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Figure 1. Host–microbiome interactions during liver disease.
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chronic steatosis are more susceptible 
to f brotic liver disease (Teli et al. 1995), 
because the presence of fat likely rep-
resents a greater risk for lipid peroxida-
tion and oxidative damage.

Alcoholic hepatitis is a more severe, 
inf ammatory type of liver injury char-
acterized by swollen, dying hepatocytes 
(i.e., ballooning degeneration), neutro-
philic inf ltration, and the development 
of tangled aggregates of insoluble proteins 
called Mallory-Denk bodies within 
hepatocytes. Central to hepatitis devel-
opment is the activation of KCs, the 
resident liver macrophages.

Fibrosis and its terminal or late stage, 
cirrhosis, refer to the deposition of 
abnormal amounts of extracellular 
matrix proteins, principally by acti-
vated HSCs. Patients initially exhibit 
active pericellular f brosis, which may 
progress to cirrhosis, the late stage of 
hepatic scarring. However, some degree 
of hepatitis likely is always present in 
cirrhotic patients, whereas hepatic fat 
usually is not prominent in these indi-
viduals. T e World Health Organiza-
tion’s (2014) Global Status Report on 
Alcohol and Health estimates that 50 
percent of all deaths caused by cirrhosis 
were attributable to alcohol abuse.

T e following sections provide a 
detailed description of the mechanisms 
involved in the development of these 
major lesions.

Mechanisms Involved  
in Alcoholic Steatosis

As the preceding section on ethanol 
metabolism stated, ethanol and acetal-
dehyde oxidations generate higher levels 
of NADH, which alters the cellular 
redox potential and enhances lipid 
synthesis (i.e., lipogenesis). However, 
ethanol-induced redox change alone 
does not fully explain why the liver 
rapidly accumulates fat. More recent 
studies now strongly support the 
notion that ethanol-induced steatosis 
is multifactorial as discussed below  
(see f gure 4).

Alcohol Accelerates Hepatic  
Lipogenesis

Enhanced lipid synthesis results from a 
higher expression of lipogenic enzymes 
and cytokines (see table 2) that are 
encoded by genes regulated by two 
transcription factors, sterol regulatory 
element binding protein-1c (SREBP-1c) 
and early growth response-1 (Egr-1). 
SREBP-1c belongs to a family of tran-
scription factors that control hepatic

 

cholesterol metabolism. However, in 
heavy drinkers, ethanol oxidation 
short-circuits hepatic lipid metabolism, 
converting the liver from a lipid-burning 
to a lipid-storing organ. T us, hepatic 
SREBP-1c is relatively inactive in 
hepatocytes of abstinent people, resid-
ing mostly in the ER. However, in a 
person who binges or habitually drinks, 
hepatic ethanol oxidation triggers the 
translocation of SREBP-1c from the 
ER to the Golgi apparatus, where it 

Figure 2  Spectrum of alcoholic liver disease. Heavy ethanol consumption produces a wide 

spectrum of hepatic lesions. Fatty liver (i.e., steatosis) is the earliest, most common 

response that develops in more than 90 percent of problem drinkers who consume 

4 to 5 standard drinks per day. With continued drinking, alcoholic liver disease can 

proceed to liver inflammation (i.e., steatohepatitis), fibrosis, cirrhosis, and even liver 

cancer (i.e., hepatocellular carcinoma).

Steatosis

Normal Liver

Steatohepatitis

Fibrosis

Cirrhosis

Hepatocellular
Carcinoma

Enzyme Abbreviation Function

Fatty Acid Synthase           FAS Synthesizes fatty acids from acetyl  

coenzyme A (CoA) and palmitate

Acyl CoA Carboxylase           ACC Synthesizes malonyl CoA from acetyl CoA

ATP Citrate Lyase           ACL Converts citrate and CoA to acetyl CoA

Stearoyl CoA Desaturase          SCD Synthesizes unsaturated fatty acids (oleate) 

from saturated fatty acids (stearate)

Malic Enzyme           ME Generates reducing equivalents (NADPH)  

for triglyceride synthesis

Table 2 Lipogenic Enzymes Regulated by SREBP-1c

9012_NIAAA_ARCR_Journal_Organs_vol38_#2_TXT_v01.indd   10 4/6/17   3:05 PM

Osna NA et al. Alcoholic Liver Disease: Pathogenesis and Current

Management. 2017. 38(2):7-21. Alcohol Research Current Review

Espectro de Doença Hepática 
Alcoólica:DAF



Stickel F et al. 
Gut Liver 2017;11:173-188 



Bruha R et al . Alcoholic liver disease World J Hepatol 2012; 4(3): 81-90 



Alcoholic Liver Disease: Pathogenesis and Current Management |  11

undergoes proteolytic maturation to  
its active form, generating a transcrip-
tionally active SREBP protein frag-
ment that enters the nucleus and 
enhances lipogenic gene expression 
(see table 2). Egr-1 controls the expres-
sion of genes that respond to cellular 
stress. It binds to gene promoter regions 
that are relevant to alcohol-induced 
liver injury and steatosis. T e most 
notable of these is tumor necrosis factor 
alpha (TNFα), a lipogenic cytokine. 
Additionally, because Egr-1 is activated 
very early after ethanol administration 
(Donohue et al. 2012), it also regu-
lates the expression of the SREBP-1c 
gene (T omes et al. 2013). Figure 5 
shows the postulated scheme of tran-
scriptional control that contributes  
to enhanced lipogenesis in the liver.

In addition to enhanced hepatic 
lipogenesis, fat (i.e., adipose) tissue 
contributes to the development of ste-
atosis. Adipose tissue normally is an 
important energy depot, storing excess 
calories derived from food consumption 
as fat. When necessary, high-energy  
fat then can be used to fulf ll energy 
requirements during times of low 
nutrition (e.g., fasting) or high calorie 
utilization (e.g., exercise). Research 
with rodents subjected to chronic 
alcohol feeding has shown that ethanol 
consumption reduces adipose tissue 
mass by enhancing fat breakdown 
(i.e., lipolysis) in adipose tissue (Kang 
et al. 2007; Wang et al. 2016; Wei et 
al. 2013). T e free fatty acids released 
from adipose tissue are taken up by 
the liver and esterif ed into triglycerides, 
thereby exacerbating fat accumulation 
in the liver (Wei et al. 2013). Clinical 
studies also have demonstrated that 
people with alcohol use disorder who 
have fatty liver have signif cantly lower 
body weight, body mass index, and 
body-fat mass content than control 
subjects (Addolorato et al. 1997, 1998).

Alcohol Decelerates Hepatic  
Lipid Breakdown

Because most lipids in hepatocytes are 
stored in lipid droplets, these organ-
elles must f rst be degraded to extract 

Figure 3  Illustration of “standard drinks” in order of increasing ethanol content among  

currently available alcoholic beverages. According to the National Institute on 

Alcohol Abuse and Alcoholism, the amount of beverage containing approximately 

14 g of pure ethanol is defined as a standard drink. The percent of pure alcohol, 

expressed as alcohol by volume (alc/vol), varies by beverage. Thus, 12 ounces  

(360 mL) of beer at 6 percent alc/vol, 5 ounces (150 mL) of wine at 12 percent 

alc/vol, or 1.5 ounces (45 mL) of distilled spirits at 40 percent alc/vol each are 

equivalent to a standard drink. Although the standard-drink amounts are helpful for 

following health guidelines, they may not reflect customary serving sizes. In addition, 

although the alcohol concentrations listed are typical, there is considerable variability 

in actual alcohol content within each type of beverage.
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Figure 4 Hepatic and extrahepatic mechanisms that contribute to the development of  

alcoholic fatty liver (i.e., steatosis). 

NOTE: FA = fatty acid; VLDL = very low density lipoprotein.

Hepatic and Extrahepatic Sources of Alcoholic Fatty Liver

Arrested Lipophagy

& Diminished

FA Oxidation 

FA Inf ux From 

Adipose Tissue

Enhanced
Lipogenesis

Reduced Adipokine

Production

Impaired VLDL 
Secretion

STEATOSIS

9012_NIAAA_ARCR_Journal_Organs_vol38_#2_TXT_v01.indd   11 4/6/17   3:05 PM

Teor de Etanol de Bebidas 
alcoólicas atualmente disponíveis

Osna NA et al. Alcoholic Liver Disease: Pathogenesis and Current

Management. 2017. 38(2):7-21. Alcohol Research Current Review



Equivale a 

aproximadamente 

10 g de Etanol



232 | APRIL 2015 | VOLUME 12 www.nature.com/ nrgastro

alcohol dehydrogenase, which is mainly expressed in the 

liver and gastrointestinal tract.11 Two other systems can 

lead to ethanol oxidation: catalase, levels of which are 

negligible in the liver,11 and microsomal ethanol oxidation 

Key points

 ■ Alcoholic liver disease (ALD) is characterized by a complex spectrum of 

histological lesions, ranging from steatosis to cirrhosis

 ■ Alcoholic hepatitis is a specific entity, which is associated with a fast 

progression to cirrhosis and with liver failure and a poor outcome in its most 

severe form

 ■ ALD is characterized by oxidative stress, disturbance of hepatocyte metabolism, 

liver inflammation, modifications in the regeneration process and translocation 

of bacterial products from the gut microbiota into the portal blood stream

 ■ Because animal models do not reproduce the complete spectrum of alcohol-

induced hepatic lesions, translational research based on human samples is 

crucial to identify new treatment options

 ■ The best-documented treatment for severe alcoholic hepatitis is 

corticosteroids, but this treatment is not ideal and 40% of patients still die 

after a short period of time

 ■ The future evaluation of new strategies in severe alcoholic hepatitis should 

focus not only upon survival, but also on surrogate markers of outcome, with a 

specific plan of development

system, based on cytochromes P450 and in particular 

CYP2E1.12,13 Under normal conditions, CYP2E1 accounts 

for 10% of ethanol oxidation,14 but this system is induc-

ible by its substrates, in particular ethanol itself. CYP2E1 

is mainly expressed in the perivenous zone (Rappaport 

zone 3), which might partially explain why alcohol-related 

liver injury is more frequent in this part of the hepatic 

lobule.11,15 Regardless of the involved pathway, after oxi-

dation most acetaldehyde is converted into acetate by 

aldehyde dehydrogenase, which is expressed in the cyto-

plasm and in mitochondria. This reaction is catalyzed by 

NAD+/NADH and increases the amounts of NADH in the 

liver.13 As alcohol dehydrogenase, CYP2E1 and aldehyde 

dehydrogenase are mainly expressed in hepatocytes, most 

of the direct cellular toxicity of ethanol affects these cells.

Ethanol metabolism leads to accumulation of reac-

tive oxygen species (ROS), mainly hydrogen peroxide 

(H
2
O

2
) and superoxide anion O

2
–,16 which is exacerbated 

by hypoxia, bacterial translocation and the release of pro-

inflammatory cytokines. Given their short half-life and 

high reactivity, these radicals quickly bind to ethanol or 

iron atoms to form reactive metabolites such as hydroxyl 

radical (OH), ferrous oxide (FeO) or hydroxyethyl radical 

(CH
3
CHOH), which are all responsible for lipid peroxi-

dation of cell membranes. Mitochondria (through their 

respiratory chain), the endoplasmic reticulum (through 

CYP2E1) and Kupffer cells (through NADPH oxidase)17 

are the main sources of ROS. During alcohol-induced 

liver injury, iron is also involved in oxidative stress and 

promotes fibrosis by catalysing the formation of ROS.18,19

The cytotoxic effects of ethanol metabolism and ROS 

lead to cell death; evidence exists of apoptosis and necrosis 

in ALD.20 DAMPs (damage-associated molecular patterns) 

are released after cell death, mainly necrosis, and trigger 

macrophage and neutrophil activation, fibrogenesis and 

hepatic regeneration.20 Senescence (via natural killer 

[NK] cells) and autophagy are regulators of liver inflam-

mation after cell death and the release of DAMPs.21,22 

Although it is tempting to hypothesize that these mol-

ecules (for example, HMGB1 and miR-122) have a key 

role in a lcohol-induced cell death, few data are available in 

ALD compared with other liver diseases such as NAFLD 

or paracetamol-induced liver failure.

Chronic exposure to ethanol induces glutathione deple-

tion, which makes hepatocytes more sensitive to oxidative 

stress,23–26 as reduced (not oxidized) glutathione protects 

cells against ROS.27,28 Heme oxygenase-1 (HO-1) is also a 

protective factor against oxidative stress in ALD because 

it blocks CYP2E1 activity, reducing generation of ROS.29

The endoplasmic reticulum is a central organelle for the 

maturation of proteins, in particular their folding process. 

In response to various stimuli, incomplete maturation 

produces an accumulation of unfolded proteins in the 

lumen of the endoplasmic reticulum that activate several 

pathways leading to endoplasmic reticulum stress.30 In 

ALD, enhanced endoplasmic reticulum stress, due in 

part to ROS and hyperhomocysteinemia,31 participates 

in inflammation through the activation of NF-κB and 

JNK, and in apoptosis, in particular through disruption 

of cellular calcium homeostasis and the activation of the 

Nature Reviews | Gastroenterology & Hepatology

Hepatocyte

Inf ammation
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Figure 1 | Metabolism of ethanol and related cell injury. Ethanol is mainly metabolized 

by alcohol dehydrogenase and MEOS into acetaldehyde, which is responsible for 

the generation of ROS. ROS cause oxidative stress, ER stress and steatosis. ROS 

are also generated through activation of NADPH oxidase in Kupffer cells. All 

these changes in hepatocyte metabolism lead to inflammation and apoptosis. 

Abbreviations: ADH, alcohol dehydrogenase; ALDH, aldehyde dehydrogenase; 

CYP2E1, cytochrome P450 2E1; ER, endoplasmic reticulum; GSH, reduced 

glutathione; HO-1, heme oxygenase 1; IRF3, interferon regulatory factor 3; LPS, 

lipopolysaccharide; MEOS, microsomal ethanol oxidation system; NAD, nicotinamide 

adenine dinucleotide; ROS, reactive oxygen species; TNFR1, tumour necrosis factor 

receptor 1; TLR-4, Toll-like Receptor 4; UPR, unfolded protein response.
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Cascata da inflamação 
derivada do intestino 

induzida por álcool

Álcool pode modular a 

imunidade inata e 

adaptativa → Inflamação 

intestinal e sistêmica. 
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Células estreladas hepáticas (HSCs) são os principais 
atores no desenvolvimento da fibrose
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24 pacientes com cirrose descompensada ou compensada
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A Encefalopatia Hepática → Associada ⇣ Sobrevida e ⇡

Morbidade;

Avaliar a eficácia dos probióticos no manejo da E. 

Hepática mínima e Aparente;

Em relação a placebo ou lactulose. 

14 estudos →   1152 pacientes



Saab et al, Liver International 2016.
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A eficácia dos probióticos → Semelhante à observada com a lactulose;

O uso de probióticos é seguro, mas não reduziu as taxas de mortalidade.
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Resultados
e 

Perspectivas

Favorece adesão à intervenção
nutricional;

Modula a microbiota e o Eixo Intestino –
Fígado;

Adjuvante → Inflamação, Tolerância à
Glicose e Lesão Hepática;

Novos alvos terapêuticos!!!!



Deficiência de zinco → Mais comum deficiência na DAF;

A suplementação com zinco:

Aumenta a atividade da desidrogenase alcoólica;

Suprime o citocromo P450 CYP2E;

Atenua o estresse oxidativo;

Complexo B → Tiamina, folato e piridoxina;

Evitar Encefalopatia de Wernicke.
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Abstract Malnutrition is associated with alcoholic liver dis-

ease(ALD) and related complicationssuchashepatic enceph-

alopathy and increased rate of infections. Avoidance of

prolonged fasting and overly restrictive diets is important to

avoid poor nutrition. Adequateintakeof calories, protein, and

micronutrients via frequent small meals and evening supple-

ments and/or enteral and parenteral nutrition when indicated

has been associated with reduced mortality and morbidity in

patients with ALD. Modification of protein/fat sources and

composition in addition to probiotic supplementation are

promising interventions for decreased progression of ALD

and its complications.
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Introduction

Alcoholic liver disease (ALD) includes a range of injury that

encompassessteatosis, alcoholichepatitis, andcirrhosisdueto

chronic ethanol ingestion and has been associated with poor

nutritional status [1]. Alcohol consumption can lead to hepa-

totoxicity, both resulting in and possibly enhanced by malnu-

trition [2]. It has also been demonstrated that in patients with

liver disease, reinforcement of adequate nutrition by physi-

cians and other members of the healthcare team is associated

with improved survival and quality of lifewhen compared to

nutritional counseling alone [3].

Current guidelines from the American Association for the

Study of Liver Disease (AASLD) recommend frequent inter-

val feedingsfor patientswithALD withanemphasisonnight-

timesnacksandmorning feeding (1.2–1.5g/kgfor proteinand

35–40 kcal/kg for energy) to improve nitrogen balance. In

addition, assessment for vitamin and mineral deficiencies

and repletion are recommended [4]. The European Society

for Clinical Nutrition and Metabolism (ESPEN) recommends

not only optimizing oral intakeof food but also supplementa-

tion with oral nutritional supplements or tube feeding in pa-

tients unable to maintain adequate intake [5]. A recent meta-

analysis supports these practice guidelines with pooled data

from13randomizedcontrolled trialssuggesting that nutrition-

al therapy in patients with ALD reduces mortality and com-

plications such asencephalopathy and infections [6••].

However, therecontinuesto beaneed for ongoing study to

evaluate theeffectsand meansof nutritional support in ALD.

A Cochranemeta-analysisfailed to demonstrateclear morbid-

ity and mortality benefits from either oral, enteral, or paren-

teral nutritional support in part due to the large number of

screened studies excluded from final analysis. A review of

the characteristics of excluded studies reveals many of the

challenges in evaluating the role of nutrition and nutritional
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Abstract Malnutrition is associated with alcoholic liver dis-

ease(ALD) and related complicationssuchashepatic enceph-

alopathy and increased rate of infections. Avoidance of

prolonged fasting and overly restrictive diets is important to

avoid poor nutrition. Adequateintakeof calories, protein, and

micronutrients via frequent small meals and evening supple-

ments and/or enteral and parenteral nutrition when indicated

has been associated with reduced mortality and morbidity in

patients with ALD. Modification of protein/fat sources and

composition in addition to probiotic supplementation are

promising interventions for decreased progression of ALD

and its complications.
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Introduction

Alcoholic liver disease (ALD) includes a range of injury that

encompassessteatosis, alcoholichepatitis, andcirrhosisdueto

chronic ethanol ingestion and has been associated with poor

nutritional status [1]. Alcohol consumption can lead to hepa-

totoxicity, both resulting in and possibly enhanced by malnu-

trition [2]. It has also been demonstrated that in patients with

liver disease, reinforcement of adequate nutrition by physi-

cians and other members of the healthcare team is associated

with improved survival and quality of lifewhen compared to

nutritional counseling alone [3].

Current guidelines from the American Association for the

Study of Liver Disease (AASLD) recommend frequent inter-

val feedingsfor patientswithALD withanemphasisonnight-

timesnacksandmorning feeding (1.2–1.5g/kgfor proteinand

35–40 kcal/kg for energy) to improve nitrogen balance. In

addition, assessment for vitamin and mineral deficiencies

and repletion are recommended [4]. The European Society

for Clinical Nutrition and Metabolism (ESPEN) recommends

not only optimizing oral intakeof food but also supplementa-

tion with oral nutritional supplements or tube feeding in pa-

tients unable to maintain adequate intake [5]. A recent meta-

analysis supports these practice guidelines with pooled data

from13randomizedcontrolled trialssuggesting that nutrition-

al therapy in patients with ALD reduces mortality and com-

plications such asencephalopathy and infections [6••].

However, therecontinuesto beaneed for ongoing study to

evaluate theeffectsand meansof nutritional support in ALD.

A Cochranemeta-analysisfailed to demonstrateclear morbid-

ity and mortality benefits from either oral, enteral, or paren-

teral nutritional support in part due to the large number of

screened studies excluded from final analysis. A review of

the characteristics of excluded studies reveals many of the

challenges in evaluating the role of nutrition and nutritional
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Suplementação nutricional noturna → 700 kcal /dia;

Melhorar a massa muscular magra → Cirrose ou hepatite

alcoólica;

Suplementar BCAA → 10 a 20 g / noite;

Evitar suplementação com Glutamina → Risco de 

Encefalopatia;

Evitar restrições excessivas → Modificar qualidade da 

proteina e dos lipídios;

Utilizar probióticos com multiplas cepas → Controlar

progressão e complicações;
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Dieta antiinflamatória  Rica em flavonóides

Oferta adequada de frutas e vegetais
 Fibras Solúveis

Suplementar probióticos
 Reduzir Hiperpermeabilidade Intestinal

Cuidado com restrições desnecessárias 
Gorduras de boa qualidade

Evitar dieta rica em frutose 
Restringir Produtos Alimentícios com frutose

Utilizar estratégias para melhorar adesão ao 
tratamento  Abstinência alcoólica



Imperdível!!!
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Cuide bem do seu intestino, assim 
você terá mais saúde e vitalidade!!

rosangela.jpassos@yahoo.com.br


