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INTRODUCTION
Like other sedative-hypnotic drugs, alcohol in low to moderate amounts
relieves anxiety and fosters a feeling of well-being or even euphoria.
 However, alcohol is also the most commonly abused drug in
the world, and the cause of vast medical and societal costs.

In the United States, approximately 75% of the adult population drinks
alcohol regularly. The majority of this drinking population is able to enjoy
the pleasurable effects of alcohol without allowing alcohol consumption
to become a health risk.
 However, about 8% of the general population in the United
States has an alcohol-use disorder.

Individuals who use alcohol in dangerous situations (eg, drinking and
driving or combining alcohol with other medications) or continue to drink
alcohol in spite of adverse consequences related directly to their alcohol
consumption suffer from alcohol abuse.

BASIC PHARMACOLOGY OF ETHANOL
Pharmacokinetics
Ethanol is a small water-soluble molecule that is absorbed rapidly from
the gastrointestinal tract.
For an equivalent oral dose of alcohol, women have a higher peak
concentration than men.
Over 90% of alcohol consumed is oxidized in the liver; much of the
remainder is excreted through the lungs and in the urine.
At levels of ethanol usually achieved in blood, the rate of oxidation
follows zero-order kinetics.
Two major pathways of alcohol metabolism to acetaldehyde have been
identified:

A. Alcohol Dehydrogenase Pathway
Alcohol dehydrogenase (ADH) is a family of cytosolic enzymes that
catalyze the conversion of alcohol to acetaldehyde.
 These enzymes are located mainly in the liver, but small
amounts are found in other organs such as the brain and
stomach.
Genetic variation in ADH enzymes
 For example, one ADH allele (ADH1B*2 allele), which is
associated with rapid conversion of ethanol to acetaldehyde,
has been found to be protective against alcohol dependence
in several ethnic populations and especially East Asians.
B. Microsomal Ethanol-Oxidizing System (MEOS)
This enzyme system consists primarily of cytochrome P450 2E1, 1A2,
and 3A4.
During chronic alcohol consumption, MEOS activity is induced. As a
result, chronic alcohol consumption results in significant increases not
only in ethanol metabolism but also in the clearance of other drugs.

C. Acetaldehyde Metabolism
Oxidation of acetaldehyde is inhibited by disulfiram.
When ethanol is consumed in the presence of disulfiram, acetaldehyde
accumulates and causes an unpleasant reaction of facial flushing,
nausea, vomiting, dizziness, and headache.
Several other drugs (eg, metronidazole, cefotetan, trimethoprim) inhibit
ALDH and can cause a disulfiram-like reaction if combined with ethanol.
Some people, primarily of East Asian descent, have genetic deficiency in
the activity of the mitochondrial form of ALDH.

Pharmacodynamics of Acute Ethanol Consumption
A. Central Nervous System
Alcohol causes sedation, relief of anxiety and, at higher concentrations,
slurred speech, ataxia, impaired judgment, and disinhibited behavior.

For chronic drinkers who are tolerant to the effects of alcohol, higher
concentrations are needed to elicit these CNS effects.
B. Heart
Significant depression of myocardial contractility has been observed in
individuals who acutely consume moderate amounts of alcohol, i.e., at a
blood concentration above 100 mg/dL.
C. Smooth Muscle
In cases of severe overdose, hypothermia—caused by vasodilation—
may be marked in cold environments. Ethanol also relaxes the uterus.

Consequences of Chronic Alcohol Consumption
Since ethanol has low potency, it requires concentrations thousands of
times higher than other misused drugs (eg, cocaine, opiates,
amphetamines) to produce its intoxicating effects.
Deaths linked to alcohol consumption are caused by liver disease,
cancer, accidents, and suicide.
A. Liver and Gastrointestinal Tract
Liver disease is the most common medical complication of alcohol
abuse;
An estimated 15–30% of chronic heavy drinkers eventually develop
severe liver disease.
Alcoholic fatty liver, a reversible condition, may progress to alcoholic
hepatitis and finally to cirrhosis and liver failure.
Tumor necrosis factor-α (TNF-α), a pro-inflammatory cytokine that is
consistently elevated in animal models of alcoholic liver disease and in
patients with alcoholic liver disease, appears to play a pivotal role in the
progression of alcoholic liver disease and may be a fruitful therapeutic
target.
Chronic alcohol ingestion is by far the most common cause of chronic
pancreatitis in the Western world.

Alcohol also injures the small intestine, leading to diarrhea, weight loss,
and multiple vitamin deficiencies.
B. Nervous System
1. Tolerance and dependence
As with other sedative-hypnotic drugs, there is a limit to tolerance, so
that only a relatively small increase in the lethal dose occurs with
increasing alcohol use.
Alcohol withdrawal symptoms classically consist of hyper-excitability in
mild cases and seizures, toxic psychosis, and delirium tremens in severe
ones.
Psychological dependence on alcohol is characterized by a compulsive
desire to experience the rewarding effects of alcohol and, for current
drinkers, a desire to avoid the negative consequences of withdrawal.
Like other drugs of abuse, ethanol modulates neural activity in the
brain’s mesolimbic dopamine reward circuit and increases dopamine
release in the nucleus accumbens.
The discovery that naltrexone, a nonselective opioid receptor antagonist,
helps patients who are recovering from alcoholism abstain from drinking
supports the idea that a common neurochemical reward system is
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2. Neurotoxicity
The most common neurologic abnormality in chronic alcoholism is
generalized symmetric peripheral nerve injury, which begins with distal
paresthesias of the hands and feet. Degenerative changes can also
result in ataxia.
Wernicke-Korsakoff syndrome is a relatively uncommon but important
entity characterized by paralysis of the external eye muscles, ataxia, and
a confused state that can progress to coma and death.
It is associated with thiamine deficiency but is rarely seen in the
absence of alcoholism.
All
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(including virtually all patients who present to the emergency department
with altered consciousness, seizures, or both) should receive thiamine
therapy.
C. Cardiovascular System
1. Cardiomyopathy and heart failure

Heavy alcohol consumption of long duration is associated with a dilated
cardiomyopathy with ventricular hypertrophy and fibrosis.
2. Hypertension
A link between heavier alcohol consumption (more than three drinks per
day) and hypertension has been firmly established in epidemiologic
studies. Alcohol is estimated to be responsible for approximately 5% of
cases of hypertension.
3. Coronary heart disease
Although the deleterious effects of excessive alcohol use on the
cardiovascular

system

are

well

established,

there

is

strong

epidemiologic evidence that moderate alcohol consumption actually
prevents coronary heart disease (CHD), ischemic stroke, and peripheral
arterial disease.
D. Blood
The most common hematologic disorder seen in chronic drinkers is mild
anemia resulting from alcohol-related folic acid deficiency. Iron
deficiency anemia may result from gastrointestinal bleeding.

E. Endocrine System and Electrolyte Balance
Alterations of whole body potassium induced by vomiting and diarrhea,
as well as severe secondary aldosteronism, may contribute to muscle
weakness and can be worsened by diuretic therapy.
The metabolic derangements caused by metabolism of large amounts of
ethanol can result in hypoglycemia, as a result of impaired hepatic
gluconeogenesis, and in ketosis, caused by excessive lipolytic factors,
especially increased cortisol and growth hormone.
F. Fetal Alcohol Syndrome
Chronic maternal alcohol abuse during pregnancy is associated with
teratogenic effects, and alcohol is a leading cause of mental retardation
and congenital malformation.
The abnormalities that have been characterized as fetal alcohol
syndrome include (1) intrauterine growth retardation, (2) microcephaly,
(3) poor coordination, (4) underdevelopment of midfacial region
(appearing as a flattened face), and (5) minor joint anomalies.

More severe cases may include congenital heart defects and mental
retardation.

G. Immune System
Immune function in some tissues is inhibited (eg, the lung), whereas
pathologic, hyperactive immune function in other tissues is triggered (eg,
liver, pancreas).
H. Increased Risk of Cancer
Chronic alcohol use increases the risk for cancer of the mouth, pharynx,
larynx, esophagus, and liver.
Alcohol itself does NOT appear to be a carcinogen in most test systems.
However, its primary metabolite, acetaldehyde, can damage DNA, as
can the reactive oxygen species produced by increased cytochrome
P450 activity.

Alcohol-Drug Interactions
The most common pharmacokinetic alcohol-drug interactions stem from
alcohol-induced increases of drug-metabolizing enzymes.
In 1998, the Food and Drug Administration (FDA) announced that all
over-the-counter products containing acetaminophen must carry a
warning about the relation between chronic ethanol consumption and
acetaminophen-induced hepatotoxicity.
In contrast, acute alcohol use can inhibit metabolism of other drugs
because of decreased enzyme activity or decreased liver blood flow.
Phenothiazines, tricyclic antidepressants, and sedative-hypnotic drugs
are the most important drugs that interact with alcohol by this
pharmacokinetic mechanism.
Pharmacodynamic interactions are also of great clinical significance.
The additive CNS depression that occurs when alcohol is combined with
other CNS depressants.
Alcohol also potentiates the pharmacologic effects of many nonsedative drugs, including vasodilators and oral hypoglycemic agents.

CLINICAL PHARMACOLOGY OF ETHANOL
Personality type, severe life stresses, psychiatric disorders, and parental
role models are NOT reliable predictors of alcohol abuse. Although
environmental factors clearly play a role, evidence suggests that there is
a large genetic contribution to the development of alcoholism.
Not surprisingly, polymorphisms in alcohol dehydrogenase and aldehyde
dehydrogenase that lead to increased aldehyde accumulation and its
associated facial flushing, nausea, and hypotension appear to protect
against alcoholism.

MANAGEMENT OF ACUTE ALCOHOL INTOXICATION

Nontolerant individuals who consume alcohol in large quantities develop
typical effects of acute sedative-hypnotic drug overdose along with the
cardiovascular effects previously described (vasodilation, tachycardia)
and gastrointestinal irritation.
The most important goals in the treatment of acute alcohol intoxication
are to prevent severe respiratory depression and aspiration of vomitus.
Even with very high blood ethanol levels, survival is probable as long as
the respiratory and cardiovascular systems can be supported.
The average blood alcohol concentration in fatal cases is above 400
mg/dL; however, the lethal dose of alcohol varies because of varying
degrees of tolerance.
Electrolyte imbalances often need to be corrected and metabolic
alterations may require treatment of hypoglycemia and ketoacidosis by
administration of glucose.

Thiamine is given to protect against Wernicke-Korsakoff syndrome.

If vomiting is severe, large amounts of potassium may be required as
long as renal function is normal.

MANAGEMENT OF ALCOHOL WITHDRAWAL SYNDROME
Abrupt alcohol discontinuation in an individual with alcohol dependence
leads to a characteristic syndrome of motor agitation, anxiety, insomnia,
and reduction of seizure threshold.

The major objective of drug therapy in the alcohol withdrawal period is
prevention of seizures, delirium, and arrhythmias.
Potassium, magnesium, and phosphate balance should be restored as
rapidly as is consistent with renal function.
Thiamine therapy is initiated in all cases.

Specific drug treatment for detoxification in more severe cases involves
two basic principles:
1. Substituting a long-acting sedative-hypnotic drug for alcohoL
2. Then gradually reducing (“tapering”) the dose of the long-acting drug.
Because of their wide margin of safety, benzodiazepines are preferred.
The choice of a specific agent in this class is generally based on
pharmacokinetic or economic considerations.
Long-acting benzodiazepines, including chlordiazepoxide and diazepam,
have the advantage of requiring less frequent dosing. Since their
pharmacologically active metabolites are eliminated slowly, the longacting drugs provide a built-in tapering effect.
A disadvantage of the long-acting drugs is that they and their active
metabolites may accumulate, especially in patients with compromised
liver function.

Short-acting drugs such as lorazepam and oxazepam are rapidly
converted to inactive water-soluble metabolites that will not accumulate.
Benzodiazepines can be administered orally in mild or moderate cases,
or parenterally for patients with more severe withdrawal reactions.
Complete detoxification is not achieved with just a few days of alcohol
abstinence. Several months may be required for restoration of normal
nervous system function, especially sleep.

TREATMENT OF ALCOHOLISM
After detoxification, psychosocial therapy either in intensive inpatient or
in outpatient rehabilitation programs serves as the primary treatment for
alcohol dependence.

Other psychiatric problems, most commonly depressive or anxiety
disorders, often coexist with alcoholism and, if untreated, can contribute
to the tendency of detoxified alcoholics to relapse.
Disulfiram, naltrexone, and acamprosate—have FDA approval for
adjunctive treatment of alcohol dependence.
Naltrexone was approved in 1994 by the FDA for treatment of alcohol
dependence.
Naltrexone is generally taken once a day in an oral dose of 50 mg for
treatment of alcoholism.

An extended-release formulation administered as an IM injection once
every 4 weeks is also effective.

The drug can cause dose-dependent hepatotoxicity and should be used
with caution in patients with evidence of mild abnormalities in serum
aminotransferase activity.
The combination of naltrexone plus disulfiram should be avoided, since
both drugs are potential hepatotoxins.
Administration of naltrexone to patients who are physically dependent on
opioids precipitates an acute withdrawal syndrome, so patients must be
opioid-free before initiating naltrexone therapy.

Acamprosate has been used in Europe for a number of years to treat
alcohol dependence and was approved for this use by the FDA in 2004.
Acamprosate is administered as 1–2 enteric-coated 333 mg tablets three
times daily.

The most common adverse effects are gastrointestinal (nausea,
vomiting, diarrhea) and rash.
It should NOT be used in patients with severe renal impairment.
Disulfiram alone has little effect; however, flushing, throbbing headache,
nausea, vomiting, sweating, hypotension, and confusion occur within a
few minutes after an individual taking disulfiram drinks alcohol.
The effects may last 30 minutes in mild cases or several hours in
severe ones.

Its elimination rate is slow, so that its action may persist for several days
after the last dose.
It should NOT be administered with medications that contain alcohol.
Because adherence to disulfiram therapy is low and because the
evidence from clinical trials for its effectiveness is weak, disulfiram is no
longer commonly used.

Other Drugs
Such drugs include ondansetron, a serotonin 5-HT 3 -receptor
antagonist; topiramate, a drug used for partial and generalized tonicclonic seizures; and baclofen, a GABA B receptor agonist used as a
spasmolytic.

PHARMACOLOGY OF OTHER ALCOHOLS
METHANOL
Methanol (methyl alcohol, wood alcohol) is widely used in the industrial
production of synthetic organic compounds and as a constituent of many
commercial solvents.
In the home, methanol is most frequently found in windshield-washing
products.

Poisonings occur from accidental ingestion of methanol-containing
products or when it is misguidedly ingested as an ethanol substitute.
Methanol can be absorbed through the skin or from the respiratory or
gastrointestinal tract and is then distributed in body water.
The primary mechanism of elimination of methanol in humans is by
oxidation to formaldehyde, formic acid, and CO2.

The special susceptibility of humans to methanol toxicity is due to
metabolism to formate and formaldehyde, NOT to methanol itself.
Since the conversion of methanol to its toxic metabolites is relatively
slow, there is often a delay of 6–30 hours before the appearance of
severe toxicity.
Physical findings in early methanol poisoning are generally nonspecific,
such as inebriation and gastritis, and possibly an elevated osmolar gap.
In severe cases, the odor of formaldehyde may be present on the breath
or in the urine.
After a delay, the most characteristic symptom in methanol poisoning—
visual disturbance—occurs along with anion gap metabolic acidosis.

The visual disturbance is frequently described as “like being in a
snowstorm” and can progress to blindness.

Changes in the retina may sometimes be detected on examination, but
these are usually late.
The development of bradycardia, prolonged coma, seizures, and
resistant acidosis all imply a poor prognosis.
The cause of death in fatal cases is sudden cessation of respiration.
A serum methanol concentration higher than 20 mg/dL warrants
treatment, and a concentration higher than 50 mg/dL is considered
serious enough to require hemodialysis.
The first treatment for methanol poisoning, as in all critical poisoning
situations, is support of respiration.
There are three specific modalities of treatment for severe methanol
poisoning:

1. Suppression of metabolism by alcohol dehydrogenase to toxic
products
2. Hemodialysis to enhance removal of methanol and its toxic products
3. Alkalinization to counteract metabolic acidosis

Fomepizole, an alcohol dehydrogenase inhibitor, is approved for the
treatment of methanol and ethylene glycol poisoning.

It is administered intravenously in a loading dose of 15 mg/kg followed
by 10 mg/kg every 12 hours for 48 hours and then 15 mg/kg every 12
hours thereafter until the serum methanol level falls below 20–30 mg/dL.
The dosage increase after 48 hours is based on evidence that
fomepizole rapidly induces its own metabolism by the cytochrome P450
system.
Patients undergoing hemodialysis are given fomepizole more frequently
(6 hours after the loading dose and every 4 hours thereafter).

Intravenous ethanol is an alternative to fomepizole. It has a higher
affinity than methanol for alcohol dehydrogenase.
Ethanol is used intravenously as treatment for methanol and ethylene
glycol poisoning.
The dose-dependent characteristics of ethanol metabolism and the
variability of ethanol metabolism require frequent monitoring of blood
ethanol levels to ensure appropriate alcohol concentration.
In cases of severe poisoning, hemodialysis can be used to eliminate
both methanol and formate from the blood.
Two other measures are commonly taken:
1. Because of profound metabolic acidosis in methanol poisoning,
treatment with bicarbonate often is necessary.
2. Since folate-dependent systems are responsible for the oxidation of
formic acid to CO2 in humans, folinic and folic acid are often
administered to patients poisoned with methanol.

ETHYLENE GLYCOL
Polyhydric alcohols such as ethylene glycol (CH2OHCH2OH) are used
in antifreeze formulations, and as industrial solvents.

Young children and animals are sometimes attracted by the sweet taste
of ethylene glycol and, rarely, it is ingested intentionally as an ethanol
substitute or in attempted suicide.
Although ethylene glycol itself is relatively harmless and eliminated by
the kidney, it is metabolized to toxic aldehydes and oxalate.
There is transient excitation followed by CNS depression. After a delay
of 4–12 hours, severe metabolic acidosis develops from accumulation of
acid metabolites and lactate. Finally, delayed renal insufficiency follows
deposition of oxalate in renal tubules.

The key to the diagnosis of ethylene glycol poisoning is recognition of
anion gap acidosis, osmolar gap, and oxalate crystals in the urine in a
patient without visual symptoms.
As with methanol poisoning, early fomepizole is the standard treatment
for ethylene glycol poisoning. Intravenous ethanol is an alternative to
fomepizole in ethylene glycol poisoning.
Hemodialysis effectively removes ethylene

glycol and

metabolites and is recommended for severe cases.

its toxic

