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Abstract 

Alcohol-related liver damage (ALD) is a term used for a variety of liver conditions comprising cirrhosis, fibrosis, and 
steatohepatitis with chronic inflammation that is predominantly brought on by heavy alcohol consumption. ALD is 
currently regarded as one of the most common causes of liver disease-related mortality on a global scale. The majority 
of cirrhosis in the liver cases seen in district general hospitals in the UK are caused by alcohol, which is a key factor in 
the Western world. Alcoholic cirrhosis, acute alcoholic hepatitis, and alcoholic fatty liver (steatosis) are the three most 
widely recognized types of alcoholic liver disease. According to the National Institute on Alcohol Abuse and Alcoholism's 
the most recent surveillance report, liver cirrhosis was among the top twelve causes of death in the country, 
contributing to a total of 14,477 deaths in the year 2014.This page speaks about the various types of alcoholic liver 
damage (ALD), with a focus on cirrhosis because it is the type of liver diseases that is most frequently linked to alcohol 
misuse and has the most studies investigating it. Epidemiological studies have assessed the incidence of ALD and the 
factors who frequently cause the condition. Although excessive alcohol use is the main cause of ALD, gender and cultural 
variations also have a significant role in the prevalence of liver disease. Since the 1970s, cirrhosis-related mortality rates 
have decreased in the United States and certain other countries as well. This dip may have been caused by a variety of 
variables, including increasing enrollment in alcohol rehab facilities and in Alcoholics Anonymous, drops in alcohol 
consumption, and more 
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1. Introduction

Alcohol consumption is well settled in the social fabric of numerous adult populations, nearly constituting a behavioral 
norm. It's legal, readily available and cheap. Sustained inordinate alcohol consumptions a brain- centered addicting 
behavioral complaint that crosses all boundaries of gender, race, age, profitable strata and, in numerous cases, might 
lead to alcoholic liver complaint (ALD).1 – 3 Heavy drinking significantly increases morbidity and mortality from 
contagious diseases4 and the threat of cardiovascular, brain, pancreatic, renal, cerebral and oncological conditions. 

 Alcoholic liver complaint represents a diapason of clinical illness and morphological changes that range from adipose 
liver to hepatic inflammation and necrosis( alcoholic hepatitis) to progressive fibrosis( alcoholic cirrhosis).3 likewise, 
sustained inordinate alcohol input favors the progression of other liver conditions, similar as contagion- related habitual 
hepatitis, also adding the threat of hepatocellular melanoma.5 – 7 From the 1970s, there was a gradational decline in  
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ALD mortality in numerous countries. still, in the last decade, the prevalence of ALD and posterior deaths have 
increased. Recent data showed that the mortality rate for ALD was 14Æ3 per 100 000 population in France8 and 7Æ9 
per 100 000 in the United States. 

2. Alcohol metabolism 

Alcohol Metabolism Explained: When we consume alcohol, it's absorbed into the bloodstream primarily through the 
stomach and intestines. Interestingly, less than 10% of the absorbed alcohol is eliminated through breath, sweat, and 
urine. This means that over 90% of the alcohol we consume circulates throughout our body and eventually heads to the 
liver via the portal vein.  

The liver plays a central role in alcohol metabolism due to its abundance of alcohol-metabolizing enzymes. Here's how 
it works:  

 *Oxidative Pathway*: This is the primary route for alcohol metabolism. Alcohol is first converted into acetaldehyde 
by an enzyme called alcohol dehydrogenase (ADH). Interestingly, if you consume more alcohol, it can increase the 
expression and activity of another enzyme called cytochrome P450 2E1 (CYP2E1), which leads to the production 
of more acetaldehyde through the generation of reactive oxygen species (ROS). 

 *Non-Oxidative Pathway*: This pathway accounts for a smaller portion of alcohol metabolism. In this process, a 
small amount of alcohol is converted into various endogenous compounds with the help of different enzymes. For 
example, alcohol can be esterified with fatty acids to form fatty acid ethyl ester (FAEE) or undergo trans 
phosphitylation to create phosphatidyl ethanol (Peth) with the help of phospholipase D (PLD). Alcohol can also 
combine with glucuronic acid and sulfate to produce ethyl glucuronide (eTag) and ethyl sulfate (Eats) separately. 

In summary, alcohol metabolism primarily takes place in the liver, involving both oxidative and non-oxidative pathways. 
This complex process helps the body break down alcohol into substances that can be further metabolized or eliminated. 

 

Figure 1 Scheme for alcohol metabolism in the liver 

Alcohol Metabolism and Its Effects on the Liver: Within the liver, alcohol undergoes two distinct pathways for 
metabolism—oxidative and non-oxidative. In the oxidative pathway, which is the primary route for alcohol breakdown, 
alcohol is converted into acetaldehyde by various enzymes such as alcohol dehydrogenase (ADH), cytochrome P450 
2E1 (CYP2E1), and catalase. Subsequently, acetaldehyde is further metabolized into acetate, which is eventually 
excreted from the liver. 

Of particular concern is the activation of CYP2E1, especially when excessive alcohol is consumed. This enzyme's 
heightened activity leads to the production of reactive oxygen species (ROS), which can contribute to liver damage. In 
contrast, the non-oxidative pathway is a minor contributor to alcohol metabolism. Various enzymes facilitate the non-
oxidative conjugation of alcohol with different endogenous metabolites, resulting in the formation of compounds like 
fatty acid ethyl ester (FAEE), phosphatidyl ethanol (Peth), ethyl glucuronide (eTag), and ethyl sulfate (Eats). 
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These derivatives produced during alcohol metabolism can inflict harm on the liver, manifesting as lipid accumulation, 
inflammation, and fibrosis. Acetaldehyde, the initial metabolite of alcohol metabolism, is particularly notorious for its 
toxic effects. It can directly interact with DNA, causing point mutations and chromosomal damage. Additionally, 
acetaldehyde forms adduct with various proteins, disrupting liver function and structure. This protein adducts elevate 
the expression of CYP2E1 and exacerbate oxidative stress. Moreover, studies have shown that protein adducts 
contribute significantly to lipid buildup, inflammation, and fibrosis, playing a pivotal role in the progression of alcoholic 
liver disease (ALD) from early alcoholic steatosis to advanced alcoholic cirrhosis. (1,2,3,) 

3. Pathogenesis of ALD 

Pathogenesis of ALD Understanding of the detailed pathogenesis of ALD is relatively deficient to date (4,5). Alcohol is a 
direct hepatotoxin, and its ingestion causes the inauguration of multitudinous metabolic responses that impact the final 
hepatotoxic response. The original explanation of malnutrition as the major pathogenic medium has now given way to 
the present conception that the alcohol metabolized by the hepatocyte initiates a pathogenic process that involves 
product of protein- aldehyde adducts, immunologic exertion, peroxidation of lipid, and release of cytokines. Fig. 1 shows 
the hepatic metabolism of ethanol that contributes to enhanced oxidative stress in the body. In utmost cases, the time 
taken for liver complaint to develop is directly related to the quantum of alcohol consumed 

 

Figure 2 Pathogenesis of Alcohol liver disease 

The pathogenesis of Alcohol-Related Liver Disease (ALD) is not fully understood, but it involves various metabolic 
responses triggered by alcohol consumption. Rather than solely attributing it to malnutrition, current understanding 
suggests that alcohol metabolism within hepatocytes initiates a complex process. This process includes the formation 
of protein-aldehyde adducts, immunological reactions, lipid peroxidation, and the release of cytokines, leading to 
oxidative stress in the body. 

Chronic alcohol consumption can result in a range of hepatic lesions. Steatosis, or fatty liver, is the most common 
response, occurring in over 90% of individuals who consume 4 to 5 standard drinks daily. Prolonged alcohol use can 
progress to alcoholic liver disease, including steatohepatitis (liver inflammation), fibrosis (scar tissue formation), 
cirrhosis (severe liver scarring), and even hepatocellular carcinoma (liver cancer). 

Understanding ALD also involves recognizing the intricate interactions among different hepatic cell types, particularly 
the activation of stellate cells and collagen production, which contribute to liver fibrosis. The extent of fibrosis 
determines the overall damage to the liver caused by chronic alcohol consumption. (4,5) 
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History: In the assessment of a patient's health, it's crucial to gather a comprehensive history and perform a physical 
examination. A key element of this process is understanding the individual's drinking history, which involves 
determining the daily alcohol consumption and the duration of drinking habits. Since there isn't a single definitive 
diagnostic test for various liver conditions, it's imperative to rule out other potential causes of liver injury. 

Moreover, considering personal and psychosocial factors is vital because excessive alcohol consumption often 
correlates with psychological issues like depression and other mental health disorders. Patients should also be inquired 
about their dietary habits, including caloric intake, as well as any risk factors associated with malnutrition. Additionally, 
assessing risk factors for chronic liver diseases, such as viral hepatitis, is crucial in providing a comprehensive 
evaluation of the patient's health status. 

4. Risk factors for ALD 

Chronic alcohol consumption, the consumption of large quantities of alcohol, and specific drinking patterns are 
associated with progression from steatosis to steatohepatitis, liver fibrosis, and cirrhosis (Fig. 1). Most patients with 
ALD do not develop cirrhosis even with long-term alcohol use (Fig. 1) (8). Various factors influencing disease 
progression include gender, ethnicity, genetic variants, viral hepatitis, and obesity. 

 

Figure 3 The progression of ALD. 

Certainly, the risk factors for Alcohol-Related Liver Disease (ALD) progression are multifaceted and can be influenced 
by several factors. These include: 

 *Chronic Alcohol Consumption: * Prolonged and excessive alcohol intake is a primary risk factor for the 
development and progression of ALD. 

 *Quantity of Alcohol: * Consuming large quantities of alcohol on a regular basis increases the risk of ALD. 
 *Drinking Patterns: * Specific drinking patterns, such as binge drinking or heavy episodic drinking, can also 

contribute to ALD. 
 *Gender: * Gender can play a role, as women tend to be more susceptible to ALD due to differences in alcohol 

metabolism and liver enzymes. 
 *Ethnicity: * Certain ethnic groups may have a higher predisposition to ALD, although this can vary. 
 *Genetic Variants: * Genetic factors can influence an individual's susceptibility to ALD and its progression. Some 

people may have genetic variations that make them more vulnerable. 
 *Viral Hepatitis: * Co-infection with viral hepatitis, particularly hepatitis C, can worsen liver damage in 

individuals with ALD. 
 *Obesity: * Obesity can exacerbate the effects of alcohol on the liver, increasing the risk of ALD progression. 
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It's important to note that not all individuals who consume alcohol excessively will develop ALD, and the interplay of 
these risk factors can vary from person to person. Early intervention, lifestyle changes, and medical management are 
essential for those at risk or diagnosed with ALD to prevent its progression to more severe stages like fibrosis and 
cirrhosis. (9) 

5. Drinking pattern as a threat for ALD  

High-risk drinking practices, such as heavy drinking and binge drinking, have changed recently.25 The National Institute 
on Alcohol Abuse and Drunkenness (NIAAA) defines binge drinking as having five or more drinks in a row for males or 
four or more drinks in a row for women. Binge drinking is on the rise. According to a 2010 survey by the Centers for 
Disease Control, 1 in 6 US adults age 18 and older binge drink. In young adults, binge drinking is especially concerning. 
Of the council scholars, almost 50 admitted to binge drinking.26 Young adult binge drinking poses a risk for later-life 
alcohol misuse and dependence, with associated risks for developing ALD. 

Epidemiological data suggest that binge drinking is incompletely responsible for adding rates of cirrhosis and cirrhosis- 
related death, although this conclusion is controversial.30 Experimental data has shown intra- and extrahepatic changes 
that acute alcohol intoxication and repeated binge drinking complicate liver injury, similar as Kupffer cell activation, 
increased intestinal permeability, elevated cytokine product, increased oxidative stress, mitochondrial dysfunction, and 
hepatic apoptosis. The studies probing the pathophysiological goods of binge drinking on the liver have their limitations. 
farther studies probing the quality of alcohol consumed per binge and binge frequency are demanded to estimate how 
considerably this drinking pattern exacerbates liver injury. Table 1 shows the colorful alcohol contents of different 
alcoholic potables, which helps to calculate the consumption of amounts of alcohol by drinking different potables 
(8,9,10)._ 

Tablet 1 Alcohol contents of various alcoholic beverages  

Beverage type Serving Size (Fl oz) ABV (%) Energy (Cal) 

Beer    

light 12 5 103 

Regular    153 

Malt  8-9 7 93 

Table wine 5 12 121-125 

Champagne 4 12 84 

Sake  3.5-4.0 16 140 

Fortified wine 3-4 17 Varies 

Cordial, Liqueur, aperitif 2-3 24 Varies 

Distilled Spirits    

Vodka, Rum  1.5 40 97-98 

Tequila, Gin    

Cognac, Brandy    
Abbreviations: ABV, alcohol by volume  

6. Pathophysiology  

6.1. Ethanol Metabolism 

Alcohol is absorbed through the gastrointestinal tract into the blood rotation and is substantially metabolized by 
hepatocytes in the liver. There are three main enzymatic metabolic pathways responsible for alcohol metabolism within 
the hepatocytes. The first and the main pathway is hepatocyte cytoplasmic alcohol dehydrogenase (ADH), which uses 
nicotinamide adenine dinucleotide (NAD) as ace-factor and oxidizes ethanol to acetaldehyde, which is largely poisonous 
and causes DNA conflation impairment (9,21). The alternate pathway is the microsomal ethanol- oxidizing system 
(MEOS) in the smooth endoplasmic reticulum, which requires the cytochrome P450 2E1(CYP2E1) enzyme to oxidize 
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ethanol to acetaldehyde, generating reactive oxygen species (ROS), and driving oxidative stress and inflammation. It's 
noteworthy that CYP2E1 only catalyzes roughly 10 of ethanol into acetaldehyde under normal physiological conditions; 
still, it becomes more prominent in habitual alcohol consumption due to enhanced CYP2E1 expression. The third and 
more minor pathway is via the hemi- containing catalase in the peroxisomes, which can also oxidize ethanol to 
acetaldehyde (22). The enzyme aldehyde dehydrogenase (ALDH) is located in the hepatocyte mitochondria and further 
oxidizes acetaldehyde to acetate, which is released into the rotation system and is further oxidized to carbon dioxide in 
colorful redundant hepatic napkins. (14) 

6.2. Mechanisms in ALD Development 

Although complex and not completely understood, the beginning molecular mechanisms responsible for ALD 
development include direct ethanol hepatotoxicity and lipid peroxidation, oxidative stress and ROS product, vulnerable 
response activation and cytokine accumulation, and hepatic metabolism complaint. (19,22) 

6.3. Direct Ethanol Hepatotoxicity and Lipid Peroxidation 

 As mentioned before, habitual alcohol use upregulates CYP2E1 product, which leads to increased acetaldehyde 
attention, lowered ALDH exertion, and reduced acetaldehyde oxidation, performing in acetaldehyde accumulation, 
which directly damages the mitochondria and microtubules of hepatocytes in the liver. likewise, ethanol and 
acetaldehyde downregulate adiponectin, signal transducer and activator of recap 3( STAT3), and zinc situations, further 
inhibiting 50- AMP- actuated protein kinase( AMPK), peroxisome proliferator actuated receptor α( PPARα), and its 
target gene exertion, performing in phospholipid peroxidation and lipid free revolutionary product, and enhanced early 
growth response protein 1( Erg- 1) and adiponectin and acetyl- CoA carboxylase( ACC) expression, all of which beget 
adipose acid accumulation in the liver.(25,26) Recent studies also handed substantiation that the lipogenesis process 
by lipolysis and free adipose acid flux to the liver from the small intestine further dropped the adipose towel mass in an 
beast model with chronic alcohol consumption. (27,28) 

ROS product and Oxidative Stress CYP2E1- intermediated or ethanol- convinced seditious oxidative stress causes ROS 
generation (e.g., superoxide, hydroxyl revolutionaries), which can bind to proteins and affect in structural or functional 
differences (15,26). ROS can also bind directly to DNA and induce largely carcinogenic exocyclic ε- DNA adducts, which 
parade high mutagenic implicit innumerable types of base brace negotiations and inheritable damage in organisms, and 
has been anatomized as a representative lipid peroxidation- deduced DNA damage marker in several studies. In 
addition, acetaldehyde- intermediated glutathione diminishments and dysregulates the expression of antioxidant genes, 
including nuclear factor erythroid 2- related factor2(Nef- 2) and thioredoxin, leading to dropped antioxidant and 
detoxification enzyme product, and low exertion of the antioxidant defense system. (26,31) 

Cytokines Activation and Advanced Fibrogenesis habitual alcohol consumption is a given factor of intestinal endotoxin 
accumulation and intestinal wall permeability adding, easing the translocation of endotoxins from the bowel to the liver 
in the form of LPS, which are poisonous to hepatocytes. LPS can bind to different risk- suchlike receptors (TLRs) and 
spark the conflation and release of cytokines and seditious factors, similar as excrescence necrosis factor α (TNF- α), 
interleukin- 1(IL- 1), interleukin- 6(IL- 6), and platelet- deduced growth factor (PDGF), farther stimulating neutrophil 
and macrophage accumulation, and eventually causing hepatic inflammation and systemic injury in hepatic Kupffer cells 
(32 – 34). also, liver injury activates hepatic stellate cell (HSCs) proliferation, which enhance transubstantiating growth 
factor β (TGF- β) stashing and collagen conflation, therefore forming extracellular matrix deposit and advanced fibro 
birth (36,36). 

6.4. Hepatic Metabolism Disorder 

Numerous studies have revealed that alcohol consumption is correlated with iron overload and hepcidin synthesis 
downregulation in Kupffer cells and hepatocytes in the liver, while hepcidin was proposed as a key mediator in iron 
homeostasis. Moreover, alcohol can abolish the protective effect of hepcidin in situation so iron overload by rendering 
hepatic hepcidin synthesis insensitive to total body iron levels. Excessive iron can act synergistically with alcohol to 
induce the oxidative stress and lipid peroxidation, increasing transferrinreceptor1(TfR1) expression to promote 
intestinal iron absorption; thus, the Additive effect of iron absorption and deposition could potentiate progressive liver 
damage (26,39). 

6.5. Inheritable Factors 

The inheritable impact on alcohol use complaint (AUD) and ALD development was illustrated in former studies, as 
individual variation exists after habitual alcohol consumption (40). Several genome-wide association studies (GWAS) 
have linked several inheritable threat loci for ALD development, including Pattani- suchlike phospholipase sphere- 
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containing- 3(PNPLA3) gene, which is the major threat factor for the progression of ALD, and to a lower extent, 
transmembrane 6 superfamily member 2(TM6SF2) and membrane- bound Acyltransferase sphere- containing protein 
7(MBOAT7), are the crucial determinants of ALD progression (41 – 43). Meanwhile, a splice variant in hydroxysteroid 
17- β dehydrogenase 13 (HSD17B13) was linked as a seeker for protection against ALD in a recent study (40). 

6.6. PNPLA3  

PNPLA3 is generally expressed in adipose towel and is nearly related to lipid metabolism, regulation of energy 
homeostasis, and the conservation of membrane integrity (). It's also largely synthesized in HSCs and is responsible for 
retinyl ester hydrolysis (). The rs738409 variant (C.444 C> Gap. Ile148Met) in the PNPLA3 gene results in hydrolytic 
function reduction, fat accumulation, and farther liver inflammation injury. This variant is more frequent in the Hispanic 
population and particularly sensitive to adipose liver conditions, although it has also been delved in NAFLD and HCC. A 
former meta-analysis handed substantiation for a significant part for rs738409 in PNPLA3 in ALD progression. In 
addition, the presence of rs738409 in PNPLA3 is associated with an increased threat of HCC development in cases with 
cirrhosis due to ALD (41,42) 

6.7. Up Factors 

 multitudinous epidemiological factors affect ALD development and progression (12). Women are more vulnerable to 
ethanol- related liver damage than men after the same quantum of alcohol consumption, conceivably due to their lower 
ADH exertion and advanced body fat composition; also, the estrogen- intermediated seditious response increases the 
threat of ethanol- related liver damage (). rotundity is the most extensively honored environmental threat factor in ALD 
and has a close commerce and cumulative effect with alcohol. rotundity can affect the ethanol lipid solubility and 
adipose towel proinflammatory cytokine product, leading to alcoholic steatohepatitis, whereas alcoholic adipose liver 
induces insulin resistance and promotes rotundity. Meanwhile, multiple factors of metabolic pattern, including midriff 
circumference, smoking, and alcohol use are the threat factors for severe liver. rotundity is the most extensively honored 
environmental threat factor in ALD and has a close commerce and cumulative effect with alcohol. rotundity can affect 
the ethanol lipid solubility and adipose towel proinflammatory cytokine product, leading to alcoholic steatohepatitis, 
whereas alcoholic adipose liver induces insulin resistance and promotes rotundity. Meanwhile, multiple factors of 
metabolic pattern, including midriff circumference, smoking, and alcohol use are the threat factors for severe liver 
complaint in a recent population- grounded study. Other known comorbidities, including viral hepatitis, heritable 
hemochromatosis, and HIV coinfection in cases with attendant alcohol use have an advanced threat of accelerated liver 
fibrosis and increased mortality of liver-specific complaint. specially, caffeine input may cover against ALD cirrhosis in 
recent studies; also, drinking two mugs of coffee per day was estimated to drop half the threat of ALD cirrhosis in a 
meta- analysis. 

6.8. ALD Spectrum 

Alcoholic Adipose Liver or Statuses The opinion of alcoholic adipose liver (AFL) complaint is established in a case with 
known AUD with hepatic steatosis seen on ultrasound combined with liver enzyme elevation and the absence of other 
causes of liver complaint (12). AFL development is regulated by several direct or circular nonsupervisory mechanisms, 
including PPARα and AMPK expression inhibition, and ACC exertion improvement, which results in increased adipose 
acid conflation and deposit Fat vacuoles or macrovesicles can be observed in liver napkins under a microscope, which 
resolves fleetly after complete abstinence. AFL are infrequently diagnosed because of their asymptomatic or nonspecific 
symptoms. 

6.9. Steatohepatitis due to ALD 

Steatohepatitis due to ALD is presumed to be a progressive liver lesion, which has an increased threat of cirrhosis and 
HCC. The common histological features of steatohepatitis due to ALD include steatosis, ballooned liver cells containing 
large Mallory- Denk bodies, sclerosing hyaline necrosis, and lobular inflammation predominated by neutrophils, which 
are infrequently seen in NAFLD. The seditious terrain enables farther leukocyte infiltration, ROS conformation, and 
hepatocyte injury. As the injury continues, the release of damage- associated molecular patterns (DAMPs) activates 
multiple vulnerable responses and promotes liver fibrosis or malice. analogous to AFL, mild steatohepatitis infrequently 
presents with clinical symptoms and can only be diagnosed by liver vivisection; further, the development of newton-
invasive tests is critical for this condition (12). 

6.10. Alcoholic Hepatitis 

Alcoholic Hepatitis is a clinical reality associated with severe steatohepatitis due to ALD and has a high short- term 
mortality threat. In addition to steatohepatitis, the histological features of AH may also include mega mitochondria, 
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satellitisms, and cholestasis, which are related to the prognostic. Both adaptive and ingrain vulnerable dysfunctions are 
more prominent in cases with AH than in those with on-alcoholic liver complaint, contributing to an advanced threat of 
neutrophilic, liver dysfunction, adult-organ failure. The clinical symptoms of AH are characterized by the presence of 
hostility with/ without other hepatic decompensation events (e.g., ascites, hepatic encephalopathy) in cases with 
ongoing alcohol use (12). It's noteworthy that despite complete abstinence, a significant proportion of cases had patient 
AH and even  

6.11. Fibrosis/ Cirrhosis due to Alcohol- Related Liver Disease 

 As the vicious cycle continues (i.e., liver injury and rejuvenescence) in ALD cases with ongoing alcohol use, the 
acetaldehyde- protein adducts inactivate DNA form, damage hepatocyte mitochondria, vitiate oxygen application, and 
further stimulate collagen band conflation and deposit between central modes and portal areas, performing in liver 
fibrosis. Cirrhosis is farther characterized by pronounced hepatic architectural deformation due to expansive fibrosis 
and regenerative bump conformation (2) 

7. Pathophysiology  

7.1. Alcohol Metabolism 

Alcohol is taken into the bloodstream through the gastrointestinal tract and is mostly metabolized by hepatocytes in 
the liver. The hepatocytes' three primary enzymatic metabolic pathways are in charge of handling alcohol metabolism. 
Hepatocyte cytoplasmic alcohol dehydrogenase (ADH), the initial and primary route, oxidizes ethanol to acetaldehyde, 
which is mainly toxic and impairs DNA conflation (9,21). ADH utilizes nicotinamide adenine dinucleotide (NAD) as the 
ace-factor. The smooth endoplasmic reticulum's microsomal ethanol-oxidizing system (MEOS), which uses the 
cytochrome P450 2E1 (CYP2E1) enzyme to oxidize ethanol to acetaldehyde and produce reactive oxygen species (ROS) 
that cause oxidative stress and inflammation, is the alternative pathway. It is interesting to note that under normal 
conditions, CYP2E1 only catalyzes about 10% of ethanol into acetaldehyde 

8. Clinical presentation: 8. Clinical appearance 

 

Figure 4 National Institute on Alcohol Abuse and Drunkenness, and a possible individual algorithm shown in figure 
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Therapeutic donation the findings from the medical history, physical examination, and laboratory testing serve as the 
foundation for the clinical opinion of AH (Figure 2). Right upper abdomen pain, malaise or weariness, and occasionally 
fever are the typical symptoms of AH. Ascites, oedema, tachycardia, loss of appetite, weight loss, nausea, and 
disorientation are other symptoms. Patients typically describe a pattern of dangerously high alcohol use that persisted 
for eight weeks prior to the commencement of hostility.9 It's interesting to note that, in most cases, alcohol use has been 
stopped days or weeks before the start of symptoms.9 Aspartate aminotransferase (AST) and alanine aminotransferase 
(ALT) conditions (AST/ ALT rate>1.5) are shown to be more common when AST levels are lower than 50 IU/mL, even 
though the absolute values of AST or ALT are typically higher in these situations.(5) 

9. Conclusions 

In order to simplify the understanding of pathogenetic way leading to the colorful stages of ALD, an offer of five- megahit 
sequelae are presented grounded on colorful mechanistic considerations. These include( 1) the hepatic metabolism of 
ethanol to the heavily reactive acetaldehyde;( 2) the metabolism proceeds via the alcohol dehydrogenase( ADH) and 
the cytochrome P450 isoform 2E1 of the microsomal ethanol- oxidizing system( MEOS);( 3) the performing metabolic 
disturbances modify not only the liver parenchymal cells but also on-parenchymal cells like Kupffer cells, hepatic 
stellate cells, and liver sinusoidal endothelial cells;( 4) these cells are actuated by acetaldehyde, reactive oxygen species( 
ROS) generated during ethanol metabolism via MEOS, and endotoxins, which are part of the liver – gut axis, being 
produced from intestinal bacteria and reaching the liver due to gut leakage;( 5) most importantly, reactive acetaldehyde 
and ROS covalently bind to cellular proteins and phospholipids initiating and immortalizing liver injury;( 6) colorful 
intrahepatic signaling pathways involving intercessors like interferons, interleukins, and growth factors govern 
pernicious and cranking goods on a variety of cellular targets; and( 7) ingrain or acquired vulnerable responses are 
under discussion contributing to the pathogenesis of ALD. These mechanistic ways are incompletely deduced from 
results of experimental studies, thus to be viewed as conditional, and may not inescapably transmittable to humans with 
ALD. substantiation is better for clinical threat factors like the quantum of alcohol used daily for further than a decade, 
gender differences with advanced vulnerability of women, inheritable predilection, and antedating liver complaint. 
Expanding unborn studies on the issues of pathogenesis may help furnishing new remedy options in addition to current 
approaches of strict alcohol abstinence. 

Compliance with ethical standards 

Acknowledgments 

The authors are very thankful to the president Dr. Ramkrishna shinde Shraddha institute of pharmacy, Washim (INDIA) 
for providing necessary facilities through principal Dr. Swati Deshmukh to complete this work, and special thanks to 
the author Vinayak A. Katekar for his creative suggetions, helful discussion, unfailing advice, constant encouragement 
during this work. 

Disclosure of conflict of interest 

There is conflict of interest, corresponding to the author(s). 

References 

[1] Bordone L, Guarente L. Calorie restriction, SIRT1 and metabolism: Understanding longevity. Nature. 2005; 
6:298–305.  

[2] Boron WF, Ehrig T, Li TK. Genetic factors in alcohol metabolism and alcoholism. Seminars in Liver Disease. 1993; 
13:126–135.  

[3] Bradford BU, Kono H, Isayama F, et al. Cytochrome P450 CYP2E1, but not nicotinamide adenine dinucleotide 
phosphate oxidase, is required for ethanol-induced oxidative DNA damage in rodent liver.  Altamirano J, Miquel 
R, Antoniades A, Abraldes JG, DuarteRojo A, Louvet A, et al. A histologic scoring system for prognosis of patients 
with alcoholic hepatitis. Gastroenterology 2014; 146:1231-1239. 

[4] Ambade A, Mandrekar P. Oxidative stress and inflammation: Essential partners in alcoholic liver disease. 
International Journal of Hepatology. 2012;2012;853175  

[5] Anstee QM, Seth D, Day CP. Genetic factors that affect risk of alcoholic and nonalcoholic fatty liver disease. 
Gastroenterology. 2016;150(8):1728–1744.e7. [PubMed] [Google Scholar] 



GSC Biological and Pharmaceutical Sciences, 2023, 25(02), 014–024 

23 

[6] Aragon CM, Rogan F, Amit Z. Ethanol metabolism in rat brain homogenates by a catalase-H2O2 system. 
Biochemical Pharmacology. 1992;44(1):93–98.  

[7] Bala S, Petrasek J, Mundkur S, et al. Circulating microRNAs in exosomes indicate hepatocyte injury and 
inflammation in alcoholic, drug-induced, and inflammatory liver diseases. Hepatology. 2012;56(5):1946–1957.  

[8] V. Savolainen, M. Perola, K. Lalu, A. Penttilä, I. Virtanen, P.J. KarhunenEarly perivenular fibrogenesis--precirrhotic 
lesions among moderate alcohol consumers and chronic alcoholics 

[9] J Hepatol, 23 (1995), pp. 524-531View PDFView articleCrossRefView in ScopusGoogle ScholarN.A. Osna, T.M. 
Donohue Jr., K.K. Kharbanda 

[10] W.C. Kerr, N. Mulia, S.E. ZemoreU.S. trends in light, moderate, and heavy drinking episodes from 2000 to 
2010Alcohol Clin Exp Res, 38 (2014), pp. 2496-2501 

[11] Potts JR, Goubet S, Heneghan MA, Verma S. Determinants of long-term outcome in severe alcoholic hepatitis. 
Aliment Pharmacol Ther 2013; 38:584-595. 

[12] Singh S, Murad MH, Chandar AK, Bongiorno CM, Singal AK, Atkinson SR, et al. Comparative effectiveness of 
pharmacological interventions for severe alcoholic hepatitis: a systematic review and network meta-analysis. 
Gastroenterology 2015; 149:958-970. HEPATOLOGY, Vol. 64, No. 4, 2016 MANDREKAR ET AL. 

[13] Addolorato, G.; Mirijello, A.; Barrio, P.; Gual, A. Treatment of alcohol use disorders in patients with alcoholic liver 
disease. J. Hepatol. 2016, 65, 618–630.  

[14] Toshikuni, N.; Tsutsumi, M.; Arisawa, T. Clinical differences between alcoholic liver disease and nonalcoholic fatty 
liver disease. World J. Gastroenterol. 2014, 20, 8393–8406.  

[15] Tan, H.K.; Yates, E.; Lilly, K.; Dhanda, A.D. Oxidative stress in alcohol-related liver disease. World J. Hepatol. 2020, 
12, 332–349.  

[16] Xu, T.; Li, L.; Hu, H.Q.; Meng, X.M.; Huang, C.; Zhang, L.; Qin, J.; Li, J. MicroRNAs in alcoholic liver disease: Recent 
advances and future applications. J. Cell. Physiol. 2018, 234, 382–394.  

[17] Meroni, M.; Longo, M. Alcohol or Gut Microbiota: Who Is the Guilty? Int. J. Mol. Sci. 2019, 20, 4568.  

[18] Esquire, F.; Bruna, F.; Calligaris, S.; Conget, P.; Ezquer, M. Multipotent mesenchymal stromal cells: A promising 
strategy to manage alcoholic liver disease. World J. Gastroenterol. 2016, 22, 24–36.  

[19] Teschke, R. Alcoholic Liver Disease: Alcohol Metabolism, Cascade of Molecular Mechanisms, Cellular Targets, and 
Clinical Aspects. Biomedicines 2018, 6, 106.  

[20] Buchanan, R.; Sinclair, J.M.A. Alcohol use disorder and the liver. Addiction 2021, 116, 1270–1278.  

[21] Jiang, Y.; Zhang, T.; Kusumanchi, P.; Han, S.; Yang, Z.; Liangpunsakul, S. Alcohol Metabolizing Enzymes, Microsomal 
Ethanol Oxidizing System, Cytochrome P450 2E1, Catalase, and Aldehyde Dehydrogenase in Alcohol-Associated 
Liver Disease. Biomedicines 2020, 8, 50. 

[22] Cena, E.; Mello, T.; Galli, A. Pathogenesis of alcoholic liver disease: Role of oxidative metabolism. World J. 
Gastroenterol. 2014, 17756–17772.  

[23] Pares A, Caballeria J, Bruguera M, Torres M, Rodes J. Histological course of alcoholic hepatitis. Influence of 
abstinence, sex and extent of hepatic damage. J Hepatol 1986; 2:33-42. 

[24] Cellentani S, Saccoccio G, Costa G, Tiribelli C, Manenti F, Sodde M, Saveria Croce L, et al. Drinking habits as 
cofactors of risk for alcohol induced liver damage. The Dionysos Study Group. Gut 1997; 41:845-850. 

[25] Liu, J. Ethanol and liver: Recent insights into the mechanisms of ethanol-induced fatty liver. World J. 
Gastroenterol. 2014, 20, 14672–14685. 

[26] Seitz, H.K.; Bataller, R.; Cortez-Pinto, H.; Gao, B.; Gual, A.; Lackner, C.; Mathurin, P.; Mueller, S.; Szabo, G.; 
Tsukamoto, Alcoholic liver disease. Nat. Rev. Dis. Primers 2018, 4, 16.  

[27] Wang, Z.G.; Dou, X.B.; Zhou, Z.X.; Song, Z.Y. Adipose tissue-liver axis in alcoholic liver disease. World J. 
Gastrointest. Pathophysiol. 2016, 7, 17–26.  

[28] Gao, B.; Xu, M.J.; Bertola, A.; Wang, H.; Zhou, Z.; Liangpunsakul, S. Animal Models of Alcoholic Liver Disease: 
Pathogenesis and Clinical Relevance. Gene Expr. 2017, 17, 173–186.  



GSC Biological and Pharmaceutical Sciences, 2023, 25(02), 014–024 

24 

[29] Linhart, K.; Bartsch, H.; Seitz, H.K. The role of reactive oxygen species (ROS) and cytochrome P-450 2E1 in the 
generation of carcinogenic ethno-DNA adducts. Redox Biol. 2014, 3, 56–62.  

[30] Mueller, S.; Peccerella, T.; Qin, H.; Glassen, K.; Waldherr, R.; Flechtenmacher, C.; Straub, B.K.; Millonig, G.; Stickel, 
F.; Bruckner, T.; et al. Carcinogenic Etheno DNA Adducts in Alcoholic Liver Disease: Correlation with Cytochrome 
P-4502E1 and Fibrosis. Alcohol. Clin. Exp. Res. 2018, 42, 252–259.  

[31] Seitz, H.K.; Stickel, F. Risk factors and mechanisms of hepatocarcinogenesis with special emphasis on alcohol and 
oxidative stress. Biol. Chem. 2006, 387, 349–360.  

[32] Niederreiter, L.; Tilg, H. Cytokines and fatty liver diseases. Liver Res. 2018, 2, 14–20.  

[33] Naseem, S.; Hussain, T.; Manzoor, S. Interleukin-6: A promising cytokine to support liver regeneration and 
adaptive immunity in liver pathologies. Cytokine Growth Factor Rev. 2018, 39, 36–45. 

[34] Piazzi, C.; Valenti, L.; Motta, B.M.; Pingitore, P.; Hedfalk, K.; Mancina, R.M.; Burza, M.A.; Indiveri, C.; Ferro, Y.; 
Montalcini, T.; et al. PNPLA3 has retinyl-palmitate lipase activity in human hepatic stellate cells. Hum. Mol. Genet. 
2014, 23, 4077–4085. 

[35] Grimaudo, S.; Pipitone, R.M.; Pennisi, G.; Celsa, C.; Cammà, C.; Di Marco, V.; Barcellona, M.R.; Boemi, R.; Enea, M.; 
Giannetti, A.; 

[36] Ali, M.; Yopp, A.; Gopal, P.; Beg, M.S.; Zhu, H.; Lee, W.; Singal, A.G. A Variant in PNPLA3 Associated with Fibrosis 
Progression but not Hepatocellular Carcinoma in Patients with Hepatitis C Virus Infection. Clin. Gastroenterol. 
Hepatol. 2016, 14, 295–300. 

[37] Chamorro, A.J.; Torres, J.L.; Mirón-Canelo, J.A.; González-Sarmiento, R.; Laso, F.J.; Marcos, M. Systematic review 
with metaanalysis: The I148M variant of patatin-like phospholipase domain-containing 3 gene (PNPLA3) is 
significantly associated with alcoholic liver cirrhosis. Aliment. Pharmacol. Ther. 2014, 40, 571–581.  

[38] O’Hare, E.A.; Yang, R.; Yerges-Armstrong, L.M.; Sreenivasan, U.; McFarland, R.; Leitch, C.C.; Wilson, M.H.; Narina, 
S.; Gorden, A.; Ryan, K.A.; et al. TM6SF2 rs58542926 impacts lipid processing in liver and small intestine. 
Hepatology 2017, 65, 1526–1542. 

[39] Liu, Y.L.; Reeves, H.L.; Burt, A.D.; Tiniakos, D.; McPherson, S.; Leathart, J.B.; Allison, M.E.; Alexander, G.J.; Piguet, 
A.C.; Anty, R.; et al. TM6SF2 rs58542926 influences hepatic fibrosis progression in patients with non-alcoholic 
fatty liver disease. Nat. Commun. 2014, 5, 4309.  

[40] Mancina, R.M.; Ferri, F.; Farcomeni, A.; Molinaro, A.; Maffongelli, A.; Mischitelli, M.; Poli, E.; Parlati, L.; Burza, M.A.; 
De Santis, A.; et al. A two gene-based risk score predicts alcoholic cirrhosis development in males with at-risk 
alcohol consumption. Appl. Clin. Genet. 2019, 12, 1–1 

[41] Duckier V, Lucidi V, Gustot T, Moreno C. Ethical considerations regarding early liver transplantation in patients 
with severe alcoholic hepatitis not responding to medical therapy. J Hepatol 2014; 60:866-871. 

[42] Westwood G, Meredith P, Atkins S, Greengross P, Schmidt PE, Aspinall RJ. Universal screening for alcohol misuse 
in acute medical admissions is feasible and identifies patients at high risk of liver disease. J Hepatol 2017; 67:559-
567. 

[43] Crabb DW, Bataller R, Chalasani NP, et al. Standard definitions and common data elements for clinical trials in 
patients with alcoholic hepatitis: recommendation from the NIAAA alcoholic hepatitis consortia. 
Gastroenterology. 2016; 150:785-790. doi: 10.1053/j.gastro.2016.02.042 

[44] Altamirano J, Miquel R, Katoonizadeh A, et al. A histologic scoring system for prognosis of patients with alcoholic 
hepatitis. Gastroenterology. 2014; 146:1231-9. e1-6. Doi: 10.1053/j.gastro.2014.01.018 


