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ABSTRACT 

Ethanol is typically referred to as alcohol. It is broadly used without restrictions and supervision. It 

is of   the most abused substances which produces countless undesirable effects on its users. The 

metabolism of alcohol from a toxic substance to water and carbon dioxide is performed by the liver 

with the rest excreted through the lungs, the kidneys and in sweat. The effects of excessive intake of 

alcohol include fatty liver, liver cirrhosis and metabolic impairment of tissues and cells due to 

reactive oxygen and nitrogen species emanating from its metabolism to acetaldehyde. Unguided and 

unrestricted use of alcohol depending on frequency and duration results in acute or chronic 

intoxication and even more complex problems like alcohol tolerance and dependence. The 

consumption of alcohol not only affects physical structures of the body such as the liver, but also 

physiological processes and behaviour. Alcohol taken in moderate quantities can act like a 

beverage. It has therapeutic potentials but in low or moderate doses.  
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                         INTRODUCTION 

Alcohol is a common name but it is usually 

used to refer to a particular liquid substance 

employed as a beverage by man [1]. Alcohol 

(ethanol or ethylalcohol) is the ingredient 

found in beer, wine and spirits which causes 

drunkenness. Alcohol is produced when yeast 

ferments the sugars in different foods; for 

example wine is made from the sugar in 

grapes, beer from the sugar in malted barley, 

cider from the sugar in apples and vodka from 

the sugar in potatoes and beets [2]. Alcohol is 

used as a beverage but it is employed as drug 

and in drug preparations [1]. As alcohol is 

used publicly without check and expert 

supervision, it produces acute and chronic 

intoxications both which have severe 

consequences. So it has become indispensable 

to look at the health implications of alcohol 

intoxication in this review. Extreme alcohol 

intake is a major public health challenge 

globally and has been identified as one of the 

main determinants of a variety of non 

communicable diseases [3]. The World Health 

Organization (WHO) estimates that 4.6% of the 

worldwide problem of disease and injury, and 

5% of all deaths globally are attributable to 

alcohol [4]. Alcohol is the top risk factor for 

death among males aged (15-65) particularly in 

Eastern Europe [3]. Toxic and other 

undesirable effects of alcohol on organs and 

tissues in humans are largely a result of its 

metabolism to acetaldehyde and associated 

formation of reactive oxygen and nitrogen 

species, depletion of co-factors nicotinamide 

adenine dinucleotide oxidized (NAD+) and 

mutilation in energy homeostasis [5]. 

Acetaldehyde and oxidants are extremely 

reactive molecules that can harm DNA, 

proteins and lipids. Secondary effects include 

disruption of signaling pathways and ion 
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channel function, unfolded-protein response 

and oxidative stress, as well as activation of 

adaptive immune response largely triggered 

by acetaldehyde-protein adducts [6].   

Alcohol is extremely diffusible through cell 

membranes and is metabolized by most 

tissues. Thus, its toxicity affects most organs. 

Because liver is the major site of alcohol 

metabolism, it is one of the main targets for 

alcohol-induced organ damage [7]. Alcoholic 

liver diseases include steatosis, different 

subtypes of steatohepatitis, cirrhosis and 

hepatocellular carcinoma [8]. Of these, 

cirrhosis of the liver is a third leading (at 

16.6%) cause of alcohol-attributable deaths 

worldwide [8].  In addition, other anatomical 

sites in the aero-digestive tracts are adversely 

affected by alcohol, with most important 

morbidity and mortality due to malignant 

tumors, all causally related to alcohol 

consumption, of the oral cavity, pharynx, 

larynx, esophagus and colorectum [8]. In the 

pancreas, toxic metabolites of alcohol cause 

acinar cell injury leading to pancreatitis and 

subsequent fibrosis [9].  

Cardiovascular system is second only to 

gastrointestinal organs in toxic effects of 

alcohol [9]. In the kidney, alcohol has been 

associated with glomerulonephritis, acute 

nephropathy and kidney graft failure [9]. 

Adverse effects of alcohol on human 

reproduction and development span the wide 

range of pathological conditions from 

impaired fertility, to premature and low-

weight births and foetal alcohol syndrome 

spectrum disorders [10]. The addition of 

breast cancer to the list of cancers causally 

related to alcohol consumption suggested that 

the proportion of malignancies attributable to 

alcohol consumption is higher than previously 

estimated [7]. Indeed, recent studies show that 

up to 5% of breast cancers are attributable to 

alcohol in Northern Europe and America [10]. 

Factors affecting susceptibility to alcohol 

toxicity include genetics, gender, 

lifestyle/nutrition, exposure to environmental 

chemicals and drugs and comorbidities. The 

effect of gender varies with females being 

more susceptible to alcoholic liver disease, but 

most alcohol-attributable deaths occur in 

males [11]. Dietary (high fat consumption, 

patterns of alcohol intake), life style (cigarette 

smoking and drug abuse) and environmental 

(nitrosamines, metals and chlorinated 

solvents) factors also affect both morbidity 

and mortality related to alcohol abuse. 

Obesity, viral infections, iron accumulation 

and other pro-inflammatory conditions, as well 

as concomitant uptake of certain drugs 

(acetaminophen, isoniazid and methotrexate) 

also compound morbidity and mortality due to 

alcohol abuse. Finally, while overwhelming 

evidence exists to conclude that consumption 

of alcoholic beverages is harmful to human 

health, many studies observed some beneficial 

effects of modest alcohol consumption [11].
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Metabolism of alcohol 

Most of the metabolism or breaking down of 

alcohol from a toxic substance to water and 

carbon dioxide is performed by the liver with 

the rest excreted through the lungs (allowing 

alcohol breath tests), through the kidneys (into 

urine) and in sweat [12].  The liver can break 

down only a certain amount of alcohol per hour, 

which for an average person is around one 

standard drink which raises the blood alcohol 

concentration (BAC) about 15 to 20 mg/dl. The 

current limit for driving in New Zealand is 80 

mg/dl [7]. The effects of alcohol (ethanol) on 

various tissues depend on its concentration in 

the blood (blood alcohol concentration) BAC over 

time. BAC is determined by how quickly alcohol 

is absorbed, distributed, metabolized and 

excreted [13]. After alcohol is swallowed, it is 

absorbed primarily from the small intestine into 

the veins that collect blood from the stomach 

and bowels and from the portal vein, which leads 

to the liver. From there it is carried to the liver, 

where it is exposed to enzymes and metabolized.  

The rate of the rise of BAC is influenced by how 

quickly alcohol is emptied from the stomach and 

the extent of metabolism during this first pass 

through the stomach and liver (first-pass 

metabolism (FPM). BAC is influenced by 

environmental factors (such as the rate of alcohol 

drinking, the presence of food in the stomach 

and the type of alcoholic beverage) and genetic 

factors (variations in the principal alcohol-

metabolizing enzymes alcohol dehydrogenase 

(ADH) and aldehyde dehydrogenase (ALDH). The 

alcohol elimination rate varies widely (three-

fold) among individuals and is influenced by 

factors such as chronic alcohol consumption, 

diet, age, smoking and time of day [6]. The 

consequent deleterious effects caused by 

equivalent amounts of alcohol also vary among 

individuals. Although the liver is the main organ 

responsible for metabolizing ingested alcohol, 

stomach (gastric) ADH has been reported to 

contribute to (FPM). The relative contribution of 

the stomach and the liver to FPM, however, is 

controversial. Alcohol is also, metabolized in 

non-liver (extra hepatic) tissues that do not 

contain ADH, such as the brain, by the enzymes 

cytochrome P450 and catalase. In general, 

alcohol metabolism is achieved by both oxidative 

pathways, which either add oxygen or remove 

hydrogen (through pathways involving ADH, 

cytochrome P450 and catalase enzymes) and 

non-oxidative pathways.Generally, alcohol 

(ethanol) metabolism is divided into two types: 

(a) The oxidative pathways for alcohol 

metabolism 

(b) The non-oxidative pathways for alcohol 

metabolism. 
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The oxidative pathways of alcohol (ethanol) metabolism 

Ethanol is metabolized into acetaldehyde 

along three liver enzymatic pathways in 

different percentages. They are: 

(a) Liver Alcohol dehydrogenase (ADH) (90%) 

(b) Microsomal ethanol oxidizing system 

(MEOS 8-10%) 

(c) Catalase (0-2%) (Baraona, 2000).  

The enzymes alcohol dehydrogenase (ADH), 

cytochrome P450 2E1 (CYP2E1) and catalase 

all contribute to oxidative metabolism of 

alcohol. ADH, present in the fluid of the 

cell (cytosol), converts alcohol (ethanol) to 

acetaldehyde. This reaction involves an 

intermediate carrier of electrons, 

nicotinamide adenine dinucleotide (NAD
+
), 

which is reduced by two electrons to form 

NADH. Catalase, located in cell bodies 

called peroxisomes, requires hydrogen 

peroxide (H
2

O
2

) to oxidize alcohol. CYP2E1, 

present predominantly in the cell 

microsomes assume an important role in 

metabolizing ethanol to acetaldehyde at 

elevated ethanol concentrations. 

Acetaldehyde is metabolized mainly by 

aldehyde dehydrogenase 2 (ALDH2) in the 

mitochondria to form acetate, NADH and 

reactive oxygen species (ROS) [6]. 

 

Alcohol dehydrogenase (ADH) 

Alcohol dehydrogenase pathway: This 

pathway is the major mechanism for 

alcohol oxidation. Alcohol is thus largely 

oxidized via the liver enzyme, alcohol 

dehydrogenase (ADH) whose cofactor is 

nicotinamide dinucleotide (NAD). During 

the reaction, acetaldehyde is formed and 

NAD is reduced to NADH [6].  

Microsomal ethanol oxidizing system (MEOS) 

Microsomal ethanol oxidizing system 

(MEOS) involves isozymes, CYP2E1, 1A2 

and 3A4, which are predominantly in the 

microsomes or vesicles, of a network of 

membranes within the cell known as the 

endoplasmic reticulum. MEOS also 

contributes to alcohol oxidation in the 

liver. The isoenzyme CYP2E1 is induced by 

chronic alcohol consumption and assumes 

an important role in metabolizing ethanol 

to acetaldehyde at elevated ethanol 

concentrations. In addition, CYP2E1 

dependent ethanol oxidation may occur in 

other tissues, such as the brain, where ADH 

activity is low. It also produces ROS, 

including hydroxyl ethyl, superoxide 

anion, and hydroxyl radicals, which 

increases the risk of tissue damage. It 

utilizes NADPH and O
2 

to generate NADP
+

 

and H
2

O [6]. 
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Catalase 

Catalase, located in cell bodies called 

peroxisomes, is capable of oxidizing 

ethanol in vitro in the presence of a 

hydrogen peroxide (H
2

O
2

) generating 

system, such as the enzyme complex 

NADPH oxidase or the enzyme xanthine 

oxidase. Quantitatively, however, this is 

considered a minor pathway of alcohol 

oxidation, except in the fasted state [15].  

Products of Oxidative Metabolism of Alcohol 

Acetaldehyde and acetate produced from 

the oxidative metabolism of alcohol, 

contributes to cell and tissue damage in 

various ways. 

 Acetaldehyde 

Acetaldehyde, produced by alcohol 

oxidation through any of the mechanisms 

outlined above, is rapidly metabolized to 

acetate, mainly by ALDH2 (in cell bodies 

called mitochondria), to form acetate and 

NADH. NADH is then oxidized by a series of 

chemical reactions in the mitochondria 

(the mitochondrial electron transport 

chain, or respiratory chain). Acetaldehyde 

has the capacity to bind to proteins such as 

enzymes, microsomal proteins and 

microtubules. It also forms adducts with 

the brain signaling chemical 

(neurotransmitter) dopamine to form 

salsolinol, which may contribute to alcohol 

dependence and with DNA to form 

carcinogenic DNA adducts such as 1,N
2

-

propan odeoxyguanosine. Protein adducts 

in hepatocytes impairs protein secretion, 

which has been proposed to play a role in 

enlargement of the liver (hepatomegaly) 

[16]. 

Acetate 

Acetate, produced from the oxidation of 

acetaldehyde, is oxidized to carbon dioxide 

(CO
2

). Most of the acetate resulting from 

alcohol metabolism escapes the liver to the 

blood and is eventually metabolized to CO
2 

in heart, skeletal muscle and brain cells. 

Acetate is not an inert product; it increases 

blood flow into the liver and depresses the 

central nervous system, as well as affects 

various metabolic processes [16]. Acetate 

also is metabolized to acetyl-CoA, which is 

involved in lipid and cholesterol 

biosynthesis in the mitochondria of 

peripheral and brain tissues.  It is 

hypothesized that upon chronic alcohol 

intake the brain starts using acetate rather 

than glucose as a source of energy. 

The non-oxidative pathways of alcohol (ethanol) metabolism 

The non-oxidative metabolism of alcohol 

is minimal, but its products may have 

pathological and diagnostic relevance. 

Alcohol is non-oxidatively metabolized by 
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at least two pathways. One leads to the 

formation of molecules called fatty acid 

ethyl esters (FAEEs) from the reaction of 

alcohol with fatty acids weak organic acids 

that play functional roles in human cells. 

The other non-oxidative pathway results in 

the formation of a type of fat molecule 

(lipid) containing phosphorus 

(phospholipid) known as phosphatidyl 

ethanol. FAEEs are detectable in serum and 

other tissues after alcohol ingestion and 

persist long after alcohol is eliminated. The 

role of FAEEs in alcohol-induced tissue 

damage remains to be further evaluated. 

The second non-oxidative pathway 

requires the enzyme phospholipase D (PLD) 

[17], which breaks down phospholipids 

(primarily phosphatidylcholine) to generate 

phosphatidic acid (PA). This pathway is a 

critical component in cellular 

communication. PLD has a high K
m 

for 

ethanol and the enzymatic reaction does 

occur predominantly at high circulating 

alcohol concentrations. The product of this 

reaction, phosphatidyl ethanol, is poorly 

metabolized and may accumulate to 

detectable levels following chronic 

consumption of large amounts of alcohol, 

but its effects on the cell remain to be 

established. However, the formation of 

phosphatidyl ethanol occurs at the expense 

of the normal function of PLD, namely to 

produce PA, resulting in inhibited PA 

formation and disruption of cell signaling. 

Oxidative and non-oxidative pathways of 

alcohol metabolism are interrelated. 

Inhibition of ethanol oxidation by 

compounds that inhibit ADH, CYP2E1 and 

catalase results in an increase in the non-

oxidative metabolism of alcohol and 

increased production of FAEEs in the liver 

and pancreas [18]. 
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HEALTH IMPLICATIONS OF ALCOHOL INTOXICATION 

Effect of excess NADH generation 

After an alcohol bout, the NADH/NAD
+ 

ratio increases drastically. Many cellular 

processes depend on NADH/NAD
+ 

couple. Generally both ADH and ALDH 

furnish the reducing equivalents. 

Through, both of these pathways, 

ethanol oxidation vastly increase the 

availability of NADH to the electron 

transport chain in the mitochondria. 

Pyruvate is a major end product of 

carbohydrate metabolism. It is 

converted to lactate using NADH. 

Following alcohol intake and its 

subsequent metabolism, NADH is in 

high concentration and this leads to a 

formation of lactate from pyruvate. This 

causes hyperlipidaemia which while 

predisposing to acidosis also impairs 

uric acid excretion by the kidney 

eventually leading to hyperuricaemia. 

Reductions in pyruvate availability 

militate against gluconeogenesis [19].  

Glucose is a carbohydrate of the class 

monosaccharides. The six carbon sweet 

tasting substance is at the center of 

energy provision in the body and in the 

brain especially. The brain uses no other 

fuel but glucose for the provision of 

energy. Generally, the soaked brain uses 

less glucose actually about 25 per cent 

less than the normal brain. Decreased 

glucose metabolism has been found in 

the visual cortex of the occipital lobe 

and in the cerebellum for gait and 

posture. Reduced glucose catabolism in 

addition, to deprivation of energy leads 

to decreased amounts of pyruvate in the 

brain. The conversion of pyruvate to 

acetyl-CoA and the subsequent 

utilization of this product in the 

synthesis of acetylcholine are very 

important in the brain [2]. 

The demonstrated decreases in the 

levels of pyruvate, the triose 

intermediates, the diminished 

availability of pyruvate result in 

increase in lactic acid (lactate) 

formation, synthesis of oxaloacetate and 

formation of TCA intermediates. Thus 

these are the reason for reduced 

pyruvate level in alcohol oxidation. 

Alcohol inhibits glucose production 

(gluconeogenesis) probably by slowing 

down the rate of pyruvate carboxylation 

and by shifting lactate/pyruvate ratio 

and of the redox state of NAD. Also 

alcohol reduces the rate of glycogen 

synthesis.  

In all, the overall effect of alcohol on 

blood glucose level is hypoglycaemia 

(low blood glucose level). In addition to 

the inhibitions listed above, glucose is 

heavily eliminated in urine after alcohol 

bouts. But it is now known that people 

who drink alcohol secrete less insulin. 

Insulin is a peptide hormone that 

suppresses blood glucose levels and it 

promotes the synthesis and storage of 

fats. Alcohol affects insulin levels 

differently in thin and over-weight 

people. Generally, the effect of drinking 

on glucose utilization is balanced in 

favour of low blood glucose [1]. 

Hypoglycaemia results from reducd 

levels of pyruvate, a condition 
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exacerbated by poor diet and depleted 

glycogen levels observed in alcoholics. 

The rundown in carbohydrate 

metabolism also promotes an increase 

in the synthesis of ketone bodies from 

acetyl coenzyme A (ketosis). A high 

NADH/NAD
+ 

balance favours fatty acid 

synthesis and formation of triglycerides 

which accumulate in the liver, the fatty 

liver syndrome. The liver reacts by 

increasing protein synthesis and 

exporting the lipids as lipoproteins, 

resulting in elevated blood lipid levels 

(hyperlipidaemia) a predisposing factor 

towards cardiovascular disorders [3]. 

These changes are illustrated in figure 

1. 
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Figure 1: Effects of Excess NADH generated by ethanol oxidation [6]. 
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Metabolic Disruption in Liver due to Alcohol Metabolism 

Chronic ethanol consumption and alcohol 

metabolism also may influence various 

other metabolic pathways, thereby 

contributing to metabolic disorders 

frequently found in alcoholics, such as 

fatty liver and excessive level of  lipids in 

the blood ( hyperlipidemia), accumulation 

of lactic acid in the body fluids (lactic 

acidosis), excessive production of 

chemical compounds known as ketones in 

the body (ketosis), and elevated levels of 

uric acid in the blood (hyperuricemia). As 

the liver is the main site of alcohol 

metabolism, it is particularly 

susceptible to the harmful effects of 

alcohol [20]. There are three main 

stages of alcoholic liver disease: fatty 

liver, alcoholic hepatitis, and alcoholic 

cirrhosis. 

Other metabolic derangements associated with ethanol metabolism 

Other metabolic derangements associated 

with ethanol metabolism result from the 

fact that ADH and ALDH metabolize not 

only ethanol but also other compounds. 

For example, ADH and ALDH oxidize 

retinol (vitamin A) to retinal and, 

subsequently, retinoic acid, which plays 

an important role in growth and 

differentiation. In the presence of ethanol, 

ADH and ALDH may be occupied with 

ethanol metabolism and retinol 

metabolism may be inhibited. These 

interactions may have serious 

implications for fetal development, stem 

cell differentiation, maintenance of 

differentiated tissue function, and the 

normal structure and function of stellate 

cells in the liver (Pfefferbaum et al., 

2001). Chronic alcohol consumption also 

is associated with disturbances in the 

metabolism of sulfur-containing amino 

acids, leading to increased levels of the 

amino acids glutamate, aspartate, and 

homocysteine in alcoholic patients. These 

increases may have serious adverse 

effects. For example, homocysteine 

increases and modulates certain  

nerve signaling processes, particularly 

during alcohol withdrawal, and increases in 

homocysteine levels may possibly 

contribute to the alcoholism-associated 

tissue shrinkage (atrophy) observed in 

brain tissue [2]. 

Hepatic metabolism of ethanol (alcohol) 

results in the generation of large 

quantities of cytosolic and mitochondrial 

NADH leading to disruptions in the 

normal metabolic processes in the liver. 

Acute and chronic ethanol metabolism 

results in impaired gluconeogenesis 

leading to potentially severe 

hypoglycemia. The elevated cytosolic 

NADH levels lead to diversion of pyruvate 

into lactate, as well as an inability to 

convert lactate to pyruvate which 

represents the major disruption in 

normal hepatic gluconeogenesis [20].  

The increased lactate production in turn 

results in excessive lactate delivery to the 

blood and a consequent lactic acidemia. 

The excess acetate, derived from the 

mitochondrial oxidation of acetaldehyde 
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is converted to acetyl-CoA via the action 

of mitochondrial and cytoplasmic acetyl-

CoA synthetases. The acetyl-CoA is then 

diverted into fatty acid synthesis. In 

addition, chronic ethanol metabolism 

leads to impaired fatty acid oxidation and 

diversion of carbons into fats results in 

increased triglyceride and VLDL 

production causing fatty infiltration and 

ultimately liver damage and failure. 

Contributing to the progression of liver 

damage and failure is the increased 

production of reactive oxygen species 

(ROS) within the mitochondria as a 

consequence of the increased levels of 

mitochondrial NADH. The ROS generated 

causes mitochondrial stress leading to 

the triggering of the mitochondrial 

apoptosis pathway and hepatocyte death 

[5]. 
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Figure 2: Metabolic Disruption in Liver due to Alcohol Metabolism [12]. 
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Notable beneficial effects 

It is not always that alcohol produces 

toxic effects. Occasionally, depending 

on dose and frequency, it may exert 

some desirable effects [21]. 

 Improvement of Longevity 

Natural wines which are ferments of 

fruit juices and saps contain mineral 

ions, vitamins C (anti-oxidant) and B-

group vitamins (largely coenzymes) that 

enhace longevity [1]. 

 Improvement of Heart Function 

In excess alcohol weakness the heart 

muscle. Its metabolite, acetaldehyde 

suppresses heart protein synthesis and 

generally prevents the laying down of 

muscles. The weakened heart is prone to 

heart attacks and cardiac arrest. Also 

excess alcohol promotes high blood 

pressure, abnormal heart rhythms, 

strokes and excessive bleeding 

disorders [1].  

In moderate quantities, alcohol dilates 

blood vessels and allows greater flow of 

blood into extremities and essential 

organs. Thus these tissues have greater 

nourishment receiving more nutrients 

and oxygen and so will grow or thrive 

better. Alcohol promotes the synthesis 

and laying down of various forms of 

cholesterol; high density, very low 

density and low density lipoproteins 

respectively (HDL, VLDL, LDL). HDL is 

known to protect the heart and arteries 

unlike the others. It would appear that 

moderate quantities enhance good 

cholesterol synthesis while suppressing 

that of the bad types. It also reduces the 

production of fibrinogen that enhances 

clotting of blood. 

However, wines are products of yeast 

action. During the process yeast exude 

vitamins A, B’s and C. Wines contain 

some polyphenols which act as anti-

oxidants [22]. Also they may contain 

tannins and related substances that 

prevent platelet aggregation and blood 

clot formation in general [21]. These 

substances found in wines especially 

red wines dilate the blood vessels and 

so improve upon such disorders as 

angina pectoris and other coronary 

heart diseases. So with caution and 

restraints such that one does not exceed 

moderation, it is possible to drink to 

enhance longevity. 

CONCLUSION 

The consumption of alcohol not only 

affects physical structures of the body 

such as the liver, but also 

physiological processes and 

behaviour. Alcohol taken in moderate 

quantities can act like a beverage. It has 

therapeutic potentials but in low or 

moderate doses.  

 

 

 

 



http://www.inosr.net/inosr-experimental-sciences/  

Ugwu and Amasiorah 

INOSR Experimental Sciences 6(1): 62-74, 2020.  

74 

 

REFERENCES 

1.Nwodo, O.F.C. (1999). Alcohol. Atlanto 

press Nsukka. Pp. 1-55. 

2.Luisa, V., Lorenzo, L., Anna, F., Marco, B. 

and Giovanni, G. (2008). Acute alcohol 

intoxication. European Journal of Internal 

Medicine, 19: 561-567.  

3.Beecroft, J., Kemp, A., Lassila, S., Sheedy, D. 

and Ward, E. (2010). The biochemical 

andpathopysiological effects of alcohol 

consumption. Christian Spirituality and 

Science, 8 (1): 25-43. 

4. Schuckitt, M. (2009). Alcohol use 

disorders. The Lancet, 373: 492-501. 

5.Ivan, R. and Ramon, B.  (2013). Alcohol 

and toxicity.  Journal of Hepatology, 59: 

387-388. 

 6. Clive, B. (1990). The biochemistry of 

alcohol metabolism; a brief review. 

Biochemical Education, 18(2): 62-66. 

7.Baan, R., Straif, K., Grosse, Y., Secretan, B., 

Ghissassi, F. E. and Bouvard, V. (2007). 

Carcinogenicity of alcoholic beverages. 

The Lancet  Oncology, 8(4): 292-293. 

8.Mann, R.E., Smart, R. G. and Govoni, R. 

(2003). The epidemiology of alcoholic liver 

disease. Alcohol Research and Health, 27(3): 

209-19. 

9.Vonlaufen, A., Wilson, J. S., Pirola, R. C. 

and Apte, M. V. (2007). Role of alcohol 

metabolism in chronic pancreatitis. Alcohol 

Research and Health, 30(1): 48-54. 

10.Jensen, T. K., Hjollund, N. I., Henriksen, 

T. B. and Scheike, T. (1998). Does moderate 

alcoholconsumption affect fertility; Follow 

up study among couples planning first 

pregnancy. British Medical Journal, 

317(7157): 505-510. 

11. Sampson, W. H. (2002). Alcohol and 

other factors affecting osteoporosis risk in 

women. Alcohol Research and Health, 26(4): 

292-8. 

12.Abel, E. (2006). Foetal alcohol syndrome; 

a cautionary note. Current Pharmaceutical 

Design, 12: 1521-1529. 

13.Agarwal, D.P. (2001).  Genetic 

polymorphisms of alcohol metabolizing 

enzymes. Pathologie Biologie,  49:703-709.  

14.Anstey, K. J., Jorm, A.F.,  Reglade-Meslin, 

C.,  Maller, J., Kumar, R., Von Sanden, C.,  

Windsor, T.D., Rodgers, B., Wen, W. and 

Sachdev, P. (2006). Weekly alcohol 

consumption, brain atrophy, and white 

matter hyperintensities in a community-

based sample aged sixty to seventy years. 

Psychosomatic Medicine, 68: 778-785. 

15.Arria, A. M., Tarter, R. E. and Van Thiel, 

D. H. (1990). Liver and brain relations in  

alcoholics. Alcohol Health and Research 

World, 14(2): 112-7. 

16.Bailey, S.M. (2003). A review of the role of 

reactive oxygen and nitrogen species in 

alcohol induced mitochondrial dysfunction. 

Free Radical Research 37:585-596. 

17.Baraona, E. (2000). Site and quantitative 

importance of alcohol first pass metabolism; 

alcoholism: Clinical and Experimental 

Research, 24:405-406. 

18.Bode, C. and Bode, C. J. (1997). Alcohol 

absorption, metabolism and production in 

the 

 gastrointestinal tract. Alcohol Health and 

Research World, 21(1): 82-83. 

19.Bordone, I. and Guarrente, I. (2005). Calorie 

restriction and metabolism: understanding 

longevity. Nature, 6:298-305.  

20. Bradford, B.U., Kono, H. and Isayama, F. 

(2005). Cytochrome p450 cyp2e1 but not 

nicotinamide adenine dinucleotide 

phosphate oxidase is required for ethanol 

induced oxidative DNA damage in rodent 

liver. Hepatology, 41:336-344.  

21.Chastain, G. (2006). Alcohol, 

neurotransmitter systems and behaviour. 

The Journal of General Psychology, 133(4): 

329-335. 

22.Clapp, P., Bhave, S.V. and Hoffman, P.L. 

(2008). How adaptation of the brain to 

alcohol leads to dependence;a 

pharmacological perspective. Alcohol 

Research and Health, 31(4): 310-340.  


