged rats. Alcohol 43: 59-64.  

National Institute on Alcohol Abuse and Alcoholism - NIAAA. (2016) Turning Discovery 

Into Health National Institute on Alcohol Abuse and Alcoholism. Disponível 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ishak+KG%2C+Zimmerman+HJ%2C+Ray+MB


 

 

5 
 

em:http://pubs.niaaa.nih.gov/publications/AlcoholFacts&Stats/AlcoholFacts&Stats.pdf e 

http://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/moderate-binge-

drinking. Acessado em 30/09/2016. 

Rehm J, Samokhvalov AV, Shield KD. (2013) Global burden of alcoholic liver diseases. J 

Hepatol 59: 160-68. 

Rocco A, Compare D, Angrisani D, Zamparelli MS, Nardone G. (2014) Alcoholic disease: 

Liver and Beyond. World J Gastroenterol20: 14652-59. 

Schwartz JM, Reinus JF. (2012) Prevalence and Natural History of Alcoholic Liver Disease. 

Clin Liver Dis 16: 659-666. 

Shephard JR, Johnson N. (2015) Effects of physical activity upon the liver. Eur J 

ApplPhysiol115:1–46. 

Vermelho L. L., Leal A. J. C. e Kale P. L. (2006) Indicadores de Saúde. In: Medronho R. A., 

editor. Epidemiologia.São Paulo: Editora Atheneu p.53-54. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://pubs.niaaa.nih.gov/publications/AlcoholFacts&Stats/AlcoholFacts&Stats.pdf
http://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/moderate-binge-drinking.
http://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/moderate-binge-drinking.


 

 

6 
 

OBJETIVOS 

 

OBJETIVO GERAL 

 Avaliar a histologia hepática após uso crônico de álcool e treinamento físico em 

ratos Wistar. 

 

OBJETIVOS ESPECÍFICOS 

  

 Sumarizar conceitos clássicos da patogênese da DHA e efeitos do exercício físico 

sobre o fígado saudável e na DHA. 

 Descrever a morfologia hepática após uso crônico de álcool e treinamento físico em 

ratos Wistar. 

 Aferir área, perímetro, diâmetro máximo, diâmetro mínimo e fator forma de núcleos 

e citoplasmas de hepatócitos após uso crônico de álcool e treinamento físico em 

ratos Wistar. 

 Correlacionar alterações na morfologia e morfometria hepáticas com o uso crônico 

de álcool e treinamento físico em ratos Wistar. 

 Descrever alterações do peso, tempo de exaustão e velocidade máxima de corrida 

dos animais durante o experimento. 

 Verificar possíveis benefícios do treinamento físico na histologia hepática após uso 

crônico de álcool. 
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ABSTRACT 

 

Background: Physical exercise can be an adjunctive therapy in Alcoholic Liver Disease, for 

its possible action inversely associated with the development of steatosis, mediated by weight 

loss or by direct effects. The aim of this study was to investigate the effects of physical 

training on the liver morphology and morphometry after chronic use of alcohol in rats. 

Methods: Twenty-four Wistar rats were housed in cages with controlled environment and 

randomly divided into four groups according to treatment received. In the initial treatment, 

alcohol was administered to sedentary alcohol (SA) and exercise alcohol (EA) groups. After 

four weeks, physical training program was held on a treadmill with EA and exercise control 

(EC) groups. The following parameters were analyzed for the nucleus and cytoplasm of 

hepatocytes: area, perimeter, maximum and minimum diameter and form factor. 

Results: Microvesicular fatty degeneration, predominantly pericentrolobular, of mild to 

moderate intensity, was found especially in animals treated with alcohol. EC group showed 

nucleus area greater than the nucleus area of EA and SA groups. The form factor was lower 

in the EC group than in the EA group. EA group showed maximum cytoplasm diameter 

lower than in sedentary control (SC) group. 

Conclusions: Physical training for two weeks was not enough to suppress histopathologic 

changes in the liver caused by chronic use of alcohol in rats. Chronic use of alcohol seems to 

have minimized the beneficial effect of physical training in the nucleus area of hepatocytes. 

Keywords: Alcohol, Exercise, Steatosis, Alcoholic liver disease, Animal Model. 
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INTRODUCTION 

 Alcoholic liver disease (ALD) includes a spectrum of diseases ranging from simple 

steatosis to hepatocellular carcinoma, whose genetic and environmental factors interact to 

produce a disease phenotype and its progression (Ishak et al., 1991; Lieber, 1993; Harrison 

and Burt, 1993). This feature could explain why some individuals who make heavy use of 

alcohol (NIAAA, 2016) do not progress to steatohepatitis, while others who make moderate 

use do develop it (Lieber, 2004; Liu, 2014). However, ALD is most often associated with 

high levels of alcohol consumption (Bertola et al., 2013; Sheron, 2016). 

 Steatosis develops in approximately 90% of subjects who ingest more than 60g / day 

ethanol, but this condition is completely reversible after 4 to 6 weeks of abstinence. Fibrosis 

and cirrhosis develops in 5 to 10% of individuals. Even in mild forms of alcoholic hepatitis, 

there is a high risk of developing progressive liver damage, with the development of cirrhosis 

in over 50% of cases. Alcohol abstinence is associated with histological normalization in 

27% of patients with alcoholic hepatitis, with progression to cirrhosis in 18% and persistent 

hepatitis in the others (Frederico et al., 2015; French, 2015). Although considered a benign 

and reversible histological abnormality, patients with steatosis that persist consuming alcohol 

may develop fibrosis and in some cases, cirrhosis, without prior development of 

steatohepatitis (Schwartz and Reinus, 2012). 

 In principle, the entire global burden of ALD is preventable but difficult to achieve 

because it interferes with longstanding individual and cultural habits. The approach to 

minimize the global burden of ALD involves interventions particularly in the early stages of 

the disease (Rehm et al., 2013; Rocco, 2014). 

 In this perspective, exercise can be an adjunctive therapy in ALD treatment because 

results have suggested that the action of aerobic exercise is inversely associated with the 

development of steatosis, either mediated by weight loss, either by direct effects. Regular 
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aerobic exercises can reduce the levels of hepatic fat, and this benefit may occur, although to 

a lesser extent, with no weight loss. Studies generally address nonalcoholic fatty liver disease 

and little is known about the effect of exercise on ALD (Larson-Meyer et al., 2008; Johnson 

et al., 2009; Keating et al., 2012; Eckard et al., 2013;. Keating et al., 2015; Shephard and 

Johnson, 2015). 

 Animal models have been an important tool for understanding the progression 

mechanism of the various stages of this disease, signaling pathways that lead to injury and 

regeneration, allowing the identification of therapeutic targets (Mathews, 2014). Therefore, 

the aim of the present study was to investigate the effects of exercise training on liver 

morphology and morphometry after chronic use of alcohol in rats. 

 

MATERIALS AND METHODS 

Preparation of Animals 

 The study was approved by the Ethics Committee on Animal Use (CEUA) of the 

Federal University of Viçosa (UFV). All experimental procedures were performed in 

accordance with the ethical principles of animal experimentation, proposed by the National 

Council for Animal Experimentation Control (CONCEA). 

 Twenty-four male Wistar rats aged 90 days from the Central Animal Facility of the 

Laboratory of Biological Sciences and Health of UFV were used. The animals were randomly 

divided into four groups: 

1. Sedentary control group (no alcohol) (SC, n = 6): animals that received no alcohol and 

were not exercised. 

2. Exercise control group (no alcohol) (EC; n = 6): animals that received no alcohol but have 

been exercised. 

3. Exercise alcohol group (EA; n = 6): Animals that received alcohol and were exercised. 
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4. Sedentary alcohol group (SA; n = 6): animals that received alcohol but were not exercised. 

 Animals from experimental groups were housed in cages and divided according to 

treatments, i.e., one cage for each group in an environment with controlled average 

temperature and light-dark cycle of 12 hours (07:00 am to 07:00 pm). Animals received food 

and water ad libitum on free demand. Food and water were replenished every other day, as 

well as the cleaning of cages. Animals received food or water throughout the experiment. 

 Alcohol was administered at the dosage of 4g / kg / day, considered as heavy use 

(Mathews et al., 2014), to EA and SA animals for four weeks by gavage from 12:30 pm to 

13:30 pm (Bertola et al., 2013). Control animals received water by gavage at the same time 

for about 10 days. The initial ethanol concentration was 5% (v / v), increased by 5% (v / v) 

every two days up to final concentration of 20% (v / v). Final concentration was reached on 

the seventh day of gavage and maintained until completing the fourth week of treatment. 

Four to twelve weeks of alcohol consumption correspond to chronic use for Wistar rats 

(Mathews et al., 2014). 

 The weight of animals was obtained every two days to readjust the volume of alcohol 

administered, keeping the proportion of 4 g / Kg / day. 

 After the fourth week, alcohol administration was interrupted to EA and SA groups. 

EA and EC animals started the physical training program 24 hours after the cessation of 

alcohol consumption. 

 Physical training began with a period of adaptation of animals to run on the treadmill. 

During adaptation, the exercise groups walked 5 meters / minute for 10 minutes / day for 3 

days (50 meters per day). After the adaptation phase, exhaustion test was conducted to 

determine the maximum running speed (MRS). This test was performed as follows: the 

animal started to run at a speed of 5 meters / minute, with increments of 3 meters / minute 

every 3 minutes until each animal from experimental groups reached fatigue. The time of 
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fatigue was set and the test was stopped when the animal failed to maintain the running speed 

on the treadmill. 

 The exercise was performed 5 days / week for 2 consecutive weeks (Abadi et al, 

2013). On the first day, training duration was 30 minutes, and in the next four days, training 

duration was increased by 10 minutes / day up to 60 minutes and the intensity was maintained 

at 65% of MRS, which corresponds to physical activity of moderate intensity. Therefore, 

from the fifth day, animals exercised for 1 hour / day 

 A second exhaustion test was performed at the end of exercise training 24 hours prior 

to sacrifice in order to assess the performance of the animals. The same protocol was 

followed, calculating 65% of the new of maximum average running speed value.  

 All 24 animals completed the study after 6 weeks of experiment (four weeks of 

alcohol consumption followed by two weeks of exercise training). Euthanasia was performed 

by increasing anesthesia by 4.0% isoflurane in 100% oxygen (1L.min
-1

) and immediate 

exsanguination by cardiac puncture. This procedure started after the finding of loss of all 

reflexes including of hind limbs. 

 

Histopathological Examination of the Liver 

 After euthanasia, the liver was collected for histological analysis. The organ was fixed 

in 10% formalin for 24 hours to paralyze cellular metabolism and preserve tissue structures, 

followed by dehydration of tissues in 70, 80, 90 and 100% alcohol, followed by diafanization 

(whitening) with xylene and embedded in paraffin. Tissues were submitted to two dissolved 

paraffin exchanges (57 ± 2). Subsequently, the material was removed from the oven and left 

at room temperature to solidify. 

The paraffin block with the tissue was taken to the microtome and sliced to a 

thickness of 5µm. The paraffin sections were carefully separated by a scalpel and were placed 
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in a water bath (warm water) so that the folds caused by cutting the tissue disappeared. 

 The inclusion paraffin was removed. The section adhered to the glass slide was 

washed in xylol to dissolve the paraffin, immersed in a series of decreasing ethyl alcohol 

concentrations to be hydrated and then placed in the dye. In the case of eosin hematoxylin, 

the tissue was immersed first in haematoxylin, washed with water to remove excess and then 

immersed in eosin, being washed again, passing through increasing alcohol concentrations 

for removal of water (dehydration). A cover slip was placed over the cut delicately, covering 

and completely protecting the section. 

 Histological analysis was performed at the Laboratory of Pathology, Department of 

Medicine and Nursing, Federal University of Viçosa, in Olympus
®
 BX 41 light microscope 

Olympus BX 41. Images were obtained in Olympus C31 photomicroscope, which were 

morphometrically analyzed using the Image-Pro Plus ® software (Media Cybernetics). A 

veterinarian experienced in pathological analysis performed the blind reading of 48 hepatic 

tissue fragments (2 fragments per animal). 

 In addition to the qualitative analysis, the following parameters were analyzed for the 

nucleus and cytoplasm of hepatocytes: area, perimeter, maximum and minimum diameter and 

form factor. Six photos were taken of each fragment in 400X fields, 3 photos of the portal 

region and 3 photos of the central region, since fat accumulation initially occurs in zone 3 

(perivenular) of hepatocytes and, with the progression of steatosis, it reaches zones 2 and 1 

(periportal) (Ishak et al., 1991; Lieber, 1993; Schwartz and Reinus, 2012; Rehm et al, 2013; 

Rocco et al, 2014.). In each photos, 10 nuclei and 10 cytoplasm tissues were analyzed. The 

analysis of parameters was performed by three different researchers and the value considered 

was the average of the measurements obtained. 

 For the morphometric analysis of the cytoplasm, the Image-Pro Plus® software was 

used (Media Cybernetics). Variables "area" and "Perimeter" were directly obtained by 
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manual measurement. Since the morphology of the cytoplasm of hepatocytes is 

heterogeneous, dysmorphic and not circumferential, the cytoplasmic perimeter of hepatocytes 

obtained was transformed into circumference in order to obtain the same diameter. For this, 

parameters "maximum diameter" and "minimum diameter" were indirectly obtained using 

variables "maximum perimeter" and "minimal perimeter" (provided by manual measurement) 

and the mathematical formula C = 2πR, where C = length (perimeter) R = radius and 

diameter = 2R. 

 The form factor of nucleus and cytoplasm was calculated using the mathematical 

formula [(perimeter) 2 / 4.π.area]. The smallest value of this factor is equal to one, which 

means that the shape of the cytoplasm and / or nucleus resembles the shape of a circle. When 

this factor is greater than one, it is understood that the shape of the cytoplasm and / or nucleus 

is not circular (Silva et al, 2011). 

 

Statistical analysis 

 Initially, all data were submitted to Komolgorov-Smirnov test to verify the normality 

of data. Then, analysis of variance (ANOVA) followed by Tukey test were used for 

parameters with normal distribution. Nonparametric data were analyzed by the Kruskal-

Wallis test. The T-Student paired test was used to compare the parameters of the initial and 

final exhaustion test. Sigma Stat software version 1.0 (San Jose, California, United States of 

America) was used to perform the analyses. The significance level was 0.05. Regarding 

animal experimentation, the minimum sample size was defined according to an estimated 

variance previously described in literature (Mallikarjuna, 2009; Mallikarjuna, 2010; Mathews 

et al, 2014; Righi et al, 2016). The formula proposed by Callegari-Jacques and Cochran was 

used for the calculation. It was possible to observe significant differences with 5% 

significance, with a minimum of five animals in each group. 
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RESULTS 

Characteristics of Animals 

 The four groups of animals studied showed no statistically significant differences 

between them with respect to initial weight, weight after 4 weeks of alcohol use and weight at 

the end of two weeks of exercise (Table 1). The final weight was significantly increased in 

relation to the initial weight of SC, EC and SA groups, a fact that was not observed in the EA 

group. There was significant weight gain in EC and SA groups after 4 weeks of experiment. 

This finding was not found in SC and EA groups (Table 1). 

 Before starting the experiment, the exhaustion time (when the animal reaches fatigue) 

and the maximum running speed did not differ significantly between groups (Table 2 e 3). 

Exercise groups (EC and EA) showed significant increases in the exhaustion time and 

maximum running speed compared to SA group at the end of the experiment. However, only 

EA group showed increased exhaustion time compared to SC group (Table2 e3). 

 

Qualitative Histological Analysis (Morphology of Hepatocytes) 

 Qualitative analysis of the blades defined the following diagnostic impressions: 

▪ SC and EC groups: very mild microvesicular and pericentrolobular fatty degeneration of 

normal aspect and without alterations. 

▪ EA group: mild microvesicular and pericentrolobular fatty degeneration with small amount 

of Mallory bodies. 

▪ SA group: mild microvesicular and pericentrolobular fatty degeneration with rare Mallory 

bodies. 

 Therefore, there was microvesicular fatty liver degeneration, predominantly 

pericentrolobular of mild to moderate intensity, especially in animals fed with diet with 

alcohol. 
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Quantitative Histological Analysis (Morphometry of Hepatocytes) 

 Tables 4 and 5 show the results observed for the analysis of nucleus and cytoplasm of 

hepatocytes, respectively, in the different groups. 

 EC group showed nucleus area significantly greater than the nucleus area of EA and 

SA groups. However, the form factor observed was significantly lower in the EC group 

compared with the EA group. For the other nucleus parameters, significant differences were 

observed among groups. 

 EA group exhibited maximum cytoplasm diameter lower than the maximum diameter 

for SC group. For the other parameters, no significant differences were observed among 

groups. 

 

DISCUSSION 

 This study evaluated morphometric and histopathologic changes of hepatocytes 

induced by chronic alcohol use and the effect of physical activity on them. The main finding 

was the larger nuclear area of hepatocytes in control exercise group compared to both groups 

treated with alcohol. Initial fatty liver degeneration was also observed in animals treated with 

alcohol, with no improvement of the histopathological pattern in animals submitted to 

physical activity. 

 The hepatocyte nuclear morphometric analysis showed that the group of animals that 

were not treated with alcohol and participated in physical training (EC) had a significantly 

higher nuclear area than the nuclear area of groups treated with alcohol (SA and EA) and 

form factor significantly smaller than in the alcohol and exercise group (EA) (Table 4). The 

explanation for a smaller nuclear area observed in these animals could be that the direct 

damage to cellular DNA is among the dangers of alcohol consumption (Gallego-Durán et al., 

2013). Moderate physical activity can help reduce the hepatic oxidative stress through 
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modulation of reactive oxygen species, increase the synthesis of antioxidant enzymes, up-

regulation of protective systems against gene mutation and thermal shock, and increase 

growth factors such as follistatin (Shephard and Johnson, 2015; Guo et al, 2015). The 

increase of these substances requires larger nuclear activity, since it requires that the DNA is 

mostly in the form of euchromatin and devoid of spiral form to allow RNA transcription and 

hence with increased nuclear area. This could explain the greater nuclear area observed in 

animals that received no alcohol and underwent exercise. In the group submitted to exercise 

and alcohol consumption, this beneficial effect of exercise may have been minimized by 

previous changes caused by alcohol. Regarding the shape factor of the nucleus, closer to 1, 

the more circular its shape, possibly meaning less deformation, minor damage, which would 

be expected in the SC group. 

 In cytoplasmic morphometry, EA group had maximum cytoplasmic diameter 

significantly lower than the maximum cytoplasmic diameter of the sedentary control group 

(no alcohol intake) (Table 5). Despite this lower value, other studies have shown similar 

values for the cytoplasm of control groups (Matheus et al., 2014). Therefore, it could not be 

concluded that physical exercise in the EA group is associated with cytoplasm reduction. 

Regarding the form factor of the cytoplasm, the average of groups was between 1.44 and 1.56 

(not so close to value 1), not differing significantly, showing that its polyhedral shape with 6 

or more surfaces should have kept, even though the EA group has remained with more 

histological changes. 

 Histological analysis has shown microvesicular fatty liver degeneration, 

predominantly pericentrolobular, of mild to moderate intensity, especially in animals fed with 

diet containing alcohol. ALD appears from oxidative stress, from the toxic effects of the 

conversion of ethanol into acetaldehyde and increased lipogenic activity and decreased 

removal of liver triglycerides (Ishak et al., 1991; Lieber, 1993; Donohue, Jr., 2007; Friedrich 
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et al., 2015). The presence of more pronounced steatosis in animals receiving alcohol by 

gavage compared to those who did not use this substance confirm the effects already 

described of alcohol on liver (Schwartz and Reinus, 2012; Bertola et al, 2013;.Liu, 2014; 

Frederick et al, 2015; Sheron, 2016). In these two groups, rare Mallory bodies (MB) were 

observed, whose presence occurs in approximately 65% to 75% of cases of alcoholic hepatitis 

(Jensen and Gluud, 1994; Basaranoglu, 2011). MB are intracytoplasmic hyaline corpuscles 

that although unspecific, are primarily associated with ALD. The pathophysiology and 

pathological significance are not entirely clear; however, it is known that these bodies are 

aggregates of intermediate filaments and polypeptides of cytokeratin and other proteins, 

precipitates and insoluble, resulting from hepatocyte injury. Cytokeratins are products of 

toxic liver damage, and can contribute to the perpetuation or inflammatory injury (Kato et al, 

2006; Basaranoglu, 2011; Crawford, 2012). 

 The analysis of groups receiving alcohol, when morphologically compared to each 

other, showed that the exercise group persisted with more MB and pericentrolobular fatty 

vesicles than the sedentary group, contrary to our initial hypothesis that physical training 

associated with the cessation of the alcohol use would intensify the regression of alterations 

caused by alcohol (Ardies et al, 1987; Ardies et al., 1989; Husain & Somani, 1997). One 

factor that may have contributed to this finding may be the fact that when stopping using 

alcohol, exercised rats increased consumption of ad libitum diet to compensate for the calorie 

loss due to exercise. Increased food intake, even without significant weight gain in exercise 

alcohol group (Table 1), may have contributed to the alterations observed. Controlling caloric 

intake in further studies can help in this differentiation. Another possibility is that acute series 

of exercises transiently reduce hepatic blood flow and may reduce even more if held for long 

periods or hot environments, which could increase oxidative stress and favors the 

permanence of histological changes found (Cederbaum, 2012). It appears that the blood flow 
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progressively decreases as the exercise intensity increases. Vigorous and / or prolonged 

exercises also reduce the clearance of substances that depends on the blood flow to their 

purification. Although the intensity of exercises in our study have been moderate (Tables 2 

and 3), it was not possible to observe the liver benefits described in literature with physical 

activity in animals evaluated. 

 Aerobic and resistance exercises are also effective in reducing liver fat in patients 

with nonalcoholic fatty liver disease (Loomba and Cortez-Pinto, 2015). However, there is no 

data to support that exercise alone without weight loss can improve or reverse nonalcoholic 

steatohepatitis. Stages of the disease that progressed beyond simple steatosis may require 

more than exercise alone to achieve histological improvement. Results for non-fatty liver 

disease have shown that interventions such as changing lifestyle using exercise and calorie 

restriction inducing weight loss (loss of about 5-10% body weight) are required for 

improvement of nonalcoholic steatohepatitis (Loomba and Cortez -Pinto, 2015). The results 

observed in this study support the finding with respect to ALD, but it was not possible to 

demonstrate the benefit of physical exercise in the regression of liver histological changes 

caused by alcohol. 

 Some limitations of this study were the lack of control of the amount of water and diet 

consumed by animals; the lack of liver biopsy of animals at the end of alcohol consumption 

to evaluate histology prior to physical training, which would allow a comparison of the 

magnitude of changes caused by alcohol; the lack of serial biopsies during physical training 

to observe changes over time; the lack of liver weights; the exercise training is done after 

alcohol consumption and not combined with it; control animals received water by gavage at 

the same time in view to avoid placebo effect, but it was stopped after 10 days to avoid 

unnecessary injury and suffering; others trials used longer exercise protocols: 6,5 to 8 weeks 

(Husain &Somani, 1997; Mallikarjuna, 2009; Mallikarjuna, 2010). 
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 In conclusion, the results have indicated that aerobic physical training carried out for 

two weeks was not enough to suppress the histopathological changes in the liver caused by 

chronic alcohol use in rats. However, these data do not exclude the hepatic benefits of aerobic 

physical activity, since chronic alcohol use seems to have minimized the beneficial effect of 

physical training in the nuclear area of hepatocytes. 
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Table 1 - Average weight of animals during the experimental procedure 

Groups 

 

                                                               Parameters 

Initial weight (g) 
Weight after 4 weeks of the 

experiment (g) 

Final weight 

(g) 
p 

CS (n=6) 325 ± 22 364 ± 25 376 ± 30
 a

 0.011 

CE (n=6) 325 ± 17 379 ± 20
 a1

 375 ± 27
 a2

 <0.01 

AE (n=6) 324 ± 31 357 ± 38 362 ± 44 0.206 

AS (n=6) 328 ± 29 382 ± 32
 a3

 389 ± 35
 a4

 <0.05 

CS = sedentarycontrol (no alcohol), CE = controlexercise (no alcohol), AE = alcoholexercise, AS = sedentaryalcohol. Area: Data presented 

as mean and standard deviation (p <0.05). Significant differences are represented by letter: a. vs. Initial weight (p = 0.002 a1; a2 p = 0.003; p 

= 0.012 a3; a4 p = 0.026, ANOVA followed by Tukey test). 
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Table 2 - Mean exhaustion test and maximum speed values at the beginning and end of the experiment 

Parameters 

Groups p 

CS (n=6) CE (n=6) AE (n=6) AS (n=6)  

Time (minutes) – Beginning 13 ± 3 14 ± 4 16 ± 4 11 ± 2 0.092 

Time (minutes) – End 15 ± 2 21 ± 6
 b1

 22 ± 5
a
 13 ± 2 <0.05 

Maximum average speed 

(m/min) – Beginning 17 ± 3 17 ± 4 20 ± 4 15 ± 2 0.090 

Maximum average speed 

 (m/min) – End 19 ± 2 25 ± 7
 b2

 26 ± 6
 b3

 17 ± 2 <0.05 

CS = sedentarycontrol (no alcohol), CE = controlexercise (no alcohol), AE = alcoholexercise, AS = sedentaryalcohol. Area: Data presented 

as mean and standard deviation (p <0.05). Significant differences are represented by letter: a. vs  AS (p=0.006) and CS (p=0.031) groups, b. 

vs AS group (b1 p=0.017; b2 p=0.020; b3 p=0.014; ANOVA followed by Tukey test). 
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Table 3 - Mean exhaustion test and maximum speed values at the beginning and end of the experiment 

Groups Exhaustion time (min) – Beginning Exhaustion time (min) – Final p 

CS (n=6) 13 ± 3 15 ± 2 0.193 

CE (n=6) 14 ± 4 21 ± 6 0.010 

AE (n=6) 16 ± 4 22 ± 5 0.034 

AS (n=6) 11 ± 2 13 ± 2 0.086 

 

Maximum speed 

(m/min) – Beginning 

Maximum speed 

 (m/min) – End 
 

CS (n=6) 17 ± 3 19 ± 2 0.185 

CE (n=6) 17 ± 4 25 ± 7 0.005 

AE (n=6) 20 ± 4 26 ± 6 0,048 

AS (n=6) 15 ± 2 17 ± 2 0,175 

CS = sedentarycontrol (no alcohol), CE = controlexercise (no alcohol), AE = alcoholexercise, AS = sedentaryalcohol. Area: Data presented 

as mean and standard deviation, the form factor data presented as median and interquartile difference (p <0.05). Significant differences are 

represented by the letter: a. vs CS group (paired Student t-test). 



 

 

36 
 

 

Table 4 - Parameters assessed in the nucleus of hepatocytes 

Parameters 

Groups  p 

CS (n=6) CE (n=6) AE (n=6) AS (n=6)  

Area (μm²) 42.2 ± 4.1 45.7 ± 3.1
a
 41.8 ± 4.5 41.5 ± 5.2 <0.05 

Perimeter  (μm) 23.0 (22.0 – 23.9) 22.6 (21.9 – 23.3) 22.4 (22.0 – 23.7) 22.1 (21.4 – 23.6) 0.537 

Maximum diameter 

(μm) 9.3 (8.8 – 9.9) 8.9 (8.6 – 9.4) 8.9 (8.3 – 9.4) 9.4 (8.9 – 9.4) 0.878 

Minimum diameter 

(μm) 5.6 (5.1 – 5.7) 5.7 (5.2 – 5.8) 5.6 (5.2 – 5.8) 5.7 (5.2 – 6.0) 0.613 

Form Factor  0.983 (0.982 – 0.988) 0.981 (0.783 – 0.984)
b
 0.985 (0.983 – 0.989) 0.983 (0.977 – 0.987) 0.044 

CS = sedentarycontrol (no alcohol), CE = controlexercise (no alcohol), AE = alcoholexercise, AS = sedentaryalcohol. Area: Data presented 

as mean and standard deviation, the form factor data presented as median and interquartile difference (p <0.05). Significant differences are 

represented by the letters: a. vs  AE (p=0,026) and AS groups (p=0,047), b. vs AE group (ANOVA followed by Tukey test). 
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Table 5 - Parameters evaluated in the cytoplasm of hepatocytes 

Parameters 

Groups  p 

CS (n=6) CE (n=6) AE (n=6) AS (n=6) 
 

Area (μm²) 327 ± 41 326 ± 33 288 ± 25 320 ± 29 0.152 

Perimeter  (μm) 76.2 ± 1.9 79.0 ± 3.9 74.9 ± 4.3 77.6 ± 3.6 0.263 

Maximum diameter 

(μm) 29.8 ± 2.3 27.7 ± 1.2 26.6 ± 1.8
 a
 28.0 ± 1.6 0.027 

Minimum diameter 

(μm) 21.2 ± 1.8 22.7 ± 1.3 21.4 ± 1.3 21.7 ± 0.8 0.264 

Form Factor  1.44 (1.34 – 1.57) 1.53 (1.49 – 1.57) 1.56 (1.49 – 1.58) 1.49 (1.48 – 1.52) 0.331 

CS = sedentarycontrol (no alcohol), CE = controlexercise (no alcohol), AE = alcoholexercise, AS = sedentaryalcohol. Area: Data presented 

as mean and standard deviation, the form factor data presented as median and interquartile difference (p <0.05). Significant differences are 

represented by the letters: a. vs  CS (p=0,026) and AS groups (p=0,047(ANOVA followed by Tukey test). 
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TABLE LEGENDS 

 

TABLE 1 

CS = sedentarycontrol (no alcohol), CE = controlexercise (no alcohol), AE = 

alcoholexercise, AS = sedentaryalcohol. Area: Data presented as mean and standard 

deviation (p <0.05). Significant differences are represented by letter: a. vs. Initial weight 

(p = 0.002 a1; a2 p = 0.003; p = 0.012 a3; a4 p = 0.026, ANOVA followed by Tukey 

test). 

 

TABLE 2 

CS = sedentarycontrol (no alcohol), CE = controlexercise (no alcohol), AE = 

alcoholexercise, AS = sedentaryalcohol. Area: Data presented as mean and standard 

deviation (p <0.05). Significant differences are represented by letter: a. vs  AS 

(p=0.006) and CS (p=0.031) groups, b. vs AS group (b1 p=0.017; b2 p=0.020; b3 

p=0.014; ANOVA followed by Tukey test). 

 

TABLE 3 

CS = sedentarycontrol (no alcohol), CE = controlexercise (no alcohol), AE = 

alcoholexercise, AS = sedentaryalcohol. Area: Data presented as mean and standard 

deviation, the form factor data presented as median and interquartile difference (p 

<0.05). Significant differences are represented by the letter: a. vs CS group (paired 

Student t-test). 

 

TABLE 4 

CS = sedentarycontrol (no alcohol), CE = controlexercise (no alcohol), AE = 

alcoholexercise, AS = sedentaryalcohol. Area: Data presented as mean and standard 

deviation, the form factor data presented as median and interquartile difference (p 
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<0.05). Significant differences are represented by the letters: a. vs  AE (p=0,026) and 

AS groups (p=0,047), b. vs AE group (ANOVA followed by Tukey test). 

 

 

TABLE 5 

CS = sedentarycontrol (no alcohol), CE = controlexercise (no alcohol), AE = 

alcoholexercise, AS = sedentaryalcohol. Area: Data presented as mean and standard 

deviation, the form factor data presented as median and interquartile difference (p 

<0.05). Significant differences are represented by the letters: a. vs  CS (p=0,026) and 

AS groups (p=0,047 (ANOVA followed by Tukey test). 
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CONCLUSÕES GERAIS 

 

O primeiro estudo de revisão demonstrou que a ingesta crônica de álcool causa 

danos tóxicos diretos e indiretos ao aumentar o estresse oxidativo, reduzir os níveis de 

antioxidantes não-enzimáticos, reduzir a relação NAD+/NADH, alterar a função 

mitocondrial, aumentar a peroxidação lipídica e aumentar a produção de acetaldeído. 

Por outro lado, os exercícios podem ser uma terapia útil para melhorar a performance e 

capacidade funcional em indivíduos com doença hepática, podendo ter alguma 

influência positiva direta, além da simples modificação dos níveis de gordura no fígado. 

Parece também que a intensidade da atividade física é importante para prevenir a 

progressão da doença, porém mais estudos são necessários para definir se o exercício 

físico pode restaurar a saúde hepática e qual seria a quantidade e o tipo de exercício 

necessários. 

O principal achado do segundo estudo foi a maior área nuclear dos hepatócitos no 

grupo controle exercitado comparada a ambos os grupos tratados com álcool. 

Degeneração hepática gordurosa inicial também foi observada nos animais tratados com 

álcool, sem melhora do padrão histopatológico nos animais que praticaram atividade 

física. A análise morfométrica nuclear hepatocitária demonstrou que o grupo CE 

apresentou área nuclear significativamente maior do que a área nuclear dos grupos AS e 

AE e fator forma significativamente menor do que no grupo AE. Portanto, os resultados 

apresentados pelo segundo estudo evidenciaram que o treinamento físico aeróbico 

realizado por duas semanas não foi suficiente para suprimir as alterações 

histopatológicas do fígado causadas pelo uso crônico de álcool em ratos Wistar. No 

entanto, esses dados não excluem os benefícios hepáticos da atividade física aeróbica, 

uma vez que o uso crônico do álcool parece ter minimizado o efeito benéfico do 

treinamento físico na área do núcleo dos hepatócitos. Além disso, a presença de 

esteatose hepática foi mais pronunciada nos animais que receberam álcool por gavagem 

em comparação aos que não fizeram uso dessa substância, confirmando os efeitos já 

descritos do álcool no fígado. 

Os resultados encontrados nessa dissertação evidenciam que a Doença Hepática 

Alcóolica contribui significativa para a carga global de morbimortalidade, sendo a 

cessação do uso de álcool sua principal terapêutica. Porém, mesmo com a interrupção 

do uso de álcool, uma vez que lesões mais graves aparecem e, em alguns casos lesões 

mais leves como a esteatose, a doença continua sua progressão. Portanto, terapêuticas 
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coadjuvantes em seu tratamento precisam ser investigadas. O exercício físico tem sido 

correlacionado com benefícios na histologia e função hepáticas tanto por reduzir a 

gordura hepática, quanto por efeitos diretos, havendo necessidade de mais estudos. 

Nosso experimento não conseguiu demonstrar supressão das alterações hepáticas 

causadas pelo uso crônico de álcool pelo treinamento físico, mas sugeriu que o álcool 

minimizou o efeito do álcool na área do núcleo. É possível que uma duração maior do 

treinamento físico seja necessária para demonstrar benefícios, levando a perspectiva de 

novo experimento, aperfeiçoando o protocolo de exercício físico e controle das 

limitações identificadas.  
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Anexo A 

Aprovação do projeto pela 

Comissão de Ética no Uso de 

Animais (CEUA) da Universidade 

Federal de Viçosa (UFV) 
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Anexo C 

Folha de Produtividade 
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MESTRADO EM EDUCAÇÃO FÍSICA 

 

 

  
Universidade Federal de Viçosa 

Departamento de Educação Física 

Universidade Federal de Juiz de Fora 

Faculdade de Educação Física e Desportos 

 

 

FOLHA DE ATIVIDADES DESENVOLVIDAS NO CURSO 

 

 
 

 

1. PARTICIPAÇÃO EM ARTIGOS COMPLETOS PUBLICADOS EM PERIÓDICOS 

Não há 

 

 

 

2. PARTICIPAÇÃO EM ARTIGOS ACEITOS  EM PERIÓDICOS 

Não há 

 

 

 

3. PARTICIPAÇÃO EM ARTIGOS SUBMETIDOS  EM PERIÓDICOS 

 

AUTORES: Marina Silva de Lucca, Eveline Torres Pereira, Luciana Moreira Lima. 

TÍTULO: Interações entre exercício físico, álcool e fígado 

REVISTA: Revista Médica de Minas Gerais 

Origem: 

[  ] Trabalho originário de disciplina do mestrado: EFI 792 

[x] Trabalho originário do texto da dissertação. 

[  ] Trabalho originário de outras parcerias   
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AUTORES: Marina Silva de Lucca, Eveline Torres Pereira, Thamires Righi,Camilo 

Amaro de Carvalho, Clayton Israel Nogueira, Daise Nunes Queiroz da Cunha, 

Antônio José Natali, Luciana Moreira Lima 

TÍTULO: Hepatocytes morphometry after chronic use of alcohol and exercise 

training in rats 

REVISTA: Alcoholis: Clinical & Experimental Research. 

Origem: 

[  ] Trabalho originário de disciplina do mestrado: EFI 616 

[x] Trabalho originário do texto da dissertação. 

[  ] Trabalho originário de outras parcerias   

 

 

 

AUTORES: Bruno David Henriques, Amanda Márcia dos Santos Reinaldo, Lilian 

Fernandes Arial Ayres, Marina Silva de Lucca, Regina Lunardi Rocha. 

TÍTULO:Uso de crack e outras drogas: percepção familiar em relação à rede de 

suporte em um centro de referência. 

REVISTA: Revista Ciência e Saúde Coletiva 

Origem: 

[  ] Trabalho originário de disciplina do mestrado: EFI 616 

[  ] Trabalho originário do texto da dissertação. 

    [ x] Trabalho originário de outras parcerias   

 

 

 

AUTORES: Bruno David Henriques, Amanda Márcia dos Santos Reinaldo, Lilian 

Fernandes Arial Ayres, Marina Silva de Lucca, Regina Lunardi Rocha. 

TÍTULO: Análise compreensiva do significado dado pelos pais e responsáveis às 

ações do poder público em relação ao uso de crack e outras drogas pelo filho. 

REVISTA:Revista Médica de Minas Gerais 

Origem: 

[  ] Trabalho originário de disciplina do mestrado: EFI 616 

[  ] Trabalho originário do texto da dissertação. 

    [ x] Trabalho originário de outras parcerias   
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AUTORES: Bruno David Henriques, Amanda Márcia dos Santos Reinaldo, Lilian 

Fernandes Arial Ayres, Marina Silva de Lucca, Tiago Ricardo Moreira, Regina Lunardi 

Rocha. 

TÍTULO: O uso de crack e outras drogas por crianças e adolescentes e suas 

repercussões no ambiente familiar. 

REVISTA: Revista de Enfermagem Anna Nery. 

Origem: 

[  ] Trabalho originário de disciplina do mestrado: EFI 616 

[  ] Trabalho originário do texto da dissertação. 

    [ x] Trabalho originário de outras parcerias   

 

 

 

4. LIVROS PUBLICADOS EM PERIÓDICOS 

Não há 

 

 

 

5. PARTICIPAÇÃO EM CAPÍTULO DE LIVROS PUBLICADOS 

Não há 

 

 

 

6. PARTICIPAÇÃO EM JORNAIS DE NOTÍCIAS OU REVISTAS 

Não há 

 

 

 

7. PARTICIPAÇÃO EM CONGRESSOS, SEMINÁRIOS, CURSOS, SIMPÓSIOS 

COMO PALESTRANTE   

 

Não há 
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8. RESUMOS ENVIADOS PARA CONGRESSOS – aceitos 

 

 

 

PÔSTER: Uso crônico de álcool, Treinamento Físico e DHA 

EVENTO: XXXIV Congresso Brasileiro de Psiquiatria 

 

 

 

PÔSTER: Esquizofrenia de início tardio ou muito tardio  

EVENTO: XXXIV Congresso Brasileiro de Psiquiatria 

 

 

 

PÔSTER: Insight e esquizofrenia: breve revisão de conceito 

EVENTO: XXXIV Congresso Brasileiro de Psiquiatria 

 

 

 

APRESENTAÇÃO ORAL: Histologia Hepática após uso crônico de álcool e 

treinamento físico em ratos Wistar. 

EVENTO: XV Semana Brasileira do Aparelho Digestivo – SBAD 2016 

 

 

 

PÔSTER: Interações entre exercício físico, álcool e fígado 

EVENTO: XV Semana Brasileira do Aparelho Digestivo – SBAD 2016 
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9. VISITAS TÉCNICAS, INTERCÂMBIOS OU ESTÁGIOS 

 

Não há 

 

 

 

 

10. ORIENTAÇÕES 

 

Orientação de bolsista de extensão universitária na UFV – 2 alunos 

 

Orientação de estagiário voluntário da UFV – 1 aluno 

 

 

 

 

11. PARTICIPAÇÃO EM BANCAS 

 

Banca de seleção de monitores no Departamento de Medicina e Enfermagem : 

 

 

 

1) 08/04/2016 

O Chefe do Departamento de Medicina e Enfermagem, da Universidade 

Federal de Viçosa, no uso de suas atribuições, conferidas pela Portaria Nº 

0581/2015/RTR, de 19/06/2015, resolve 1. Reconhecer a banca formada pelos 

professores LEANDRO DAVID WENCESLAU, matrícula 11408-1/UFV, 

ALEX FABRÍCIO DE OLIVEIRA, matrícula 12075-8/UFV e MARINA 

SILVA DE LUCCA, matrícula 11067-1/UFV, para, sob a presidência do 

primeiro, comporem a Banca Examinadora de Concurso para seleção de 6 

(seis) Monitores Voluntários, Nível I, para atuarem nas disciplinas MED 291- 

Prática profissional e saúde III e MED 292- Prática Profissional e saúde IV 

Eixo: Comunicação clínica e raciocínio clínico epidemiológico, no 1º período 

letivo de 2016. 
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2) 04/07/2016 

O Chefe do Departamento de Medicina e Enfermagem, da Universidade Federal 

de Viçosa, no uso de suas atribuições, conferidas pela Portaria Nº 

0581/2015/RTR, de 19/06/2015, resolve 1. Reconhecer a banca formada pelos 

professores LEANDRO DAVID WENCESLAU, matrícula 11408-1/UFV, 

ALEX FABRÍCIO DE OLIVEIRA, matrícula 12075-8/UFV e MARINA SILVA 

DE LUCCA, matrícula 11067-1/UFV, para, sob a presidência do primeiro, 

comporem a Banca Examinadora de Concurso para seleção de 1 (um) Monitores 

Bolsista, Nível I, para atuarem nas disciplinas MED 291- Prática profissional e 

saúde III e MED 292- Prática Profissional e saúde IV Eixo: Comunicação clínica 

e raciocínio clínico epidemiológico, no 1º período letivo de 2016. 

 

 

 

 

 

 

3) 27/03/2015 

Reconhecer a banca formada pelos professores LEANDRO DAVID 

WENCESLAU, matrícula 11408-1/UFV, DÉBORA FERREIRA DE 

CARVALHO, matrícula 11069-8/UFV e MARINA SILVA DE LUCCA, 

matrícula 11067-1/UFV, para, sob a presidência do primeiro, comporem a 

Banca Examinadora de Concurso para seleção de 1 (um) Monitor Bolsista, 

Nível I, para atuar nas disciplinas MED 291 – Prática Profissional e Trabalho 

em Saúde III e MED 292 – Prática Profissional e Trabalho em Saúde IV, no 1º 

período letivo de 2015. 

 

 

 

 

 

 

 

4) 27/03/2015 

Reconhecer a banca formada pelos professores LEANDRO DAVID 

WENCESLAU, matrícula 11408-1/UFV, DÉBORA FERREIRA DE 

CARVALHO, matrícula 11069-8/UFV e MARINA SILVA DE LUCCA, 

matrícula 11067-1/UFV, para, sob a presidência do primeiro, comporem a 

Banca Examinadora de Concurso para seleção de 5 (cinco) Monitores 

Voluntários, Nível I, para atuarem nas disciplinas MED 291 – Prática 

Profissional e Trabalho em Saúde III e MED 292 – Prática Profissional e 

Trabalho em Saúde IV, no 1º período letivo de 2015. 
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12. AULAS MINISTRADAS DE GRADUAÇÃO NA UFV 

Código Disciplina Ano Sem. Alunos Teóricas Práticas 

 

MED 
192  

PRÁTICA PROFISSIONAL E TRABALHO 
EM SAÚDE II 

2014 2 24 2 76 

MED 
222  

MECANISMOS BÁSICOS DO 
PROCESSO SAÚDE-DOENÇA II 

2014 2 48 0 140 

MED 
292  

PRÁTICA PROFISSIONAL E TRABALHO 
EM SAÚDE IV 

2014 2 48 1 120 

MED 
351  

CUIDADO INTEGRAL À SAÚDE DA 
MULHER, DA CRIANÇA E DO 
ADOLESCENTE II 

2014 2 30 4 0 

MED 
362  

CUIDADO INTEGRAL À SAÚDE DO 
ADULTO E DO IDOSO II 

2014 2 46 13 0 

MED 
394  

PRÁTICA PROFISSIONAL E TRABALHO 
EM SAÚDE VIII 

2014 2 44 0 4 

 

Disciplinas : 6          Horas lecionadas  : 360 Alunos : 240 

 

 

 
 
 

https://www.dti.ufv.br/radocnew/AulasDetalhe.asp?Chave=MED%20192%20%20%20&Chave1=2014&Chave2=2
https://www.dti.ufv.br/radocnew/AulasDetalhe.asp?Chave=MED%20192%20%20%20&Chave1=2014&Chave2=2
https://www.dti.ufv.br/radocnew/AulasDetalhe.asp?Chave=MED%20222%20%20%20&Chave1=2014&Chave2=2
https://www.dti.ufv.br/radocnew/AulasDetalhe.asp?Chave=MED%20222%20%20%20&Chave1=2014&Chave2=2
https://www.dti.ufv.br/radocnew/AulasDetalhe.asp?Chave=MED%20292%20%20%20&Chave1=2014&Chave2=2
https://www.dti.ufv.br/radocnew/AulasDetalhe.asp?Chave=MED%20292%20%20%20&Chave1=2014&Chave2=2
https://www.dti.ufv.br/radocnew/AulasDetalhe.asp?Chave=MED%20351%20%20%20&Chave1=2014&Chave2=2
https://www.dti.ufv.br/radocnew/AulasDetalhe.asp?Chave=MED%20351%20%20%20&Chave1=2014&Chave2=2
https://www.dti.ufv.br/radocnew/AulasDetalhe.asp?Chave=MED%20362%20%20%20&Chave1=2014&Chave2=2
https://www.dti.ufv.br/radocnew/AulasDetalhe.asp?Chave=MED%20362%20%20%20&Chave1=2014&Chave2=2
https://www.dti.ufv.br/radocnew/AulasDetalhe.asp?Chave=MED%20394%20%20%20&Chave1=2014&Chave2=2
https://www.dti.ufv.br/radocnew/AulasDetalhe.asp?Chave=MED%20394%20%20%20&Chave1=2014&Chave2=2

