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Preface

The past two decades have witnessed dramatic advances in neuroscience,
including a substantially improved understanding of the neural basis of addic-
tive disorders and their treatment. For example, developments in neurogenetics
and neuroimaging have provided new insights into the etiology and patho-
physiology of dependence on a variety of substances. Concomitant with this
increased knowledge base, there has been renewed interest in the pharmaco-
logical treatment of substance use disorders. Initially driven in the United States
by support from the National Institutes of Health, more recently the pharma-
ceutical industry has shown increased interest in developing new medications
to treat these disorders, particularly dependence on opioids, nicotine, and alcohol.
The high prevalence of these disordersand the limited pharmacological options
in their treatment (compared with, e.g., a saturated market in therapies for
other psychiatric disorders such as mood, anxiety, and psychotic disorders)
have increased awareness within the pharmaceutical industry of the enormous
market potential for such medications. Given the extensive resources at the
command of the pharmaceutical industry, such interest is likely to be a harbinger
of continued progress in the identification of candidate compounds and their
evaluation for use in the treatment of addictive disorders.

In addition to their commercial interest, however, these developments are
relevant to the care of patients with addictive disorders and of public health
significance. If past experience in the treatment of major depressive disorder
is an indicator, one important effect of the availability of efficacious treatments
for addictive disorders will be that these disorders will become less stigmatized
than they are currently. This will result in greater numbers of individuals with
such disorders seeking treatment and finding practitioners who are willing to
provide such treatment. As has been seen with the diagnosis and treatment of
depression, it is likely that the care of addictive disorders will progressively be-

Xvii
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come the province of primary care practitioners rather than being largely re-
stricted to addiction specialists, as is currently the case. Identification and treat-
ment of nicotine dependence is already occurring commonly in primary care
settings, driven in part by the availability of a growing number of efficacious
medications to treat the disorder, combined with a growing awareness of the
serious health consequences of smoking.

As suggested above, however, developments in the pharmacotherapy of
addictive disorders have not occurred uniformly across substances. There are
multiple medications approved by the U.S. Food and Drug Administration
(FDA) to treat nicotine dependence, including a variety of nicotine formula-
tions for replacement therapy that are available for over-the-counter purchase.
There are also a growing number of FDA-approved treatments for opioid and
alcohol dependence. However, despite a number of promising developments,
there are no FDA-approved treatments for dependence on the other substances
discussed in this volume, and this underscores the need for additional research
aimed at the identification and testing of new agents for such indications. The
substantial insights into the pharmacology of the various abused substances,
which are discussed in detail in this volume, provide a basis for medications de-
velopment, as well as an improved understanding of the etiology and patho-
physiology of these disorders.

Henry R. Kranzler, M.D.
Domenic A. Ciraulo, M.D.



Alcohol

Henry R. Kranzler, M.D.

Domenic A. Ciraulo, M.D.

Ethanol (or alcohol) is a two-carbon molecule that, in contrast to many other
drugs of abuse, such as opioids, cocaine, and nicotine, does not bind to specific
brain receptors. Nonetheless, alcohol affects a variety of neurotransmitter
systems, including virtually all of the major systems that have been associated
with psychiatric symptoms (Kranzler 1995). Alcohol affects these neurotrans-
mitter systems indirectly by modifying the composition and functioning of

Support for the preparation of this chapter was provided by a grant to Dr. Kranzler
from the National Institute on Alcohol Abuse and Alcoholism (K24 AA13736). As a
paid consultant, Dr. Kranzler has a significant financial interest in Alkermes, Inc., and
Forest Pharmaceuticals.
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neuronal membranes and of the neurotransmitter receptors that are embedded
in those membranes. These neurotransmitter effects appear to underlie many
of the psychiatric symptoms that occur commonly in association with heavy
drinking (Kranzler and Rosenthal 2003). Alcohol also alters the absorption
and metabolism of nutrients, and chronic heavy drinking can disturb inter-
mediary metabolism and produce a variety of deficiency states. Finally, because
alcohol results in both psychological and physiological dependence, abrupt cessa-
tion of drinking can produce withdrawal states. Although the most common
effect of abrupt cessation of drinking is an uncomplicated alcohol withdrawal
syndrome, severe effects may also result. If these severe effects, which include
tonic-clonic seizures, hallucinations, and delirium tremens, occur in the context

of a serious medical illness, they can be lethal.

Epidemiology of Drinking, Heavy Drinking,
and Alcohol Use Disorders

Alcohol consumption occurs along a continuum, and drinking patterns vary
considerably among individuals, with no clear demarcation between “social”
or “moderate” drinking and “problem” or “harmful” drinking (Babor et al.
1987). However, as the average amount of drinking and frequency of intoxi-
cation increase, it appears that associated medical and psychosocial problems
do also (Kranzler et al. 1990). The most visible group of people affected by
alcohol problems are those with alcohol dependence. A less prominent, but
more numerous, group consists of individuals with alcohol-related problems
who do not meet the criteria for alcohol dependence. These individuals are
referred to as alcohol abusers, problem drinkers, or harmful drinkers.

The epidemiology of drinking and alcohol use disorders is covered in de-
tail by Babor and associates (2003) and is described briefly here. Data from
the 2002 National Survey on Drug Use and Health, which was based on in-
terviews with approximately 68,000 persons age 212 years, suggest that a
majority (51.0%, or 120 million people) of the U.S. population age 12 years
and older consumed alcohol during the month before the interview (Sub-
stance Abuse and Mental Health Services Administration 2003). Nearly a
quarter of such individuals (22.9%, or 54 million people) engaged in binge
drinking (five or more drinks on the same occasion) at least once during this
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time. Heavy drinking (five or more drinks on five separate occasions during
the month) occurred in 6.7% of the population, or 15.9 million people. The
prevalence of current alcohol use increased with age up to age 21 years, where
it reached a peak of 70.9%. This is also the age at which the rate of both binge
drinking (50.2%) and heavy drinking (20.1%) peaked.

The 2002 National Survey on Drug Use and Health also showed large
gender differences in drinking behavior (Substance Abuse and Mental Health
Services Administration 2003). Men were more likely than women to drink
(57.4% vs. 44.9%), were twice as likely to binge drink (31.2% vs. 15.1%),
and were more than three times as likely to be regular heavy drinkers (10.8%
vs. 3.0%). There were also racial/ethnic differences in drinking behavior. Fifty-
five percent of whites reported drinking during the past month. The next high-
est rate was for individuals reporting two or more races (49.9%), followed by
44.7% of American Indians/Alaska Natives, 42.8% of Hispanics, 39.9% of
blacks, and 37.1% of Asians. Binge drinking was most common among
American Indians/Alaska Natives (27.9%), followed by Hispanics (24.8%),
whites (23.4%), blacks (21.0%), and Asians (12.4%).

Several large-scale community studies conducted since 1980 have provided
estimates of the lifetime and past-year prevalence of alcohol use disorders in
the general population. For example, the National Comorbidity Study, a rep-
resentative household survey of more than 8,000 individuals ages 15-54
years, was conducted to assess lifetime and past-year alcohol disorders using
DSM-III-R criteria (American Psychiatric Association 1987). The study esti-
mated the lifetime prevalence of alcohol abuse and alcohol dependence for
adults age 18-54 years to be 9.4% and 14.1%, respectively. Together, these
darta indicate that more than one of five young to middle-aged adults in the
United States met the criteria for a lifetime alcohol use disorder (Kessler et al.
1997). The 12-month prevalence rates for alcohol abuse and dependence
were 2.5% and 4.4%, respectively (Kessler et al. 1997).

The 1992 National Longitudinal Alcohol Epidemiologic Survey (NLAES),
based on interviews with a national probability household sample of nearly
43,000 adults age 18 years and older, showed the 1-year prevalence of DSM-
IV alcohol use disorder to be 7.4% (i.e., 3.0% with alcohol abuse and 4.4%
with alcohol dependence) (Grant et al. 1994). Findings from the National Epi-
demiologic Survey on Alcohol and Related Conditions (NESARC), a communi-
ty-based survey of nearly 43,000 individuals conducted in 2001-2002 (Grant
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etal. 2004a), permit an evaluation of trends in alcohol use disorder prevalence
and characteristics, because the NESARC used methods very similar to those
of the 1992 NLAES. The NESARC showed a 12-month prevalence of 4.7%
for alcohol abuse and 3.8% for alcohol dependence; thus an estimated total
of 17.6 million adult Americans had an alcohol use disorder during 2001—
2002. The prevalence of alcohol abuse was significantly increased over that
seen in the NLAES in 1992, while the prevalence of alcohol dependence de-
creased significantly over the 10-year period between the two surveys.

Analyses of national prevalence data also show that rates of alcohol use
disorders vary by age, gender, race/ethnicity, socioeconomic status, and geo-
graphic location. The prevalence of alcohol use disorders has consistently
been shown to be higher among men than among women, by at least twofold
(Grant et al. 1994, 2004a; Kessler et al. 1997; Substance Abuse and Mental
Health Services Administration 2003). The highest prevalences of alcohol
abuse and dependence occur among young adults, with rates declining grad-
ually with increasing age. For example, in the NESARC, the prevalence rate
for alcohol use disorders was 16.2% among those ages 18-29 years, 9.7%
among those ages 30—44 years, 5.4% in the 45-64-year-old group, and only
1.5% among those age 65 years and older (Grant et al. 2004a). With respect
to race/ethnicity, the highest rates of both alcohol abuse and dependence were
observed among Native Americans, followed by whites, Hispanics/Latinos,
blacks, and Asians (Grant et al. 2004a).

Adverse consequences of drinking include a variety of social, legal, medi-
cal, and psychiatric problems (Babor et al. 1987, 2003). Alcohol is among the
top four causes of mortality; in 1988, 107,800 deaths, or about 5% of all
deaths in the United States, were attributed to alcohol-related causes (Stinson
and DeBakey 1992). Approximately 17% of alcohol-related deaths were di-
rectly attributable to alcohol, 38% resulted from diseases indirectly attribut-
able to alcohol, and 45% were attributable to alcohol-related traumatic injury
(U.S. Department of Health and Human Services 1994). Alcohol-related mor-
tality declined during the latter part of the twentieth century. For example, the
age-adjusted mortality rate from liver cirrhosis in 1993 (7.9 deaths per 100,000
persons) was just over half the rate in 1970 (14.6 deaths per 100,000) (Saadat-
mand et al. 1997), and the proportion of automobile fatalities that was related
to the use of alcohol fell to a two-decade low of 33.6% in 1993 (Lane et al.
1997).



Alcohol 5

Pharmacology of Ethanol and Its
Relationship to Medications Development

Pharmacokinetics of Alcohol

Absorption and Distribution

Ethanol is absorbed from both the stomach and duodenum. When food is
consumed with alcohol, the food dilutes the ethanol concentration in the
stomach and delays passage into the duodenum, slowing absorption and de-
creasing the subjective effects of alcohol. Food delays and lowers peak blood
ethanol concentration but also lowers the total amount of ethanol reaching
the systemic circulation. Ethanol absorption is fastest when the stomach emp-
ties quickly, as in the fasting state, but high-concentration alcoholic beverages
such as distilled spirits may cause pylorospasm and delay emptying.

Ethanol distributes rapidly, with concentrations in body water 10 times
higher than in body fat. The tissues with the greatest blood supply equilibrate
most rapidly with arterial blood circulation. Shortly after alcohol ingestion, the
ethanol concentration in the brain is higher than the venous concentration.

Approximately 5%-10% of ethanol is excreted unchanged in the breath
and urine. The blood-to-breath ratio of ethanol is 2,000 to 1, an important
relationship that permits blood alcohol determination from expired air, pro-
viding the basis for the use of breath alcohol measurement for clinical, re-

search, and forensic applications.

Metabolism

The primary route of ethanol metabolism is oxidation to acetaldehyde and
acetic acid (Figure 1-1). Three different enzyme systems are capable of oxidizing
ethanol: alcohol dehydrogenase (ADH), catalase, and the microsomal ethanol
oxidizing system (particularly cytochrome P450 enzyme 2E1 [CYP2EI1] in
heavy drinkers). Aldehyde dehydrogenase (ALDH) is the enzyme responsible
for metabolizing acetaldehyde, the first product in ethanol oxidation. Func-
tional polymorphisms of ADH, ALDH, and CYP2E1 have importance in al-
tering the risk for development of alcohol dependence and ethanol-associated
illnesses. Gastric ADH also metabolizes ethanol, and lower levels of this enzyme
in women may account for higher blood ethanol concentrations in women than

in men given equivalent amounts of alcohol (Frezza etal. 1990), although a study
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—OH  Ethanol

T
|
I—?—I
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Alcohol dehydrogenase
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Microsomal ethanol oxidizing
system (MEOS) + NADPH
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| //O
H—C—cC Acetaldehyde
\
H H

Disull:irmm__._> Aldehyde dehydrogenase (NAD)

inhibition
H
| //O
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Citric acid cycle

CO, + H,0

Figure 1-1. Primary route of ethanol metabolism.

Ethanol is oxidized by alcohol dehydrogenase (in the presence of nicotinamide
adenine dinucleotide [NAD]) or the microsomal ethanol oxidizing system
(MEOS) (in the presence of reduced nicotinamide adenine dinucleotide phos-
phate [NADPH]). Acetaldehyde, the first product in ethanol oxidation, is me-
tabolized to acetic acid by aldehyde dehydrogenase in the presence of NAD.
Acetic acid is broken down through the citric acid cycle to carbon dioxide
(CO,) and water (H,O). Impairment of the metabolism of acetaldehyde to
acetic acid is the major mechanism of action of disulfiram for the treatment

of alcoholism.
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by Lai et al. (2000) did not replicate the finding. In addition, compared with
women, men may have higher hepatic ADH activity (Chrostek et al. 2003).
ADH classes I-I1I are present in the liver and ADH class IV in the stomach;
subtypes of each class exist. Different molecular forms of ADH vary consid-
erably in their kinetic properties and, along with ALDH subtypes, have been
among the first genetic risk factors to be associated with alcohol dependence.
The kinetic properties of the enzymes influence the rate of metabolism. Rapid
metabolism of ethanol to acetaldehyde and impaired metabolism of acetalde-
hyde result in accumulation of that metabolite, leading to unpleasant physi-
ological effects (“the flushing reaction”).

Because the prevalence of enzymes with different kinetic properties varies
among individuals and racial groups, they act as genetically determined pro-
tective factors. For example, more than 90% of Japanese have the ADH2*2
(ADH?2 Arg47His) allele, and about 50% have the ALDH2*2 (ALDH2
Glu487Lys) allele, which are rare in individuals of European descent (Sun et
al. 2002). Proteins encoded by the ADH2*2 allele can oxidize ethanol more
rapidly to acetaldehyde than those encoded by the ADH2*1 allele. ADH2*2
may also differentiate heavy and light drinkers among Israeli Jews (Monteiro
etal. 1991). Because proteins encoded by the ALDH2*2 allele cannot oxidize
acetaldehyde rapidly, levels of acetaldehyde accumulate and lead to aversive
effects after ethanol consumption. Impairment of the metabolism of acetal-
dehyde is the major mechanism of action of disulfiram and calcium carbimide
for the treatment of alcoholism. Similar effects may be produced by medica-
tions used to treat medical conditions, such as some antifungals (e.g., metro-
nidazole), but the severity of the response is highly variable.

One fascinating aspect of the effect of the genetic polymorphisms de-
scribed earlier is that acculturation can partially overcome the protective
factor, and Asian groups born in North America may have only partial pro-
tection (Goldman 1993; Tu and Israel 1995). In individuals who consume
small amounts of alcohol over time, the aversive effects diminish, an effect
similar to that described in clinical reports of patients who developed “a resis-
tance” to the effects of disulfiram.

ADH also has clinical significance in the metabolism of methanol and
ethylene glycol, two drugs with toxic metabolites. Methanol is oxidized by
ADH to formaldehyde, which damages the retina and can cause blindness.
Ethylene glycol is metabolized by ADH to oxalic acid, which has renal tox-
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icity. The toxic effects of both methanol and ethylene glycol can be reduced
by ethanol administration, which inhibits their metabolism by competing
for the oxidizing enzymes and allows elimination of the intact parent com-
pounds.

Catalase is a liver enzyme that uses hydrogen peroxide to oxidize other
substances. In vivo, the catalase system does not play a significant role in eth-
anol metabolism, probably because the quantities of hydrogen peroxide avail-
able are insufficient for ethanol metabolism.

The microsomal ethanol oxidizing system is another mechanism of etha-
nol metabolism. CYP2E1 may be an important enzyme in the metabolism of
ethanol in heavy drinkers, who may have a 10-fold increase in activity. Two
allelic variants in the gene (¢! and ¢2) are associated with differing enzymatic
activity. Approximately 40% of Japanese have the more active 2 allele, which
is rare in individuals of European heritage (Sun et al. 2002). It is not believed
to be a risk or protective factor in the development of alcoholism, although
current studies are examining its relationship to a variety of ethanol-related

diseases.

Acetaldehyde

Acetaldehyde is the first metabolic product of ethanol. The most important
hepatic enzymes involved in its metabolism are a low-K , mitochondrial
ALDH (ALDH2) and cytosolic ALDHI1 (Chen et al. 1999), although only
variation in the gene encoding ALDH?2 appears to be a genetic risk factor for
alcoholism. As mentioned previously, there is a functional polymorphism in
the ALDH2*2 gene that is associated with variation in acetaldehyde metabo-
lism. It appears that the inactive allele (Lys 487) is dominant, because even
heterozygotes experience the flushing reaction to ethanol and the risk for alco-
holism is reduced four- to 10-fold in that group (Radel and Goldman 2001;
Thomasson et al. 1994).

The role of acetaldehyde in inducing intoxication or in the production of
reinforcing effects is controversial (Aragon et al. 1991; Quertemont and Grant
2002). Most evidence suggests that acetaldehyde does not play a role in etha-
nol intoxication. Supporting this position is the fact that behavioral signs of
intoxication parallel ethanol blood levels but not acetaldehyde levels, especial-
ly during the ascending limb of the curve for the relationship of ethanol con-
centration and time. In addition, acetaldehyde levels remain high even during
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the period when signs of intoxication are diminishing. Furthermore, pyrazole,
which inhibits ADH, thus reducing acetaldehyde formation, does not block
or diminish intoxication (which one would predict if acetaldehyde were re-
sponsible for reinforcement). On the other hand, there is evidence that acet-
aldehyde may be reinforcing in animals (Arizzi et al. 2003; Rodd-Henricks et
al. 2003), and it increases dopaminergic activity in the ventral tegmental area
(VTA) (Foddai et al. 2004), which suggests that central and peripheral acetal-
dehyde may have different effects (Smith and Amit 1985).

Perhaps even more controversial is the proposition that, together with
biogenic amines, acetaldehyde may form condensation products called retra-
hydroisoquinolines (T1Qs). Acetaldehyde can nonenzymatically condense
with catecholamines to form TIQs and with indoleamines to form (-carbo-
lines. Salsolinol is the condensation product of dopamine and acetaldehyde.
Salsolinol has been detected in the brain tissue of animals after ethanol was
administered together with a drug that inhibits TIQ metabolism, and it has
also been found in the urine of alcoholic patients on hospital admission. An
interesting study reported that salsolinol and tetrahydropapaveroline (THP),
when infused in the cerebral ventricles of rats, increase ethanol consumption
(Myers and Melchior 1977). Many investigators have been unable to replicate
these findings, and some have questioned whether clinically active concentra-
tions are reached. A recent study indicated that pharmacologically relevant
concentrations of salsolinol may occur in animals (Rodd-Henricks et al.
2003), and another found that salsolinol may be reinforcing in animal models
(Matsuzawa et al. 2000). THP is the condensation product of dopamine and
its own aldehyde, 3,4-dihydroxyphenylacetaldehyde (3,4-DHPA), which is
formed from dopamine by monoamine oxidase. In an in vitro brain homog-
enate model, addition of ethanol or acetaldehyde increased the formation of
THP from dopamine and 3,4-DHPA. THP has drawn interest because it oc-
curs in the opium poppy, and the [ opioid receptor is involved in the rein-
forcing effects of ethanol (Collins 2004).

Pharmacodynamics of Alcohol

Early theories of the biological effects of ethanol were based on alterations of
lipids in biomembranes (Goldstein et al. 1983; Seeman 1972). Such a non-

specific mechanism provided little guidance for the development of therapeu-
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tic agents for alcohol-dependent individuals. More recent research has focused
on the action of ethanol on specific neurotransmitter systems and has led to
a number of approaches to medications development. Under one model, it is
proposed that low doses of ethanol provide positive reinforcement through
the dopamine and y-aminobutyric acid type A (GABA,) receptors, whereas
higher doses act as antagonists at N-methyl-D-aspartate (NMDA) receptors,
which is associated with the negative aspects of intoxication (Heinz et al.
2003). The effects of ethanol on specific neurotransmitter systems and neuro-
modulators are discussed in later sections; however, the reader should bear in
mind that these systems communicate with each other and that the same sys-
tem may have different functions depending on its location in specific brain

regions.

GABA and Ethanol

GABA is the most abundant inhibitory neurotransmitter in the central nervous
system (CNS). The development of medications targeting the GABA system
is based on the known effects of ethanol on GABA, the effectiveness of GABA
agonists (e.g., benzodiazepines) in the treatment of alcohol withdrawal, and
the actions of GABA agonists and antagonists in animal models. Acute doses
of ethanol increase GABA activity, whereas chronic dosing down-regulates
GABA receptor activity. Hyperexcitablity of the GABA system occurs during
withdrawal from chronic ethanol administration.

There is evidence to suggest that increases in GABA after acute doses of
ethanol are associated with its positive reinforcement. Most animal models have
assessed the rewarding effects of ethanol in rats by using self-administration
procedures and in mice by using place or taste conditioning paradigms. There
are substantial differences in self-administration procedures, including route
of administration (oral, intraperitoneal, intravenous/intra-arterial, direct infu-
sion to specific brain areas) and the pattern of administration. Limited access to
ethanol is favored (sessions of 30—120 minutes) over continuous administra-
tion (24 hours/day) because limited access resembles the pattern of human in-
take (Chester and Cunningham 2002).

Acute doses of GABA, antagonists (e.g., picrotoxin and related com-
pounds) generally reduce self-administration of ethanol in animals, an action
that can be partially blocked by muscimol (a GABA, agonist). Some GABA 5
antagonists (e.g., isopropylbicyclophosphate, a picrotoxin-type ligand) do not
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decrease self-administration acutely but do so only after 7 days of administra-
tion. Direct infusion into specific brain regions indicates that the VTA and
nucleus accumbens (NAcc) are possible sites of action for GABAergic drugs.
A study in which SR 95531, a GABA 4 antagonist, was infused into the extend-
ed amygdala (defined as the central nucleus of the amygdala, the bed nucleus of
the stria terminalis, and the shell of the nucleus accumbens) showed that only
injection into the central nucleus of the accumbens decreased ethanol self-
administration alone, whereas infusion into other sites decreased both etha-
nol and water self-administration (Koob et al. 1998). Partial inverse agonists
at the benzodiazepine binding site of the GABA, receptor may also decrease
ethanol self-administration, but some of these agents may be effective only
transiently.

GABA, agonists produce complex effects in animal models. In general,
most benzodiazepine agonists increase ethanol self-administration or have no
effect. In addition, they usually increase other consummatory behaviors. A
few studies have shown that ethanol self-administration is decreased after
administration of GABA agonists (Chester and Cunningham 2002). Taken
together, these studies suggest that GABA, receptors in the VTA, NAcc, and
central nucleus of the amygdala may be important sites of action mediating
the rewarding properties of ethanol. The GABA, type-1 receptor in the ven-
tral pallidum has also been linked to ethanol self-administration and reward
(June et al. 2003).

Human studies also indicate that the GABAergic system is important in
alcoholism. Brain, cerebrospinal fluid (CSF), and plasma GABA levels are
lower in abstinent alcoholic patients, compared with persons without alco-
holism (Behar et al. 1999; Davis and Wu 2001; Petty et al. 1997). Reduced
benzodiazepine/ GABA receptor binding has also been reported in the brains
of subjects with chronic alcoholism (Farde et al. 1994; Volkow et al. 1997;
Wong et al. 2003). Challenge with benzodiazepine agonists appears to produce
smaller electroencephalogram (EEG) responses, less body sway, and decreased
saccadic eye movements in high-risk subjects, relative to control subjects (Cow-
ley et al. 1994). Reinforcing effects are inconsistent, with studies using a mod-
ified Addiction Research Center Inventory—Morphine Benzedrine Group Scale
often showing greater reinforcing effects in high-risk subjects and abstinent
alcoholic subjects than in healthy control subjects (Ciraulo et al. 2001; Cow-
ley 1992; Cowley et al. 1994), and studies using other scales not finding
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greater mood enhancement (Volkow et al. 1995). One study found that alco-
holic subjects treated with lorazepam for alcohol withdrawal were more likely
to relapse than those treated with the anticonvulsant carbamazepine, which
suggests that positive modulators of the benzodiazepine/ GABA receptor may
increase alcohol consumption in humans (Malcolm et al. 2002).

Genetic differences may influence an individual’s response to alcohol. A
Pro385Ser amino acid substitution in the human GABA, a6 subunit may
contribute to altered ethanol sensitivity in children of alcoholic parents (Iwata
etal. 1999). Others have found that GABA, receptors are linked to the beta
frequency in EEG (Porjesz et al. 2002). In addition, there is evidence that
variations in GABRA2, the gene encoding the GABA, o, subunit, are asso-
ciated with alcohol dependence and beta EEG frequency (Edenberg et al.
2004). The finding of an association of alcohol dependence to allelic variation
in GABRA2 was independently replicated (Covault et al. 2004).

The implications of these findings for pharmacotherapy stem from the
use of benzodiazepines, barbiturates, and some anticonvulsants (e.g., valpro-
ate) to enhance GABA activity to treat the alcohol abstinence syndrome. Al-
though several GABA, antagonists have been tested as treatments to block
the rewarding effects of ethanol, none has proven successful in humans. One
approach in relapse prevention has been to enhance GABA activity with drugs
such as gabapentin and topiramate, although these studies are in preliminary
stages; furthermore, these drugs have multiple other pharmacological effects

that influence the actions of alcohol.

Glutamate and Ethanol

Glutamate is the major excitatory neurotransmitter in the CNS, activating
two types of receptors: ligand-gated ion channels and metabotropic receptors
linked to G proteins. The ion channel receptors are classified into NMDA
and a-amino-3-hydroxy-5-methylisoxazole-4-propionate (AMPA)/kainate
subtypes. Channel blockade by magnesium ions (Mg?*) occurs in the resting
state but is displaced by depolarization, which follows glutamate and glycine
binding and permits the entry of calcium ions (Ca®*). The structure of the
receptor is quite complex, with multiple binding sites that modulate its activ-
ity. It consists of two subunits, referred to as NR1 and NR2, which in turn have

several subtypes that permit a number of different physiologic actions and are
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located in specific brain regions (Allgaier 2002; Heinz et al. 2003; Krystal et
al. 2003b).

In numerous experimental paradigms, ethanol antagonizes glutamate ac-
tivity by binding to the NMDA receptor, with the greatest potency at recep-
tors containing NR2A or NR2B subunits (Krystal et al. 2003b; Woodward
2000). Ethanol appears to bind to an extracellular site of the receptor, a phenyl-
alanine residue in the third transmembrane (TM3) domain of the NR1 subunit
(Allgaier 2002), a site common to both of the glutamate ligand-gated recep-
tors. This characteristic may explain findings that ethanol also binds to AMPA/
kainate receptors (Carlezon and Nestler 2002; Carta et al. 2003; Wirkner et
al. 2000).

The clinical implications of the antagonism of NMDA receptors by alco-
hol have been discussed by Krystal and associates (Krystal et al. 2003a,
2003b), who suggested that the glutamatergic system is closely linked to both
the risk of alcoholism and its reinforcing effects. According to their view, vul-
nerability to alcoholism is related to an altered NMDA response to ethanol
that leads to a reduction in the negative effects of heavy drinking. Upregu-
lation of receptors occurs during chronic intake, leading to unopposed in-
creases in glutamate activity after abrupt termination of ethanol. These effects
provide theoretical support for glutamate antagonists as potential therapies
for both withdrawal and relapse prevention.

Also supporting the glutamate-cthanol link are reports that NMDA antag-
onists produce ethanol-like effects in humans (Krystal et al. 2003b). The mech-
anism of the euphoric effect is unknown, but the effect is neither blocked by
dopamine D, antagonists nor potentiated by amphetamine. It should be re-
called that different NMDA antagonists affect receptors in different brain re-
gions and are composed of different subunits. The link between glutamate
and other systems complicates interpretation further; some studies suggested
that the combination of GABA, positive modulators and NMDA antago-
nists substitutes for ethanol more completely than either drug alone (Krystal
et al. 2003b).

Other systems also interact with glutamate. Activation of L-type voltage-
gated calcium channels (VGCC) occurs with NMDA receptor activation.
Lamotrigine blocks several ion channels, including P- and N-type VGCC
channels, an action that blocks the euphoric effects of ketamine and reduces
dysphoric and cognitive effects (Hundt et al. 1998). Other modulatory sites,
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such as the glycine-B site and the polyamine site, also influence NMDA func-
tion, with the latter linked by some data to the effects of acamprosate (Little-
ton 1995; Littleton and Zieglgansberger 2003). Viewing the glutamatergic
system as central to the effects of ethanol, Krystal and colleagues (2003b) sug-
gested that a therapeutic approach to the treatment of alcoholism could involve
NMDA antagonists that block the rewarding effects or promote the dysphoric
effects of ethanol. Agents that may exert their effects through glutamate and
that are currently under study include anticonvulsants (topiramate, lamotrig-

ine, and others) and acamprosate.

Serotonin and Alcoholism

Alterations in central nervous system serotonin function have been attributed
to both a predisposition to alcoholism and to the consequences of chronic
drinking (Pierucci-Lagha et al. 2004). The behavioral effects of ethanol are
altered in the presence of serotonin deficiency (e.g., induced by parachloro-
phenylalanine or 5,6-dihydroxytryptamine), and this deficiency leads to in-
creased alcohol consumption in animal models (Kranzler and Anton 1994).
Human studies also suggest that there is a reduction in serotonergic function
in alcoholic subjects, as evidenced by low CSF levels of 5-hydroxyindoleacetic
acid (5-HIAA), a metabolite of serotonin; however, interpretation of this
finding is complicated by the fact that ethanol shifts serotonin metabolism
from pathways leading to 5-HIAA to those producing 5-hydroxyindoleacet-
aldehyde and 5-hydroxytryptophol. Other evidence supporting altered sero-
tonin function in alcoholic subjects includes blunted responses to drugs that
are serotonin agonists. Fenfluramine challenge, for example, induced a small-
er prolactin response in abstinent alcoholic subjects than in control subjects
(Farren et al. 1995). Rapid tryptophan depletion studies, which are used to
induce a transient reduction in brain serotonin concentration, have generally
produced no effects on ethanol consumption (Petrakis et al. 2001, 2002). On
the other hand, a rapid tryptophan depletion study in subjects with co-occur-
ring alcoholism and major depressive disorder demonstrated that depletion of
serotonin increased depressive symptoms and the urge to drink (Pierucci-
Lagha et al. 2004).

Ethanol acts at 5-HT g, 5-HT,¢, and 5-HTj3 receptors (Krystal et al.
2003b). Animal studies have shown that reduction of ethanol consumption

is dependent on the presence of the 5-HT3, receptor (Hodge et al. 2004), a
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finding supported by early clinical trials indicating that the 5-HTj3 receptor
antagonist ondansetron reduces alcohol consumption in subjects with early-
onset alcoholism (Johnson et al. 2000; the results of these trials are described
in detail below).

Given the number of studies that have examined the relationship of sero-
tonin and alcoholism, it is not surprising that recent work has examined a
genetic predisposition involving genes encoding serotonin reuptake transport-
ers. A functional repeat polymorphism in the promoter region of the serotonin
transporter gene (5-H7TTLPR) alters the expression of serotonin transporters
(Heinz et al. 2004). Homozygous carriers of a long allele have greater num-
bers of serotonin receptors than those with short alleles. Some researchers
have argued that high numbers of serotonin transporters in the raphe are as-
sociated with a low serotonin turnover rate and reduced response to alcohol
(see Heinz et al. 2003). Interactions between the serotonergic, GABAergic,
and glutamatergic systems may work to reduce alcohol sensitivity and the risk
for the development of alcohol dependence (for a review, see Heinz et al.

2004).

Neuropeptides and Ethanol
Opioid peptides, such as B-endorphin, have been linked both to the reward-

ing effects of ethanol and to increased risk for alcoholism (Cowen et al. 2004;
Gianoulakis et al. 1989, 1996). Alcohol-preferring rats and humans with a
family history of alcoholism show greater increases in B-endorphin after an
ethanol challenge, compared with control subjects (de Waele et al. 1992,
1994). Enkephalins may also play a role in the reinforcing effects of ethanol
(Ryabinin et al. 1997, 2001). As discussed in detail later in this chapter, the
efficacy of opioid antagonists (e.g., naltrexone, nalmefene) in the treatment
of alcoholism provides further support for the relationship between the reward-
ing properties of ethanol and the opioid system (Bouza et al. 2004; Mason et
al. 1994, 1999).

Findings from animal studies suggest that neuropeptide Y (NPY) may be
associated with ethanol consumption. NPY-deficient mice have increased
alcohol consumption (Thiele et al. 1998), an effect that is mediated by the Y1
and Y2 receptors (Pandey et al. 2003; Thiele et al. 2000, 2002). It has been
suggested that NPY Y1 agonists and Y2 antagonists may have promise in the
treatment of alcoholism (Cowen et al. 2004).
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Other peptides that have been linked to the actions of ethanol are corti-
cotropin-releasing factor, urocortin, leptin, cholecystokinin, melanocortins,
and galanin (for reviews, see Cowen et al. 2004; Egli 2003; Thiele et al.
2003).

Other Actions of Ethanol

Ethanol also reduces the activity of the noradrenergic system in the locus
coeruleus, and alterations in norepinephrine activity may account for some
aspects of intoxication and the abstinence syndrome. The o, antagonist clon-
idine and the B-receptor antagonist propranolol reduce some symptoms of
alcohol withdrawal (Bailly et al. 1992; Carlsson and Fasth 1976; Dobrydnjov
et al. 2004; Kahkonen 2003; Petty et al. 1997; Wong et al. 2003).

Chronic administration of ethanol may up-regulate L-type and N-type
VGCCs—an effect that may contribute to ethanol withdrawal symptoms
(Kahkonen and Bondarenko 2004; McMahon et al. 2000), probably through
involvement of NMDA receptors and other neural circuitry (Calton et al.

1999).

Summary

The pharmacodynamic effects of ethanol are complex, and any attempt to
link its actions to specific neurotransmitters or isolated brain regions is sim-
plistic. A complicated neural network involved in the actions of ethanol ac-
counts for its reinforcing, intoxicating, and abstinence effects. At the present
time, use of medications that target neurotransmitters and neuromodulators
affected by ethanol represents a reasonable strategy for the development of
pharmacotherapies that reduce the reinforcing effects of alcohol and the crav-
ing and withdrawal symptoms that commonly occur in the context of alcohol

dependence.

Pharmacotherapy of Heavy Drinking and
Alcohol Use Disorders

The two main settings in which medications are used for alcohol treatment
are to control the symptoms of alcohol withdrawal (i.e., detoxification) and
to reduce or prevent alcohol consumption (i.e., rehabilitation). In the sections

that follow, we will first discuss pharmacological approaches to detoxification
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from alcohol. We then discuss the two major approaches to the use of pharma-
cotherapy in alcohol rehabilitation: 1) for the reduction or cessation of drink-
ing, which involves direct efforts to reduce the reinforcing effects of alcohol,
and 2) for the treatment of co-occurring psychiatric symptoms, which may be
understood as the effort to reduce the mood or anxiety symptoms that com-
monly occur among alcoholic patients and may impede the recovery process.
In discussing all of these applications, we focus on medications that are of
current interest to the clinician or that are likely to yield important clinical
advances in the near future. Comprehensive reviews of medications to treat
alcoholism have been provided previously by Litten et al. (1996), Garbutt et al.
(1999), Swift (1999), Kranzler (2000), and Johnson and Ait-Daoud (2000).

Treatment of Alcohol Withdrawal

An important initial intervention for a minority of alcohol-dependent pa-
tients is the management of alcohol withdrawal through detoxification. The
objectives in treating alcohol withdrawal are relief of discomfort, prevention
or treatment of complications, and preparation for rehabilitation. Successful
management of the alcohol withdrawal syndrome is generally necessary for
subsequent efforts at rehabilitation to be successful; treatment of withdrawal
alone is usually not sufficient, because relapse occurs commonly.

The identification of co-occurring medical problems is an important ele-
ment in detoxification (Naranjo and Sellers 1986). Good supportive care and
treatment of concurrent illness, including fluid and electrolyte repletion, are es-
sential (Naranjo and Sellers 1986). Administration of thiamine (50-100 mg/day
po or im) and multivicamins is a low-cost, low-risk intervention for the pro-
phylaxis and treatment of alcohol-related neurological disturbances.

Social detoxification, which involves the nonpharmacological treatment
of alcohol withdrawal, has been shown to be effective (see Naranjo et al.
1983). It consists of frequent reassurance, reality orientation, monitoring of
vital signs, personal attention, and general nursing care (Naranjo and Sellers
1986). Social detoxification is most appropriate for patients in mild-to-mod-
erate withdrawal. The medical problems commonly associated with alcohol-
ism (Sullivan and O’Connor 2004) may substantially complicate therapy, so
that care must be taken to refer patients whose condition requires medical

management.
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Control of early withdrawal symptoms, which prevents their progression
to more serious symptoms, is the indication for which medications are most
widely prescribed in the treatment of alcohol dependence. The most com-
monly used agents to treat alcohol withdrawal are the benzodiazepines, a class
of drugs that, by virtue of their agonist activity at the GABA, receptor com-
plex, suppress the hyperexcitability associated with alcohol withdrawal. With
widespread use of anticonvulsant medications for bipolar disorder and other
disorders associated with behavioral disinhibition and CNS hyperexcitability,
anticonvulsants have also been examined for use in the treatment of alcohol
withdrawal.

Increasingly, detoxification is being done on an ambulatory basis, which
is much less costly than inpatient detoxification (Hayashida et al. 1989). In-
patient detoxification is indicated for patients with serious medical or surgical
illness and for those with a past history of adverse withdrawal reactions or
with current evidence of more serious withdrawal reactions (e.g., delirium tre-
mens) (Feldman et al. 1975).

A variety of medications have been used for the treatment of alcohol with-
drawal. However, because of their favorable side-effect profile, the benzo-
diazepines have largely supplanted all other medications (Naranjo and Sellers
1986). Although any benzodiazepine will suppress alcohol withdrawal symp-
toms, diazepam and chlordiazepoxide are often used, because they are metab-
olized to long-acting compounds, which in effect are self-tapering. Because
metabolism of these drugs is hepatic, impaired liver function may complicate
their use. Oxazepam and lorazepam are not oxidized to long-acting metabo-
lites and thus carry less risk of accumulation.

Carbamazepine appears to be useful as a primary treatment of alcohol
withdrawal (Malcolm et al. 1989, 2002). Although equal to lorazepam in its
ability to decrease the symptoms of alcohol withdrawal, carbamazepine was
found to be superior to lorazepam in preventing rebound withdrawal symp-
toms and in reducing posttreatment drinking, especially among patients with
a history of multiple episodes of treated withdrawal (Malcolm et al. 2002).
Other anticonvulsants have also been examined as adjuncts to standard detox-
ification treatment. Reoux et al. (2001) compared divalproex at a dosage of
500 mg three times a day for 7 days with matched placebo in patients receiv-
ing treatment with oxazepam in a symptom-triggered detoxification protocol.
Treatment with divalproex resulted in significantly less use of oxazepam and
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a significantly slower progression of withdrawal symptoms. In contrast, in a
small trial of gabapentin at a dosage of 400 mg four times a day as an adjunct
to clomethiazole, a GABA agonist that is widely used in Europe for treatment
of alcohol withdrawal (Bonnet et al. 2003), there was no advantage for the
anticonvulsant over placebo. Although both carbamazepine and divalproex
appear to be of value in the treatment of alcohol withdrawal, the liver dys-
function that is common in alcoholic patients may affect the metabolism of
carbamazepine or increase the risk of hepatotoxicity associated with dival-
proex, so that careful blood level monitoring of these medications in this con-
text is warranted.

Antipsychotics are not indicated for the treatment of withdrawal, except
when hallucinations or severe agitation are present (Naranjo and Sellers 1986),
in which case they should be added to a benzodiazepine. In addition to their po-
tential to produce extrapyramidal side effects, antipsychotics lower the threshold
for seizures, which is particularly problematic during alcohol withdrawal.

Medications to Reduce or Stop Drinking Behavior

The two major approaches to the use of medications in the secondary preven-
tion or rehabilitation of alcoholism are 1) direct efforts to reduce or stop
drinking behavior by producing adverse effects when alcohol is consumed or
by modifying the neurotransmitter systems that mediate alcohol reinforce-
ment, and 2) the treatment of persistent psychiatric symptoms, with the aim
of reducing the risk of relapse by reducing the motivation to use alcohol to

“self-medicate” such symptoms.

Alcohol Sensitizing Agents: Disulfiram

Alcohol sensitizing agents alter the body’s response to alcohol, thereby mak-
ing its ingestion unpleasant or toxic. The only alcohol sensitizing medication
that is approved in the United States for treatment of alcoholism is disulfiram
(Antabuse), which inhibits the enzyme ALDH. ALDH catalyzes the oxida-
tion of acetaldehyde to acetic acid. Ingestion of alcohol while this enzyme is
inhibited results in an elevated blood acetaldehyde concentration, producing
the disulfiram-ethanol reaction (DER). The intensity of this reaction varies
both with the dose of disulfiram and with the volume of alcohol ingested. The
DER includes warmness and flushing of the skin, especially that of the upper
chest and face; increased heart rate; palpitations; and decreased blood pres-
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sure. It may also include nausea, vomiting, shortness of breath, sweating, diz-
ziness, blurred vision, and confusion. Most DERs last about 30 minutes and are
self-limited. Occasionally, the DER may be severe and may include marked
tachycardia, hypotension, or bradycardia. Rarely, cardiovascular collapse,

congestive failure, and convulsions have occurred as part of the DER.

Pharmacology. Disulfiram is almost completely absorbed after oral admin-
istration. Because it binds irreversibly to ALDH, renewed enzyme activity re-
quires the synthesis of new enzyme. This feature creates the potential for the
occurrence of a DER for at least 2 weeks after the last ingestion of disulfiram.
Consequently, alcohol should be avoided during this period.

Disulfiram produces a variety of adverse effects, which commonly include
drowsiness, lethargy, and fatigue (Chick 1999). Other more serious adverse
effects, such as optic neuritis, peripheral neuropathy, and hepatotoxicity, are
rare. Psychiatric effects of disulfiram are also uncommon. They probably oc-
cur only at higher dosages of the drug and may result from the inhibition by
disulfiram of a variety of enzymes in addition to ALDH. Included among the
enzymes inhibited by disulfiram is dopamine B-hydroxylase, inhibition of which
increases dopamine levels, which in turn can exacerbate psychotic symptoms in
patients with schizophrenia and occasionally may result in psychotic or de-
pressive symptoms in patients without schizophrenia.

Disulfiram is usually given orally. Because there is an increased risk of side
effects and toxic hazards as the dosage is increased, the daily dosage prescribed
in the United States has been limited to 250-500 mg/day. However, efforts
to titrate the dosage of disulfiram in relation to a challenge dose of ethanol
indicated that some patients require in excess of 1 g/day of disulfiram to reach
blood levels sufficient to produce a DER (Brewer 1984).

Clinical use. Because the use of disulfiram has intuitive appeal, it has long
been employed in the rehabilitation of alcoholic patients (Favazza and Martin
1974), despite a lack of methodologically sound evaluations demonstrating
its clinical efficacy. Its approval by the U.S. Food and Drug Administration
(FDA) preceded the implementation of the rigorous requirements for efficacy
that now must be satisfied for a drug to be marketed in the United States. In
the controlled studies that have been conducted, the difference in outcome
between subjects receiving disulfiram and those given placebo has generally

been minimal.
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The largest and most methodologically rigorous study of disulfiram was a
multicenter trial conducted by the Veterans Administration Cooperative Stud-
ies Group, in which more than 600 male alcoholic patients were randomly as-
signed to receive either 1 mg/day of disulfiram, 250 mg/day of disulfiram
(presumed to be a therapeutic dosage), or an inactive placebo (Fuller et al.
1986). Patients assigned to the two disulfiram groups were told they were be-
ing given the drug, but neither the patients nor the staff knew the dosage. The
results showed a direct relationship between compliance with the medication
regimen (in all three groups) and complete abstinence. Among patients who
resumed drinking, those in the group receiving 250 mg/day of disulfiram had
significantly fewer drinking days than patients in either of the other two
groups. However, there was no significant difference among the three groups
on a variety of other outcome measures. On the basis of these findings, it ap-
pears that disulfiram may be helpful in reducing the frequency of drinking in
men who cannot remain abstinent, although given the large number of statis-
tical analyses, it is possible that this finding arose by chance (Fuller et al. 1986).

In addition, disulfiram may be useful among selected samples of alcoholic
patients with whom special efforts are made to ensure compliance. Specific
behavioral efforts that may enhance adherence to disulfiram treatment (as well
as treament with other medications for alcoholism) include the use of incen-
tives provided to the patient, contracting with the patient and a significant
other to work together to ensure adherence, providing regular reminders and
other information to the patient, and behavioral training and social support
(Allen and Litten 1992). Azrin et al. (1982) found that a trial program of stim-
ulus control training, role playing, communication skills training, and recrea-
tional and vocational counseling improved outcome in disulfiram-treated
patients, compared with patients who received placebo. There is additional evi-
dence that supervision of patients being treated with disulfiram may be an es-
sential element in ensuring adherence and enhancing the beneficial effects of
the medication (Brewer et al. 2000). Chick et al. (1992) randomly assigned
patients to receive 200 mg/day of disulfiram or placebo as an adjunct to out-
patient alcoholism treatment. The medication was ingested under the super-
vision of an individual nominated by the patient. In this 6-month study,
disulfiram significantly increased the number of days abstinent and decreased
total drinks consumed, effects that were confirmed by parallel changes in lev-
els of the hepatic enzyme y-glutamyltranspeptidase (GGTP).
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In deciding whether disulfiram should be used in alcoholism rehabilita-
tion, patients should be made aware of the hazards of the medication, includ-
ing the need to avoid over-the-counter preparations that include alcohol, the
need to avoid drugs that can interact with disulfiram, and the potential for a
DER to be precipitated by alcohol used in food preparation. The administra-
tion of disulfiram to anyone who does not agree to use it, who does not seek
to be abstinent from alcohol, or who has any psychological or medical con-

traindications is not recommended.

Medications to Reduce the
Reinforcing Effects of Alcohol

As reviewed earlier in the section on the pharmacology of ethanol, several
neurotransmitter systems appear to influence the reinforcing or discrimina-
tive stimulus effects of ethanol. Although these systems appear to function
interactively in their influences on drinking behavior, the medications that
have been employed to treat alcohol dependence affect neurotransmitter sys-

tems relatively selectively. Consequently, these systems will be discussed indi-

vidually here.

Opioidergic agents. Naltrexone and nalmefene, opioid antagonists with no
intrinsic agonist properties, have been studied for the treatment of alcohol
dependence. Naltrexone has been studied much more extensively than nal-
mefene for this indication. In 1984 naltrexone was approved by the FDA for
the treatment of opioid dependence, and in 1994 it was approved for the treat-
ment of alcohol dependence. Nalmefene is approved in the United States as a
parenteral formulation for the acute reversal of opioid effects (e.g., after opi-
oid overdose or analgesia).

Naltrexone. Approval of naltrexone for alcohol dependence was based
on the results of two single-site studies that showed it to be efficacious in the
prevention of relapse to heavy drinking (O’Malley et al. 1992; Volpicelli et al.
1992). In a 12-week study, Volpicelli et al. (1992) compared naltrexone with
placebo in a sample of alcohol-dependent veterans, initially as an adjunct to
an intensive day treatment program. In this study, naltrexone was well toler-
ated and resulted in significantly less craving for alcohol and fewer drinking
days than did placebo. Naltrexone also limited the progression of drinking
from initial sampling of alcohol to a relapse to heavy drinking. Study subjects
who drank while taking the medication reported less euphoria, suggesting
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that naltrexone blocked the endogenous opioid system’s contribution to alco-
hol’s “priming effect” (Volpicelli et al. 1995).

O’Malley et al. (1992) replicated and extended the findings of Volpicelli
et al. (1992) by comparing the effects of naltrexone in combination with ei-
ther supportive or cognitive-behavioral therapy (CBT) for ambulatory alco-
holic patients. In this 12-week study, naltrexone was well tolerated and was
superior to placebo in reducing the number of drinking days and the total
number of drinks consumed and in improving scores on a measure of alcohol-
related problems. In addition to a main effect of the medication, naltrexone
interacted with the psychotherapy, revealing that the medication may be best
combined with CBT.

O’Malley and colleagues (1996b) also found that, compared with place-
bo, naltrexone reduced craving for alcohol, alcohol’s reinforcing properties,
the experience of intoxication, and the chances of continued drinking follow-
ing a slip. During a 6-month posttreatment follow-up period, O’Malley et al.
(1996a) found that the beneficial effects of naltrexone diminished gradually
over time, suggesting that patients may benefit from naltrexone for longer
than the 12 weeks of treatment provided in these initial studies.

Many, but not all, subsequent studies of naltrexone provided support for
its use in alcohol treatment. The literature on naltrexone treatment of alcohol
dependence has been reviewed in detail in four published meta-analyses
(Bouza et al. 2004; Kranzler and Van Kirk 2001; Srisurapanont and Jarusurai-
sin 2002; Streeton and Whelan 2001). These meta-analyses showed an ad-
vantage for naltrexone over placebo on a number of drinking outcomes. In a
meta-analysis of nine randomized, placebo-controlled naltrexone studies,
Kranzler and Van Kirk (2001) found that naltrexone was superior to placebo
by an average of 12% with respect to promoting abstinence, 16% for pre-
venting relapse to heavy drinking, and 19% for reducing drinking days. In a
meta-analysis of seven trials (Streeton and Whelan 2001), subjects treated with
naltrexone experienced significantly fewer episodes of relapse (14% lower
risk) and were significantly more likely to remain abstinent (10% greater
likelihood), compared with subjects who received placebo. The naltrexone-
treated subjects also consumed significantly less alcohol over the study pe-
riod than the subjects who received placebo, with no significant effect of
medication on the risk of having an adverse event or on discontinuing study

participation because of an adverse event.
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Srisurapanont and Jarusuraisin (2002) identified a total of 14 random-
ized, placebo-controlled studies of naltrexone and two studies of nalmefene.
Naltrexone was superior to placebo in the comparisons of the number of pa-
tients who relapsed to drinking (61% in the naltrexone group vs. 69% in the
placebo group) (relative risk=0.88, 95% confidence interval [CI]=0.80—
0.98) and of the percentage or number of drinking days (weighted means dif-
ference = —4.52, 95% CI=-5.29 t0 —3.75). The authors concluded that although
naltrexone at a dosage of 50 mg/day is effective for alcohol dependence in
short-term treatment, the optimal duration of naltrexone treatment may be
longer than 3 months.

The most recent meta-analysis (Bouza et al. 2004) included 19 studies of
naltrexone and a total of 3,205 participants with alcohol dependence. The
large majority of these studies were of short duration (i.e., <12 weeks). Using
relapse as an outcome, these studies yielded a highly significant odds ratio
(OR) 0£0.62 (95% CI=0.52-0.75), reflecting a 38% lower likelihood of re-
lapse with naltrexone treatment (2<0.00001). The likelihood of total absti-
nence also favored naltrexone (OR=1.26, 95% CI=0.97-1.64), although the
result did not reach statistical significance (P=0.08). Outcomes identified as
secondary by this meta-analysis, including time to relapse, percentage of
drinking days, number of drinks per drinking day, days of abstinence, total
alcohol consumption during treatment, and levels of GGTP and aspartate
aminotransferase, also showed a significant advantage for the naltrexone-
treated group. One 6-month study (Landabaso et al. 1999), which was ran-
domized but open-label, showed an advantage for naltrexone on the rate of
both relapse and total abstinence. The study by Krystal et al. (2001) included
both 12-week and 52-week treatment durations, neither of which showed an
advantage for naltrexone over placebo on any of the outcomes examined. Fol-
low-up studies of patients treated with naltrexone or placebo for 12 weeks
(Anton et al. 2000; O’Malley et al. 1996a) showed a gradual increase among
naltrexone-treated patients in relapse rate and in the number of drinking days
and heavy drinking days. These findings suggest that treatment with naltrex-
one is warranted for longer than 12 weeks, although the optimal duration of
treatment remains to be determined.

A number of studies that extend the findings of earlier studies of naltrex-
one have implications for the clinical use of the medication. One approach to
the use of naltrexone is based on its efficacy in reducing the risk of heavy
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drinking in the context of any drinking (i.e., interruption of the “one drink—
drunk” phenomenon described by advocates of Alcoholics Anonymous). Fol-
lowing an open-label study of targeted naltrexone for problem drinkers (Kranz-
ler et al. 1997), Kranzler et al. (2003a) compared the effects of 50 mg/day of
naltrexone with those of placebo in an 8-week study of problem drinkers. Pa-
tients were randomly assigned to receive the study medication on either a daily
basis or for use targeted to situations identified by the patients as being high-
risk situations for heavy drinking. The number of tablets available for use by
patients in the targeted conditions began with enough for daily treacment and
declined each week, with no study medication available to them in the last
week of the trial. Irrespective of whether they received naltrexone or placebo,
the patients in the targeted condition showed a reduced likelihood of any drink-
ing. Overall, there was a 19% reduction in the likelihood of heavy drinking
with naltrexone treatment. These results suggest that naltrexone may be useful
for reducing heavy drinking, even among patients who may not meet the cri-
teria for alcohol dependence.

A targeted approach to the use of naltrexone was also used by Heinala et
al. (2001), who compared 50 mg/day of the drug with placebo, paired with
either coping skills therapy or supportive therapy. During the initial 12 weeks
of treatment, they found an advantage for naltrexone in preventing relapse to
heavy drinking only in combination with coping skills therapy. During a sub-
sequent 20-week period, the subjects were given the same medication they
had used daily but were told to use it only when they craved alcohol (i.e., tar-
geted treatment). Differences observed during the intial period of daily treat-
ment with respect to risk of relapse were generally sustained during the period
of targeted treatment. Together, these findings suggest that targeted medica-
tion administration may be useful both for the initial treatment of problem
drinking and for maintenance of the beneficial effects of an initial period of
daily naltrexone.

Using a primary-care model of treatment, O’Malley et al. (2003) initially
treated alcohol-dependent patients with open-label naltrexone for 10 weeks,
in combination with either CBT or primary care management (PCM), a less
intensive, supportive approach. They found no effect of psychosocial treat-
ment on response to treatment, although CBT was associated with a lower
risk of drinking. Treatment responders from this study were then randomly

assigned to one of two placebo-controlled 24-week continuation studies in
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which patients received concomitant treatment with either CBT or PCM. Al-
though there was no advantage observed for naltrexone in combination with
CBT, among patients receiving PCM, naltrexone treatment was superior to
placebo on both response rate and drinking frequency. These findings suggest
that the initial treatment effects of naltrexone can be maintained during an
extended period through the use of either a more intensive, skills-oriented
treatment (i.e., CBT) or a less intensive, supportive treatment when combined
with continued naltrexone administration.

Because poor compliance with oral naltrexone may reduce the potential
benefits of the medication, there has been considerable interest recently in
long-acting injectable formulations of the medication. In a small pilot study,
alcoholic patients treated subcutaneously with a depot formulation of naltrex-
one had detectable plasma concentrations of the drug for more than 30 days
after the injection (Kranzler et al. 1998). The active formulation was superior
to placebo in reducing the frequency of heavy drinking in these patients. Two
long-acting naltrexone formulations developed for intramuscular injection
have also been tested for safety and efficacy in alcoholic patients. A depot nal-
trexone formulation produced by DrugAbuse Sciences, Inc., was evaluated in
a 12-week, placebo-controlled trial in 315 patients who also received motiva-
tional enhancement therapy (Kranzler et al. 2004). In that study, the active
formulation was well tolerated. Although it did not reduce the risk of heavy
drinking, it delayed the onset of any drinking, increased the total number of
days of abstinence, and doubled the likelihood that subjects would remain
abstinent throughout the study period (Kranzler et al. 2004). More recently, a
randomized, double-blind, placebo-controlled study was conducted with a
different long-acting formulation (Garbutt et al. 2005). More than 600 alco-
hol-dependent adults were randomly assigned to receive 6 monthly long-
acting injections of 380 mg of naltrexone, 190 mg of naltrexone, or matching
volumes of placebo. The medication and the injections were well tolerated.
Compared with placebo treatment, long-acting naltrexone (380-mg injec-
tions) resulted in a 25% reduction in the rate of heavy drinking. There was a
strong effect in men (48% reduction) but no advantage over placebo in wom-
en. Long-acting naltrexone (190-mg injections) resulted in a 17% reduction
in heavy drinking, although this result did not reach statistical significance.

There is also a growing number of studies in which naltrexone has been
compared or combined with acamprosate. Kiefer et al. (2003) randomly as-



Alcohol 27

signed 160 detoxified alcoholic patients to receive naltrexone, acamprosate,
naltrexone plus acamprosate, or placebo for 12 weeks under double-blind
conditions. They found that naltrexone, acamprosate, and the two medica-
tions combined were significantly more efficacious than placebo. In addition,
the naltrexone group showed a tendency for a better outcome on time to the
first drink and time to relapse than did the acamprosate group. The combined
medication group had a significantly lower relapse rate than either the place-
bo group or the acamprosate group, but the combined medication was not
statistically superior to naltrexone. A single-blind study by Rubio et al. (2001)
compared 50 mg/day of naltrexone with 1,165-1,998 mg/day of acamprosate
over a 12-month treatment period. These investigators found a significant
advantage for naltrexone over placebo on the following outcomes: rates of ab-
stinence and relapse, cumulative abstinence, time to relapse, number of drinks
per drinking day, severity of craving, and retention rate. The COMBINE
Study, a large placebo-controlled study comparing naltrexone, acamprosate,
and their combination with either medical management or an intensive psy-
chotherapy, may provide definitive answers to the questions of whether nal-
trexone is superior to acamprosate and whether combination therapy with
naltrexone and acamprosate is superior to naltrexone alone (COMBINE
Study Research Group 2003a, 2003b). The COMBINE Study may also help
to determine the optimal intensity of psychotherapy to be used in combina-
tion with these medications and may provide information on the patient
characteristics that moderate the response to these medications.

Nalmefene. Nalmefene has also been evaluated for the treatment of al-
cohol dependence. A pilot study (Mason et al. 1994) showed that 40 mg/day
of nalmefene was superior to either 10 mg/day of the drug or placebo in the
prevention of relapse to heavy drinking in a small sample of alcoholic patients.
A subsequent study showed no difference between 20 mg/day of nalmefene and
80 mg/day of nalmefene, although the combined group of nalmefene-treated
subjects had significantly better outcomes on measures of heavy drinking
than did the placebo group (Mason et al. 1999). Recently, a 12-week, multi-
site dose-ranging study was conducted comparing placebo with 5, 20, or 40 mg
of nalmefene in recently abstinent alcoholic outpatients (Anton et al. 2004).
Although during the study all subjects showed reductions in self-reported
heavy drinking days and on biological measures of drinking, there was no dif-

ference between the active medication and placebo groups on these measures.
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Summary. There now exists abundant evidence supporting the use of
naltrexone for treatment of alcohol dependence. In unselected samples of
patients, the medication exerts a modest overall effect. There is growing evi-
dence, however, that naltrexone may be of particular utility in subgroups of
patients, so that the ready identification of individuals who are more likely to
respond to treatment is of great clinical interest, as is the potential utility of
combining naltrexone with other medications and with specific kinds of psy-
chotherapy. The optimal dosage and duration of treatment are two important
clinical questions that remain to be adequately addressed. New approaches to
the use of naltrexone, including targeted administration and long-acting inject-
able formulations, promise to enhance the clinical utility of the medication.

The literature supporting the use of nalmefene is less well developed.

Acamprosate. Acamprosate (calcium acetylhomotaurinate), an amino acid
derivative, affects both GABA and excitatory amino acid (i.e., glutamate)
neurotransmission (the latter effect most likely being the one that is impor-
tant for its therapeutic effects in alcoholism). Initially evaluated in a single-
center trial in France, acamprosate was shown to be twice as effective as placebo
in reducing the rate at which alcoholic patients returned to drinking (Lhuin-
tre et al. 1985). The safety and efficacy of the medication have been studied
most widely in Europe, and three of these studies provided the basis for the
recent approval of acamprosate by the FDA for clinical use in the United
States. As with naltrexone, there exist a number of meta-analytic studies that
provide consistent evidence of the efficacy of the medication in the treatment
of alcohol dependence.

Kranzler and Van Kirk (2001) included 11 acamprosate studies in a meta-
analysis involving more than 3,000 subjects. The magnitude of the advantage
shown by acamprosate over placebo in those studies varied as a function of
the outcomes examined, which included the percentage of patients who were
abstinent throughout the study, cumulative abstinent days, and the rate of
study retention, all of which favored the active medication. Acamprosate
yielded outcomes that were, on average, 7%—13% better than those shown by
individuals who received placebo.

A recent meta-analysis of total abstinence as an outcome in clinical trials
of acamprosate (Mann et al. 2004) included 17 studies and a total of more
than 4,000 patients. The authors found a significant advantage for acampro-
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sate over placebo in the effect on continuous abstinence rates. The size of the
effect, although modest, increased progressively as treatment duration in-
creased from 3 to 6 and then to 12 months.

Chick et al. (2003) conducted a meta-analysis that included data from 15
studies of acamprosate in an effort to determine whether acamprosate reduces
the severity of relapse for patients in abstinence-oriented treatment who fail
to abstain completely. Among patients who relapsed to drinking, acamprosate
was significantly associated with less quantity and frequency of drinking,
compared with placebo, at each of four follow-up periods (i.e., at 30, 90, 180,
and 360 treatment days). During each of these periods, there were also fewer
acamprosate-treated patients who drank an average of five or more drinks
per day.

Verheul etal. (2004) pooled data from seven European acamprosate stud-
ies in an effort to identify patient-related predictors of response to the medi-
cation. Although they examined a number of potential predictors, including
patients’ level of physiological dependence before treatment, family history of
alcoholism, age of onset of alcoholism, baseline anxiety symptom severity,
baseline craving, and gender, none was shown to interact with acamprosate
treatment. These findings led the authors to conclude that, although the ef-
fect size for acamprosate was moderate, the medication can be considered po-
tentially effective for all patients with alcohol dependence.

One study of acamprosate has implications for the use of that medication
in combination with disulfiram (Besson et al. 1998). In that study, patients
were randomly assigned to receive acamprosate or placebo, with a separate ran-
domization for patients who were taking disulfiram. Acamprosate was shown
to be superior to placebo on measures of total abstinence and on the cumula-
tive number of days abstinent. It is interesting to note that the group receiving
both acamprosate and disulfiram showed a significantly greater percentage of
days abstinent than any of the other three groups, although, because the de-
sign was not fully randomized, additional studies of this combination therapy
are needed to evaluate the validity of the findings.

In summary, studies involving more than 4,000 patients provided consis-
tent evidence of a beneficial effect of acamprosate in relapse prevention. On
the basis of the drug’s efficacy (as demonstrated by at least a doubling of the
total abstinence rate in three European studies, two of which were of 12
months’ duration) and a good safety profile, the FDA approved the medica-
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tion for clinical use in the United States. Although a multicenter trial con-
ducted in the United States failed to show an advantage of acamprosate over
placebo on an intent-to-treat basis, a beneficial effect of the medication on
cumulative days of abstinence was evident in secondary analyses (Mason and
Goodman 2000).

Anticonvulsants. The potential utility of anticonvulsants for the treatment
of alcohol dependence was demonstrated initially in placebo-controlled stud-
ies of carbamazepine (Mueller etal. 1997), divalproex (Brady et al. 2002), and
topiramate (Johnson et al. 2003). In a 12-month pilot study, despite limited
rates of medication adherence and study completion, Mueller et al. (1997)
found an early advantage to carbamazepine in effects on drinks per drinking
day, time to first heavy drinking day, and consecutive days of heavy drinking.
In a 12-week double-blind, placebo-controlled pilot study of divalproex in al-
cohol-dependent individuals, Brady et al. (2002) found that a significantly
lower percentage of individuals receiving divalproex relapsed to heavy drink-
ing. There was also a significantly greater decrease in irritability in the dival-
proex-treated group. Johnson et al. (2003) conducted a single-site, 12-week
placebo-controlled study of an escalating dosage (to a maximum of 300 mg/
day) of topiramate in 150 alcoholic patients. Topiramate-treated patients had
large reductions in drinks per day, drinks per drinking day, drinking days,
heavy drinking days, and GGTP levels, all of which were significantly greater
than those seen among patients receiving placebo treatment. On the basis of
this findings, this use of anticonvulsant medications to treat alcohol dependence
is a promising area of investigation. A large, multicenter study of topiramate
is currently under way to evaluate its safety and efficacy in the treatment of

moderate-to-severe alcohol dependence.

Serotonergic agents. A variety of serotonin reuptake inhibitors (SRIs) have
been tested in humans to determine their effects on alcohol consumption
(Amit et al. 1985; Angelone et al. 1998; Balldin et al. 1994; Gerra et al. 1992;
Gorelick and Paredes 1992; Kabel and Petty 1996; Kranzler etal. 1993, 1995;
Naranjo et al. 1984, 1987, 1989, 1990, 1992, 1995; Pettinati et al. 2000;
Tiihonen et al. 1996). The two most intensively studied medications in this
category are fluoxetine and citalopram. Because the design of the published
studies varies considerably, to our knowledge, no quantitative meta-analysis

of the effects of serotonergic medications has been published.
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Naranjo et al. (1990) first reported that fluoxetine reduced alcohol con-
sumption. These investigators found that 60 mg/day of fluoxetine reduced
average daily alcohol consumption by approximately 17% from baseline lev-
els and that treatment with 40 mg/day of fluoxetine or placebo had no effect.
When alcoholic inpatients were given access to alcohol, fluoxetine pretreat-
ment initially reduced alcohol consumption, but the effect was transient
(Gorelick and Paredes 1992). Using a crossover design, Gerra et al. (1992)
compared the effects of fluoxetine, acamprosate, and placebo in alcoholic pa-
tients with and without a family history of alcoholism. Although they found
both active medications to be superior to placebo in reducing the number of
drinks consumed, the effect of fluoxetine was significant only in the family-
history-positive patients, while acamprosate produced a significant reduction
only in the family-history-negative patients. Subsequent studies showed no
advantage for fluoxetine over placebo in effects on drinking behavior among
subjects with severe alcoholism recruited from an alcoholism treatment pro-
gram at a Veterans Affairs Medical Center (Kabel and Petty 1996) and no ad-
vantage for fluoxetine in combination with coping skills psychotherapy in a
12-week placebo-controlled trial (Kranzler et al. 1995). A further analysis of
those data showed a reduction in the beneficial effects of coping skills training
among the subgroup of patients with high levels of both premorbid vulnera-
bility and alcohol-related problems (Kranzler et al. 1996).

Naranjo et al. (1987) also found that 40 mg/day of citalopram, but not
20 mg/day, reduced the number of drinks per day and increased the number
of days abstinent, relative to baseline drinking, in a sample of nondepressed,
early-stage problem drinkers, a finding that these investigators subsequently
replicated (Naranjo et al. 1992). However, in a subsequent study, in which
40 mg/day of citalopram was combined with a brief psychosocial intervention
in a 12-week treatment trial, the active drug showed an advantage over placebo
during only the first week of treatment (Naranjo et al. 1995). Although Balldin
etal. (1994) found no overall advantage to citalopram, when the data were re-
analyzed on the basis of the pretreatment level of alcohol consumption, sub-
jects in the lighter drinking subgroup had lower daily alcohol intake with
citalopram, compared with placebo. Tithonen et al. (1996) found a significant
advantage for citalopram over placebo in effects on study retention and on col-
lateral informants’ reports of the patient’s condition, with a trend for decreased
alcohol consumption and GGTP levels in the active treatment group.
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In summary, studies of the effects of SRIs on drinking behavior have been
conducted in diverse subject samples, including heavy drinkers who were not
seeking to reduce or stop their drinking. Some, but not all, studies examined
medication effects in the context of psychotherapeutic treatment. Nonetheless,
overall, these studies suggest that SRIs are efficacious only in subgroups of alco-
holic patients. Kranzler et al. (1996) found that patients with high-risk/high-
severity (i.e., type B) alcoholism (one characteristic of which is an earlier age
at alcoholism onset) showed a poorer response to fluoxetine than to placebo.
Pettinati et al. (2000) found that subjects with low-risk/low-severity (type A)
alcoholism (i.e., those with later age at alcoholism onset) drank on fewer days
and were more likely to be abstinent in a 12-week treatment trial when treated
with sertraline, compared with placebo. In a 6-month posttreatment follow-
up of these patients (Dundon et al. 2004), the type A subgroup treated with
sertraline maintained the beneficial effects that were observed during treat-
ment. In contrast, compared with subjects who received placebo, subjects
with type B alcoholism who were initially treated with sertraline increased
their heavy drinking during the follow-up period.

In a similar vein, ondansetron (a 5-HT'5 antagonist) was shown by Johnson
et al. (2000) to selectively reduce drinking behavior among individuals with
onset of problem drinking before age 25 years (i.e., people with early-onset
alcoholism). Specifically, at a dosage substantially lower than that used for its
anti-emetic effects, ondansetron was superior to placebo in its effects on the
proportion of days abstinent and on the intensity of alcohol intake. In con-
trast, among people with late-onset alcoholism, the effects of ondansetron on
drinking behavior were in nearly all respects comparable to those of placebo.
In an 8-week, open-label study of ondansteron at a dosage of 4 pg/kg twice
daily (the dosage shown to be optimal by Johnson et al. [2000]), Kranzler et
al. (2003b) found that patients with early-onset alcoholism had a significantly
greater decrease in drinks per day, drinks per drinking day, and alcohol-related
problems, compared with patients with late-onset alcoholism. Prospective
studies with the aim of matching serotonergic treatments with alcoholic sub-
types (e.g., based on age at onset) may define a clearer role for such medica-

tions in the treatment of heavy drinking or alcohol dependence.

Summary. Currently, the most promising agents that directly reduce alco-

hol consumption are the opioid antagonists and acamprosate. Further re-
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search is required to determine which patient groups, dosage schedules, route
and duration of therapy, and concomitant psychosocial treatments are opti-
mal for the use of these medications. Furthermore, trials that compare and/or
combine medications that show initial promise for relapse prevention (in-
cluding SRIs) are needed to determine the best strategies for relapse preven-

tion in alcoholic patients.

Medications to Treat Co-occurring Psychiatric Symptoms or
Disorders in Alcoholic Patients

Although many alcoholic patients report substantially fewer mood or anxiety
symptoms once they have completed acute withdrawal, for many others anx-
iety, insomnia, and depressed mood may persist for weeks or months. Even
among patients without substantial symptoms of alcohol withdrawal, persis-
tent, low-level symptoms may develop, a condition that has been called “sub-
acute withdrawal.” Other symptoms may reflect diagnosable psychiatric
disorders. Although medications (e.g., SRIs) are often used during the post-
withdrawal period to relieve these symptoms, it remains to be clearly demon-
strated that the treatment of persistent or subacute withdrawal symptoms that
do not meet diagnostic criteria for a co-occurring psychiatric disorder results
in a generally better outcome in alcoholic patients.

Many of the early studies of the efficacy of medications for treatment of
mood disturbances targeted symptoms of depression and anxiety in unselected
groups of detoxified alcoholic patients. These circumstances, combined with
other methodological limitations of these studies, led to a failure to demonstrate
an advantage over control conditions with respect to reductions in either psy-
chiatric symptoms or drinking behavior (Ciraulo and Jaffe 1981).

There is renewed interest in the incidence and prevalence of co-occurring
psychiatric disturbances among individuals with alcohol abuse/dependence.
Co-occurring psychiatric disorders are discussed in detail by Kranzler and
Tinsley (2004). Community studies have shown high rates of co-occurrence
of drug dependence and psychiatric disorders in alcohol-dependent individ-
uals in the community (Grant and Harford 1995; Grant et al. 2004b; Kessler
et al. 1994, 1997; Regier et al. 1990). It is also evident that the majority of
persons with alcoholism who seek treatment meet the lifetime criteria for one
or more psychiatric disorders in addition to alcoholism. Most common among

these co-occurring disorders are mood disorders, other substance dependence,
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antisocial personality disorder, and anxiety disorders (Hesselbrock et al. 1985;
Powell et al. 1982; Ross et al. 1988).

Medications that have been used as treatment for anxiety and depression
in the postwithdrawal state include antidepressants, benzodiazepines and oth-
er anxiolytics, antipsychotics, and lithium. In general, the indications for use
of these medications in alcoholic patients are similar to those for use in non-
alcoholic patients with psychiatric illness. However, following careful differ-
ential diagnosis, the choice of medications should take into account the
increased potential for adverse effects when the medications are prescribed to
alcoholic patients. For example, adverse effects can result from pharmaco-
dynamic interactions with medical disorders commonly present in alcoholic
patients, as well as from pharmacokinetic interactions with medications pre-
scribed to treat these disorders (Sullivan and O’Connor 2004).

A recent meta-analysis included 14 prospective, parallel-group, double-
blind, randomized placebo-controlled trials of antidepressants for a co-occur-
ring substance use disorder and unipolar depression (Nunes and Levin 2004).
The majority of the studies reviewed (i.e., eight of the 14 studies) focused on
alcohol dependence. Eight studies (six involving alcohol-dependent patients)
showed a significant or near-significant advantage for the active medication
over placebo. The principal measure of effect size was the standardized differ-
ence between mean scores on the Hamilton Depression Rating Scale. The
pooled effect size on this measure was 0.38 (95% CI=0.18-0.58), which is in
the small-to-moderate range of effect sizes. There was a trend for the medica-
tion effect to be larger for studies of alcohol dependence. The most robust
predictor of medication response was the magnitude of the placebo response,
such that studies with a placebo response rate greater than 25% showed no
advantage for the active medication, and those with a placebo response rate
smaller than 25% yielded effects in the moderate-to-large range. Moderator
analysis also showed that diagnosis of depression after a week of abstinence
was associated with better antidepressant response, and the presence of a larger
proportion of women in the study sample, the use of SRIs (compared with tri-
cyclic or other antidepressants), and a concurrent psychosocial intervention
were associated with poorer medication response. Reductions in substance
use behavior were associated with the magnitude of the antidepressant re-
sponse. Specifically, studies that showed a moderate depression effect size (i.e.,
greater than 0.5) yielded a substance use effect size that was also moderate, and
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smaller depression effects were associated with no beneficial effects on sub-
stance use behavior.

The authors concluded that antidepressants exert a modest beneficial
effect for patients with combined depressive disorder and substance use dis-
order. They also emphasized that antidepressants are not a stand-alone treat-
ment for depressed alcoholic patients and that concurrent therapy directly
targeting the substance use disorder is also indicated.

Recently, Hernandez-Avila et al. (2004) compared nefazodone with pla-
cebo in a small sample of alcohol-dependent subjects with current major de-
pression. Although there were greater reductions in anxiety and depressive
symptoms in the nefazodone group, compared with the placebo group, the
effects did not reach statistical significance. Nonetheless, the nefazodone-
treated subjects showed a significantly greater reduction in heavy drinking
days and in total drinks than did the subjects who received placebo. Although
nefazodone may be useful in depressed alcoholic patients, its association with
a limited number of cases of idiosyncratic hepatic failure limits its clinical
utility.

Consistent with the conclusion drawn by Nunes and Levin (2004) of the
need for treating both the mood disorder and the substance use disorder in
depressed substance abusers, there is growing interest in the use of combina-
tion pharmacotherapy for co-occurring alcohol dependence and depression.
In a 12-week, open-label study, 14 depressed alcoholic patients who had con-
tinued to drink despite receiving antidepressants and chemical dependence
counseling were treated with 50 mg/day of naltrexone (Salloum et al. 1998).
The addition of naltrexone was associated with a substantial decrease in alco-
hol consumption and in the urge to drink alcohol in the presence of the usual
triggers. There was also a trend toward decreased depressive symptoms and
improved overall functioning. Similarly, a recent small study (Petrakis et al.
2004) showed that the addition of naltrexone to antipsychotic treatment
among schizophrenic patients with co-occurring alcohol abuse or dependence
reduced the number of drinking days and heavy drinking days. Large, placebo-
controlled trials examining this approach are needed.

In summary, despite evidence that most instances of postwithdrawal de-
pression spontaneously remit within a few days to several weeks of abstinence
from alcohol (Brown and Schuckit 1988; Schuckit 1983), persistent depression
requires treatment. SRIs have become the first-line treatment for depression
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because they have a more favorable side-effect profile than many other antide-
pressants. SRIs do not have the anticholinergic, hypotensive, or sedative effects
of the tricyclic antidepressants, nor do they have the adverse cardiovascular ef-
fects of the tricyclics, which in overdose can be lethal; thus the potential for de-
liberate self-poisoning is limited with SRIs (Lynskey 1998). However, SRIs can
exacerbate the tremor, anxiety, and insomnia often experienced by recently
detoxified alcoholic patients. Furthermore, the findings of Nunes and Levin
(2004) suggested that for the treatment of depression among patients with a

substance use disorder, SRIs may be less efficacious than other antidepressants.

Benzodiazepines and other anxiolytics.  Although benzodiazepines are widely
used in the treatment of acute alcohol withdrawal, most nonmedical personnel
involved in the treatment of alcoholism are opposed to the use of medications
that can induce any variety of dependence to treat the anxiety, depression, and
sleep disturbances that can persist for months following withdrawal. Re-
searchers have debated the pros and cons of the use of benzodiazepines for the
management of anxiety or insomnia in alcoholic patients and other substance
abuse patients during the postwithdrawal period (Ciraulo and Nace 2000;
Posternak and Mueller 2001).

Despite the risks of benzodiazepine dependence and overdose among al-
coholic patients beyond the period of acute withdrawal, there may be a role
for the judicious use of benzodiazepines in treating these patients. To the de-
gree that early relapse, which commonly disrupts alcoholism treatment, is a
result of continued withdrawal-related symptoms (e.g., anxiety, depression,
insomnia) that can be suppressed by low doses of benzodiazepines, retention
in treatment could be enhanced by the use of benzodiazepines (Kissin 1977).
Moreover, for some patients, benzodiazepine dependence, if it does occur,
may be more benign than alcoholism.

These important potential benefits must be weighed against the risk both
of benzodiazepine overdose and of physical dependence on such drugs. Al-
though benzodiazepines alone are comparatively safe, even in overdose, their
combination with other brain depressants (including alcohol) can be lethal.
Although there is little doubt that alcoholic patients are more vulnerable to
dependence on benzodiazepines, compared with persons without alcoholism,
the probability of abuse and dependence may be lower than is generally believed
(Bliding 1978; Ciraulo et al. 1990; Marks 1978). However, dependence on
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both alcohol and benzodiazepines may increase depressive symptoms (Schuckit
1983), and co-occurring alcohol and benzodiazepine dependence may be more
difficult to treat than alcoholism alone (Sokolow et al. 1981).

The benzodiazepines currently available for clinical use vary substantially
in pharmacokinetics, acute euphoriant effects, and frequency of reported de-
pendence. It is likely, therefore, than not all benzodiazepines have the same
potential for abuse. Diazepam, lorazepam, and alprazolam may have greater
abuse potential than chlordiazepoxide and clorazepate (Wolf et al. 1990).
Similarly, oxazepam has been reported to produce low levels of abuse (Bliding
1978). Jaffe et al. (1983) found that in recently detoxified alcoholic patients,
halazepam produces minimal euphoria even at a supratherapeutic dosage.
The development of partial agonist and mixed agonist/antagonist compounds
at the benzodiazepine receptor complex may offer an advantage over approved
benzodiazepines for use in alcoholic patients.

Buspirone, a nonbenzodiazepine anxiolytic, appears to exert its effects
largely by means of its partial agonist activity at serotonergic autoreceptors. It
is comparable in efficacy to diazepam in the relief of anxiety and associated
depression in outpatients with moderate-to-severe anxiety (Goldberg and
Finnerty 1979; Jacobson et al. 1985). However, buspirone is less sedating
than diazepam or clorazepate, does not interact with alcohol to impair psy-
chomotor skills, and does not appear to have abuse liability (Griffith et al.
1986; Mattila et al. 1982; Seppala et al. 1982), making it more suitable than
benzodiazepines for treatment of anxiety symptoms among alcoholic patients.
In contrast to benzodiazepines, however, buspirone does not have acute anx-
iolytic effects, nor is it useful in the treatment of alcohol withdrawal.

Four placebo-controlled, double-blind trials of buspirone to treat anxiety
symptoms among alcoholic patients have been reported. An early, double-
blind, placebo-controlled trial of buspirone in alcoholic patients showed
significantly greater retention in treatment and greater decreases in alcohol
craving, anxiety, and depression scores in buspirone-treated patients (Bruno
1989). Both groups showed significant declines in alcohol consumption dur-
ing the study, with no greater effect among buspirone-treated patients. In a
placebo-controlled trial of buspirone among abstinent alcoholic patients with
co-occurring generalized anxiety disorder, Tollefson et al. (1992) found great-
er treatment retention and greater reductions in anxiety among buspirone-

treated subjects. Although buspirone-treated patients also showed greater im-
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provement on a subjective global measure of drinking outcome, measures of
alcohol consumption were not reported in this study. Kranzler et al. (1994)
also found that anxious alcoholic patients showed a better response to bus-
pirone than to placebo in terms of retention in treatment. The active drug
also delayed relapse to heavy drinking and during a 6-month posttreatment
follow-up period it reduced the number of drinking days. The beneficial ef-
fects of buspirone on both anxiety and drinking were most evident among the
patients with the highest baseline anxiety scores. In contrast, a study of anx-
ious, severely alcohol-dependent patients found buspirone to have no advan-
tage over placebo on anxiety or drinking measures (Malcolm et al. 1992).
Although there appears to be a role for buspirone in the treatment of anxiety
symptoms in alcoholic patients, it is unclear which clinical features can be

used to identify individuals for whom buspirone may be most efficacious.

Lithium. Although early studies of lithium, including some that used pla-
cebo controls (Kline et al. 1974; Merry et al. 1976), showed that lithium-
treated patients experienced fewer days of pathological drinking, the rates of
attrition in these studies were high. In a subsequent placebo-controlled study,
adherence to the medication regimen, irrespective of medication group, was
associated with abstinence in alcoholic patients who were not selected for co-
existing depression (Fawcett et al. 1987). Furthermore, treatment-adherent
patients who were taking active medication and who had therapeutic lithium
serum levels (0.4 mEq/L or greater) were abstinent more often than were
treatment-adherent subjects with subtherapeutic lithium levels. After the first
6 months, however, even subjects who had been adherent to treatment early
in the study tended to stop taking their medication. Nevertheless, the associ-
ation between early treatment adherence and sobriety persisted, suggesting
that the beneficial effects of lithium are greatest in the early months after
detoxification. The beneficial effect of lithium did not appear to be mediated
by an antidepressant effect, because it did not affect mood in the patients who
were depressed.

Dorus and colleagues (1989) conducted a multicenter, double-blind,
placebo-controlled trial in depressed and nondepressed alcoholic veterans. A
total of 457 male alcoholic patients, of whom approximately one-third were
depressed, were randomly assigned to receive either 600-1,200 mg/day of
lithium or a comparable number of placebo capsules. No significant differ-
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ences between the two groups were found on any of a variety of outcome mea-
sures, including number of drinking days, alcohol-related hospitalizations,
and severity of depression. The lack of efficacy was observed for both the de-
pressed and the nondepressed groups. This large, carefully conducted trial sug-
gested that lithium should be reserved for the treatment of alcoholic patients
with co-occurring bipolar disorder. A subsequent study, in which there was
no advantage to lithium over placebo in alcoholic patients who were not se-
lected for a co-occurring psychiatric disorder yielded results consistent with
this conclusion (Fawcett et al. 2000).

Conclusion

In general, with the exception of the central role that benzodiazepines play in
the treatment of alcohol withdrawal, the use of medications that have been
approved for alcoholism rehabilitation remains very limited. A survey of near-
ly 1,400 addiction physicians showed that they prescribed disulfiram to only
9% of their alcoholic patients and that naltrexone was prescribed for only
slightly higher proportion of patients (13%) (Mark et al. 2003). These results
contrast with findings for antidepressants, which were prescribed to 44% of
alcoholic patients. Although nearly all of these physicians had heard of both
disulfiram and naltrexone, their self-reported level of knowledge of these
medications was much lower than that of antidepressants.

Although continuing developments in the United States, Europe, and Aus-
tralia suggest that the use of medications may eventually contribute substan-
tially to alcoholism rehabilitation efforts, many questions must be addressed
before medications are likely to be widely employed for this indication. In ad-
dition to the issues discussed earlier in regard to specific agents (e.g., What is
the optimal duration of use for naltrexone?), the safety and efficacy of medi-
cations to treat alcohol dependence must be examined with adequate statisti-
cal power in women, in different ethnic/racial groups, and in adolescent and
geriatric samples. In addition, studies of cost-effectiveness and cost-benefit
must support the routine coverage of pharmacological treatments for alcohol-
ism under standard medical insurance plans.

The treatment of co-occurring psychiatric symptoms among alcoholic pa-
tients, which can be beneficial in relapse prevention, is an area in which con-

siderable clinical and research interest already exists (Kranzler and Tinsley
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2004). Anxiolytics with little abuse potential, such as buspirone, and antide-
pressants that have a benign side-effect profile and may reduce ethanol intake
warrant careful evaluation in the treatment of anxious and depressed alcoholic
patients.

However, the relationship between substance use and psychiatric symptoms
is complex (Kranzler and Tinsley 2004; Meyer 1986). Despite ameliorating
persistent mood and anxiety symptoms, medications that are prescribed to al-
coholic patients with such co-occurring symptoms will not necessarily reduce
alcohol consumption once a significant degree of alcohol dependence has de-
veloped, even if pathological mood states were important in the initiation of
heavy drinking. The neuroadaptive changes and the complex learning that
constitute the dependence syndrome (Edwards and Gross 1976) do not resolve
simply because one major contributing factor is brought under control. The
challenge for those treating alcoholic patients is to combine efficacious med-
ications with empirically based psychological interventions and, when feasi-
ble, with self-help group participation.

The medications that have been most widely studied in alcohol rehabili-
tation are naltrexone and acamprosate. Results from the COMBINE Study,
as well as results of Phase III trials of depot naltrexone formulations, will be
available in the near future and will provide important new information on
the use of these medications in alcohol rehabilitation. In addition, other
promising medications, such as the anticonvulsant topiramate (Johnson et al.
2003), are being evaluated in multicenter trials. As the research literature on
the use of medications to treat alcohol dependence grows, it will be possible
to assess the utility of different medication combinations and a variety of psy-
chotherapies. Ongoing efforts to match medications with specific subgroups
of alcoholic patients, based on clinical or genetic characteristics, remain a
promising strategy.

Combining medications with self-help group participation may represent
a particular challenge. Abstinence-oriented groups such as Alcoholics Anon-
ymous may be willing to work with physicians around the issue of proper dos-
age, adherence, and early detection of side effects of disulfiram, the use of
which is supportive of these groups’ goal of total abstinence. However, these
groups may be less supportive of other pharmacotherapies for alcoholism, the
focus of which is harm reduction through reduced drinking, rather than ab-
stinence.
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As evidence accumulates showing that a number of medications are effica-
cious for the treatment of co-occurring psychopathology and/or the prevention
of relapse in alcoholic patients, the therapeutic options available to physicians
in treating these patients will increase. As these developments unfold, it is cru-
cial that efforts be directed to enhancing the acceptability of pharmacotherapy
to the alcoholism treatment community as a standard ingredient in alcoholism

rehabilitation.
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A Brief History

In the mid-nineteenth century, it was the custom for doctors to frequently
prescribe morphine (first isolated from opium by Friedrich Serturner in
1806) and other opium preparations. Morphine did not have a major impact
on medical practice until the invention of the hypodermic needle in 1840.
“Soldiers illness” was recognized after the Civil War when more than 50,000
veterans became dependent on morphine as a result of treatment for combat
injuries (Musto 1987). The public also had ready access to opium and puri-
fied drugs in grocery stores and pharmacies. Medicinal mixtures and nos-
trums, usually unlabelled as to contents, often contained opium or morphine.
By the end of the century, many physicians had come to recognize that chronic
use of morphine was a disorder (morphinism), although others in society
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viewed it as a vice. An early response to this growing problem was the estab-
lishment of morphine maintenance clinics in 44 American cities. After the
passage of the Harrison Narcotics Act in 1914, legal use of opioids was re-
stricted, all of the morphine maintenance clinics were closed, and opioids
were no longer available except by prescription. Within a few years, increasing
numbers of people were using opioids obtained illicitly. Some U.S. Supreme
Court decisions at this time appeared to support the position that the pre-
scription of an opioid to an addict was not the proper practice of medicine
and was, therefore, illegal. Physicians who prescribed opioids to addicts were
tried and censored, and more than 3,000 were imprisoned. By the early 1920s,
people who were dependent on opioids often were denied hospital treatment
for medical problems.

During the decades between 1930 and 1960, it was recognized that the
opioid dependence itself needed to be treated, but prolonged hospitalization
was essentially the only treatment recommended and available. In the late
1950s, the first therapeutic community for drug addicts was established. In
the early 1960s, California and New York initiated compulsory commitment
for treatment. At about the same time, Dole and Nyswander (1965) showed
that maintenance on daily doses of methadone led to reduction in heroin use
and in associated criminal activity. The use of narcotic antagonists for treat-
ment of opioid dependence was also tried at this time. By the 1970s, concern
about the increasing number of heroin addicts, along with the recognition that
many opioid addicts could return to active, law-abiding participation in soci-
ety during and after treatment, led to expansion of community-based treat-
ment programs and increases in resources for research (Jaffe 1989). There has
since been extensive research in areas related to opioid dependence, from the
characterization of opioid receptors and second messengers to the psychoso-

cial and pharmacological treatment of people with opioid dependence.

Prevalence and Natural History

Prevalence and Patterns of
Opioid Use and Dependence

The National Survey on Drug Use and Health found that 1.6% of persons

over age 12 years reported using heroin at some time in their lives (Substance
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Abuse and Mental Health Services Administration 2004). However, less than
0.1% reported use during the preceding month. In urban areas, the rate of
heroin use among men is approximately three times that among women. Use
further increased in the 1990s with the availability of cheap, very high quality
heroin. From 1999 to 2000, heroin mentions in U.S. emergency departments
increased 15%, from 82,192 to 94,804 (Substance Abuse and Mental Health
Services Administration 2001). Data from the 2003 National Survey on Drug
Use and Health indicated that approximately 119,000 Americans reported
current heroin use (Substance Abuse and Mental Health Services Administra-
tion 2004). Among past-year users 189,000 were classified with dependence on
heroin. Heroin abusers are predominantly white (90%) and employed full-
time (more than 50%), and almost 89% have a high school diploma or more
advanced education (Honer et al. 2001). The greatest use of heroin was re-
ported in the 21- to 25-year age group (2.0% reported lifetime use) and in
the 35-year and older age group (1.8% reported lifetime use). Some areas of the
country, such as Boston, have reported dramatic increases in heroin use and
overdoses in adolescents and young adults associated with increased availabil-
ity of inexpensive, high-potency heroin that often contains toxic adulterants
(Community Epidemiology Work Group 2003).

Misuse of other opioids is far more common than heroin use. As is true
for use of heroin, nonmedical use of opioids other than heroin is predomi-
nantly a problem of young adults. The prevalence of nonmedical use of “pain
relievers” was reported as 8.6% for lifetime use and 1.2% for use in the past
month among persons age 12 years or older. The highest rates were among
18- to 20-year-olds and 21- to 25-year-olds (15.8% and 13.7%, respectively,
reported lifetime use) (Substance Abuse and Mental Health Services Admin-
istration 2004). Lifetime use also varies by race and socioeconomic class. Col-
lege graduates are less likely to use opioids than are high school dropouts.
Health professionals have higher use than others with comparable education.
Data from the Drug Abuse Warning Network showed an increase in emer-
gency department mentions of total narcotic analgesics/combinations from
approximately 29,000 in the last half of 1997 to more than 56,000 in the first
half of 2002 (Substance Abuse and Mental Health Services Administration
2004).

Opioid dependence rarely results from the prescribing of opioids tempo-

rarily for treatment of acute pain or pain of terminal illness. Even use in chronic
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pain does not inevitably lead to opioid abuse and dependence. In a study of
chronic opioid use to treat nonmalignant pain, problems developed in only
two of 38 patients, both of whom had a prior history of drug abuse (Portenoy
and Foley 1986). If patients are properly screened and treatment is monitored,
opioids can be vital drugs for analgesia of chronic pain that is not responsive
to nonopioid treatment.

The analgesic pentazocine (Talwin) and the antihistamine tripelennamine
(ablue tablet), known as “Ts and blues,” produce an effect that is both opioid-
like and reinforcing when they are injected intravenously in combination. In
the late 1970s, use of this combination became a significant problem in cer-
tain urban areas of the United States. In 1983, the oral preparation of Talwin
was replaced with Talwin Nx, a pentazocine-naloxone combination that in-
cludes 0.5 mg of the opioid antagonist naloxone. At this dose, naloxone is in-
pentazocine. Although there continued to be some reports of abuse of Talwin
Nx (Reed and Schnoll 1986), the reformulation significantly reduced pentaz-
ocine abuse (Baum et al. 1987).

A controlled-release oral formulation of oxycodone hydrochloride (Oxy-
Contin) introduced in the late 1990s has become popular with young opioid
abusers. When the tablet is crushed or chewed, there is a rapid release of in-
toxicating, and sometimes fatal, amounts of oxycodone. Many pain patients
have also found it difficult to terminate the use of this drug and have pro-
gressed to illicit drug use. Withdrawal from oxycodone is protracted and very
difficult for some patients. In 2001, the National Household Survey on Drug
Abuse reported that approximately 957,000 individuals age 12 years or older
had used oxycodone nonmedically at least once in their lives. This number
reflected a dramatic increase from estimates reported in 1999 (221,000 users)
and 2000 (399,000 users) (Substance Abuse and Mental Health Services
Administration 2004). Other controlled-release opioids, including hydro-
morphone (Palladone), have been released with a monitoring plan approved
by the U.S. Food and Drug Administration (FDA) to detect abuse (Angst et
al. 2001).

Although many who experiment with opioids experience euphoria or
symptom relief with the first use, some experimenters use these drugs only a
few times and then avoid further use because of an awareness of the risks or

because of unpleasant side effects such as nausea or vomiting. Even for those
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who become dependent, the most common pattern in Western cultures where
the drug is illegal is one of alternating periods of use and abstinence, whether
voluntary or brought about by external pressure. Many opioid-dependent in-
dividuals recover without ever having formal treatment. Addicts who voluntar-
ily abstain often state they do so simply because they are tired of their lifestyles
of constant drug secking and frequent encounters with the law. Opioid addicts
who do not seek treatment have less psychopathology, fewer legal problems,
and more adequate social functioning, but not less drug dependence (Roun-
saville and Kleber 1985b).

For those who do seek treatment, the average time from dependence to
first treatment is approximately 2—3 years. Initial treatment typically involves
detoxification, with little or no aftercare. Without supervision, as many as
two-thirds of these individuals will relapse, most within the first few months
after detoxification.

Factors Influencing Course and
Treatment Outcomes

The lifestyles of opioid addicts in Great Britain and the United States who are
involved in treatment are far from uniform. Some, such as health profession-
als who have become dependent on opioids, may hold jobs; other “loners” live
mainly on legitimate earnings supplemented by some criminal activities or
live on welfare. The stereotypical “junkies” socialize within an addict subcul-
ture and earn their income primarily from illegal activities, including drug
dealing (Stimson and Oppenheimer 1982). For those who are arrested, the
time from first use to first arrest ranges from 6 months to 5 years. “Maturing
out” (or stopping opioid use as an overall result of the passage of time) is less
likely for addicts involved in crime and drug dealing (Anglin et al. 1986).

There have been several long-term follow-up studies of addicts who
sought treatment from publicly supported programs. In one study, selected
daily opioid users who entered treatment in 1969-1974 were followed up 12
years after initial treatment; 24% of the male addicts had used opioids daily
during the previous year, and 25% reported they had never returned to daily
opioid use (Simpson and Marsh 1986; Simpson etal. 1982). Of the entire sam-
ple, 35% never relapsed after they had quit. During the previous year, 13% bad
been arrested, and 29% had spent time in jail or prison.
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In another study, more than 10,000 drug addicts who entered treatment
during 1979-1981 were interviewed, and a sample of these individuals was re-
interviewed 3-5 years later (Hubbard et al. 1989). Heroin use declined during
and following treatment. For those who stayed in treatment, the rate of regular
use of heroin declined from 63.5% before treatment to 17.5% 3-5 years later.
A 33-year follow-up of 581 opioid addicts who had been treated in the Cali-
fornia Civil Addict Program between 1962 and 1964 reported a very high
mortality rate of 49% (Hser et al. 2001). Of the 242 individuals interviewed
at follow-up, 20.7% had positive urine tests for heroin, an additional 9.5% re-
fused a urine test, and 14% were incarcerated. The authors concluded that for
most of these subjects, heroin dependence was a lifelong condition that had a
severe impact on their health and social functioning. By the end of the 33-year
follow-up period only 25% had achieved abstinence; for most of those years,
less than 6% of the subjects were in treatment at any one time.

In general, physicians and other health professionals with opioid depen-
dence have a remarkably good prognosis when their license to practice is made
contingent on continued abstinence and their abstinence monitored by ran-
dom urine tests. Most studies report abstinence rates of 65%—75% 1-2 years
after initial treatment (Herrington et al. 1982). Somewhat lower success rates
have been reported for anesthesia residents. One study reported that only 34%
of parenteral opioid abusers in residency training for anesthesia successfully
reentered training, compared with 70% of anesthesiology residents who abused
other substances (Menk et al. 1990).

Currently, there are no reliable means to predict an individual’s long-term
prognosis as measured by drug use, work, crime, and psychological adjust-
ment. Although the achievement of even temporary abstinence is associated
with improvement in a number of factors (legal problems in particular), sim-
ply attaining abstinence does not ensure complete psychosocial adjustment.
Therefore, other problem areas must be addressed as well. In general, out-
come in a particular area (e.g., work or crime) is best predicted by past behav-
ior with respect to that area (Kosten et al. 1987a; Rounsaville et al. 1987).

Medical Complications and Life Expectancy

Before 1980, the mortality rate among younger addicts was up to 20 times
higher than that among control subjects; it was 2—3 times higher for older ad-



Opioids 61

dicts (Joe and Simpson 1987). The higher mortality rate was related to factors
such as overdose, suicide, homicide, and infection. About 1%—-1.5% of ad-
dicts who sought treatment died each year (Joe and Simpson 1987; Oppen-
heimer et al. 1994; Stimson and Oppenheimer 1982). Some studies suggested
that with the spread of human immunodeficiency virus (HIV) infection, which
is transmitted among opioid users by needle sharing and sexual contact, these
figures have risen (Sanchez-Carbonell and Seus 2000; Quaglio et al. 2001).
The authors of a recent study in Sweden reported a 20% mortality rate during
a l-year period in a group of opioid addicts who served as the control group
in double-blind, placebo-controlled buprenorphine maintenance study (Kak-
ko et al. 2003). None of these individuals were eligible for methadone main-
tenance under Swedish law because they had been dependent on opioids for
less than 4 years. They were all given buprenorphine detoxification (as the ini-
tial phase of an intended 1-year placebo arm of the maintenance trial) and
were offered intensive outpatient counseling services. These results dramati-
cally pointed out the shortcomings and risks of detoxification and outpatient
counseling, even for addicted individuals with a relatively short history of de-
pendence.

Infections are common with use of intravenously injected opioids (Fran-
cis 2003). Approximately 28% of new HIV infections occur in users of injec-
tion drugs, including opioids (Cooper et al. 2003). It has been estimated that
between 29% and 57% of those in methadone clinics in the northeastern re-
gion of the United States are HIV positive (Brown et al. 1993; Des Jarlais et
al. 1998). The lethality and prevalence of HIV are the basis of the argument
for the controversial practice of distributing clean needles to addicts. A study
by Ball et al. (1988b) indicated that standard methadone maintenance
significantly reduces needle sharing. Other transmittable infections include
hepatitis and malaria (Bastos et al. 1999). Hepatitis C now infects 79% of
injection drug users in the United States (Centers for Disease Control 1998).
Between 75% and 85% of these cases will go on to chronic infection, 20%
will develop cirrhosis, and 1%—5% will die each year from chronic liver dis-
ease. In some methadone clinics, the annual death rate from hepatitis C has
surpassed that from AIDS. Tuberculosis is more common in heroin addicts
than in the general population. Other infectious complications include endo-
carditis, meningitis, brain abscess, and septicemia.

Embolic phenomena may occur from particulate matter such as talc or
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starch when pills are used for injections or if drugs are filtered through cigarette
filters or cotton. Pulmonary emboli may result in pulmonary hypertension
and right ventricular failure. Septic emboli may be a cause of staphylococcal
pneumonitis.

Most heroin addicts have lymphadenopathy (Carbone et al. 1998; Tirelli
et al. 1986). Vein sclerosis and contaminant-related lymphatic obstruction
may cause extremity edema. Ulceration and other dermatologic changes are

often present in those who “skin pop.”

Pharmacology

The term opioid refers to any exogenous substance that acts as an agonist at
any of several receptors. Opioid antagonists are drugs that bind to a receptor
but produce no actions. The poppy plant, Papaver somniferum, from which opi-
um is obtained, is grown in many areas of the world. Morphine constitutes 10%
of opium, and codeine can be obtained directly from opium. Semisynthetic
opioids such as heroin and oxycodone are obtained directly or indirectly from
morphine. There are other distinct chemical classes of drugs with opioid ac-
tions, including the methadones.

Central nervous system effects of opioids include analgesia, sedation,
“mental clouding” (apathy and difficulty concentrating), mood changes, nau-
sea, and vomiting. In abstinent addicts, euphoria is greater and mental cloud-
ing is less pronounced than in normal subjects. Tolerance develops to these
effects with chronic use. Opioids acutely inhibit gonadotropin-releasing hor-
mone and corticotropin-releasing hormone secretion, but tolerance develops
with chronic use. Therefore, male methadone patients who have been main-
tained for more than a year with stable doses generally have been found to
have normal levels of cortisol, luteinizing hormone, and testosterone (for gen-
eral references, see Gutstein and Akil 2001).

Major gastrointestinal effects include decreased gut motility and changes
in secretion of gastric and intestinal fluids. Morphine and most [ receptor
agonists cause pupillary constriction. Some tolerance to this effect may devel-
op, but addicts with high opioid levels will still have miosis. Respiratory de-
pression is the usual cause of death from opioid overdose.

After rapid intravenous injection of an opioid, the user experiences warm

skin flushing and a “rush” that lasts about 45 seconds. In one retrospective study
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(Seecof and Tennant 1987), the most common feelings associated with the rush
were pleasure, relaxation, and satisfaction. Although at one time the rush was
classically reported to be similar to a sexual orgasm, in a study of the phenom-
enon such a feeling was reported in only 18% of men and 10% of women (See-
cof and Tennant 1987).

Opioids are easily absorbed subcutaneously and intramuscularly, as well
as from the gastrointestinal tract, nasal mucosa (e.g., when heroin is used as
snuff), and lung (e.g., when opium is smoked). About 90% of the excretion
of morphine occurs during the first 24 hours, but traces are detectable in
urine for more than 48 hours. Heroin (diacetylmorphine) is hydrolyzed to
monoacetylmorphine, which is then hydrolyzed to morphine. Morphine and
monoacetylmorphine are responsible for the pharmacologic effects of heroin.
Heroin produces effects more rapidly than morphine because it is more lipid
soluble and therefore crosses the blood-brain barrier faster. In the urine, her-
oin is detected as free morphine and morphine glucuronide (Gutstein and
Akil 2001; Jaffe et al. 2004).

Opioid Receptors

Three distinct classes of opioid receptor have been identified: the i, 8, and x
opioid receptors. Opioid receptors are activated by several classes of endoge-
nous peptides, including the endorphins, enkephalins, endomorphins, and
dynorphins. There is extensive overlap in the amino acid composition of these
receptors. Endogenous opioid peptides differ in their affinity for the different
opioid receptor types. B-Endorphin and met-enkephalin have greater affini-
ties for the 1 and § receptors than for the k receptor, whereas the affinity of
dynorphins is greater for the k receptor than it is for the p and d receptors.
Endomorphins are selective potent | receptor agonists (Zadina et al. 1999).
Preclinical evidence indicates that opioid drugs such as morphine pro-
duce their pharmacologic effects primarily through interactions with the p
receptor. These effects include analgesia, respiratory depression, mood eleva-
tion, constipation, immunosuppression, and physical dependence. The ad-
ministration of K receptor agonists may lead to the production of both
analgesia and dysphoria. Mixed agonist/antagonist agents such as pentazocine
and nalbuphine have effects at the k receptor, as does the drug levorphanol.
Three distinct opioid receptor genes have been identified, namely the
MOR (1), KOR (), and DOR () genes. Although only one [t receptor gene
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has been identified, there is some evidence that [ receptor subtypes might exist
as a consequence of variations in the splicing of the messenger RNA produced
from MOR (Bare et al.1994; Pan et al. 2003). The functional differences that
may exist between these receptor subtypes remain to be determined. In addition
to splice variants, several allelic variants of MOR have been identified, includ-
ing several single nucleotide polymorphisms. Attempts have made to establish
associations between single nucleotide polymorphisms and heroin intake (Shi
et al. 2002; Tan et al. 2003), but additional evidence is required before firm
associations are established. It is clear, however, that single nucleotide poly-
morphisms can alter the effects of opioid agonists on the | receptor. The
A118G polymorphism of the [l receptor is one example. This polymorphism
appears to increase the affinity of the human p receptor for f-endorphin in
vitro (Bond et al. 1998) and to decrease the adverse effects produced by the
morphine metabolite morphine-6-glucuronide (Lotsch et al. 2002; Skarke et
al. 2003).

Opioid receptors are coupled to guanine nucleotide-binding proteins
(G proteins). The binding of agonists with the opioid receptor leads to the ac-
tivation of several effector systems by G-protein subunits. The acute admin-
istration of opioid agonists leads to the inhibition of adenylyl cyclases,
calcium conductance, and neurotransmitter release (most notably release of
y-aminobutyric acid and substance P) from vesicles (Williams et al. 2001).
Other effects of opioid agonists include G-protein activation of inwardly rec-
tifying potassium conductance, activation of protein kinase C, and initiation
of the mitogen-activated protein kinase (MAPK) cascade.

High densities of [ receptors are found in the dorsal horn of the spinal
cord, brain stem, thalamus, and cortex, where they can modulate the intensity
of incoming pain signals. Within the mesolimbic system [t receptors may play
a role in regulating reward-motivated behaviors. The reinforcing actions of
opioid agonists are produced, at least in part, by the induction of dopamine
release by these agents in the nucleus accumbens, a mesolimbic structure im-
plicated in mediating the effects of rewarding stimuli on behavior (Nestler et
al. 2001).

Mechanisms of Tolerance and Dependence

Receptor desensitization, internalization, and/or down-regulation may play a

role in the development of tolerance to opioid receptor agonists (Clark et al.
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2003; Potenza et al. 1999; Stafford et al. 2001; Yabaluri and Medzihradsky
1997). Binding with B-arrestin leads to uncoupling of the receptor from G pro-
teins, resulting in receptor desensitization. Tolerance to the analgesic effects
of morphine, which is reliably seen after the chronic administration of this
agent, is attenuated in mutant animals that have the B-arrestin-2 gene deleted
(Bohn et al. 2000). Internalization of uncoupled opioid receptors below the
plasma membrane surface may be mediated by the protein dynamin (Li et al.
1999; Patel et al. 2002). These receptors may be dephosphorylated and recy-
cled to the cell surface in a sensitized state or they may undergo degradation
within the cells. Opioid receptor down-regulation is a decrease in receptor den-
sity.

Opioids differ in the mechanism by which tolerance is produced, al-
though the clinical implications of these differences are yet unknown. For ex-
ample, opioid receptor down-regulation is produced by some opioid agonists,
but most notably not by morphine (Williams et al. 2001). Internalization of
receptors, on the other hand, does not appear to occur in vivo or in vitro fol-
lowing chronic exposure to morphine, although it does occur after prolonged
treatment with agents such as methadone, L-a-acetylmethadol (LAAM), or
etorphine (Keith etal. 1998; Williams et al. 2001). These differences may be
related to the disparate effects of these opioid agonists on trafficking proteins
such as dynamin (Patel et al. 2002). The clinical implications of the finding
that methadone and LAAM can produce receptor internalization, while mor-
phine does not, remain to be established.

Tolerance may involve a reduction in the inhibitory effects of morphine
on cyclic adenosine monophosphate (cAMP) activity. The acute administra-
tion of opioid agonists such as morphine decreases the activity of cAAMP second
messenger pathways through inhibition of adenylyl cyclase activity; however,
following chronic exposure to morphine, this inhibitory effect is lost in many
brain areas (Nestler et al. 2001). Once morphine treatment is discontinued,
rebound activity may occur in the cAMP pathway. This increase in activity
may lead to enhanced phosphorylation of cAMP response element binding
protein (CREB), which in turn alters transcription of a number of genes in
brain regions associated with withdrawal (Delfs et al. 2000; Shaw-Lutchman
et al. 2002). Symptoms of physical withdrawal following morphine adminis-
tration are reduced in mice mutated to produce only residual levels of CREB

(Maldonado et al. 1996).



66 Clinical Manual of Addiction Psychopharmacology

Preclinical studies indicate that the administration of N-methyl-D-aspartate
(NMDA) receptor (a type of glutamate receptor) antagonists can block the
development of morphine-induced tolerance and dependence (Maldonado et
al. 1996). Opioids may alter the activity of NMDA receptors by activating
protein kinase C (Chen and Huang 1991). This enzyme phosphorylates the
NMDA receptor, which leads to an increase in the permeability of the recep-
tor to calcium. Clinical evidence indicates that administration of the NMDA
antagonist memantine attenuates symptoms of physical dependence in hero-
in addicts (Bisaga et al. 2001). Clinical trials are being conducted to establish
whether the administration of the NMDA antagonist dextromethorphan can
block the development of tolerance in individuals being treated with mor-

phine for pain.

Etiology of Opioid Dependence

Multiple factors interact in complex ways to result in opioid dependence. It
is difficult to delineate, even for a specific individual, the precise etiology of
dependence. In addition, each of the etiologic factors discussed in this section
may play variable roles in initiation of use, maintenance of use, relapse, and
recovery. Keeping in mind all of these potential factors is essential when for-
mulating a treatment plan for each individual.

Opioids can be reinforcing by directly inducing pleasurable effects or by
reducing aversive affects or the experience of noxious stimuli. They may re-
duce pain or anxiety and, for some users, decrease boredom, relieve the expe-
rience of intense aggression, and increase self-esteem. Social approval among
peers may be a factor in initial opioid use. The rituals of injecting opioids of-
ten become associated with a “high,” so that even an occasional placebo in-
jection may still elicit pleasurable effects. Even after tolerance has developed
to some of the effects of opioids, the rush may still be experienced briefly after
an intravenous injection. Animal studies indicate that low doses of opioids
lower the threshold for producing reinforcing (pleasurable) effects by means
of self-administration of electrical currents to certain brain regions (Kornet-
sky 2004). Tolerance to this effect does not seem to occur. The experience of
withdrawal relief also contributes to repeated opioid use. Because of heroin’s
brief duration of action, withdrawal occurs several times a day, and its repeated

relief leads to a strongly reinforced behavior pattern.
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The paraphernalia and setting associated with drug use can become cues in-
dicating that a high or relief of distress is possible. Craving or desire to use the
drug is increased in the presence of such stimuli. Withdrawal symptoms may
also become conditioned to such stimuli. The addict may experience condi-
tioned withdrawal as an increase in craving or desire to use opioids (McLellan
et al. 1986; Meyer and Mirin 1979; Wikler 1980). However, the most intense
craving appears to be elicited by conditions associated with opioid use rather
than those associated with withdrawal. The role that conditioned phenomena
play in relapse and perpetuation of use is presently unknown; however, work in
research settings suggested that these phenomena may be clinically important
and that their extinction may be helpful in treatment (Childress et al. 1988).

Psychosocial and environmental factors play a major role in the develop-
ment and recovery from opioid dependence; however, a detailed discussion is
beyond the scope of this chapter. In general, the use of such drugs as marijua-
na and alcohol precedes the use of opioids (Clayton and Voss 1981; Kandel
and Faust 1975). Although one cannot predict definitively which users will pro-
ceed to opioid use, those who do generally have low self-esteem, disrupted fam-
ilies, and/or difficult relationships with their parents. The increased availa-
bility of opioids in inner cities of major urban centers contributes to initiation
of use and relapse. It is particularly difficult to avoid use and relapse in areas
with high unemployment, poor school systems, and high crime rates, because
living in such an area may contribute to the very affects opioid use temporarily
relieves.

Brief experimentation with illicit opioids rarely leads to dependence, but
persons who use opioids commonly escalate to daily use, at least once per
month for at least a brief period. Among Vietnam War—era soldiers, experi-
mentation with opioids was widespread; 73% of the soldiers who used opio-
ids at least five times became dependent; however, 88% of enlisted men who
became addicted to heroin did not become readdicted at any time in the
3 years after return, and 56% did not use opioids at all during that time (Rob-
ins et al. 1975).

Epidemiological studies and treatment facilities report a high prevalence of
anxiety; affective disorders, bipolar disorder, and alcoholism, as well as antisocial
personality, among individuals with opioid dependence (Cacciola et al. 2001;
Callaly ecal. 2001; Hien et al. 2000; Krausz et al. 1998; Krausz et al. 1999; Mars-
den etal. 2000; Milby et al. 1996; Regier et al. 1990; Roozen et al. 2003).
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A biological etiology underlying opioid dependence was postulated by
Dole and Nyswander (1967), who suggested that a preexisting metabolic defi-
ciency could lead to dependence or that changes induced by opioid use could
perpetuate dependence. Dole (1988) later hypothesized that opioid receptor
dysfunction is a primary etiologic factor. Recent research efforts have focused
on the hypothesis that individuals with a genetic vulnerability to opioid abuse
have defects in the genes for the opioid peptides and receptors. Variants of the
L and 3 receptors have positive associations with opioid and/or alcohol addic-
tion. However, the associations are weak, suggesting that either the opioid sys-
tem plays a relatively small part in the genesis of these disorders or, alternatively,
that combinations of opioid system polymorphisms may be necessary to dem-
onstrate a relationship (Mayer and Héllt 2001). Antisocial personality and al-
coholism are more common in opioid users. Because both of these disorders
appear to be influenced by genetic factors, it is possible that a more robust link

with genetic factors in opioid abuse may someday be established.

Clinical Aspects of Tolerance and Withdrawal

Tolerance

Some degree of tolerance to the euphorigenic effects of heroin in addicts may
develop in 1-2 weeks (Meyer and Mirin 1979). Therefore, the addict who de-
sires a rush or a high progressively increases the dose. Although some build up
to extraordinarily high doses, there is always a dose capable of causing death from
respiratory depression. Physical dependence and tolerance occur more rapidly
in former addicts; morphine addicts can reach a dose of 500 mg/day within 10
days of resumption of use. Tolerance largely disappears after withdrawal; addicts
have unwittingly taken fatal doses by returning to their previous doses after
detoxification. Receptor up-regulation may occur with chronic administration
of opioid antagonists and may render addicts treated with these agents more

sensitive to opioids when the antagonists are discontinued.

Withdrawal

Administration of sufficient doses of an opioid antagonist after only a single
therapeutic dose of morphine results in withdrawal phenomena (Bickel et al.

1987; Heishman et al. 1989; Jones 1979). Some degree of physical dependence
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develops in people who are given opioids regularly for more than a few days.
However, very few become chronic users. Physical dependence and the pres-
ence of tolerance and withdrawal symptoms thus cannot be viewed as the only
causes of continued use and relapse. However, the presence of physical depen-
dence clearly contributes to difficulty with or fear of withdrawing and to the
tendency to relapse.

Intensity of withdrawal depends on the following factors, including 1) dose
of the opioid used (however, increasing beyond the equivalent of 500 mg/day
of morphine does not significantly increase severity), 2) duration of use, 3) rate
of removal of opioids from receptors, and 4) extent of continuous use. Gen-
erally, the character of the signs and symptoms is opposite to that of the acute
agonist effects. For example, constipation occurs during acute treatment, and
bowel hypermotility occurs with withdrawal. Individual sensitivity may affect
the nature of the withdrawal syndrome. For example, stomach cramps pre-
dominate in some, muscle aches in others. Withdrawal from different agents
that have similar profiles of receptor activity generally has similar characteris-
tics. Also, generally, the shorter the duration of action of the drug, the more
severe is the withdrawal syndrome, the more rapid the onset of symptoms,
and the shorter the total duration of the symptoms. With short-acting drugs
such as heroin and morphine, early symptoms may occur between 8 and 12
hours after the last dose. Severe syndromes peak 48—72 hours after the last
dose. In some individuals, subjective symptoms predominate over objective
signs. Untreated, the acute phase of morphine or heroin withdrawal lasts
7-10 days. Withdrawal from « agonists (e.g., nalorphine) is generally mild
and of a qualitatively distinct character. The onset of withdrawal with longer-
acting drugs such as methadone or LAAM can be delayed until 1-3 days after
the last dose. Peak symptoms often may not occur until days 3—5. Withdrawal
from methadone includes complaints of pain, which patients state originates
from muscle or bone. Meperidine withdrawal develops within 3 hours after the
last dose, peaks in 5-12 hours, and generally ends in 4-5 days. With meperi-
dine, subjective symptoms, such as craving and restlessness, may be much
more severe than the autonomic changes. Codeine withdrawal is compara-
tively less severe.

A protracted abstinence syndrome may follow the acute opioid withdraw-
al syndrome and last for many weeks (Martin etal. 1973). In one study of her-
oin addicts detoxified with methadone, withdrawal distress peaked at day 20,
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the final day of methadone detoxification, and it was not until day 40 that
addicts’ symptom scores reached normal levels (Gossop et al. 1987). During
this phase, there may be excessive somatic concerns, decreased stress tolerance,
poor self-image, and disturbed sleep. Opioid effects are especially reinforcing
at this time, perhaps providing one explanation for early relapse (Cushman
and Dole 1973; Martin et al. 1973).

Formerly, ratings of withdrawal severity from drugs such as heroin, mor-
phine, and methadone were made with the Himmelsbach Scale (Himmelsbach
1941), which emphasized “objective” or measurable signs over subjective re-
ports. With such a system, the sequence of signs observed was as shown in
Table 2-1. However, more recent work giving greater weight to subjective as-
pects of withdrawal distress has shown that drug users experience mood chang-
es, fatigue, dysphoria, and vague discomforts many hours before such signs as
lacrimation or yawning can be detected. When buprenorphine, a partial pt
agonist, is withdrawn, no changes are observed by using the Himmelsbach Scale,
but a withdrawal syndrome is readily measured with an opioid withdrawal symp-
tom checklist (Fudala et al. 1990; Wesson and Ling 2003).

Table 2-1. Signs and symptoms of opioid withdrawal

Early Middle Late
Lacrimation Restless sleep Increased severity of earlier symptoms
Yawning Dilated pupils Tachycardia
Rhinorrhea Anorexia Nausea
Sweating Gooseflesh Vomiting
Restlessness Diarrhea
Irritability Abdominal cramps
Tremor Increased blood pressure
Mood lability
Depression

Muscle spasms
Weakness

Bone pain

Source.  Adapted from Ciraulo and Ciraulo 1988.
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Personality variables, state of mind at time of withdrawal, and expectations
of severity of symptoms all may affect withdrawal severity (Kleber 1981). One
study found that merely providing addicts information about the withdrawal
syndrome resulted in lower levels of withdrawal symptoms (Green and Gos-
sop 1988). Naloxone rapidly induces a severe withdrawal syndrome, which
peaks within 30 minutes and then declines rapidly. Until the antagonist is
eliminated, only partial suppression of the withdrawal syndrome is possible,
and then only by using very high opioid doses, which may cause respiratory
depression when naloxone is metabolized.

Treatment Approaches

Treatment approaches include 1) short-term detoxification, usually with
methadone, buprenorphine, or clonidine; 2) opioid substitution therapy,
consisting of maintenance treatment with methadone, LAAM, or buprenor-
phine; 3) antagonist treatment with naltrexone; 4) the therapeutic communi-
ty; and 5) outpatient drug-free treatment, which may include formal relapse
prevention programs. Some private residential chemical dependency pro-
grams emphasizing a 12-step approach to recovery also offer treatment to opi-
oid-dependent individuals. Therapists in each of these settings may have
experience ranging from prior dependence and experiential training to ad-
vanced degrees in the health professions. An addict often has experience with
more than one treatment modality in his or her career. For example, the user
may first be detoxified, then relapse, enter methadone maintenance, eventu-
ally be detoxified from methadone, and finally continue successfully with
outpatient drug-free treatment. It is often difficult to ascertain for such indi-

viduals what the key ingredient for recovery was.

Opioid Detoxification
Methadone

At present in the United States, methadone is the most commonly used drug
to treat withdrawal symptoms. Detoxification can be accomplished over a pe-
riod as long as 6 months in an ambulatory methadone maintenance program
or as brief as several days in a hospital setting. The goal in brief detoxification

is to make the experience less distressing, but the suppression of all with-



72 Clinical Manual of Addiction Psychopharmacology

drawal symptoms should not be expected. If the daily opioid dose is known,
one can administer the pharmacologically equivalent methadone dose. The
drawback to this approach is that the published equivalencies of oral metha-
done vary markedly. For example, one source cited reported equivalencies of
oral morphine to oral methadone ranging from 4:1 to 14:1 (Gordon et al.
1999), although it may be as low as 2.5:1 (Ripamonte et al. 1998). Caution
should be used when dosing is guided by equivalency tables. As a consequence
of methadone’s longer duration of action and oral efficacy, it is possible to
suppress withdrawal with the lower doses of oral methadone than would be
predicted from the published analgesic equivalency ratios.

For patients taking street heroin, the initial dose of methadone is usually
15-20 mg orally. If withdrawal symptoms or signs persist, one may repeat the
dose in a few hours. Although some addicts with access to pure drugs (not un-
common in some U.S. cities) may require higher doses, generally 40 mg/day
of methadone is adequate. Once a stabilizing dosage has been found, metha-
done can be reduced about 10%-20% per day to achieve full detoxification
within 5-10 days. The rate of decrease can be more rapid if clonidine is used
(see the next section on clonidine). To facilitate compliance in outpatient
detoxification, the treatment period may need to be prolonged. Reasonable
tapering schedules are 10% per week from high doses and 3% per week from
doses less than 20 mg/day (Senay et al. 1977).

Relapse rates after detoxification are very high. Although extension of the
withdrawal period for up to 6 months does not appear to improve outcome
(Sees et al. 2000), patients who have received methadone maintenance and

who have a good therapeutic relationship have more successful outcomes.

Clonidine

Clonidine, an o) agonist used primarily as an antihypertensive, is another agent
now commonly used for detoxification (Table 2-2). Since the late 1970s,
clonidine repeatedly has been shown to suppress many of the autonomic
symptoms of the withdrawal syndrome (Gold et al. 1978; Kleber et al. 1985).
Patients taking opioids can be transitioned to taking oral clonidine in doses
starting at 0.1-0.2 mg three times per day (up to 0.6 mg/day). Doses greater
than 1.0 mg/day are not recommended for outpatient settings. Clonidine
should be given for approximately 10 days for heroin detoxification and for

14 days for individuals who are discontinuing methadone. Limiting the use
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Table 2-2. Protocol for administration of clonidine for
detoxification from short-acting opioids and methadone

Detoxification
From short-acting opioid
Day (heroin, oxycodone) From methadone (25 mg or less)
1 0.3-0.6 mg/day (includes 0.3-0.6 mg/day (includes 0.1-mg
0.1-mg test dose) test dose)
0.4-0.8 mg/day 0.4-0.6 mg/day
3-6 0.6-1.2 mg/day, then reduce 0.5-0.8 mg/day

daily dose by 50% each
subsequent day; daily
reductions should not
exceed 0.4 mg

6-10 0.6-1.2 mg/day, then reduce
daily dose by 50% each
subsequent day; daily
reductions should not
exceed 0.4 mg

Note.  Clonidine alone may not adequately treat insomnia, diarrhea, muscle aches, restlessness,
irritability, or other withdrawal symptoms, which may require other medications. For this reason
many programs use lower doses of clonidine than outlined in this table, in combination with oral
opioids.

Source. Adapted from Kleber and Kosten 1984.

of clonidine on an outpatient basis are two major side effects: hypotension,
which may be marked, and sedation. Although not currently approved by the
FDA, lofexidine, another o, agonist, has been used extensively in Europe for
detoxification. Compared with clonidine, it is less likely to produce hypoten-
sion or sedation (Strang et al. 1999).

Detoxification is more successful when the patient is transitioned from a
stable methadone dose with the support of ongoing therapy than when the
patient comes directly from the street for detoxification from heroin. Some
practitioners believe that detoxification with clonidine can be more rapid than
with methadone, at least on an outpatient basis. One important limitation of
clonidine is that, although it suppresses autonomic signs of withdrawal, sub-
ject-reported symptoms, such as lethargy, restlessness, insomnia, and craving,
are not well relieved (Charney et al. 1981; Jasinski et al. 1985). Anxiety may
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be alleviated with benzodiazepines, and some data suggested that low-dose
propranolol may reduce restlessness (Roehrich and Gold 1987).

Clonidine has been used in combination with naltrexone to facilitate rap-
id withdrawal as well as to ease rapid transition to treatment with the antag-
onist. Patients usually begin by taking both clonidine and a very low dose of
naltrexone on day 1. Clonidine is given in divided doses, adjusted for severity
of withdrawal, to a dosage of up to 2-2.5 mg/day. The dosage of naltrexone
is gradually increased to 50150 mg/day by approximately day 5 or 6; 80%-—
90% of patients are able to complete the transition to naltrexone in less than
1 week (Charney et al. 1986; Kleber et al. 1987; Vining et al. 1988). In one of
the few randomized trials comparing some of the newer detoxification proto-
cols, O’Connor et al. (1997) reported that patients detoxified with a combina-
tion of clonidine, naltrexone, and buprenorphine had fewer withdrawal

symptoms than those treated with clonidine or with clonidine plus naltrexone.

Buprenorphine

Since the late 1990s buprenorphine has been recognized as an effective agent
for opioid detoxification. The intramuscular formulation approved for pain
(Buprenex) has been used successfully in inpatient detoxification programs
(Umbricht et al. 2003). Although never approved by the FDA for this pur-
pose, several protocols for intramuscular buprenorphine were used clinically
for opioid detoxification. A common protocol was 0.6 mg im every 4 hours
onday 1, 0.6 mg im every 6 hours on day 2, and 0.6 mg im every 8 hours on
day 3, a regimen that followed some research protocols (Umbricht et al.
2003). Other clinical protocols recommended 0.3-0.6 mg im tid on day 1,
0.15-0.3 mg im tid on day 2, and 0.15 mg im bid on day 3. Some research pro-
tocols used higher doses (Cheskin et al. 1994). With the recent FDA approval
of sublingual buprenorphine (Subutex) for the office-based treatment of opi-
oid dependence, it is likely that this medication will become one of the stan-
dard options for use in detoxification. The optimal withdrawal protocol is
now being studied; until the results are known, most clinicians are following
the guidelines for buprenorphine induction outlined in Table 2-3 and described
in the discussion of buprenorphine maintenance therapies in the subsequent
section on long-term treatment. Buprenorphine is clearly preferred by many
addicts as a medication for detoxification. In one study, sublingual buprenor-

phine appeared to be as effective as methadone in a 7-week detoxification (Bick-
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el ecal. 1987). Buprenorphine withdrawal syndrome appears to be quite mild,
with few subjects requesting drugs for relief (Fudala et al. 1990; Jasinski et al.
1978; Kosten and Kleber 1988; Mello and Mendelson 1980). After 6 weeks
of treatment with 8 mg of buprenorphine sublingually daily, withdrawal was
measurable by a symptom checklist and appeared to peak at about 72 hours after
the last dose. No increase in withdrawal symptoms was observed with the Him-
melsbach Scale, which emphasizes physiological signs and symptoms (Fudala
etal. 1990). The low severity of buprenorphine withdrawal seems to facilitate
rapid induction of naltrexone after buprenorphine discontinuation (Kosten
and Kleber 1988).

Ultrarapid detoxification employs general anesthesia and opioid antagonists
to accomplish withdrawal more quickly (Alvarez and Carmen del Rio 1999; Bell
et al. 1999; Brewer et al. 1998; Brewer and Maksoud 1997; Gerra et al. 2000;
Kleber 1998; Rabinowitz et al. 1998; San and Arranz 1999; Shreeram etal. 2001;
Stephenson 1997; Strang et al. 1997). Its efficacy and safety are being studied.

Agonist Replacement

Despite evidence documenting the effectiveness of methadone maintenance
and other types of opioid substitution therapy (Ball and Ross 1991) and ther-
apeutic communities (DeLeon 1985), there is still considerable controversy
about the most effective treatment for opioid dependence. Each patient needs
to be evaluated extensively, with attention paid to a number of factors, including
1) motivation for a particular type of treatment, 2) presence of psychopathol-
ogy, 3) presence of other substance abuse, 4) availability and feasibility of vari-
ous types of treatment, and 5) success or failure of prior treatments. More often
than not, a combination of treatment methods is practiced. Even for programs
focused on the use of a medication, counseling and/or psychotherapy must play
a critical role. In addition, the necessity for acute detoxification must always be
assessed before determining appropriate long-term treatment. Detoxification
alone is usually unsuccessful in preventing relapse, so strong efforts must be

made to interest the detoxifying addict in further treatment.

Opioid Substitution Therapy

Methadone Maintenance

Methadone maintenance was first introduced in 1964 by Dole and Nyswan-
der (1965). The basis for use of methadone is that high doses alleviate craving
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and induce cross-tolerance to other opioids so that heroin-induced euphoria
is blocked. In theory, individuals receiving methadone maintenance would
have no need to use heroin or to be involved with the various maladaptive be-
haviors needed to maintain heroin addiction. Results with more psychologi-
cally disturbed and less-motivated patients than those treated by Dole and
Nyswander, however, were less dramatic than they originally demonstrated
(Sells 1979). Nevertheless, methadone maintenance does reduce heroin use,
nonopioid drug use, health problems, and crime (e.g., Ball and Ross 1991,
Ball et al. 1988a; Gerstein and Harwood 1990; Sees et al. 2000; Senay 1985).
Despite the benefits of methadone maintenance, some addicts have a negative
attitude toward this approach and are often misinformed about methadone
itself, factors that may lead to reluctance to enter into this form of treatment
(Hunt et al. 1985-1986). In addition, some health professionals and mem-
bers of the general public consider it a controversial treatment. Despite the
extensive research documenting its efficacy, some believe its primary purpose
is crime reduction; others see it as merely a substitution of one addiction for
another.

Methadone is a P receptor agonist with special properties that make it
particularly useful as a maintenance agent. Reliably absorbed orally, it does not
reach peak concentration until about 4 hours after administration and main-
tains a large extravascular reservoir (Kreek 1979). These properties minimize
acute euphoric effects. The reservoir results in a plasma half-life of 1-2 days,
so there are usually no rapid blood level drops that could lead to withdrawal
syndromes between daily doses. Effective blood levels are in the range of
200-500 ng/mL. Trough levels of 400 ng/mL are considered optimal (Payte
and Khouri 1993). There is wide variability among individuals in blood levels
with identical doses (Kreek 1979), and some have inadequate levels even with
doses as high as 200 mg/day (Tennant 1987; Tenore 2003).

Methadone is metabolized by enzymes in the cytochrome P450 system,
primarily by CYP3A4 in the liver (Shinderman et al. 2003). Hepatic enzyme-
inducing drugs such as phenobarbital, phenytoin, carbamazepine, isoniazid,
rifampin, nevirapine, and vitamin C in large doses may markedly reduce se-
rum methadone concentrations (Bell et al. 1988; Kreek 1979). Drugs that
raise methadone levels include ketoconazole, fluconazole, sertraline, amitrip-

tyline, paroxetine, fluvoxamine, fluoxetine, diazepam, alprazolam, and zido-

vudine, which implies that CYP2D6, CYP2C9, and CYP2C19, as well as
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CYP3A4, may contribute to methadone metabolism. Even with adequate
methadone plasma levels, some patients continue to abuse drugs, such as sed-
atives, possibly because they are seeking some form of intoxication rather than
relief of opioid hunger (Bell et al. 1990). Relapse to illicit drug use is also
common during periods of high stress, even in patients with adequate plasma
levels.

Although tolerance develops as with all opioids, some pharmacologic ef-
fects of methadone may persist (Kreek 1983; also see earlier discussion of
pharmacology). Euphoria and drowsiness are generally more pronounced in
the first weeks of treatment. Some slight but measurable mood elevation oc-
curs at about the time of peak plasma levels in patients who receive metha-
done chronically and may be one reason why some patients stay in treatment
(McCaul et al. 1982). Effects to which tolerance may not develop fully in-
clude constipation, increased perspiration, and complaints of sexual dysfunc-
tion and decreased libido. (Opioid-induced endocrine effects usually resolve
after a few months, but chronic use of opioids may lower testosterone and fol-
licle-stimulating hormone levels. However, there is not a strong correlation
between these levels and sexual dysfunction.) During the early months of
treatment, there may be altered electroencephalogram (EEG) sleep patterns
and insomnia. Although EEGs appear to normalize, sleep disturbance may
persist. There is no evidence for long-term organ damage with methadone. At
very high doses, methadone may prolong the QT ¢ interval and lead to torsade
de pointes (Krantz et al. 2002, 2003; Kornick et al. 2003).

Methadone maintenance programs usually are staffed by a part-time phy-
sician, nurse, and counselors of varying levels of training. Federal, state, and
sometimes local regulations govern each program. Federal requirements reg-
ulate areas such as standards for admission, frequency of urine testing, metha-
done dosage, quantity of take-home medication, and treatment of pregnant
addicts. Regulations stipulate that clients must be at least 18 years old (with
some exceptions), have been addicted for most of the prior year, and have 1
year of “physiologic dependence.” (These conditions are in contrast to the re-
quirements for buprenorphine treatment, for which patients must meet the
DSM-IV criteria for opioid dependence, which does not necessarily require
current physiologic dependence.) Physiologic dependence is not a require-
ment for persons recently released from prison or a chronic care institution,

provided they would have been eligible for methadone maintenance before
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incarceration or institutionalization, or for selected patients who have previ-
ously been treated with methadone maintenance.

The maximum first-day dosage is 30 mg, with an additional 10 mg per-
mitted if withdrawal symptoms persist after the initial dose. Patients initially
return daily for each dose of methadone. Treatment is monitored by counse-
lors, and because opioid addicts often underreport their drug use (Magura et
al. 1987), random urine testing is required by federal regulation. After 90 days
of methadone treatment, patients are eligible for weekend take-home doses,
plus an additional day during the week if they have been drug free for the pri-
or 30 days. After years of treatment, patients can qualify for up to six take-
home doses per week, if they have been drug free for the previous year. Even-
tually patients who remain drug free can earn up to a 30-day supply of take-
home doses.

Reasons for discharge from maintenance include persistent opioid or oth-
er substance use, sporadic attendance, and aggressive behavior at the clinic.
Although such patients undermine the purpose of treatment and the treat-
ment milieu, it is often difficult to discharge them because clinicians generally
believe that they would likely do worse without treatment.

Although standard regulations and a common underlying philosophy re-
sult in many similarities among methadone maintenance programs, there are
also a number of differences. Programs modeled after the original model of
Dole and Nyswander (1965) tend to use a high dosage (80-120 mg/day) or
more flexible dosing to ensure cross-tolerance and suppression of craving. Be-
cause illicit opioid use is seen as a response to a metabolic deficiency, indefi-
nite continuation of methadone is felt to be the only way to preclude relapse.
One group had good results with outpatient “medical maintenance” (Novick
et al. 1988). Selected, highly successful methadone maintenance patients
were seen in a physician’s office every 28 days and given a take-home supply
of methadone tablets up to a dosage of 100 mg/day. The percentage of pa-
tients who relapsed to heroin use, got into legal difficulty, or dropped out of
treatment was very low. Another study randomly assigned 73 highly stable
methadone maintenance patients to either routine methadone maintenance,
medical maintenance in a methadone clinic setting, or medical maintenance
in a physician’s office (King et al. 2002). Although the patients did well in all
three settings, the two groups of medical maintenance patients were more sat-

isfied and initiated more new employment or family/social activities. Clini-
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cians have reported concern about the potential for diversion and serious
overdose in medical maintenance programs (Wesson 1988). This type of
“medical maintenance” has not proven successful for unselected addict popu-
lations waiting for admission to standard methadone maintenance programs.

Other programs use a methadone dosage in the range of 20-60 mg/day
and less flexible dosing. Although lower doses may reduce drug-seeking be-
haviors, these doses often are not high enough to prevent heroin-induced eu-
phoria. Clients are viewed not as having a biological illness but rather as being
responsible persons who will do best if gradually shifted from maintenance to
detoxification. These programs are thus less tolerant of continued drug use
and are more likely to discharge clients for problem behavior. Programs using
lower doses generally had lower rates of retention in treatment (Brown et al.
1982-1983). In a study of six methadone clinics believed to be operating ef-
fectively, the percentage of patients who had used illicit injection drugs within
the month before the interview ranged from 9% to 57% (Ball and Ross 1991;
Ball et al. 1988a, 1988b). Even after adjustment for differences among pa-
tients, the factors associated with decreased intravenous drug use (in addition
to higher methadone dosage) in that study were the quality of program lead-
ership and services provided. Another factor to consider is variability within
programs; some counselors are demonstrably more effective than others.

In addition to factors related to the treatment program, there are demo-
graphic and psychological correlates of retention. Clients who are employed,
married, black, and older have longer retention times. Persons with criminal
histories and higher levels of psychopathology tend to leave treatment soon-
er. Severity and duration of opioid use per se do not appear to correlate with
retention.

Treatment outcome is, of course, determined by multiple factors. Dura-
tion and severity of use do not correlate with outcome. Many of the factors
contributing to retention rates also affect treatment outcome. For example,
patients with serious psychopathology or criminal backgrounds do less well.
This is not to say, however, that such clients never improve. In one 2.5-year
follow-up study, clients with criminal backgrounds showed significant
improvement in substance abuse and in family, legal, and psychological prob-
lems (Kosten et al. 1987b). For clients with severe psychopathology, mainte-
nance programs appear to be more helpful than therapeutic communities (see
McLellan 1986). Opioid users with more criminality and less psychopathol-
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ogy appear to prefer short-term detoxification to maintenance (Kosten etal.

1986b).
LAAM

LAAM (L-a-acetylmethadol or levomethadyl acetate) is a full agonist at the pt
opioid receptor with pharmacologic properties similar to those of methadone.
A number of studies have demonstrated that treatment with LAAM results in
reduction of opioid use and beneficial effects comparable to those achieved
with methadone (Ling et al. 1978; Tennant et al. 1986; Zangwell et al. 1986).
However, retention rates are higher in patients who take methadone doses of
80-100 mg/day.

There is a great deal of individual variability in rates of conversion of LAAM
to its various metabolites, so initiating treatment is more complicated for the cli-
nician (Ling et al. 1978; Tennant et al. 1986). LAAM itself is an inactive pro-
drug. The two active metabolites (nor-LAAM and di-nor-LAAM) have half-lives
of 2-3 days. It typically takes 14 days to establish fully effective blood levels. For
that reason, LAAM may not adequately suppress opioid withdrawal during the
first 48 hours of treatment. Other agents (e.g., methadone) may need to be
used during this period (Tennant et al. 1986). Because of its long half-life,
LAAM is dispensed three times per week. Clients need not attend the clinic
daily, and, because no take-home doses are dispensed, there is less likelihood
of diversion.

LAAM usually has been prescribed in doses of 20-140 mg (Ling et al.
1978; Tennant et al. 1986). The typical Monday-Wednesday-Friday dosing
schedule is 100 mg—100 mg-140 mg. The maximum recommended doses are
140 mg—140 mg—140 mg or 130 mg—130 mg-180 mg (thrice-weekly sched-
ule) or 140 mg every other day. For some patients LAAM “holds better” than
methadone. There is evidence that LAAM may be particularly helpful for pa-
tients who do not respond to high-dose methadone because of low plasma levels
(Tennant 1988). Others patients prefer LAAM to methadone because they can
attend the clinic less often (Tennant et al. 1986; Trueblood et al. 1978). How-
ever, a few experience nervousness and stimulation while taking this drug.

Recent evidence that LAAM can prolong the QTc wave or induce a severe
arthythmia (torsade de pointes) has limited its clinical use (Katchman et al.
2002, Kang et al. 2003). All patients must have a screening electrocardiogram
(ECQG) before starting LAAM and again after 6 weeks of taking the drug.
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LAAM is contraindicated for any patient with ECG abnormalities or any sig-

nificant cardiac disease.

Buprenorphine
In 2002, the FDA approved sublingual buprenorphine (Subutex) and a com-

bination sublingual tablet of buprenorphine/naloxone (Suboxone) for the of-
fice-based treatment of opioid dependence. Buprenorphine is a partial p
receptor agonist, with most of the properties of morphine. It is also a strong
antagonist at the K receptor. Administered at dosages of 4—24 mg/day sublin-
gually, it attenuates or blocks opioid-induced euphoria. It is not clear whether
this effect is a result of cross-tolerance or some other action at the receptor.
Buprenorphine has a very high affinity for the p receptor, and can precipitate
withdrawal by displacing other opioids from the receptor. However, it also
dissociates very slowly from the receptor. This feature probably accounts for
both its long duration of action (24-48 hours) and its reduced capacity to
produce opiate withdrawal. The efficacy of buprenorphine for the mainte-
nance treatment of opioid dependence was demonstrated in a large, multicenter
randomized clinical trial (Ling et al. 1998). In another randomized mainte-
nance trial, buprenorphine (16-24 mg sublingually three times a week), high-
dose methadone (60-100 mg/day), and LAAM (75-115 mg three times a
week) were all shown to be effective in treating opioid dependence and were
superior to low-dose methadone (20 mg/day) in clinic retention and suppres-
sion of opioid use (Johnson et al. 2000). An additional benefit of buprenor-
phine is that risk of overdose may be low. As a partial agonist, buprenorphine
appears to have a ceiling effect as the dose is increased, so that respiratory de-
pression greater than that caused by 30-60 mg of morphine is not produced
(Jasinski et al. 1978).

The initial dose of buprenorphine should be given at least 12-24 hours
after the last heroin dose, 24 hours after the last methadone dose, or 48 hours
after the last LAAM dose (see Table 2-3). The methadone dosage of metha-
done maintenance patients should be reduced to 30 mg/day before the transfer
to buprenorphine is atctempted. Ideally patients should show clear evidence of
opiate withdrawal before receiving the first dose of buprenorphine, to avoid
the risk that buprenorphine will precipitate more severe withdrawal. For the
first day, sublingual buprenorphine/naloxone doses of 2/0.5-4/1 mg can be
given every 2—4 hours, up to a maximum total dose of 8/2 mg/day. On the



Table 2-3. Buprenorphine induction schedule

Sublingual buprenorphine/naloxone tablets®

Day 1
Patient type First dose Supplemental dose Day 2
Not currently dependent 2/0.5 mg 4/1 mg
Dependent on heroin or 2/0.5 to 4/1 mgb Redose every 1-2 hours, if withdrawal If the patient is still in withdrawal, give
pain medications continues, up to a total of 8/2 mg first-day dosage plus 2/0.5 to 4 /1 mg
Dependent on methadone  2/0.5 mgb Redoseevery 1-2 hours, if withdrawal If the patient is still in withdrawal, give
(£30 mg/day) or on continues, up to a total of 8/2 mg first-day dosage plus 2/0.5 to 4 /1 mg;
LAAM (<40 mg/every if oversedated, give <8/2 mg
other day)®

Note. LAAM-=L-a-acetylmethadol (no longer available in the United States).

*Dose amounts consist of the buprenorphine dose (the number before the slash) and the naloxone dose (the number after the slash).
PDo not begin buprenorphine until patient shows evidence of opioid withdrawal.

Patient should abstain from LAAM for 248 hours before first buprenorphine dose.

Source. Adapted from McNicholas and Howell 2000.
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following days, the dose can be increased by 2/0.5-4/1 mg daily until the ini-
tial target maintenance dosage of 12/3-16/4 mg/day is reached. Most pa-
tients receive a maintenance dosage of 12/3-24/6 mg/day. After 1 week at a
stable-dose patients can be shifted to three times a week dosing. Initation of
buprenorphine can be done by using either the buprenorphine-only tablet or
the combination buprenorphine/naloxone tablet; however, only the combi-
nation tablet can be dispensed as a take-home medication.

The approval of buprenorphine for the office-based treatment of opioid
dependence represents a major departure from the eatlier methadone clinic sys-
tem. Physicians with addiction specialist credentials or those who have com-
pleted 8 hours of approved training can become qualified to treat up to 30 pa-
tients in their private offices. Stable patients may be given prescriptions for up
to a month of medication. The combination buprenorphine/naloxone tablet
is expected to have minimal risk for diversion. When taken sublingually, as pre-
scribed, naloxone has minimal biologic activity and does not interfere with
the buprenorphine dose. However, if an attempt is made to inject the drug, the
addict will experience the full antagonist effect of the naloxone.

It is anticipated that buprenorphine will be an acceptable treatment for
younger addicts and for individuals with smaller habits and shorter histories
of dependence, thus permitting earlier intervention in the course of the ad-
diction. Clinical experience suggests that buprenorphine is less effective for
individuals with larger opioid habits. Methadone or LAAM remains the pre-
ferred medication for those patients.

Detoxification From Maintenance Treatment

The factors that correlate with treatment success do not clearly apply to suc-
cess after detoxification from methadone maintenance. Correlates of success-
ful detoxification include 1) less criminal behavior; 2) more stable family;
3) more stable employment; 4) shorter drug history; 5) long maintenance with
lower dosage; and 6) discharge status, with patient and staff consensus as op-
posed to unilateral discharge from treatment (Dole and Joseph 1978). In one
study, addicts were followed an average of 2 years after detoxification (Stim-
mel et al. 1977). Although only 28% of the total sample remained abstinent,
83% of those who had fully completed treatment remained abstinent. Another
study of 105 patients detoxified after methadone maintenance treatment doc-
umented an 82% relapse rate within 12 months (Ball and Ross 1991). These
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studies suggest that clinicians should exercise caution when recommending
detoxification, even for more successful maintenance patients.

When patients elect detoxification from maintenance, a very gradual re-
duction of dosage is preferred, with careful monitoring of drug craving and
withdrawal symptoms. Three to 6 months is recommended for most elective
detoxifications. As many as one-third of methadone maintenance clients have
been found to have a marked fear of detoxification (Milby et al. 1986).

Clients who need to reenter treatment at a later date often do much better
than during their original treatment, showing less dependence, criminality,
and physical disability (Kosten et al. 1986b). Such findings indicate that in-
termittent treatment appears to be beneficial. Therefore, reentry does not
necessarily indicate failure and may instead be one further step to eventual
recovery. On the other hand, there is a high probability that those who dis-
continue methadone will resume intravenous drug use with attendant risks

for hepatitis and HIV infection (Ball et al. 1988a, 1988b).
Opioid Antagonists

Originally, behavioral principles were the basis for the use of opioid antago-
nists to treat addiction. In theory, drug use that was once operantly reinforced
by euphoria would no longer be reinforced if the patients were given high
enough maintenance doses of an opioid antagonist. In addition, with no reg-
ular opioid use, there would be extinction of the association between with-
drawal symptoms and the addict’s environment (Wikler 1980). Studies of
cyclazocine, naloxone, and naltrexone showed them all to be successful in block-
ing opioid effects, but addicts generally stayed in treatment only for an average of
6-8 weeks (Capone et al. 1986; Fram et al. 1989; Resnick et al. 1980).
Naltrexone (Trexan) is the only opioid antagonist currently in use for
treatment of addiction. Naloxone is used to treat opioid overdose and to test
for opioid addiction but has a short half-life and is relatively ineffective orally;
cyclazocine’s dysphoric side effects make it unacceptable (Resnick et al.
1980). Patients who are likely to continue to use naltrexone and to benefit
from treatment are those who have established careers (e.g., health profession-
als) and family support and are well motivated. Up to 70% of such clients are
abstinent at 1-year follow-up (Washton et al. 1984). Programs that utilize ad-
ditional rehabilitative services have better results than those that provide min-

imal services. Successful treatment is also associated with taking naltrexone
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for longer than 2 months (Capone et al. 1986). A multiclinic, double-blind
study involving primarily heroin addicts had such a high attrition rate that
conclusions could not be drawn (National Research Council 1978). A more
recent study compared the effect of naltrexone alone versus naltrexone com-
bined with either contingency management or family counseling (Carroll et
al. 2001). Both study conditions improved retention and medication compli-
ance, with the most significant effect seen in the subgroup that attended fam-
ily counseling.

Naltrexone is orally effective and long-acting. It may be given daily in
doses of 50 mg/day or three times a week, in doses of 100 mg on weekdays
and 150 mg on a weekend day. An injectable depot formulation of naltrexone
is being developed by several groups, but it is not yet commercially available.
Some authors recommended that naltrexone should be started slowly and only
after a waiting period (e.g., maximum starting dosage of 50 mg only after the
patient is heroin free for 7 days or methadone free for 10 days, confirmed by
a negative naloxone challenge) (Ginzburg 1984). However, there is a signifi-
cant risk of relapse during such a waiting period. There has been some success
with the rapid induction of naltrexone during clonidine detoxification from
opioids (see eatlier section on detoxification). Naltrexone may actually reduce
protracted withdrawal symptoms in part because it may accelerate the return
of normal central nervous system function (Charney et al. 1986).

At the doses used, there is blockage of the effects of as much as 25 mg of
injected heroin. Toxicity in heroin addicts is low, but some reported subtle
adverse effects of naltrexone such as decreased energy (Hollister et al. 1981).
Nonaddicted obese subjects have been known to develop markedly elevated
transaminase levels at doses of 300 mg/day (Mitchell et al. 1987). The infer-
ence has been drawn that high doses are potentially hepatotoxic (Pfohl et al.
1986), and the drug is contraindicated in liver failure or acute hepatitis.

Therapeutic Communities

Therapeutic communities are supervised communal drug-free living situations
for opioid and nonopioid drug abusers. Because substance abuse is viewed as a
disorder of the whole person, the goal is a dramatic alteration of the addict’s en-
tire lifestyle (DeLeon 1985). Addicts are expected to live in these communities
for 6-18 months. Therefore, they are not indicated for people who have a strong

intimate relationship or stable employment. The community is a surrogate fam-
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ily in many ways. Treatment may include peer confrontation techniques in
group and milieu settings as well as education and rehabilitation. The user is ex-
pected to be an active member of the community, whose existence depends on
the involvement of all. The more responsibility one assumes, the more status,
freedom, and comfortable living situation one may obtain.

Therapeutic communities vary a great deal in staffing and philosophy (Bale
et al. 1984; DeLeon 1985), but all have some recovering addicts on staff. They
are present not only because of some clients” belief that recovering addicts are
needed to understand their situation but also because they are role models who
provide hope for those who doubt they can change their lifestyles. Some thera-
peutic communities are becoming more aligned with a traditional psychiatric
model, developing individual treatment plans and employing mental health pro-
fessionals in key positions. Some are directed by psychiatrists.

At present, many clients are referred by the courts and thus are required to
complete treatment. Another recent change has been that entrants appear to be
more depressed and less intelligent and to have more behavioral problems than
in the past (DeLeon 1985). Even in the past, when clients had to demonstrate
high levels of motivation to gain admission, dropout rates were high (DeLeon
1985). About 50% of patients drop out within the first 3 months, and only
about 15% of entrants complete a year of treatment.

High dropout rates notwithstanding, those who stay in treatment have ex-
cellent results. Clients remaining for 90 days or more do better than dropouts
on legitimate employment, number of arrests, self-reported drug use, and anti-
social behavior; these results hold true at 1- and 5-year follow-ups (Bale et al.
1984; DeLeon 1985). However, some research showed a negative correlation be-
tween duration of residence and outcome, particularly for clients with extensive
psychiatric symptoms, who do comparatively pootly in therapeutic community
settings (McLellan 1986).

Outpatient Drug-Free Treatment
and Psychotherapy

Outpatient drug-free programs, like therapeutic communities, seck to achieve
abstinence without the use of psychoactive medication. Programs range from
unstructured drop-in centers with discussion groups and recreational activi-

ties to organized day treatment programs.
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Individual psychotherapy in the context of other opioid addiction treat-
ment such as methadone maintenance appears to be most helpful for patients
with severe psychopathology. Methadone maintenance clients have been shown
to do better with individual psychotherapy than with drug counseling alone;
individual supportive-expressive psychotherapy plus drug counseling and in-
dividual cognitive-behavioral psychotherapy plus drug counseling were both
superior to drug counseling alone at 12-month follow-up (Woody et al. 1987).
Family therapy is often an adjunct treatment for opioid-dependent individu-
als (Kaufman 1986).

Opioid-Associated Problems
Pregnancy and Opioids

Opioid withdrawal is much more dangerous for the fetus than for the adult.
Withdrawal in the pregnant addict can cause fetal death or miscarriage, espe-
cially during the first trimester, although there are insufficient experimental
data to quantify risk (Luty et al. 2003; Jarvis and Schnoll 1995). Because con-
tinued heroin use or high-dose methadone maintenance can result in a severe
neonatal withdrawal syndrome after delivery, many authorities recommend
continued methadone maintenance (Kaltenbach et al. 1998). Although some
recommend methadone maintenance dosages of 10-40 mg/day, these lower
dosages are clearly less effective than those above 60 mg/day in suppressing
illicit injection opioid use. In light of the risk of HIV and other infections as-
sociated with continued injection drug use, clinicians must consider several
factors and individualize treatment for each patient. Estimates of the rate of
neonatal withdrawal syndrome vary from 60% to 90% (Lacroix et al. 2004;
Luty et al. 2003; Sharpe and Kuschel 2004). Studies suggest that the syn-
drome rarely requires treatment when the mother receives low methadone
doses, but as many as 50% to 75% of neonates may require treatment if the
mother is given high maintenance methadone doses (Lacroix et al. 2004;
Sharpe et al. 2004). In severe cases, neonatal withdrawal is characterized by
irritability, autonomic dysfunction, breathing problems, and poor feeding
(Johnson etal. 2003). There appear to be no uniform long-term effects of ma-
ternal methadone maintenance on children followed up to 7 years of age
(Rosen and Johnson 1985). When mothers are maintained with low metha-
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done doses, neonatal withdrawal is usually mild and readily manageable with
low-dose paregoric (Finnegan et al. 1984) or morphine (0.5 mg/kg/day in di-
vided doses) (Kayemba-Kay’s and Laclyde 2003). If pregnancy began when
the woman was receiving high-dose methadone, there could be a slow taper
of 1 mg every 3 days; however, published studies vary greatly in the length of
withdrawal, with protocols lasting 12 days (Dashe et al. 1998), 2-8 weeks (Maas
etal. 1990), and 21 days (Luty et al. 2003). If complete withdrawal is desired,
it should occur during the second trimester. Although definitive evidence is
lacking, some clinicians believe that first-trimester withdrawal is associated
with miscarriage and that third-trimester withdrawal is associated with prema-
ture delivery.

Preliminary trials of buprenorphine in pregnant addicts indicated that
the drug was well tolerated (Schindler et al. 2003) and that infants born to
buprenorphine-maintained mothers had normal birth weight and normal
Apgar scores and showed no evidence of neonatal abstinence syndrome
(Fischer et al. 1998), although recent reports have established that a with-
drawal syndrome may occur (Johnson et al. 2003). A comprehensive review
of published data on pregnant women maintained with buprenorphine
(0.4-24 mg sublingual daily) supported the safety of buprenorphine in
pregnancy (Johnson et al. 2003). There are few data on the pharmacokinetics
of buprenorphine during pregnancy, but it is known that the ratio of bu-
prenorphine in plasma to buprenorphine in breast milk is 1:1, although be-
cause of poor oral bioavailability only 10%-25% of the buprenorphine in
breast milk will be absorbed by the neonate, which has been insufficient to
prevent a neonatal withdrawal syndrome (Auriacombe and Loustauneau 2000—
2001). Contrary to early reports, a neonatal withdrawal syndrome does oc-
cur in infants whose mothers have taken buprenorphine (Johnson et al.
2003). A review of 349 buprenorphine-treated pregnant women found
that 62% of infants had opioid withdrawal symptoms and 48% required
treatment, with less than 10% treated in the neonatal intensive care unit
(Johnson et al. 2003). It should be kept in mind that many of the mothers
were using multiple drugs, so that other illicit substances may have caused
the withdrawal syndrome. It is generally agreed that the neonatal withdrawal
syndrome from buprenorphine is milder than that from methadone. It usu-
ally occurs within 12-48 hours of drug discontinuation, peaks at 72-96
hours, and may last 120-168 hours (Johnson et al. 2003). As with infants of
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methadone-maintained patients, the withdrawal syndrome can be managed

with paregoric or morphine.

Psychiatric Disorders

High levels of global severity of psychopathology adversely influence the
course of opioid dependence as well as response to all forms of treatment. It
is unclear whether specific diagnoses selectively influence outcome (Ciraulo
etal. 2003; Kosten et al. 1986a; McLellan 1986; McLellan et al. 1983; Roun-
saville et al. 1986b; Woody et al. 1984). Several studies have assessed preva-
lence of psychiatric disorders among opioid-dependent persons. In one study
of 533 treated opioid addicts (Rounsaville et al. 1982), lifetime prevalence of
Research Diagnostic Criteria (RDC) disorders (Spitzer et al. 1978) was as-
sessed. The most common diagnoses, with percentages for men and women,
respectively, were affective disorder (70.7%, 85.4%), with major depression
the most prevalent (48.4%, 69.2%); alcoholism (37%, 26.9%); antisocial
personality (29.5%, 16.9%); and anxiety disorders (13.2%, 25.4%), with
phobic disorder the most prevalent (8.2%, 13.9%). The RDC require that
the diagnosis of antisocial personality be independent of the need for drugs;
with DSM-III criteria (American Psychiatric Association 1980), 54% of the
population studied would have met the criteria for antisocial personality dis-
order. In this study, 70.3% met the criteria for a current episode of psychiatric
disorder, the most common of which were major depression (23.8%), alco-
holism (13.7%), and phobic disorder (9.2%).

Comparable findings for lifetime prevalence of psychiatric disorders were
obtained in another study of 133 persons, which also found that 47% re-
ceived a concurrent DSM-III diagnosis of substance abuse or dependence
(Khantzian and Treece 1985). The most frequently abused substances were
sedative-hypnotics (23%), alcohol (14%), and cannabis (13%). Similar rates
of psychiatric disorders were found in other studies of drug abusers (Mirin et
al. 1986; Woody et al. 1983). Although such diagnoses do not imply causal-
ity, and, in many cases, opioid dependence causes or exacerbates psychiatric
problems, some causal link seems likely (Regier et al. 1990).

A later study used DSM-III-R criteria to assess 716 opioid abusers seeking
methadone maintenance treatment (Brooner et al. 1997). In evaluations con-
ducted 1 month after admission, psychiatric comorbidity was found in 47% of
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the subjects (48% of the men and 47% of the women). The most common di-
agnoses were antisocial personality disorder (25.1%) and major depression
(15.8%). Abuse of multiple drugs was common, with cocaine dependence be-
ing the most frequent comorbid substance abuse problem. These findings rep-
resent a significant change from earlier studies, in which alcoholism was the
most common secondary substance abuse problem (Rounsaville et al. 1982).
Clinicians have more recently become more aware of elevated rates of
posttraumatic stress disorder (PTSD) in both men and women with opioid
dependence (Hien et al. 2000). A lifetime prevalence of PTSD of 20% in wom-
en and 11% in men was found in one sample of methadone maintenance pa-
tients (Villagomez et al. 1995). Patients often deny a PTSD history during
initial assessment. They should be reassessed after they have had the opportu-

nity to develop trust in their treating clinicians.

Alcoholism
Opioid-dependent people who abuse alcohol appear to have greater psycho-

logical difficulties and to lead more unstable lives than opioid addicts without
alcohol problems (Barr and Cohen 1987). Affective disorders and alcoholism
often coexist in this population (Mirin et al. 1986; Rounsaville et al. 1982).
Alcoholism apparently mitigates against successful treatment of opioid addic-
tion (Green and Jaffe 1977; Joseph and Appel 1985). Psychological treatment
for alcoholism may be provided, and naltrexone or disulfiram (Antabuse) can
be used safely with methadone, but it is difficult to determine if such measures

are beneficial (Ling et al. 1983).

Polydrug Use

Many opioid users are also dependent on nonopioids (Krausz et al. 1998). As
is true when the secondary substance is alcohol, those with combined addic-
tions have greater psychiatric problems (Hartog and Tusel 1987; Kosten et al.
1987¢). Those who abuse nonopioids also appear to have greater difficulties
in treatment programs and have poorer treatment outcomes. In one retro-
spective self-report study, abuse of nonopioids and particularly of cocaine was
higher during periods of active opioid addiction than during periods of non-
addiction (Nurco et al. 1988).

A 2.5-year follow-up study of opioid addicts in methadone maintenance

treatment found that prevalence of cocaine use only slightly declined and that
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severity of cocaine use in users actually increased, particularly in those with
depressive disorders (Kosten et al. 1987¢). These data, which were obtained
during the rising phase of a major cocaine epidemic, indicate that methadone
and counseling alone are insufficient to prevent or ameliorate cocaine use.
Pilot data from one program suggested that desipramine can decrease cocaine
craving in methadone-maintained patients (Kosten et al. 1988), but other

programs have not observed similar beneficial results (Arndt et al. 1990).

Affective Disorders

Affective disorders are the most common psychiatric problems in opioid ad-
dicts and are frequently associated with an anxiety disorder (Callaly et al.
2001; Milby et al. 1996). Many patients have subsyndromal depressive symp-
toms, rather than major depression. However, even without specific treat-
ment for depression, many patients report less depression within the first few
months after beginning treatment for opioid dependence (Mirin et al. 1988).
In one study, current depression was seen in 25.9% of a sample but in only
12.7% at 2.5-year follow-up (Rounsaville et al. 1986a). Depressed patients
were found to improve about equally in outpatient drug-free therapy, thera-
peutic communities, and methadone maintenance, when no correction for
severity of depression was made in the analysis (Ginzburg et al. 1984). How-
ever, some patients who have no symptoms initially may develop them during
the course of treatment.

Lithium and mood-stabilizing anticonvulsants, which can be combined
safely with methadone and naltrexone (although clinicians should monitor for
drug-drug interactions), should be considered for patients with bipolar disor-
der. Controlled studies of antidepressants have yielded mixed results. Some
studies have not shown that such treatment results in significant improvement
beyond that seen with placebo (Kleber et al. 1983), but plasma samples were
not obtained in that study to ensure therapeutic levels. In other studies, de-
pressed patients receiving methadone maintenance responded better to dox-
epin than to placebo (Woody et al. 1975). If symptoms of major depression
persist after a patient is stabilized while taking methadone, antidepressant
treatment should be initiated. Nunes et al. (1998) showed a greater improve-
ment in depression with imipramine treatment, compared with placebo, in a
trial involving 137 methadone patients with primary or chronic depressive
disorders that persisted during abstinence. Imipramine was also superior in
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measures of self-reported drug use and craving, although abstinence was un-
common. Methadone impairs metabolism of tricyclic antidepressants, so that
clinical responses or side effects may be seen with relatively low doses (Kosten
etal. 1990; Maany et al. 1989). There have been mixed, but mostly negative,
results for the use of selective serotonin reuptake inhibitors (SSRIs) in this
population (Petrakis et al. 1998). In a randomized trial of fluoxetine, both the
study group and the control group showed similar improvement in depressive
symptoms (Dean et al. 2002). Hamilton and associates (2000) reported suc-
cess using sertraline in methadone patients, but they noted that sertraline pro-
duced a increase in methadone plasma levels. Fluvoxamine and, to a lesser
degree, fluoxetine inhibit methadone metabolism (Alderman and Frith 1999;
Bertschy et al. 1996). The cytochrome P450 enzyme 3A4 (CYP3A4) plays a
major role in methadone metabolism, and inhibitors of that enzyme (e.g., flu-
voxamine) increase methadone levels. Paroxetine and fluoxetine may also in-
crease methadone levels, suggesting that its metabolism is more complicated,

perhaps involving CYP2D6, CYP2C9, and CYP2C19 (Jaffe et al. 2004).

Anxiety

Anxiety disorders are common in the population of opioid-addicted indi-
viduals; however, treatment studies are lacking. It is uncertain whether the fre-
quency of anxiety disorders contributes to high rates of illicit use of benzo-
diazepines, which is common in methadone maintenance programs (Ross
and Darke 2000). Increased toxicity has been observed when benzodiazepines
are co-administered with some opioids (Borron et al. 2002; Caplehorn and
Drummer 2002). Although there is an interesting report of clonazepam
maintenance treatment for methadone maintenance patients who abuse
benzodiazepines, further studies are needed (Bleich et al. 2002). Unfortu-
nately, buspirone, which has low abuse liability, was not effective in an anxiety
treatment study in opioid-dependent subjects (McRae et al. 2004). Current
clinical practice is to prescribe SSRIs or other antidepressants that have anti-
anxiety actions for these patients. Carefully controlled benzodiazepine pre-

scribing is advocated by some practitioners.

Schizophrenia

Schizophrenia is seen in less than 1% of those treated for opioid dependence

(Rounsaville et al. 1982). Opioids appear to have antidopaminergic effects
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and thus may have an antipsychotic action. Antipsychotic medications can be
used along with methadone, LAAM, buprenorphine, or naltrexone; however,

drugs that prolong the QTc interval should be avoided.

Conclusion

Opioid dependence has been recognized as a problem in the United States
since the end of the nineteenth century. In 1914, the Harrison Narcotics Act
prohibited medical maintenance of addicts and effectively eliminated all
treatment for opioid addiction. The problem, however, was not eliminated,
and the number of addicts grew steadily over the next 50 years. The reintro-
duction of maintenance treatment with methadone in 1964 demonstrated
that treated addicts could be returned to productive lives and ushered in a
new era of scientific and medical interest in opioid addiction. Despite the suc-
cesses of therapeutic communities and methadone treatment, less than 10%
of the addicted population was ever engaged in treatment, and the problem
continued to grow. The availability of cheap and very high quality heroin dur-
ing the 1990s produced a new generation of abusers, many of whom became
addicted by snorting heroin that was more than 90% pure. This group, com-
bined with abusers of synthetic opioids such as oxycodone, has almost dou-
bled the incidence of opioid-related problems in many urban areas in the past
15 years. The lifetime prevalence of heroin use has grown to 1.2% for indi-
viduals age 12 years and older, and the lifetime prevalence of the nonmedical
use of pain medications has increased to 8.6% (Substance Abuse and Mental
Health Services Administration 2004). Use patterns typically involve periods
of alternating use and abstinence. Although many addicts recover without
treatment, for those addicts who seek treatment, addiction is usually a lifelong
condition (Hser et al. 2001).

There has been major progress in our understanding of the actions of the
opioids and of the risk factors associated with dependence. Most opioid drugs
act at the [t opioid receptor. Polymorphisms in the receptor gene can alter the
effect of opioid agonists on the receptor and may be associated with an in-
creased risk for dependence. Repeated use is driven by stimulation of the plea-
sure centers of the brain and by the drugs” capacity to reduce noxious stimuli
such as pain or anxiety. Peer pressure and environmental factors are strongly

associated with use patterns. Single-parent families, poor schools, and high
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unemployment, as well as a family history of depression or antisocial person-
ality disorder, are all associated with an increased risk for use and abuse.

Physiologic dependence as manifested by both tolerance and withdrawal
appears after 1-2 weeks of regular use. Withdrawal is associated with both ob-
jective changes (elevated vital sign measures, dilated pupils, sweating, etc.) and
subjective complaints such as dysphoria, fatigue, and craving. Options for the
medical management of this syndrome include full agonists such as metha-
done, the partial agonist buprenorphine, and o,-adrenergic agonists such as
clonidine. Clonidine suppresses only the autonomic symptoms of withdrawal
and has little effect on subjective complaints. Methadone and buprenorphine
more effectively attenuate the full withdrawal syndrome. Regardless of the
medication used, there is a very high rate of relapse after detoxification treat-
ment. Techniques for rapid detoxification coupled with transition to opioid
antagonist (naltrexone) treatment have done little to improve rates of long-
term abstinence. Relapse is less likely in patients who were previously stable
with methadone maintenance, have utilized professional counseling services,
and are detoxified very slowly.

The last 50 years have seen the development of a range of treatment op-
tions. They include detoxification, usually followed by drug-free outpatient
counseling; opioid-substitution therapy with methadone, LAAM, or bupre-
norphine; antagonist therapy; therapeutic communities; and 12-step programs.
These choices remain controversial, despite clear evidence documenting the ef-
fectiveness of therapeutic communities and opioid substitution therapy. Suc-
cess in methadone substitution therapy is associated with adequate dosage
(80-120 mg/day) effects, extended time in treatment, provision of profession
counseling services, and treatment for comorbid psychiatric conditions. Sta-
ble patients may be given up to a 30-day supply of take-home medication if
they have been free from illicit drug use for more than 2 years. The partial opi-
oid agonist buprenorphine, in a sublingual tablet combined with naloxone,
was introduced in 2002, permitting opioid-substitution therapy in office-
based settings. Buprenorphine is recommended for younger patients with small-
er habits and shorter histories of dependence. Methadone is preferred for old-
er addicts with larger habits.

The management of comorbid medical and psychiatric conditions has
become an essential component of effective opioid addiction treatment. Hep-
atitis C has now surpassed AIDS as the most common cause of death in
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methadone maintenance patients in many areas of the United States. Affec-
tive disorders, alcoholism, and antisocial personality disorder are the most
common comorbid psychiatric conditions, followed by phobic disorder and
posttraumatic stress disorder. By the late 1990s, concurrent cocaine abuse had
replaced alcoholism as the most common secondary substance abuse prob-
lem. Although there have been relatively few studies of the treatment of these
concurrent conditions, it appears that opioid addicts with concurrent affec-
tive disorders respond better to tricyclic antidepressants than they do to the
SSRIs. Untreated concomitant psychopathology is the most common cause
for failure in opioid addiction treatment.

The approval of buprenorphine for use in the private office setting repre-
sents a significant shift in public policy for the management of opioid depen-
dence. It is hoped that the availability of buprenorphine in these settings will
not only expand effective treatment options but will also engage younger pa-
tients who have traditionally avoided methadone treatment. This new treatment
option, coupled with recognition of the need to treat comorbid psychiatric
conditions, holds great promise for the development of a more effective treat-
ment system for this major health problem.
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Drugs that are classified as sedative-hypnotics or anxiolytics represent a
pharmacologically diverse group of compounds. Those that have abuse po-
tential produce antianxiety effects that are on a continuum with their hyp-
notic actions. The liability for abuse is certainly correlated with these actions
but also involves specific mood-elevating properties that can be detected with
standardized scales of drug-induced changes in mood states (Ciraulo et al.
2001). Currently there is no classification scheme for these drugs that is either
scientifically precise or universally accepted. In this chapter, we discuss ben-
zodiazepines, selective y-aminobutyric acid (GABA) A; (benzodiazepine;)
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Table 3-1. Approximate benzodiazepine dose equivalency

Generic name Brand name Dose (mg)
Alprazolam Xanax 1
Chlordiazepoxide Librium 25
Clonazepam Klonopin 0.5-1.0
Clorazepate Tranxene 15
Diazepam Valium 10
Flurazepam Dalmane 30
Lorazepam Ativan 2
Oxazepam Serax 30
Temazepam Restoril 20
Triazolam Halcion 0.25
Zaleplon Sonata 10
Zolpidem Ambien 10

receptor agonists (i.e., zaleplon and zolpidem), barbiturates, and other agents
that are used less commonly clinically but are sometimes abused (Table 3-1).
The role for pharmacotherapy involves selecting therapeutic agents with the
lowest abuse potential and managing abstinence syndromes and overdose.
The definitions of abuse, dependence, and misuse subtly influence both
research and clinical practice. The application of the DSM-IV-TR criteria
(American Psychiatric Association 2000) for substance dependence is limited
when considering therapeutic agents that are associated with both physio-
logical dependence and clinical efficacy. Specifically, the development of a
withdrawal syndrome with abrupt discontinuation does not distinguish ben-
zodiazepines from antidepressants. Furthermore, unauthorized dosage changes
(increases or decreases) are similar between antidepressants and benzodiaze-
pines. Two of the DSM-IV-TR criteria for substance dependence—contin-
ued use despite known physiologic dependence and a desire to reduce use—
do not indicate addiction in the context of a severe anxiety disorder. In our
experience, most patients would prefer to stop taking a medication that is no
longer necessary therapeutically. “Continued use in the presence of physio-

logic dependence” is an inappropriate criterion of misuse for benzodiazepines
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because virtually all patients meet that criterion after several weeks of therapy.
Long-term use is not equivalent to misuse, nor does patients’ regulation of the
dosage based on symptom severity represent abuse. Other DSM-IV-TR cri-
teria for substance dependence are also inappropriate when applied to use of
benzodiazepines. Even among drug addicts, spending a great deal of time ob-
taining benzodiazepines or giving up social activities as a consequence of use
is extremely rare. On the other hand, a small but clinically significant group
of patients has difficulty discontinuing benzodiazepines, and benzodiazepines
are frequently misused by individuals who abuse other drugs or alcohol.

Benzodiazepines and Selective GABA,; Agonists

Prevalence of Misuse, Abuse, and Dependence

Clinical Experience

When benzodiazepines were initially introduced, they were not thought to
cause dependence. Their introduction was heralded as a pharmacologic ad-
vance, in contradistinction to the barbiturates. It was therefore of considerable
interest when Hollister et al. (1961) demonstrated physiologic dependence in
humans after abrupt discontinuation of therapy with large doses of chlordiaz-
epoxide for many months. This and other work led to the perspective that
physiologic dependence did occur at high doses but not in regular, therapeu-
tic clinical use. As concern grew over the rapid growth in sales of benzodiaz-
epines in the 1960s, attention was paid to the potential of these drugs to be
“addicting.” As new information became available, the concept of the dose
and exposure time needed to produce physiologic dependence changed. Busto
etal. (1986a, 1986b) demonstrated a withdrawal syndrome following chronic
use of several benzodiazepines at therapeutic doses, and an abstinence syn-
drome was precipitated in cats after a single dose of diazepam by using the
benzodiazepine antagonist flumazenil (Rosenberg and Chiu 1985). Thus, the
presence of a discontinuation or abstinence syndrome is not uncommon fol-
lowing chronic treatment and is not, in itself, a clinically useful concept of sub-
stance abuse or dependence. This distinction is crucial in considering both
the literature and the clinical situations in which benzodiazepine use may

come under scrutiny.
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Survey Data

Prevalence of benzodiazepine use and abuse can be estimated by national and
cross-national surveys of the general population and of populations in
medical clinics, psychiatric institutions, and chemical dependency treatment
units.

In the 2002 National Survey on Drug Use and Health, nonmedical use
of prescription agents by individuals was defined as “taking drugs that were
not prescribed for them or drugs they took only for the experience or feeling
they caused” (Substance Abuse and Mental Health Services Administration
2003). Lifetime use of these agents was low. About 1% of the population over
age 12 years reported illicit use of sedatives or tranquilizers in the month be-
fore the survey, with the highest percentage in the 18- to 25-year age group
(1.8%); 2.5% reported past-year use, with the highest rate of use (5.4%) in
the 18- to 25-year age group. In 2002, 6.2% of Americans reported past-year
nonmedical use of psychotherapeutic drugs; 2.5% used sedatives or tran-
quilizers, compared with 4.7% who used pain relievers. Rates of first-time
nonmedical use of prescription drugs over the past 35 years are shown in
Figure 3—1. New user rates have increased in the past decade, with pain reliev-
ers having higher rates than sedatives and tranquilizers.

A number of surveys of medical use of benzodiazepine have been con-
ducted over the last 30-35 years. A national survey of medical use in 1971
showed that 15% (20% of women and 8% of men) had taken at least one
dose of a minor tranquilizer in the past year (Parry et al. 1973). A second sur-
vey conducted by the same group in 1979 demonstrated the use of a “tran-
quilizer” in 14.1% of women and 7.5% of men (11.1% for both men and
women) (Mellinger and Balter 1981). A multinational survey done in 1981
showed prevalences of 17.6% in Belgium, 12.9% in the United States, and
7.4% in the Netherlands (Balter et al. 1984). The results of these studies are
not directly comparable because of differences in how “tranquilizers” were de-
fined. A 1984 survey evaluated chronic anxiolytic use in the United States and
found that long-term users were more likely to be older and female and to
have high levels of emotional distress and chronic somatic health problems
(Mellinger etal. 1984). Although the study concluded that women were more
likely than men to use anxiolytics, once men became users, they were at least

as likely to become long-term users.
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Figure 3-1. Annual numbers of new nonmedical users of psychothera-
peutics: 1965-2001.

Source.  From the results of the 2002 National Survey on Drug Use and Health
(Substance Abuse and Mental Health Services Administration 2003).

Greenblatt et al. (1975) reported results of the Boston Collaborative Drug
Surveillance Program, which showed that of 24,633 consecutive admissions
to the general medical or surgical wards of 24 Boston hospitals, 14% of
patients remembered having taken an antianxiety agent at least once in the
preceding 3 months. It is interesting to note that no cases of physiological
withdrawal symptoms were reported.

Marks (1978) reviewed published reports of benzodiazepine dependence
in the literature from 1961 to 1977 and estimated that benzodiazepine depen-
dence occurred in one case per 50 million patient-months of use. His assess-
ment of risk has been criticized, however, because published case reports tend
to occur less frequently than the phenomenon they describe. Benzodiazepine
dependence case reports peaked between 1969 and 1973, about 10 years after
the introduction of the drugs (Petursson and Lader 1981a).

In the absence of a diagnosis of substance abuse, most patients taking

benzodiazepines continue to benefit from treatment over extended periods of
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time, tend to reduce rather than escalate the dose, and do not show evidence
of the behaviors associated with addiction to illicit drugs (Apsler and Roth-
man 1984; Bowden and Fisher 1980; Busto et al. 1986a; Caplan et al. 1985;
Dunbar et al. 1989; Rickels and Schweizer 1993; Rickels et al. 1991; Romach
et al. 1992, 1995; Salinsky and Dore 1987). The prevalence of benzodiaze-
pine use among patients with chronic psychiatric disorders is reported to be
17%-36.9% (Cushman and Benzer 1980; Fleischhacker et al. 1986; Garvey
and Tollefson 1986; Gottschalk et al. 1971; Hallstrom and Lader 1982;
Samarasinghe et al. 1984; Schmidt et al. 1989; Wolf et al. 1989).

In summary, about 6.2% of the U.S. population over age 12 years reports
nonmedical use of a “psychotherapeutic” in the previous year, with 2.5% re-
porting sedative/tranquilizer use. Between 7.4% and 17.6% of the general
population use a benzodiazepine for medical purposes at least once during
any given year, with only about 1% using the medication daily for 1 year or
longer (Piper 1995). This finding can be compared with a 17%-36.9% wusage
rate and less than a 1% abuse rate among psychiatric patients. Of patients in
treatment for substance dependence, 1.3%-9.2% include benzodiazepines
among their multiple substances of abuse, but only a very small number (on
the order of 0.2%) are dependent on benzodiazepines only. Studies of benzo-
diazepine use in alcoholic subjects indicate that between 3% and 41% are tak-
ing both drugs, with estimated rates of misuse of 10%—20% (Ashley et al.
1978; Bell et al. 1984; Busto et al. 1983; Ciraulo et al. 1988b; Johansson et
al. 2003; Kania and Kofoed 1984; Kryspin-Exner 1966; Kryspin-Exner and
Demel 1975; Rothstein et al. 1976; Schuckit and Morrissey 1979; Sokolow
et al. 1981; Wiseman and Spencer-Peet 1985).

Medical Use

Medical use of benzodiazepines has been declining. Prescribing trends show
an overall decline in the number of all benzodiazepine prescriptions written,
with a market shift to increased prescribing of short elimination half-life
agents (lorazepam, alprazolam), compared with long-elimination half-life
agents (diazepam, chlordiazepoxide) (Ciraulo et al. 2004). In 2001, alprazo-
lam was the most widely prescribed benzodiazepine (Ciraulo et al. 2004), and
it also was the most widely prescribed psychiatric medication in that year for
mood and anxiety disorders (Stahl 2002).
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Most medical use is short-term (less than a month), with long-term users
more likely to be older and female and to have high levels of psychological dis-
tress. Psychiatric patients have higher rates of benzodiazepine use than the
general population but still have low rates of misuse. Benzodiazepines are
rarely cited by treatment-seeking patients as the primary drug of abuse, with
0.2% of admissions attributed to primary sedative dependence (benzodiaz-
epines or barbiturates), and of these, secondary alcohol abuse was reported in
34% and secondary marijuana abuse reported in 20% (Substance Abuse and
Mental Health Services Administration 1999). Patients presenting for treat-
ment of benzodiazepine dependence have high rates of psychiatric comorbid-
ity, especially depression and anxiety, as well as polysubstance abuse (Busto et

al. 1996; Romach et al. 1995).

Prevalence in Special Populations

Substance Abusers

A dramatically different pattern is found in surveys of drug abuse treatment
facilities. Substance abuse treatment centers have reported that more than
20% of patients use benzodiazepines weekly or more frequently, with 30%-—
90% of opioid abusers reporting illicit use (Iguchi et al. 1993; Stitzer et al
1981). Methadone clinics reported that high proportions of urine samples are
positive for benzodiazepines (Darke et al. 2003; Dinwiddie et al. 1996; Ross
and Darke 2000; Seivewright 2001; Strain et al. 1991; Williams et al. 1996).
The reasons for the high rates of benzodiazepine use in opioid addicts include
self-medication of insomnia, anxiety, and withdrawal symptoms, as well as at-
tempts to “boost” the euphoric effects of opioids.

There is some evidence of a synergistic effect on reinforcement with con-
current administration of benzodiazepines and opioids (Walker and Ettenberg
2003). Cocaine abusers are less likely than opioid abusers to abuse benzo-
diazepines, preferring alcohol and opioids as secondary drugs of abuse. The
most common pattern of benzodiazepine misuse in these individuals is in-
termittent use of therapeutic or supratherapeutic doses to counter unwanted ef-
fects of cocaine.

Although estimates vary widely, approximately 10%—-20% of individuals
presenting for treatment of alcohol dependence may be using or abusing ben-
zodiazepines (Ciraulo et al. 1988b; Ciraulo etal. 2004; Johansson et al. 2003;
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Lejoyeux et al. 1998). Similar to opioid-dependent persons, these patients re-
ported that they use benzodiazepines to self-medicate anxiety, insomnia, and
alcohol withdrawal and, less commonly, to enhance the effects of ethanol.
Approximately 16%-25% of patients presenting for treatment of anxiety disor-
ders abuse alcohol (Kushner et al. 1990; Otto et al. 1992). Controversy exists
concerning appropriate benzodiazepine prescribing in this population (Cir-
aulo and Nace 2000; Posternak and Mueller 2001).

The risk of benzodiazepine misuse in people with anxiety and alcoholism
varies, depending on the population sampled. A prior history of alcohol de-
pendence did not predict longer duration of use, higher doses, or more fre-
quent prn doses of prescription benzodiazepines in a large outpatient clinical
trial (Mueller et al. 1996). Sokolow et al. (1981) reported that over an 8-month
period following alcohol detoxification, concurrent benzodiazepine use de-
clined from 12.7% at admission to 8.1% at 8 months, suggesting that even in
alcoholic patients there is a decreasing pattern of use over time. In patients
entering a benzodiazepine discontinuation program, 40% of those with long-
term use (averaging 70 months of daily use) had an alcohol use disorder. Of
particular interest is the finding that typical use was at constant or decreasing
therapeutic doses, with efforts to discontinue the medication and appropriate
use for symptom control (see Busto et al. 1996; Romach et al. 1995 for de-
tails).

The subjective rewarding effects of alprazolam, and probably of other
rapid-onset benzodiazepines, are greater among persons with alcoholism than
among those without alcoholism (Ciraulo et al. 1988a; Ciraulo et al. 1988b).
Differences in abuse potential may exist between individual benzodiazepines
(Griffiths and Wolf 1990). For example, oxazepam and halazepam have a
slower onset of positive mood effects than diazepam (Griffiths et al. 1984;
Jaffe et al. 1983). The actual risk of benzodiazepine dependence among alco-
holic patients is unclear because the methodological deficiencies of existing
studies are substantial, but the risk in this group is probably higher than in
the general population but lower than among opioid-dependent persons. There
is a high likelihood that patients with alcoholism who receive benzodiazepines
will take them inappropriately. On the other hand, anxiety disorder patients
who are in stable recovery are at much lower risk of benzodiazepine abuse than

nonabstinent or recently abstinent alcoholic patients (Posternak and Mueller
2001).
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Elderly Patients

Elderly patients may be at risk for falls (Cumming et al. 1991; Cumming and
Le Couteur 2003) and impaired cognition (Barker et al. 2004; Dealberto et
al. 1997; Hanlon et al. 1998; McAndrews et al. 2003) from benzodiazepine
toxicity. There is lictle evidence to suggest that elderly patients are more likely
to misuse these drugs, although they do have higher rates of prescriptions
than younger patients. Many studies have found an association between ben-
zodiazepines and falls in the elderly (Cumming and Le Couteur 2003), but it
should be noted that one study found that selective serotonin reuptake inhib-
itor (SSRI) antidepressants and narcotics were more likely than benzodiaz-
epines to be associated with nonspine fractures in elderly patients (Ensrud et
al. 2003). The reader is cautioned that the published literature on elderly pa-
tients often mistakenly views long-term use as equivalent to dependence or
abuse. A study of elderly hospitalized patients over age 70 years who had been
taking a benzodiazepine for an average of 3.6 years at a mean diazepam equiv-
alent dose of 11 mg/day found that they had more severe personality pathology,
anxiety, and dysthymia than a similar inpatient group not taking benzodiaz-
epines (Petrovic et al. 2002). Although the most common interpretation of
these and similar findings is that they support the position that benzodiaz-
epines are prescribed appropriately for elderly patients, others have raised the
question of whether chronic prescribing actually induces or worsens anxiety
and depression. A study that reviewed insurance claims alleging benzodiaz-
epine-induced behavioral toxicity showed that psychiatric symptoms most
often represented preexisting psychopathology and were not the result of ben-
zodiazepine use (Mattila-Evenden et al. 2001). Nonetheless, the issue requires
further study.

Chronic Pain Patients

Several studies have reported that as many as 40%-60% of chronic pain pa-
tients receive benzodiazepines, even though these agents have limited effec-
tiveness for most pain conditions (Fishbain et al. 1992; Hardo and Kennedy
1991; Hendler et al. 1980; King and Strain 1990a, 1990b; Kouyanou et al.
1997). The role of benzodiazepines in the treatment of pain is not straight-
forward; no doubt these medications help with sleep, anxiety, and dysphoria
secondary to medical illness. Despite high rates of use, rates of misuse in one

study were low, ranging from 3.2%-4.8% (Kouyanou et al. 1997). An in-
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triguing recent finding is that some novel benzodiazepines may have direct ef-
fects on pain, either through actions as bradykinin B; receptor antagonists
(Wood et al. 2003) or kappa (k) receptor agonists (Anzini et al. 2003).

Overview of Neuropharmacology

The term benzodiazepine refers to drugs with a structural core consisting of a
benzene ring fused to a diazepine ring. All benzodiazepines in clinical use also
contain a 5-aryl substituent ring and a 1,4-diazepine ring, and so the term re-
fers to the 5-aryl-1,4-benzodiazepines (Charney et al. 2001; Greenblatt et al.
1983a, 1983b; Harvey 1985). Variations on the benzodiazepine ring structure
have produced the triazolo (e.g., alprazolam, triazolam, estazolam), 2-keto (e.g.,
diazepam), 3-hydroxy (e.g., lorazepam, oxazepam), and imidazo (e.g., midaz-
olam) agents and other agents that produce sedative, hypnotic, anxiolytic,
muscle relaxant, and anticonvulsant effects. Substantial controversy exists as
to whether certain classes of benzodiazepines differ in efficacy (antipanic,
antidepressant actions), severity of withdrawal syndromes, or abuse liability.

The two selective GABA 4 receptor agonists currently marketed in the
United States, zaleplon and zolpidem, are a pyrazolopyrimidine and a imidaz-
opyridine, respectively. Both of these drugs are approved only for the short-
term treatment of insomnia.

Benzodiazepines, the selective GABA 1 agonists (zaleplon and zolpidem),
barbiturates, and related compounds exert their actions at the GABA, recep-
tor complex, a pentameric structure composed of alpha (o), beta (B), gamma
(y), and delta (8) subunits forming a chloride channel (Atack 2003) (Figure
3-2). Itis known that these (and other) subunits exist as a number of subtypes
and can combine in many ways; however, comparatively few combinations
have physiological relevance. The actions resulting from agonist binding at
the GABA, receptor vary depending on the composition of the subunits.
Benzodiazepine-sensitive GABA, receptors are composed of five subunits:
two o subunits, two [} subunits, and one y subunit (Barnard et al. 1998). Ben-
zodiazepines show activity at receptors that contain the ¥, subunit. The ben-
zodiazepine binding site lies at the interface of o and y subunits (Stephenson
etal. 1990). Diazepam has a high affinity for o, oL, ot 3, and o5 subunits in
the GABA, receptor, but not for the o4 or o subunits (Hadingham et al.
1993; Luddens et al. 1990; Wafford et al. 1996). The sedative effects of ben-
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zodiazepines are associated with the presence of o) subunits in the GABA,
receptor structure (the GABA,  receptor subtype) (McKernan et al. 2000),
and the presence of o, units in this receptor may be required for the antianxiety
effect (Low et al. 2000). Zaleplon and zolpidem act on and bind to GABA,;
receptors more selectively than do classic benzodiazepines (Pritchett and See-
burg 1990; Sanna et al. 2002). These agents may act as hypnotic agents that,
compared to the classic benzodiazepines, are less likely to produce antianxiety
and anticonvulsant effects.

The different o subunits that are contained in GABA, receptors are dis-
tributed in a heterogeneous manner throughout the brain. GABA, receptors
having the o1 subunit are located predominantly in sensorimotor areas, cor-
tical areas, the globus palidus, ventral thalamic complex, subthalamic nucleus,
substantia nigra, and cerebellum in primates (Dennis et al. 1988). Positron
emission tomography evidence suggests that high concentrations of GABA,
receptors that contain the o5 subunit exist in human limbic structures, includ-
ing the hippocampus, septal region, amygdala, and anterior cingulate cortex
(Lingford-Hughes et al. 2002).

Although barbiturates, benzodiazepines, and GABA,; selective agonists
all increase chloride ion flux, the barbiturates both enhance GABA binding
and directly activate the channel, and the benzodiazepines and GABA,; agonists
act only to increase the actions of GABA and other direct GABA agonists
such as GABA and muscimol (Charney et al. 2001). Benzodiazepines and the
GABA, agonists are allosteric modulators of the GABA binding site in the
GABA, receptor complex. The duration of channel opening is increased by
barbiturates, and benzodiazepines primarily increase the frequency of openings.
Barbiturates also differ from benzodiazepines in that they do not require the
¥ subunit to produce their effects, and, in addition, they directly inhibit the ex-
citatory oi-amino-3-hydroxy-5-methylisoxazole-4-propionate (AMPA) recep-
tor, whereas benzodiazepines indirectly oppose the excitatory actions of gluta-
mate by acting as positive modulators of GABA inhibitory activity (Saunders
and Ho 1990). Benzodiazepines may also have effects on adenosine reuptake
and the activity of calcium and sodium channels.

The precise mechanism through which benzodiazepines and barbiturates
produce mood elevation remains to be elucidated. The mood-elevating effect
of the benzodiazepines and barbiturates is probably mediated not only by
acute increases in the actions of GABA but also by neural connections from
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GABAergic neurons. Depletion of dopamine from the nucleus accumbens may
attenuate the rewarding effects of diazepam (Spyraki and Fibiger 1988), as may
the administration of AMPA/kainate receptor antagonists (Gray et al. 1999).
In addition to GABA, receptor antagonists, both dopamine and opioid recep-
tor antagonists may block the rewarding actions of pentobarbital (Bossert and
Franklin 2001). The rewarding effects of many commonly abused drugs in-
cluding morphine and cocaine are associated with drug-induced increases in
dopamine concentrations in the nucleus accumbens (Pontieri et al. 1995).
However, the administration of benzodiazepines (DiChiara and Imperato 1988;
Finlay et al. 1992) and higher doses of barbiturates (DiChiara and Imperato
1986) reduces rather than increases dopamine concentrations in the nucleus
accumbens.

A number of benzodiazepine receptor ligands have been characterized and
may exhibit one or more modes of action at the GABA, receptor (Ator 2003;
Braestrup et al. 1983). They include 1) agonist action, in which ligands pro-
duce benzodiazepine-like effects (e.g., diazepam); 2) antagonist action, in which
the ligands bind to benzodiazepine receptors and block the effects of agonists,
as does flumazenil; and 3) inverse agonist actions, characterized by binding to
the benzodiazepine receptor, resulting in effects that are opposite those of
agonists. Examples of agents with the last mode of action are methyl beta-
carboline-3-carboxylate, methyl 6,7-dimethoxy-4-ethyl-beta-carboline-3-
carboxylate (DMCM), Ro 15-4513, and CGS 8216. A classification scheme
proposed by Nutt and Linnoila (1988) divides ligands into agonists or inverse
agonists and then subclassifies each as full or partial. This classification scheme
is not absolute—a given benzodiazepine may have different actions depend-
ing on the composition of receptor subunits. For example, replacement of the
Y, subunit with the y; subunit reduces positive modulation and may result in
an inverse agonist acting as a weak agonist (Barnard et al. 1998).

Pharmacodynamic tolerance to the psychomotor effects of benzodiazepines
has been demonstrated after single or multiple doses (File 1985; Greenblatt and
Shader 1978; Rosenberg and Chiu 1985). Pharmacodynamic tolerance to the
anxiolytic effect (over a 6-month period) has not been demonstrated (Rickels
et al. 1983), and clinical experience supports the view that many patients with
anxiety disorders require long-term therapy with benzodiazepines or alternative
antianxiety agents. An important clinical consequence of tolerance to sedative

effects is observed in benzodiazepine overdoses, when patients may initially be
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somnolent but may often wake up and recover while the serum level of the ben-
zodiazepine active metabolite is very high and still rising.

Tolerance to the psychomotor impairment associated with lorazepam has
been demonstrated in animal models (Miller et al. 1988a, 1988b), but it is our
clinical impression that even though this impairment decreases with contin-
ued use in patients, it never completely remits. In most cases it does not per-
sist at levels that cause significant difficulty in daily functioning. On the other
hand, amnesic effects of benzodiazepines, especially the high-potency agents,
seem to be a problem for some individuals whose occupations demand high
levels of cognitive function. Using the lowest possible doses of these drugs dur-
ing periods when cognitive performance is critical (e.g., test taking) is a success-
ful therapeutic strategy.

The extent to which tolerance develops to the actions of either zaleplon
or zolpidem is not yet clear. In contrast to triazolam, zolpidem was not asso-
ciated with the development of behavioral tolerance to impairments of psy-
chological performance produced by repeated administration (Stoops and
Rush 2003). Several reports indicated that tolerance does not develop to the
sleep-promoting effects of these agents over a 1-month period (Elie et al.
1999; Fry et al. 2000) and that significant rebound insomnia does not occur
with the prolonged administration of these agents (Voderholzer et al. 2001).
However, other evidence suggested that rebound insomnia may occur after
zolpidem treatment (Elie et al. 1999; Fry et al. 2000). There are few data con-
cerning the development of tolerance or dependence to either zaleplon or
zolpidem when these agents are administered for periods of longer than a
month.

Tolerance to benzodiazepines is pharmacodynamic, whereas barbiturates
induce their own metabolism (pharmacokinetic tolerance) as well as induce
changes in the function of receptor systems (pharmacodynamic tolerance).
The exact mechanisms responsible for benzodiazepine tolerance, however,
remain uncertain. Furthermore, although there is consensus that tolerance
develops for such clinical effects as sedation and motor impairment, clinical
experience suggests that antianxiety effects are long-lasting. It is well estab-
lished that chronic administration of benzodiazepines in experimental models
results in decreased GABA-stimulated chloride influx. Several mechanisms
have been implicated in the development of tolerance to benzodiazepines. They
include down-regulation of cortical benzodiazepine binding sites (Fahey et al.
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2001), alterations in GABA, receptor subunit composition (Chen et al.
1999), and increased expression of AMPA (Allison and Pract 2003; Van Sickle
and Tietz 2002) and N-methyl-D-aspartate receptor subunits in the hippo-
campus (Perez et al. 2003).

Pharmacokinetics

Absorption by the oral route is essentially complete for benzodiazepines,
except for clorazepate, which is decarboxylated in gastric secretions to V-
desmethyldiazepam, which is absorbed. Diazepam and N-desmethyldiaz-
epam are rapidly absorbed and will reach a peak in serum soon after ingestion
(Greenblatt et al. 1983a, 1983b). Prazepam and halazepam are inactive or
only slightly active prodrugs that are converted slowly to the active form. The
rate of appearance in serum of N-desmethyldiazepam from prazepam is the
slowest among the benzodiazepines. Some researchers believe that this prop-
erty conveys lower abuse liability, although consensus does not exist on this
question.

Some patients have reported sublingual use (particularly of lorazepam and
alprazolam) to obtain a “high,” presumably on the basis of faster absorption,
although we rarely see either a high or a more rapid onset of action clinically.
Although one group has found faster absorption of lorazepam by the sublin-
gual route (Caille et al. 1983), a rigorous kinetic comparison of intravenous,
intramuscular, oral, and sublingual routes failed to reveal significant differ-
ences between sublingual and oral administration in the fasted state (Green-
blatt et al. 1982). Sublingual absorption may offer an increased rate of absorp-
tion in the postprandial state. In particular, alprazolam and triazolam may
reach higher peak levels by means of the sublingual route. Although benzodi-
azepines are all highly lipophilic, the lipophilicity varies more than 50-fold
among individual benzodiazepines (Harvey 1985). The more lipophilic drugs
tend to enter the cerebrospinal fluid most rapidly, but in a study of diazepam,
N-desmethyldiazepam, midazolam, lorazepam, alprazolam, flunitrazepam, and
clobazam all attained peak cerebrospinal fluid concentrations within 15 min-
utes of intravenous administration (Arendt et al. 1983). Benzodiazepines and
their active metabolites all bind to plasma proteins, and this binding correlates
with lipophilicity—from 70% for alprazolam to 99% for diazepam (Harvey
1985).
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Benzodiazepines are metabolized through the hepatic microsomal system.
The cytochrome P450 3A4 (CYP3A4) isoform may mediate the metabolism
of several benzodiazepines, including triazolam, alprazolam, and midazolam.
The clearance of triazolam can be reduced by the administration of CYP3A in-
hibitors such as the antiretroviral agent ritonavir (Greenblatt et al. 2000). The
metabolism of diazepam is catalyzed, in part, by the CYP2C19 isoform. All
benzodiazepines ultimately undergo glucuronidation, and some require prior
oxidative metabolism, either N-dealkylation or aliphatic hydroxylation. Oxi-
dative metabolism is relatively more susceptible to impairment from certain
population characteristics (e.g., aging), coadministration of other drugs (e.g.,
cimetidine, disulfiram), or disease states (e.g., cirthosis) than is glucuronidation.
The metabolism of the drugs that require only glucuronidation (e.g., oxazepam,
lorazepam, temazepam) is less susceptible to these influences than that of the
drugs that require oxidation (e.g., chlordiazepoxide, diazepam, clorazepate,
prazepam, halazepam, flurazepam, triazolam, and alprazolam).

Benzodiazepines do not induce their own metabolism, and there is no ev-
idence for the development of pharmacokinetic tolerance (Greenblatt and
Shader 1986). The behavioral tolerance seen with chronic dosing is explicable
entirely on the basis of pharmacodynamic tolerance (as described earlier in
the overview of neuropharmacology).

Zaleplon and zolpidem are readily absorbed from the gastrointestinal tract.
Zaleplon has low oral bioavailability (in the range of 30%), which is attributed
to extensive presystemic extraction (Charney et al. 2001). The bioavailability
of zolpidem is approximately 70% (Salva and Costa 1995). Both zaleplon and
zolpidem are rapidly cleared from the plasma. The half-life of zaleplon is about
1 hour and that of zolpidem is approximately 2 hours (Greenblatt et al. 1998).
The enzyme aldehyde oxidase mediates the extensive transformation of zale-
plon into 5-oxo-zaleplon. Zolpidem, which is extensively metabolized in the
liver, is a substrate of CYP3A enzymes (Pichard et al. 1995; von Moltke et al.
1999).

Etiologic Theories of Misuse, Abuse, and Dependence

Although many factors contribute to drug dependence and misuse, only the
pharmacological origins of benzodiazepine dependence will be considered

here. The capacity of a benzodiazepine to induce dependence is related to its
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ability to produce a desired effect (a pleasant mood, relief of anxiety or dys-
phoria, and less commonly a “high”) and to attempts to self-medicate an ab-
stinence syndrome (physical dependence) from either the benzodiazepine or
another abused substance (e.g., alcohol).

Benzodiazepines and similar agents occupy a position of intermediate
abuse potential, compared with most other sedative-hypnotics (Griffiths and
Weerts 1997). Animal models of abuse liability indicate that the reinforcing
effects of benzodiazepines are less pronounced than are those of the barbitu-
rates, opioids, and stimulants. Differences in abuse potential within the class
have not been consistently demonstrated; however, most clinicians agree that
benzodiazepines with a rapid onset and short duration of action pose the great-
est risk in susceptible individuals.

Limited results from clinical laboratory evaluations suggested that the
GABA,; agonists zaleplon (Rush et al. 1999b) and zolpidem (Rush et al.
1999a) produce effects that are consistent with abuse potential comparable to
that of the benzodiazepine triazolam. The reported incidence of dependence
on zolpidem in the medical literature is low, compared with that for benzo-
diazepines, and is characterized by use of high doses, often in individuals with
a history of substance abuse (Hajak et al. 2003; Vartzopoulos et al. 2000).

Diazepam has a rapid onset of action in producing a euphoric effect, but
as the desmethyl metabolite levels increase and the parent compound, diaz-
epam, declines, the mood-elevating effect declines rapidly (Ciraulo et al.
1997; Jaffe et al. 1983). Benzodiazepines that are prodrugs for desmethyldiaz-
epam, such as prazepam or halazepam, produce fewer euphoric effects (Jaffe
etal. 1983; Orzack et al. 1982). Other pharmacokinetic factors influence the
time course of withdrawal and by extension the proper medical management
of the abstinence syndrome; however, there are no human data that clearly es-
tablish that the withdrawal syndrome is more severe with agents with a short
versus long elimination half-life. The partial agonists (or, more accurately
partial positive modulators) abecarnil and bretazenil consistently demonstrate
lower abuse liability in animal models but still produce mood elevation on
standardized scales assessing abuse liability in human subjects. Prior exposure
to ethanol or sedative-hypnotic drugs may increase the reinforcing properties
of benzodiazepines. Flunitrazepam is associated with a particularly disturbing
form of abuse—surreptitious combination with beverage alcohol to induce

amnesia and increase vulnerability to sexual assaults, so-called date rape.
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Nonhuman primates will self-administer benzodiazepines and zolpidem
(Weerts and Griffiths 1998), indicating that these agents produce moderate
positive reinforcing effects (Ator 2002). Both drug-experienced and drug-
naive animals will self-administer benzodiazepines, and the self-administration
of these agents has been demonstrated to occur over periods lasting several
months (Griffiths and Weerts 1997). Evidence that benzodiazepines produce
positive reinforcing effects in humans is mixed and includes results of self-ad-
ministration and choice studies (Griffiths and Weerts 1997). Benzodiazepines
are less efficacious as reinforcers in humans than is pentobarbital (Griffiths et
al. 1980), and diazepam may be a more efficacious reinforcer than oxazepam
(Griffiths et al. 1984). The degree of reinforcing effects of benzodiazepines in
humans appears to be determined by the psychiatric and substance use his-
tory of the subjects being tested. In a number of studies involving healthy vol-
unteers, benzodiazepines, including diazepam (Johanson and de Wit 1992),
lorazepam (de Wit et al. 1984), and triazolam (Rochrs et al. 1992), were not
found to be reinforcers. In contrast, alprazolam (Ciraulo et al. 1988a; Ciraulo
et al. 1989; Ciraulo et al. 1990; Ciraulo et al. 1996; Mumford et al. 1995a,
1995b), diazepam and triazolam (Roache and Griffiths 1989), and other agents
clearly act as reinforcers in subjects with a history of drug abuse or alcoholism.
Benzodiazepines also appear to have reinforcing effects in moderate drinkers
(de Wit et al. 1989; Evans et al. 1996), and anxious individuals (Roache et al.
1996; Roache et al. 1997).

Physiological dependence develops with high doses and therapeutic doses
of benzodiazepines. Difficulty discontinuing use can be related to the individ-
ual’s inability to tolerate discontinuation symptoms or the return of the pre-
existing anxiety disorder. Physical dependence can also develop in primates
treated with high doses of zolpidem (Ator et al. 2000; Richards and Martin
1998; Weerts and Griffiths 1998) and zaleplon (Ator et al. 2000; Weerts and
Griffiths 1998).

Clinical Signs and Symptoms of Intoxication and
Abstinence Syndrome
Intoxication

Benzodiazepines produce few pathognomonic signs of intoxication. Sedation,

behavioral disinhibition, and occasional paradoxical excitation may all be
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seen. Toxicity can occur after large single doses (as in some cases of abuse or
in deliberate overdose) and by drug accumulation in persons with impaired
metabolism. Three cardinal features of benzodiazepine toxicity are ataxia,
diplopia, and impaired gag reflex. Level of consciousness may vary from light
sedation to obtundation. Unless benzodiazepines are combined with other
drugs (such as alcohol), the rate of mortality in persons with benzodiazepine
intoxication is low. Tolerance develops rapidly, and it is not uncommon follow-
ing single, large doses to see an initial period of sedation followed by apparent
recovery while serum levels of active metabolites are still rising (Greenblatt et
al. 1979). The competitive benzodiazepine antagonist flumazenil has been
used to reverse benzodiazepine-induced sedation after surgery or diagnostic

procedures (Brogden and Goa 1988).

Abstinence Syndrome

An abstinence syndrome after prolonged, high-dose administration was dem-
onstrated with chlordiazepoxide (Hollister et al. 1961) and with diazepam
(Hollister et al. 1963). This high-dose abstinence syndrome has been re-
peatedly confirmed and has been categorized by Smith and Wesson (1983) as
either a minor withdrawal syndrome consisting of “anxiety, insomnia, and
nightmares,” or a major withdrawal syndrome consisting of “grand mal sei-
zures, psychosis, hyperpyrexia, and possibly death” (p. 87).

An abstinence syndrome after long-term, low-dose treatment has also
been described (Busto et al. 1986a; Covi et al. 1973; Petursson and Lader
1981b; Tyrer et al. 1981). Reported symptoms include muscle twitching, ab-
normal perception of movement, depersonalization or derealization, anxiety,
headache, insomnia, diaphoresis, difficulty concentrating, tremor, fear, fa-
tigue, lowered threshold to perception of sensory stimuli, and dysphoria.

A rebound sleep disturbance has been found after only 7-10 days of treat-
ment with therapeutic doses of triazolam (Greenblatt et al. 1987). Others have
described a withdrawal syndrome after substitution of a short-acting benzo-
diazepine for a long-acting benzodiazepine (Conell and Berlin 1983). Rebound
insomnia may occur with zolpidem.

The clinician must be cautious in interpreting some of these symptoms
(especially anxiety) in patients withdrawing from benzodiazepines. Anxiety,
fearfulness, and dysphoria may represent symptoms that were treated by the
benzodiazepine and unmasked on withdrawal.
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Medical and Psychological Consequences
of Abuse

There is no convincing evidence to suggest that there are adverse medical con-
sequences of long-term benzodiazepine use. In one European study, patients
with isolated benzodiazepine dependence showed a mortality rate greater than
the general population but equivalent to the control group (nondependent pa-
tients with comparable psychiatric illnesses) (Piesiur-Strehlow et al. 1986).
Virtually all reported medical morbidity and mortality result from the com-
bination of benzodiazepines with other central nervous system (CNS) depres-
sants in individual occurrences; for example, a person chronically abusing
diazepam in high doses who then drinks alcohol may experience severe CNS
depression resulting in respiratory depression or coma.

Anterograde amnesia has been well documented with a variety of benzo-
diazepines, and decrement in learning probably represents the single most sig-
nificant drawback to medically indicated chronic use (Barker et al. 2004;
Curran 1986; Lister 1985; Vermeeren et al. 1995). In persons with preexisting
deficits in learning or orientation, the effect is magnified and may be a con-
traindication to use. The mechanism for memory impairment is unclear, but
it may become further elucidated in studies with animal models. Preliminary
data suggested that the benzodiazepine inverse agonists may enhance learning
and memory (Maubach 2003; Venault et al. 1986). No studies have convinc-
ingly shown cognitive impairment that persisted after drug discontinuation
and a reasonable period for withdrawal. Similarly, although some authorities
have expressed concerns about structural CNS changes occurring with chron-
ic benzodiazepine treatment, no adequately designed studies exist. In partic-
ular, alcohol intake and psychiatric comorbidity have often been ignored.

Protocols for Detoxification

Clinical situations in which detoxification is indicated can be grouped into
three categories: 1) for patients who have been taking a maintenance thera-
peutic dosage for moderate to long periods of time and for whom a trial with-
out medication is warranted, 2) for patients taking supratherapeutic doses
(usually in the context of benzodiazepine dependence), and 3) for patients
who use benzodiazepines as part of mixed substance dependence. Detoxifica-

tion should be approached differently in each category.
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Detoxification From Therapeutic Dosages

Patients may have been prescribed benzodiazepines for an acute problem that
has since resolved, but the prescriptions were nonetheless renewed, for ill-
defined reasons or for a diagnosed anxiety disorder. The unifying features in
this group are that the patients have been using benzodiazepines at stable,
therapeutic dosages, they have been obtaining them from legitimate sources,
and they may or may not still be deriving clinical benefit from the medica-
tion. Determining continued benefit may be difficult and may require peri-
odic tapering or discontinuation of the benzodiazepine. Return of symptoms
during the taper may support continued treatment, but the clinician should
also consider the possibility of a discontinuation syndrome.

Detoxification can usually be accomplished by using the same benzodiaz-
epine that the patient is taking. Switching from a benzodiazepine with a short
elimination half-life to one with a long elimination half-life may not be nec-
essary if the tapering program is sufficiently long. If difficulty is encountered
in tapering one benzodiazepine, however, then switching to another with a
longer elimination half-life may be helpful. Substituting a medication with a
shorter elimination half-life for one with a longer elimination half-life is not
advised (Conell and Berlin 1983). Approximate dosage equivalencies of ben-
zodiazepines are listed in Table 3-1.

We recommend an initial 10%-25% dose reduction, followed by careful
observation of the patient for signs of the abstinence syndrome. Patients with-
drawing from agents with a shorter elimination half-life (lorazepam, oxaz-
epam) may have an earlier onset of symptoms, and withdrawal from longer
half-life agents (clonazepam, diazepam) may not occur until several days after
reducing the dose. Exceptions to this pattern do occur—some patients seem
exquisitely sensitive to the rate of decline of drug levels and may have absti-
nence symptoms in the presence of therapeutic drug concentrations.

Clinical experience suggests that alprazolam can be particularly difficult to
taper when lower doses are reached (e.g., tapering from 1 to 0 mg) (Ciraulo et
al. 1990). One possible explanation for this is suggested by data from an animal
model showing that alprazolam at doses of 0.02-0.05 mg/kg increases benzo-
diazepine receptor number above baseline (Miller et al. 1987). When difficulty
is encountered in tapering the last 1-2 mg of alprazolam, the rate of dose re-
duction can be decreased to 0.25 mg/week, and/or adjunctive medication may
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be employed, as described later in this chapter in the section on adjunctive
medication strategies. We have not had extensive experience tapering the con-
trolled-release preparation of alprazolam. However, one study found “moderate
but transient levels of distress” in 48% of patients with panic disorder who were
discontinued from the controlled-release formulation of alprazolam, compared
to 10% of subjects in the placebo group (Schweizer et al. 1993).

There has been some interest in flumazenil as a treatment for benzodiaz-
epine withdrawal (Gerra et al. 2002). Although of theoretical interest, this
procedure is not recommended for clinical use. Because there is a body of lit-
erature on the topic, clinicians should have some familiarity with the rationale
underlying its use in withdrawal. In healthy, nonanxious volunteers who have
not been exposed to benzodiazepines, high doses of flumazenil inconsistently
produce agonist effects (Darragh et al. 1983; Higgitt et al. 1986; Lupolover et
al. 1984; Mintzer etal. 1999). Experimental evidence supported both an antag-
onist and agonist action for flumazenil, which may be dependent on dose and
subject heterogeneity (Buldakova and Weiss 1997). Administration of flu-
mazenil to benzodiazepine-tolerant individuals resulted in some symptoms of
withdrawal (Griffiths et al. 1993), but one study found improvement in
symptoms in long-term abstinent patients (Saxon et al. 1997). Further compli-
cating the interpretation of the data are findings that subjects with panic dis-
order and generalized anxiety disorder can have different responses to flumaz-

enil (Nutt et al. 1990).

Detoxification From High Dosages

Patients requiring detoxification from high or supratherapeutic dosages of
benzodiazepines constitute a smaller number of patients, but they are at greater
risk for life-threatening discontinuation symptoms, such as seizures, delirium,
and psychoses. There has been more experience with inpatient detoxification
in this group, but outpatient detoxification is possible if conducted slowly
(5% reduction in dose per week), with frequent contact, and in the context
of a therapeutic alliance with the patient. Often, such an alliance proves un-
workable because the patient’s impoverished control results in supplementa-
tion from outside sources or early exhaustion of prescribed supplies meant to
be tapered. In these cases, as in the cases of patients with a history of seizures,
delirium, or psychoses during previous detoxification attempts, inpatient de-

toxification is indicated.
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In high-dosage detoxification, the risk of major adverse consequences re-
quires that a smooth decline in plasma benzodiazepine level be achieved.
Here, switching from the substance of abuse to diazepam or another long-
acting benzodiazepine is recommended. The patient’s medication should be
switched to an equivalent dosage of a long-acting benzodiazepine given in di-
vided daily doses (see Table 3-1), and the patient should be stabilized with
this regimen for the first day (some clinicians use a stabilization period of
2-3 days). After stabilization, a 30% cut is made in the dose on day 2 (or on
days 3—4 if a longer stabilization period is used), followed by a 5% cut on each
day thereafter. This protocol will result in complete detoxification in about
2 weeks for most patients, but the rate of tapering should be slowed even further
in the presence of diaphoresis, tremulousness, or elevated vital sign measure-
ments. Hyperpyrexia is a grave sign and should prompt aggressive manage-
ment. Supplemental benzodiazepine and supportive medical care are necessary
in these instances. This protocol should serve as a guideline only, because in-
dividual patients vary in their sensitivity to withdrawal. True withdrawal is
best distinguished from recurrence of anxiety by the development of new
symptoms and/or the appearance of perceptual disturbance (e.g., ringing in
ears, sensitivity to sounds, and dizziness). Whenever possible, doses should be
adjusted to keep patients comfortable. Adjunctive medications can be used as
described later in this chapter, in the section on adjunctive medication strat-
egies. Close monitoring for the week after detoxification is prudent, because
some symptoms may not be evident until then, as the desmethyldiazepam

and other metabolite levels continue to fall.

Benzodiazepines in Mixed Substance Abuse

Sporadic use (e.g., for the induction of sleep after a psychostimulant binge)
does not require specific detoxification. Sustained use can be treated as de-
scribed in the previous sections on detoxification from therapeutic or high
dosages but with added caution. In mixed opioid and benzodiazepine abuse,
the patient should be stabilized with methadone (some clinicians use other
oral preparations of opioids) and a benzodiazepine. Buprenorphine should not
be administered with benzodiazepines, because a pharmacodynamic interac-
tion is possible (Ibrahim et al. 2000; Kilicarslan and Sellers 2000) and fatalities
have been reported with the combination (Reynaud et al. 1998). Sedative-

hypnotic withdrawal is the more medically serious procedure, and we usually
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taper the benzodiazepine first. If the dosages of the abused drugs are low, si-
multaneous tapering may be possible. For patients who are misusing several
different anxiolytics and hypnotics, (e.g., benzodiazepines, barbiturates, etha-
nol, and propanediols), adequate coverage can most often be achieved by a sin-
gle medication, and a benzodiazepine is probably the safest choice; however,

some experienced clinicians prefer to administer a barbiturate in these cases.
Adjunctive Medication Strategies

Adjunctive medications that may be of value in the management of benzo-
diazepine withdrawal are listed in Table 3-2. The two major roles for adjunc-
tive medication are to reduce acute withdrawal symptoms and to maintain
long-term discontinuation. Although neither approach is well studied, clini-
cal experience suggests that adjunctive medications are of value in acute with-
drawal. Long-term discontinuation depends on many factors, such as psy-
chiatric diagnosis, personality traits, and the efficacy of alternative agents in
treating anxiety (e.g., antidepressants).

In acute withdrawal, blockade of B-adrenergic receptors by propranolol
(60-120 mg/day) attenuates some withdrawal symptoms (Tyrer et al. 1981),
and it (or another B blocker) is commonly used. The benzodiazepine should
still be gradually tapered, however, because abrupt discontinuation even in
the presence of propranolol will lead to severe withdrawal symptoms (Canto-
pher et al. 1990). Reduction of adrenergic transmission by use of clonidine
(an o, agonist) has also been used with moderate success (Ashton 1984; Fyer
et al. 1988). Clonidine can be started at 0.1 mg bid, and the dosage can be
increased to 0.2 mg tid if an adequate blood pressure measurement is sustained.
The use of a clonidine patch is now common. Some evidence suggested that
clonidine is not an effective agent for reducing symptoms of benzodiazepine
withdrawal (Goodman et al. 1986). It must be stressed that neither propranolol
nor clonidine reduces the risk of seizures, and therefore neither agent alone is
sufficient to treat benzodiazepine withdrawal. Buspirone is not cross-tolerant
to benzodiazepines and is not helpful in relieving withdrawal symptoms (Lader
and Olajide 1987).

Other medication strategies have been shown to be of benefit in assisting
alprazolam tapering. Clonazepam can be substituted gradually over the course
of a week at an alprazolam-to-clonazepam equivalency ratio of 2:1 (Herman
et al. 1987), and the clonazepam may be tapered as described earlier in this
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Table 3-2. Adjunctive medications used in the treatment of
benzodiazepine withdrawal

Medication Class Medication

o, Receptor agonists Clonidine

Anticonvulsants Carbamazepine, valproic acid, gabapentin,
topiramate

Antidepressants® Trazodone, mirtazapine, paroxetine, other selective
serotonin reuptake inhibitors; venlafaxine

B Receptor antagonists Propranolol, others

Serotonin; 5 receptor Buspironeb

(5-HT{4) agonists

Note.  Efficacy of these agents is not established.

Sedative antidepressants are used in acute withdrawal; antidepressants with antianxiety actions
are used for long-term discontinuation.

bNot cross-tolerant to benzodiazepines and should not be used for acute withdrawal; high doses
may be used to treat anxiety disorders to help maintain long-term discontinuation after absti-
nence has been achieved.

chapter in the sections on detoxification. It is important to note that diazepam
may not block alprazolam withdrawal symptoms in some patients, either be-
cause of insufficient doses of diazepam or because of different pharmacody-
namic actions of alprazolam. Carbamazepine has also been used to facilitate
alprazolam withdrawal (Klein et al. 1986). The optimal dose to help with
withdrawal has yet to be experimentally verified. In practice, once the alpraz-
olam has been tapered to the lowest level tolerable for the patient, 200 mg bid
of carbamazepine can be added. The carbamazepine dose is adjusted to obtain
a serum level found to be therapeutic in seizure disorders (4-10 pg/mL), and
then the alprazolam is tapered over 1-2 weeks. Carbamazepine can then be
rapidly tapered, but while it is being administered, the usual laboratory indi-
ces (liver function tests and complete blood count) should be monitored. The
use of carbamazepine has been extended to withdrawal from all benzodiaze-
pines.

The use of divalproex in benzodiazepine withdrawal has also become a
common clinical strategy. It is usually started in doses of 500-1,000 mg in
two or three divided doses daily and increased to achieve serum levels of
50-120 pg/mL. Some protocols recommend a loading dose of 20 mg/kg.
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Other anticonvulsants, such as gabapentin and topiramate, are also being
used by some clinicians, but controlled trials are lacking.

Antidepressants are commonly used to treat both acute withdrawal and
persistent anxiety or insomnia. There is evidence to suggest that they are ef-
fective in relieving some acute abstinence symptoms, but it has been more
difficult to establish their effectiveness in long-term discontinuation. Antide-

pressants with sedative and antianxiety effects are the preferred drugs.

Role of Psychosocial Therapy

In two studies in which benzodiazepines were gradually tapered, concurrent
cognitive-behavioral therapy (CBT) did not increase the proportion of pa-
tients who were able to successfully discontinue their use of these agents (Oude
Voshaar et al. 2003; Vorma et al. 2003). On the other hand, other studies of
patients with panic disorder found that CBT facilitated the discontinuation
of benzodiazepine use (Otto et al. 1993). Similarly, CBT may be superior to
supportive medical management in preventing the reoccurrence of panic at-
tacks in panic disorder patients in whom alprazolam has been tapered (Bruce

etal. 1999).

Predictors of Long-Term Discontinuation

Factors that may predict the maintenance of abstinence from benzodiazepines
include a low dosage before the discontinuation attempt (Oude Voshaar et al.
2003; Vorma et al. 2003) and high levels of life satisfaction (Vorma et al.
2003). In a 1-year follow-up study of patients with high-dose benzodiazepine
dependence (mean of 51.8 mg/day of diazepam equivalents at baseline) and
comorbidity (50% with anxiety disorder, 44% with depressive disorder, 64%
with personality disorder, 31% with current and 64% with lifetime alcohol
use disorder) who had received benzodiazepine withdrawal treatment with
CBT or treatment as usual, 25% of the entire sample remained benzodiaz-
epine free, independent of treatment (Vorma et al. 2002, 2003). Lower initial
benzodiazepine dosage, lack of previous withdrawal attempts, and high levels
of life satisfaction (which was inversely related to psychopathology) predicted
discontinuation. Contrary to studies involving patients with less complex
clinical characteristics (Bruce et al. 1999), these investigators found that the
efficacy of CBT and treatment as usual was equivalent.
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Using a standardized scale to assess benzodiazepine dependence in more
than 1,000 patients in a primary care setting, investigators found that high
dosage, long duration of use, and the concomitant use of antidepressants were
associated with dependence (de las Cuevas et al. 2003). The last finding is of
particular importance because it may imply that long-term users have more
severe or treatment-resistant anxiety that requires combination drug therapy
for successful long-term treatment.

In subjects with sedative-hypnotic dependence who underwent detoxifi-
cation in an addictions treatment unit, a significant association was not found
between abstinence rate and either gender or psychiatric status (Charney et
al. 2000). Patients dependent on benzodiazepines reported decreased anxiety
during follow-up, even though their use of these agents had decreased.

Summary of Benzodiazepine Dependence Issues

Anxiety is a normal part of mental life and plays a crucial role in human psy-
chological development and other forms of learning. Although systematic
studies are lacking, suppression of normal levels of anxiety could impair the
development of adaptive coping mechanisms. On the other hand, disabling
anxiety impairs adaptation as well and is associated with significant morbidity
and mortality.

Patients with specifically diagnosed anxiety disorders often require psy-
chopharmacologic treatment. There are inadequate data to provide absolute
guidelines for the optimal length of treatment, but the prudent clinician
should periodically assess the need for continued pharmacotherapy. It is well
established that the longer the period of therapy and the higher the benzo-
diazepine dosage, the more severe the discontinuation syndrome. Most with-
drawal symptoms are easily managed by slow taper or adjunctive therapy with
anticonvulsants, such as carbamazepine, valproate, gabapentin, f blockers,
o-adrenergic blockers, or antidepressants.

In clinical practice, patients are referred for assessment of benzodiazepine
dependence in the context of both therapeutic use and drug misuse. For the
group of patients taking legitimately prescribed medication, it is necessary to
reevaluate the indications for the benzodiazepine, assess for the presence of
adverse effects, and determine whether a trial at a lower dosage, with alterna-
tive agents (SSRI or buspirone), psychotherapy, and/or a medication-free
period are appropriate. Patients who are using the drugs outside of the thera-
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peutic context are rarely dependent on benzodiazepines alone, and these drugs
are usually part of a picture of mixed substance dependence. When benzo-
diazepines are part of mixed substance dependence, the dosages tend to be
higher and the patients younger than in “pure” benzodiazepine dependence
(Busto et al. 1986a, 1986b). High-dose use may be correlated with high levels
of caffeine use, male sex, and youth (Perera and Jenner 1987).

Benzodiazepines have a low risk for abuse in anxiety disorder patients
without a history of alcohol or other substance abuse. Among the benzo-
diazepines there may be a spectrum of abuse liability, with drugs that serve as
prodrugs for desmethyldiazepam (e.g., clorazepate), slow-onset agents (e.g.,
oxazepam), and partial agonists (e.g., abecarnil) having the least potential for
abuse. However, there is no currently marketed benzodiazepine or related
drug that is free of potential for abuse.

Barbiturates

Prevalence of Dependence

Dependence on barbiturates has declined in recent years as physicians have
substituted benzodiazepines for the treatment of many of the conditions for
which barbiturates were formerly used. Clinicians will still see cases of abuse
and dependence among medical patients receiving barbiturates or barbiturate
combination products (e.g., Fiorinal) and in substance abusers (Silberstein

and McCrory 2001).

Pharmacology

Charney etal. (2001), Harvey (1985), Matthew (1971), and Wesson and Smith
(1977) have discussed the pharmacology of barbiturates. Barbiturates are de-
rived from barbituric acid, which is the product of the fusion of malonic acid
and urea. Barbituric acid lacks CNS activity. The two main classes of barbi-
turates are the highly lipid-soluble thiobarbiturates, in which sulfur replaces
oxygen at the second carbon atom of the barbituric acid ring, and the less sol-
uble oxybarbiturates, with oxygen at the second carbon atom (Table 3-3).
Highly lipid-soluble barbiturates have a more rapid onset, a short duration of
action, and greater potency than those with lower lipid solubility.
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Table 3-3. Barbiturates

Duration of action Generic name Brand name(s)
Ultra-short acting Thiopental Pentothal
(15 minutes to Methohexital Brevital
3 hours)
Short acting Pentobarbital Nembutal
(3—6 hours) Secobarbital Seconal, Tuinal (with amobarbital)
Intermediate acting ~ Amobarbital Amytal, Tuinal (with secobarbital)
(6—12 hours) Butabarbital Butisol
Butalbital Many combination products (e.g., Esgic,

Fioricet, Fipricet with Codeine, and
Fiorinal with Codeine)

Long acting (12-24  Phenobarbital Luminal and many combination
hours) products, such as antispasmodic drugs,
Barbidonna, belladonna alkaloids plus
phenobarbital, Bel-Phen-Ergot SR,
and Hyosophen

Mephobarbital Mebaral

The ultra-short-acting barbiturates include methohexital sodium (Brevi-
tal) and thiopental sodium (Pentothal). These agents are used as anesthetics
and are administered intravenously. Barbiturates with short-to-intermediate
duration of action are used for their sedative-hypnotic effect in the treatment
of anxiety. These medications include amobarbital (Amytal), butabarbital
(Butisol), sodium pentobarbital (Nembutal), and secobarbital (Seconal).

Long-acting barbiturates used as sedative-hypnotics and also for their
anticonvulsant effects include phenobarbital (Luminal) and mephobarbital
(Mebaral).

Although these divisions are of historical interest, duration of action, espe-
cially with a single dose, depends more on distribution effects than on elimina-
tion half-life. Furthermore, as the dose increases, duration of action is prolonged.
In addition, the availability of these drugs in the United States is limited.

Barbiturates produce CNS depression, which ranges from sedation to gen-
eral anesthesia. Action is through suppression of the mesencephalic reticular ac-
tivating system. Barbiturates enhance GABA-induced inhibition; the site of
inhibition may be presynaptic in the spinal cord or postsynaptic in the cortical
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and cerebellar pyramidal cells, substantia nigra, and thalamic relay neurons.
Studies have shown that barbiturates potentiate GABA-induced increases in
chloride ion conductance in spinal neurons while reducing glutamate-induced
depolarization. Barbiturates may block the excitatory effects of glutamate by in-
hibiting the actions of AMPA receptors (Marszalec and Narahashi 1993); how-
ever, barbiturate inhibition of AMPA receptors may not play a role in either the
hypnotic (Kamiya et al. 1999) or anesthetic actions (Joo et al. 1999) of these
agents. In high concentrations, barbiturates depress the activity of voltage-
dependent sodium channels (Frenkel et al. 1990). Although barbiturates de-
crease the frequency of chloride channel openings, this decrease is more than
compensated for by their ability to increase the length of time the channels re-
main open. In addition to the CNS effect, barbiturates depress autonomic gan-
glia and nicotinic excitation. This effect may explain the drop in blood pressure
in cases of barbiturate intoxication. The type of o subunit in GABA, receptors
may determine the extent to which pentobarbital can potentiate the effects of
GABA (Mehta and Ticku 1999). In contrast to benzodiazepines such as diaz-
epam, pentobarbital can potentiate the action of GABA in receptors containing

o4 and o subunits (Mehta and Ticku 1999).
Psychological Effects

Barbiturates create a sense of relaxation, reduce tensions, and induce euphoria
as measured by standardized scales. Concentration is greatly reduced, as is
judgment, and irritability often results. Chronic use slurs speech and leads to

incoherence, staggered gait, and tremors.

CNS Effects

The administration of butabarbital to recreational drug users produces signif-
icant elevations in drug liking and abuse potential scale scores (Zawertailo et
al. 2003). The abuse potential of butabarbital appears to be significantly
greater than that of either triazolam or meprobamate (Zawertailo et al. 2003).
As previously described, all barbiturates produce general CNS depression,
and they have been used to treat anxiety. Barbiturates with a 5-phenyl sub-
stituent (phenobarbital and mephobarbital) have an anticonvulsant effect as
well. The effects of barbiturates are largely nonselective, and general CNS de-
pression is required to produce a particular effect, although pain sensitivity is

unaffected by barbiturates until the subject loses consciousness.
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Barbiturates alter characteristics of sleep, with body movement and the
number of awakenings per night being reduced. Rapid eye movement (REM)
activity is reduced, although in the last third of the night some REM compen-
sation occurs. Slow-wave sleep (stages 3 and 4) is shortened, although pheno-

barbital may increase stage 4 sleep.

Effects on Other Organs

Respiratory drive and rhythm are depressed by barbiturates. Coughing, sneez-
ing, hiccupping, and laryngospasm may occur during anesthesia with barbi-
turates. Sedative or hypnotic doses of barbiturates reduce heart rate and blood
pressure to levels found in normal sleep. Anesthetic doses produce more pro-
nounced effects. Barbiturates cross the placenta; when used in labor, they can
cause respiratory depression in neonates. Anesthetic doses decrease force and

frequency of uterine contractions among pregnant women.

Pharmacokinetics

The pharmacokinetics of barbiturates have been discussed by Charney et al.
(2001) and Harvey (1985). When used as hypnotics or antianxiety agents, the
barbiturates are administered orally. As anticonvulsants, they may be used ei-
ther orally or intravenously, although the latter route of administration may
be problematic because these drugs are very alkaline and necrosis and pain oc-
cur at the site of injection.

Barbiturates are primarily absorbed in the intestine and bind to plasma al-
bumin in varying degrees on the basis of their lipid solubility (the more lipid
soluble, the more highly bound). The most lipid-soluble barbiturates (e.g.,
thiopental) reach the gray matter of the brain in a flow-limited uptake within
30 seconds, inducing sleep shortly thereafter. Because they are highly vascular,
the heart, liver, and kidney also quickly reach their equilibrium concentra-
tions. In contrast, barbiturates with low lipid solubility such as phenobarbital
take up to 20 minutes to induce sleep, because permeability, and not flow, is
the limitation on uptake. In both cases, the drug then redistributes to the less
vascular brain areas and to smooth muscle and skin within about 30 minutes
and to fat after 60 minutes. With short-acting barbiturates, this redistribution
reduces gray matter levels of the drug by up to 90% and is responsible for ter-
mination of the drug effect after a single dose.



142 Clinical Manual of Addiction Psychopharmacology

Elimination of barbiturates depends on their lipid solubility. Lipid-soluble
barbiturates are highly bound; these are poorly filtered by the kidneys and re-
absorbed from the lumina and tubules. Appreciable amounts (e.g., 25%) of
less lipid-soluble barbiturates, such as phenobarbital, may be excreted un-
changed in the urine. Both urine alkalinization and osmotic diuresis increase
renal excretion of phenobarbital or other less lipid-soluble barbiturates. Oxy-
barbiturates are metabolized exclusively in the liver; thiobarbiturates are also
metabolized in the kidney and brain. Metabolites are more polar than the par-
ent compounds and are easily excreted. Because of long elimination half-lives,
oral doses of barbiturates will accumulate during chronic administration, re-
quiring dosage adjustment to avoid toxicity. There is some evidence that enan-

tiomers of barbiturates have different clinical effects and kinetic characteristics.

Clinical Uses

Although benzodiazepines have largely replaced the barbiturates in the treat-
ment of anxiety and insomnia, the barbiturates still have many therapeutic
uses (Cooper 1977; Harvey 1985). In psychiatry, they are used to treat agitated
psychotic patients who are unresponsive to neuroleptics alone or to neurolep-
tics with benzodiazepines. Occasionally, patients withdrawing from alcohol
will be resistant to benzodiazepines yet be responsive to barbiturates. The bar-
biturates are also used in catatonia (“Amytal interview”) to temporarily relieve
symptoms, permitting the patient to eat, bathe, and give historical informa-
tion to the staff. Butalbutal is a component of a commonly used treatment for
migraine and tension headaches (Silberstein and McCrory 2001). In other ar-
eas of medicine, barbiturates are sometimes used as sedatives for ill children, in

seizure disorders, as preanesthetic agents, and to induce anesthesia.

Toxicity

The most common unwanted effects of the barbiturates are oversedation and
psychomotor impairment, which may persist well into the next day following
a hypnotic dose. Paradoxical excitement, hypersensitivity reactions, and mus-
cle or joint pain may occur in rare cases. Drug-drug interactions occur with
the CNS sedatives, and a number of drugs have enhanced metabolism when
co-administered with barbiturates (Barnhill et al. 1989).
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Death from overdose of barbiturates may occur and is more likely when
more than 10 times the hypnotic dose is ingested. The barbiturates with high
lipid solubility and short half-lives are the most toxic. Thus the lethal dose of
phenobarbital is 6-10 g, whereas that of secobarbital, pentobarbital, or amo-
barbital is 2-3 g. Symptoms of barbiturate poisoning include CNS depression,
coma, depressed reflex activity, a positive Babinski reflex, contracted pupils
(with hypoxia there may be paralytic dilation), altered respiration, hypother-
mia, depressed cardiac function, hypotension, shock, pulmonary complica-

tions, and renal failure.

Tolerance and Withdrawal

Pharmacodynamic tolerance to barbiturates develops over weeks to months,
whereas pharmacokinetic tolerance occurs in a period of days. At maximum
tolerance, the dosage of a barbiturate may be six times the original dosage.

Pentobarbital withdrawal may involve a distal region of the chromosome 1
in the mouse (Buck etal. 1999), a site that may be identical to that associated
with alcohol withdrawal. This finding suggests that common genes may be
involved in both ethanol and pentobarbital dependence.

Detoxification

Tolerance to the clinical effects of barbiturates and an abstinence syndrome
occurring on abrupt discontinuation of administration are well recognized.
We have previously described the management of barbiturate withdrawal
(Ciraulo and Ciraulo 1988). The oxybarbiturates, with short to intermediate
elimination half-lives (such as butalbital, amobarbital, secobarbital, and pen-
tobarbital), are most likely to produce a withdrawal syndrome. Figure 3-3
shows the periods of onset and duration of the signs and symptoms of the bar-
biturate abstinence syndrome occurring after the abrupt withdrawal of seco-
barbital or pentobarbital following chronic intoxication at oral doses of 0.8—
2.2 g/day for 6 weeks or more. According to Wikler’s (1968) classification,
minor symptoms (apprehension, muscular weakness, tremors, postural hy-
potension, twitches, insomnia, diaphoresis, paroxysmal discharges in the elec-
troencephalogram [EEG], and anorexia) appear within 24 hours of the last
barbiturate dose and persist up to 2 weeks. Major abstinence phenomena in-
clude clonic-tonic seizures and delirium. Two-thirds of patients with seizures

have more than one, and they may have as many as four. The interictal EEG
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Figure 3-3. Signs and symptoms of barbiturate withdrawal.

shows recurrent 4-per-second spike-wave discharges. The delirium may be ac-
companied by hyperthermia, which can be fatal. Chronic intoxication with
pentobarbital at a daily dosage of 0.6-0.8 g for periods of 35-57 days produc-
es a clinically significant withdrawal syndrome; a daily dosage of 0.2-0.4 g for
90 days or more rarely leads to withdrawal symptoms.

There are three common protocols for barbiturate detoxification. In all
approaches, the goal is to prevent the occurrence of major symptoms and to
minimize the development of intolerable minor symptoms. The first proce-
dure is based on protocols described by several authors (Ewing and Bakewell
1967; Isbell 1950; Wikler 1968) (see Table 3—4). The first step is to deter-
mine the severity of tolerance. If the patient is intoxicated, no additional bar-
biturate should be given until the symptoms of intoxication have resolved. If
there is substantial evidence or strong suspicion of chronic barbiturate use, it
is not necessary or desirable to wait until withdrawal symptoms appear. A
200-mg oral dose of pentobarbital may be given on an empty stomach to a
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Table 3-4. Guidelines for barbiturate detoxification

Symptoms after test dose Estimated 24-hour Estimated 24-hour
of 200 mg of oral pentobarbital oral phenobarbital
oral pentobarbital dose (mg) dose (mg)
Asleep, but can be aroused 0 0

Sedated, drowsy, slurred 500-600 150-200

speech, nystagmus, ataxia,
positive Romberg test
result
Few signs of intoxication, 800 250
patient is comfortable, may
have lateral nystagmus

No drug effect 1,000-1,200 300-400

Note. Maximum phenobarbital dose is 600 mg.
Source.  Procedure modified from Ewing and Bakewell 1967.

sober patient (i.e., one who is not exhibiting signs of barbiturate intoxica-
tion), and the effects are observed at 1 hour. The patient’s condition 1 hour
after the test is used to determine the daily dose for stabilization.

If no physical changes are observed after 1 hour, the test is repeated 3 hours
later with 300 mg. If there is no response to the 300-mg dose, the probable
24-hour requirement is above 1,600 mg/day. The daily dosage is given in di-
vided doses every 4—6 hours for a stabilization period lasting 2—3 days.
Withdrawal regimens must be individualized, but the initial reduction is usu-
ally 10% of the daily stabilization dose. Some clinicians recommend the use
of phenobarbital for stabilization and withdrawal, because it is longer acting
and may provide a smoother course of withdrawal. Phenobarbital doses are one-
third those suggested for pentobarbital and may be adapted to the schedule
described for pentobarbital. The barbiturate withdrawal protocol can also be
used for other sedative-hypnotic abstinence syndromes (e.g., syndromes asso-
ciated with chloral hydrate, glutethimide, and meprobamate).

The second protocol for barbiturate withdrawal has been proposed by Sel-
lers (1988). Citing uncertainties regarding dosage, reinforcement of drug-tak-
ing behavior by repeated administration, and difficulties assessing the clinical
state as shortcomings of the older protocol, he proposed a loading-dose strat-
egy. With this protocol, 120-mg doses of phenobarbital are given every 1-2
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Table 3-5. Sedative-hypnotic dose equivalency (equal to
30 mg of phenobarbital)

Generic name Dose (mg)
Secobarbital 100
Pentobarbital 60
Chloral hydrate 250
Glutethimide 250
Meprobamate 200
Diazepam 5

hours until three of five signs—nystagmus, drowsiness, ataxia, dysarthria, and
emotional lability—are present or, if the patient is symptomatic, withdrawal
signs disappear. Patients are assessed for therapeutic or toxic effects before
each dose. (It should be emphasized that some clinicians recommend lower
individual phenobarbital doses, such as 40-mg doses.). Sellers reported that
the total loading dose was 1,440 mg among the patients he tested. In some
cases, hourly doses are required for 15-20 hours. In medically ill patients,
phenobarbital may be infused intravenously (0.3 mg/kg/minute). For this
protocol, medical supervision is necessary for 3 days. Patients who require less
than 7 mg/kg (usually about 480 mg) are not sufficiently dependent to re-
quire further detoxification.

The third protocol is to determine the level of drug use and calculate
equivalent doses of phenobarbital (Table 3—5). The patient is stabilized on this
dose (divided into administration every 8 hours) for a few days, and then the
dose is tapered by 10% daily. Although this method has its proponents, the de-
termination of equivalency is an approximation, drug histories are unreliable,

and mixed sedative-hypnotic dependence will complicate the procedure.

Glutethimide Dependence

Glutethimide (3-ethyl-3-phenyl-2,6-piperidinedione) is a sedative-hypnotic
drug that is now rarely used therapeutically because of wide variation in gas-
trointestinal absorption, fast development of pharmacodynamic tolerance, a

fairly severe discontinuation syndrome, and potential for abuse. Reports of
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glutethimide dependence have declined pari passu with a decline in physician
prescribing. The drug, when taken along with codeine orally, is reported to
be euphorigenic in a manner resembling parenteral opioids (Khajawall et al.
1982; Sramek and Khajawall 1981).

Patients with glutethimide intoxication may present with CNS depres-
sion, widely dilated and fixed pupils, less respiratory depression than with
barbiturates (although sudden apnea may occur), and a waxing and waning
course that may persist for up to 120 hours (Maher et al. 1962). It has been
suggested that such fluctuations may actually represent superimposed with-
drawal phenomena (Bauer et al. 1988). The abstinence syndrome may include
tremulousness, nausea, tachycardia, fever, tonic muscle spasms, and general-
ized convulsions (Harvey 1985). Catatonia-like symptoms and dyskinesias
have been associated with glutethimide withdrawal (Campbell et al. 1983;
Good 1975).

Detoxification may be accomplished with phenobarbital (60 mg of phe-
nobarbital for 500 mg of glutethimide). If concomitant codeine dependence
is present (and this codependence should be strongly suspected), then meth-
adone can be used adjunctively (10 mg of methadone for 120 mg of codeine)
(Khajawall et al. 1982). Approximate sedative-hypnotic dosage equivalencies
are listed in Table 3-5.

Conclusion

The benzodiazepines and selective GABA,; agonists, which are in common
clinical use, are associated with lower abuse liability and toxicity than older
sedative-hypnotics, including the barbiturates. Their mechanisms of action
are similar but not identical, which may influence their efficacy, abuse liabil-
ity, and abstinence syndrome. There are clinically significant differences in
abuse liability between and within the drug classes, although patients’ charac-
teristics strongly influence the potential for misuse. The mechanisms by
which tolerance develops to these agents also differ, as does the specific pat-
tern of pharmacologic actions that are most affected by tolerance. However,
the therapeutic principles of prescribing are similar, requiring accurate diag-
nosis, appropriate dosage and length of treatment, close medical management
of the abstinence syndrome, and vigilance concerning misuse, especially in

high-risk populations.
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Cannabis
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Plant extracts from Cannabis sativa have been used recreationally and ther-
apeutically for thousands of years (Mechoulam 1986). However, it was not
until 1964 that the principal psychoactive ingredient of cannabis was identified
as A9—tetrahydrocannabinol (THC) (Gaoni and Mechoulam 1964).

It was also during the 1960s that recreational use of cannabis—or mari-
juana—Dbecame widespread in the United States and many other countries. In
the United States, the rate of lifetime cannabis use rose steadily during the
1970s, reaching a peak around 1979, when an estimated 60% of high school
senijors reported having used cannabis on at least one occasion (Johnston et
al. 2004). During the 1980s, the lifetime prevalence of cannabis use declined
among adolescents and young people, but during the 1990s it rose again
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(Johnston et al. 2004). Within the past 5 years, there has been some sugges-
tion that the lifetime prevalence of cannabis use may again be declining
among high school students. Nonetheless, cannabis use remains widespread.
Specifically, the Monitoring the Future Project, which conducts annual sur-
veys of large (V=50,000) and representative samples of adolescents and young
adults, reported that in 2003 (the latest year for which data are available),
46.1% of twelfth-grade students had ever used cannabis, 34.9% had used it
in the last year, and 21.2% had used it in the past month (Johnston et al.
2004). Widespread cannabis use among youths is not limited to the United
States; numerous studies have reported a similar lifetime prevalence of can-
nabis use among youths in most industrialized nations (Dennis et al. 2003;
Hall and Babor 2000).

Longitudinal studies have demonstrated that peak rates of initiation and
heavy use of cannabis typically occur among teenagers and individuals in their
early 20s, respectively (Chen and Kandel 1995). However, some use of cannabis
is also relatively common among the adult population: recent U.S. national
household survey findings indicated that 36.9% of adults report lifetime
cannabis use (41.1% of men, 33.0% of women), although there are also clear
cohort differences in the prevalence of cannabis use in the United States
(Johnston et al. 2003a, 2003b), as well as in Australia (Degenhardt et al.
2000).

As noted earlier, although some lifetime experience with cannabis is com-
mon—to the point of being normative—a substantial number of people use
cannabis heavily and experience a range of adverse consequences as a result of
their cannabis use. Perhaps the clearest evidence of this phenomenon comes
from treatment episode data. The U.S. Treatment Episode Data System
(TEDS) indicated cannabis as the primary drug problem for 236,400 admis-
sions to public substance abuse treatment services in 2000 (Substance Abuse
and Mental Health Services Administration 2003). This number represented
15% of all substance abuse treatment admissions that year, more than twice
as high (as a proportion of all admissions) as the rate of cannabis-related
admissions reported in 1993 (7%) (Substance Abuse and Mental Health Ser-
vices Administration 2002a). Also in 2000, cannabis was reported as a second-
ary problem in an additional 22% of all admissions. Those entering treatment
primarily for cannabis-related problems were predominantly male (76%) and
adolescents or young adults (67% were less than 25 years old). Finally, in
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2000, people with cannabis abuse or dependence accounted for an estimated
62% of all people who abuse or are dependent on an illicit drug in the United
States. (Substance Abuse and Mental Health Services Administration 2002b).

Although it is difficult to determine whether these higher rates of treat-
ment-secking associated with cannabis use represent actual cannabis-related
problems or are an artifact of coerced treatment, the potential for cannabis to
be associated with both abuse and dependence syndromes is recognized in
both the DSM-IV-TR (American Psychiatric Association 2000) and ICD-10
(World Health Organization 1992) systems of nomenclature. In both systems
the diagnostic criteria for cannabis use disorders are based largely on the cri-
teria developed for alcohol and other substance use disorders, with some im-

portant differences, which are discussed in the following section.

Prevalence of Cannabis Dependence

The prevalence of cannabis dependence has been estimated by a number of
studies employing large samples, representative sampling frames, and rigor-
ous assessment of symptoms. The estimated prevalence of cannabis depen-
dence has varied widely, with lifetime prevalence estimated to be 0.9%-2.2%
of the adult population, although, seemingly paradoxically, the 12-month prev-
alence of cannabis dependence has been estimated to be as high as 9%. This dis-
crepancy is likely a function of the younger age of samples examined in studies
reporting a higher prevalence and may reflect both cohort differences in rates of
cannabis use and the “natural history” of cannabis use, with rates of use typically
peaking among people in their early 20s and declining thereafter (Chen and
Kandel 1995). It is interesting to note that a 2002 U.S. study showed that
among youths ages 17-18 years, the prevalence of cannabis dependence was
higher than the prevalence of alcohol dependence (Young et al. 2002), and
there is evidence of a recent increase in the 12-month prevalence of cannabis
abuse and dependence (Compton et al. 2004). It has been estimated that
10%-20% of all people who use cannabis will develop cannabis dependence
(Anthony et al. 1994; Lynskey et al. 2002).

These prevalence estimates, however, obscure an ongoing controversy sur-
rounding the nature of the cannabis dependence syndrome. Specifically, the
studies cited earlier, which were designed to examine the prevalence of abuse
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of or dependence on multiple drug classes, simply applied standard diagnostic
criteria, many of which were initially developed for alcohol abuse and depen-
dence. Writing in 1994, the authors of DSM-IV (American Psychiatric Asso-
ciation 1994) did not have at their disposal more recent data demonstrating
that cessation of cannabis use in heavy or dependent users is associated with
a distinct withdrawal syndrome. Ator and Griffiths (2003), for example, high-
lighted the central importance that a withdrawal syndrome occurring after
chronic administration plays in determining the physical dependence poten-
tial of a drug. Thus, given the controversy surrounding the potential of can-
nabis cessation to induce withdrawal, we review the literature in this area in

detail in the next section.

Cannabis Dependence and Withdrawal

Research With Human Subjects

In addition to anecdotal and case series reports of cannabis withdrawal, sev-
eral large-scale epidemiological surveys, including those cited eatlier, reported
that symptoms of cannabis withdrawal are among the most frequently reported
symptoms of cannabis dependence. For example, in a large-scale epidemio-
logical survey of Australian households (Teesson et al. 2002), among those
using cannabis at least five times in the preceding year, 29.7% reported with-
drawal, making it the second most commonly reported symptom of depen-
dence.

In one of the first detailed examinations of possible components of a can-
nabis withdrawal syndrome, Wiesbeck et al. (1996) evaluated reports of spe-
cific withdrawal symptoms in a sample of 270 frequent cannabis users. These
individuals were selected from among participants in the Collaborative Study
on the Genetics of Alcoholism on the basis of having reported some cannabis
withdrawal symptoms. Typical symptoms, reported by more than 50% of this
group, included feeling “nervous, tense, restless” (reported by 94.4% of sub-
jects), sleep disturbance (75.6%), and changes in appetite (62.9%).

In two linked papers, Haney et al. (1999a, 1999b) reported on intensive
laboratory studies of the effects of oral and smoked THC administration on
mood and behavior. In both instances, they reported that abstinence from
THC was associated with increases in anxiety and irritability coupled with re-
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ductions in food intake. Abstinence from oral THC was also associated with
sleep disturbance, and abstinence from smoked marijuana was associated with
reports of stomach pain. The most compelling demonstration of the with-
drawal effects of abstinence from smoked marijuana was reported by Budney
etal. (2001), in an intensive study of the effects of abstinence from marijuana
in a group of heavy (daily) cannabis smokers maintained in their home envi-
ronment. The 16-day experimental study involved intensive observation over
5 days of cannabis use, followed by 3 days of abstinence, 5 days of resumed
cannabis use, and 3 final days of abstinence. Strong evidence was found for
an increase in withdrawal discomfort, craving for marijuana, and sleep diffi-
culties and a decrease in appetite, and there was also moderate evidence that
abstinence was associated with increased aggression, anger, irritability, rest-
lessness, and sleep disturbances (i.e., strange dreams). Participant reports of
these effects were confirmed by collateral observers. The authors concluded
that

the behavioral and emotional withdrawal symptoms associated with marijua-
na withdrawal...syndromes may be as, if not more, important than physical
symptoms in contributing to the development of dependence and the under-
mining of abstinence attempts. (p. 923)

Using a similar research design in which a small group of heavy cannabis
users was studied intensively over a 28-day period of abstinence from can-
nabis, Kouri and Pope (2000) found that abstinence was associated with in-
creased anxiety, irritability, physical tension, deteriorating mood, and reduced
appetite. In addition, Kouri et al. (1999) reported that cessation of cannabis
use was associated with a significant increase in aggressive behavior, assessed
with an experimental paradigm that included provocation. Aggressive re-
sponding increased during the first week of abstinence and then returned to
prewithdrawal baseline levels. Noting the parallels between these findings and
numerous reports that irritability is one of the most frequently reported fea-
tures of cannabis withdrawal, the authors suggested that increased aggression
may be an additional component of the cannabis withdrawal syndrome.

Animal Studies

Although it has been nearly 40 years since THC, the main active psychotropic

constituent of the plant Cannabis sativa, was isolated (Gaoni and Mechoulam
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1964), it was not until the late 1980s that the cannabinoid receptor CB1 was
identified (Devane et al. 1988) and subsequently cloned (Matsuda et al.
1990). A second cannabinoid receptor, CB2, was subsequently identified
(Jorda et al. 2003; Nowell et al. 1998), and more recently evidence of a third
cannabinoid receptor, CB3, has emerged (Fride et al. 2003). The major cardio-
vascular, analgesic, psychomotor, and cognitive effects of THC are mediated
through its actions on CB1 receptors, which are linked to guanine nucleotide—
binding proteins (G proteins) and are located primarily in the central and pe-
ripheral nervous systems and, in particular, the substantia nigra, cerebellum,
hippocampus, and striacum (Ledent et al. 1999; Matsuda et al. 1990).
Research on the pharmacological properties of THC has been greatly en-
hanced by the development both of the cannabinoid receptor antagonist
SR141716A and of knockout mice deficient in the CB1 receptor (Ledent et
al. 1999). These developments have led to an explosion of interest in the endo-
cannabinoids as targets for potential therapeutic and medicinal uses across a
wide range of domains, including appetite suppression, pain relief, anxiolysis,
memory enhancement, and treatment of movement disorders. Consideration
of the therapeutic potential of endocannabinoids is beyond the scope of this
chapter, but several excellent reviews have been published (Baker et al. 2003;
Goutopoulos and Makriyannis 2002; Robson 2001; Russo 2004; Wall et al.
2001). A brief description of evidence derived from animal models concern-
ing the phenomenology and basis of cannabis withdrawal and dependence fol-

lows.

Withdrawal

Animal research has provided strong evidence for withdrawal symptoms fol-
lowing cessation of access to cannabinoids. These effects have been most
readily apparent in studies that have used the selective CB1 receptor antago-
nist SR141716A to precipitate withdrawal. Withdrawal symptoms displayed
by rats treated with SR141716A after chronic exposure to cannabinoids have
included wet-dog shakes, facial rubs, horizontal and vertical activity, forepaw
fluttering, chewing, tongue rolling, paw shakes, head shakes, retropulsion,
myoclonic spasms, front paw treading, and eyelid ptosis (Aceto et al. 1995;
Tsou et al. 1995). Similar symptoms have been reported in mice treated with
SR141716A, although there appears to be some variability in symptoms
across mice strains (Cook et al. 1998; Hutcheson et al. 1998; Ledent et al.



Cannabis 169

1999; Lichtman et al. 2001; Tzavara et al. 2000). A dog model of precipitated
cannabinoid withdrawal, which includes increased salivation, vomiting, diar-
thea, restless behavior, and trembling, has also been described (Lichtman et
al. 1998).

Research on CB1 knockout mice demonstrated the pivotal role of CB1
receptors in cannabis dependence: knockout mice have been shown not to
self-administer cannabinoids (Ledent et al. 1999) and also to fail to exhibit
symptoms of SR141716A-precipitated withdrawal (Ledent et al. 1999; Licht-
man et al. 2001). Although the research summarized earlier is consistent in
reporting the occurrence of a variety of withdrawal symptoms following ces-
sation of exposure to cannabinoids (which were injected), precipitated with-
drawal in mice following chronic exposure to marijuana smoke was more
recently reported (Lichtman and Martin 2002).

Cannabinoid Self-Administration

Although many earlier studies suggested that animals would not self-administer
cannabinoids (see Gardner 2002 for a discussion of this literature), more re-
cent research has established that many species can be trained to self-administer
cannabinoids. Drug-naive mice have been shown to self-administer the syn-
thetic cannabinoid agonist WIN 55,212-2 (Ledent et al. 1999; Martellotta et
al. 1998), and rats have been reported to self-administer both WIN 55,212-2
(Fattore et al. 2001) and CP 55,940, another synthetic cannabinoid (Braida
etal. 2001). It is important to note that cannabinoid self-administration has
been shown to be blocked by the CB1 antagonist S141716A (Martelotta et
al. 1998), although Ledent et al. (1999) reported that CB1 receptor knockout
mice could not be trained to self-administer cannabinoids. Finally, Tanda et
al. (2000) demonstrated that squirrel monkeys can be trained to self-admin-
ister low doses of THC by injection (but only after they had been trained to
self-administer cocaine). The study by Tanda et al. (2000) is of particular im-
portance, as it demonstrated that self-administration will occur at a dosage of

THC that is equivalent to the dosage typically used by humans.
Conditioned Place Preference

Another important animal model of the addictive potential of drugs is the
conditioned place paradigm. When administered a drug that has rewarding/

pleasurable effects, animals will spend more time in the place associated with
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the drug administration than in a comparable location that has not been paired
with the drug. This paradigm has yielded mixed results when used to study
the effects of cannabinoid administration. Although several groups have re-
ported that cannabinoid administration induces conditioned place preference
(Lepore et al. 1995), others have, in fact, reported that cannabinoid adminis-
tration is aversive and that animals will avoid the place in which cannabinoids
have previously been administered (e.g., Cheer et al. 2000; Parker and Gillies
1995). Gardner (2002) suggested that this apparent discrepancy can be re-
solved by considering variations in the dosage and potency of the cannab-
inoids tested and in the time between administration and testing. If one
accepts these arguments, it is apparent that cannabinoid administration does
induce conditioned place preference, signifying that the effects of cannab-
inoids are perceived as pleasurable and, therefore, that cannabinoids fulfill

another criterion of abuse liability.

Summary

There is compelling evidence for the existence of a cannabis withdrawal syn-
drome. Research with animals has demonstrated that withdrawal from can-
nabinoids precipitated by the CB1 antagonist SR141716A is associated with
a distinct behavioral syndrome analogous to that observed after withdrawal
from other drugs. Similarly, recent well-controlled human experimental re-
search has documented significant behavioral disturbances in chronic cannabis
users following abstinence from smoked cannabis. In epidemiological surveys,
withdrawal symptoms are among the most commonly reported symptoms of
dependence, and controlled studies have identified restlessness, irritability,
sleep disturbance, and decreased appetite as being among the core features of
this syndrome. Relative to withdrawal associated with other substances, such
as alcohol, the cannabis withdrawal syndrome is mild but may nonetheless
contribute to continued cannabis use and difficulties experienced following
cessation. In addition to research on the phenomena and mechanisms of with-
drawal from cannabis, there has also been considerable research on the extent
to which cannabis may induce other symptoms of dependence. Specifically,
sound empirical evidence exists that continued cannabis use induces tolerance
to its effects, which is one of the key defining features of drugs of dependence.
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Treatments for Cannabis Dependence

Behavioral Treatments

Reports by several researchers have indicated that there is a substantial de-
mand for treatment of cannabis dependence (Budney et al. 1998; Roffman
and Barnhart 1987; Stephens et al. 1993). In addition, as long-term marijua-
na use has detrimental consequences for both the individual and society
(Budney et al. 1998; Kandel 1984; Pope and Yurgelun-Todd 1996) and a
cannabis withdrawal syndrome exists (see earlier section on cannabis with-
drawal), treatments that are specific for cannabis dependence are now being
studied. In a series of studies, Stephens et al. (1994, 2000) compared a cog-
nitive-behavioral therapy (CBT) approach with social support and a brief
two-session motivational enhancement intervention. All three approaches
proved successful in producing abstinence rates of about 25% at 1-year fol-
low-up. Other studies have confirmed the effectiveness of the CBT approach
and motivational treatments. In a large study comparing five short-term out-
patient interventions for youths, Dennis et al. (2004) showed that more than
30% of the adolescents in the study remained abstinent at 1-year follow-up,
regardless of the specific treatment procedure. Adding a contingency manage-
ment procedure (i.e., voucher-based incentives) to motivational enhance-
ment plus behavioral coping skills training significantly improved abstinence
rates and longevity of abstinence in adults secking treatment (Budney et al.
2000). The voucher-based incentive group had a greater number of weeks of
continuous abstinence and was the only group in which some subjects re-
mained abstinent for the duration of the 14-week study.

Although their results were encouraging, these studies demonstrated how
difficult it is to treat cannabis dependence. Experience with treating tobacco
dependence has revealed that a combination of various psychotherapeutic
techniques and pharmacotherapies is more effective than either approach alone
in producing and maintaining cessation. Thus, the use of medication during
the cessation period may significantly improve quit rates and maintenance of
abstinence.

Pharmacological Aids in Cannabis Cessation

Given robust experimental evidence of cannabis withdrawal, recent interest

has focused on the extent to which medications may assist in the amelioration
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of withdrawal after cessation of cannabis use and hence may enhance absti-
nence rates. Interest has focused on a range of pharmacological agents, includ-
ing antidepressants and anxiolytics. Evidence for the efficacy of these agents
in ameliorating symptoms of cannabis withdrawal is reviewed in the follow-

ing sections.

Antidepressants

Within the alcohol and other substance abuse literature there has been sub-
stantial interest in the extent to which antidepressants may be an effective ad-
junctive treatment for dependence. An initial exploration of the extent to which
antidepressant medication may reduce cannabis use was reported by Corne-
lius et al. (1999), who compared rates of marijuana use in a subsample
of marijuana users (7=22) enrolled in a larger, double-blind, placebo-controlled
study of the efficacy of fluoxetine, a selective sertonin reuptake inhibitor (SSRI),
in the treatment of alcohol dependence and comorbid depression (Cornelius
et al. 1997). Despite the relatively small sample size, the authors reported a
significant difference in the number of marijuana joints smoked during the
course of the study, with the placebo group smoking 20 times as many joints
as the group receiving fluoxetine. Although the results were promising, the ex-
tent to which such findings generalize to individuals who are not alcohol de-
pendent or to those who are not depressed remains questionable. (The larger
trial showed a large reduction in alcohol consumption among participants who
received fluoxetine.) In addition, inclusion in the study that examined pat-
terns of cannabis use was conditional on subjects’ meeting the criteria for can-
nabis abuse, and it is unclear how many of these subjects also met the criteria
for cannabis dependence or experienced withdrawal symptoms after cessation
of cannabis use.

An initial examination of the extent to which lithium may prevent can-
nabis withdrawal in rats was conducted by Cui et al. (2001), who reported
that, at clinically relevant serum levels, lithium prevented the appearance of
the cannabis withdrawal syndrome. The authors also noted that these effects
were accompanied by a release of oxytocin, which they conclude is responsi-
ble for suppression of the withdrawal signs.

Using a within-subject, placebo-controlled design, Haney et al. (2003) re-
cently reported that nefazodone, an antidepressant that also has some sedative
properties, decreased reports of anxiety and muscle pain during closely mon-
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itored withdrawal from cannabis use in long-term frequent users of cannabis
who were undergoing laboratory-induced cannabis withdrawal. Administra-
tion of nefazodone did not, however, alter ratings of irritability, feelings of be-
ing miserable, or sleep disturbances during cannabis withdrawal.

Although these results suggest potential utility for antidepressants in the
relief of some symptoms of cannabis withdrawal in humans, the same group
obtained less promising results using a similar design to study the effects of
bupropion (Haney et al. 2001). Bupropion is an antidepressant that has been
shown to be effective in reducing symptoms of nicotine withdrawal, thereby
aiding in smoking cessation (Hughes et al. 1999; Jorenby et al. 1999). With re-
spect to cannabis cessation, Haney et al. (2001) observed a worsening of mood
with bupropion treatment at various timepoints during a repeated-measures,
12-day abrupt cessation paradigm. Irritability, feelings of being miserable,
restlessness, lack of motivation, and depression were greater in the bupropion
phase than in the placebo phase. These authors concluded that bupropion
may not be an effective medication for treatment of cannabis dependence.
However, subjects in this inpatient study underwent a regimen of enforced in-
take (smoking cannabis five times per day for 4 days) followed by continued
smoking (of 0% THC content cigarettes) during the withdrawal period. Sim-
ilarly, Haney et al. (2004) recently reported disappointing results in a trial of
divalproex, a mood-stabilizing drug. Although administration of divalproex
during cannabis abstinence reduced marijuana craving, its use was associated
with worsened symptoms of withdrawal, relative to placebo.

Despite these disappointing results, given that bupropion has been effec-
tive in the treatment of tobacco dependence (Hughes et al. 1999; Jorenby et
al. 1999), studies of cannabis dependence employing an outpatient design
similar to that used in treatment programs for nicotine cessation should be
conducted before it is concluded that this medication is inefficacious. Anoth-
er reason to conduct treatment studies with antidepressants for cannabis de-
pendence is the increased risk for major depressive disorder observed among
cannabis-dependent individuals (Bovasso 2001; Chen et al. 2002; Degenhardt
etal. 2001; Grant 1995). Treatment with antidepressants may be particularly
effective in reducing cannabis use by ameliorating depressive symptoms
among individuals with comorbid cannabis dependence and major depressive
disorder. There have, however, been a number of case reports of adverse in-

teractive effects of tricyclic antidepressants and smoked marijuana (Mannion
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1999; Wilens et al. 1997), suggesting that the use of SSRIs may be preferable
for this indication.

In summary, research on the use of antidepressants to treat cannabis de-
pendence, particularly among individuals with comorbid major depressive
disorder, although limited, offers a promising avenue for the development of
pharmacological aids to assist in the treatment of cannabis withdrawal. There
are clear parallels between this literature and the existing research on the use
of antidepressants in the treatment of alcohol dependence comorbid with major
depressive disorder (see Chapter 1, Medications to Treat Co-occurring Psychi-

atric Symptoms or Disorders in Alcoholic Patients).

Maintenance THC Therapy

The extent to which maintenance with oral THC may ameliorate cannabis
withdrawal and potentially reduce use of smoked marijuana use has been rare-
ly studied and remains controversial. Nonetheless, the rationale for such treat-
ment seems clear and closely mimics the rationale for the use of methadone
and other agonist maintenance therapies for the treatment of heroin or nico-
tine dependence. Specifically, the use of a shorter-acting substance adminis-
tered through a potentially risky route (e.g., injection, smoking) is substituted
with the use of a longer-acting drug administered through a safer route (e.g.,
oral or transdermal administration). Maintenance treatments have consis-
tently been shown to be effective in the treatment of heroin dependence and
nicotine dependence. The use of such interventions for cannabis dependence
is further supported by recent findings that, compared with placebo, oral THC
reduces symptoms of withdrawal, including anxiety, sleeping problems, crav-
ing, and changes in appetite while producing no subjective intoxication
(Haney et al. 2004). Although such findings suggest that administration of
oral THC may provide a useful treatment option for reducing cannabis use,
Hart et al. (2002) reported that oral THC administration did not alter rates
of (smoked) cannabis self-administration, despite previous findings that the
subjective effects of smoked cannabis and oral THC are similar (Wachtel et
al. 2002).

Cannabinoid Antagonists

As discussed earlier, SR171614A, a selective cannabinoid antagonist that is
highly competitive at CB1 binding sites, has been identified and synthesized.
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This drug has been shown to precipitate withdrawal in animal models (Aceto
et al. 1995; Cook et al. 1998; Hutcheson et al. 1998; Ledent et al. 1999;
Lichtman et al. 1998, 2001; Tsou et al. 1995; Tzavara et al. 2000) and has
also been shown to block the euphoric effects of smoked marijuana (Huestis
etal. 2001). These findings are important, as they confirm that CB1 receptor
sites play a central role in mediating the effects of recreational cannabis use.
They also suggest a potential role for cannabinoid antagonists both in the
treatment of acute dysphoric effects of cannabis intoxication and in the treat-
ment of cannabis use disorders (D’Souza and Kosten 2001), analogous to the
use of naltrexone in the treatment of acute opioid overdose and opioid depen-
dence (see Chapter 2, “Opioids”). However, the use of such an approach in
the treatment of cannabis dependence is likely to face many of the same chal-
lenges raised about the use of naltrexone and thus may be of only limited util-
ity for those secking to reduce or abstain from cannabis use. As D’Souza and
Kosten (2001) noted, the greater importance of this finding may be in the po-
tential use of cannabinoid antagonists for a variety of conditions, including opi-

oid addiction and psychotic disorders.

Conclusion

Cannabis use is common, as is cannabis dependence. Despite ongoing contro-
versy, recent empirical evidence supports the conclusion that cessation of can-
nabis use is associated with a withdrawal syndrome similar to, but less intense
than, that experienced upon cessation of other drugs that have been chronically
administered. Given recent increases in the number of people seeking treatment
for cannabis dependence, a trend that may continue as increasing numbers of
people reach an age at which they have a long history of cannabis (e.g., a 20-
year history), interest in developing and testing pharmacotherapies to reduce
withdrawal symptoms and assist cessation is likely to increase. A number of
promising avenues for treatment may be considered, including the use of anti-
depressants (particulatly for patients with comorbid major depressive disorder)
and the use of cannabinoid antagonists. Although promising, the research liter-
ature is distinguished by scarce and often contradictory findings concerning
both the efficacy and safety of such agents as aids to cannabis cessation. It is
clear that more research is needed before such interventions can routinely be

recommended for use as treatment for cannabis withdrawal and dependence.
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Cocaine and Psychostimulants

Thomas R. Kosten, M.D.

Domenic A. Ciraulo, M.D.

Stimulants include a wide range of substances from cocaine to caffeine, or
from amphetamine to xanthenes, for those preferring a broader alphabetical
range. In this chapter, we focus on cocaine and amphetamine dependence,
which are primarily treated with behavioral interventions, because no U.S.
Food and Drug Administration (FDA)—approved pharmacotherapies are avail-
able. Pharmacotherapies for dependence on these psychoactive agents, which
increase central nervous system (CNS) activity and produce powerful rein-
forcing effects (e.g., euphoria, elevated mood, “highs”), have been widely tested
for more than 20 years with many promising leads, but treatment is complex,
and it appears that a combination of behavioral interventions with a few
selected medications is best.

Preparation of this chapter supported by National Institute on Drug Abuse
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The peak of the cocaine epidemic occurred in the mid 1980s, and local-
ized epidemics of amphetamine abuse continue, particularly in the Western
United States (Rawson et al. 2002a). Methamphetamine abuse is an inter-
national public health problem, with two-thirds of the world’s 33 million
amphetamine abusers living in Asia (Ahmad 2003). In Hong Kong, the prev-
alence of amphetamine abuse rose from 1% in 1995 to 17% in 2000. The
rate of stimulant abuse grew considerably among adolescents in the United
States during the 1990s; between 1991 and 1997 the 30-day prevalence of co-
caine abuse among eighth-, tenth-, and twelfth-graders increased more than
twofold (Johnston et al. 1998). Annual prevalence among twelfth-graders fell
from 12.7% in 1986 t0 3.1% in 1992; by 1999, it had increased to 6.2%, and
since then, it has remained around 5% (Johnston etal. 2005). The percentage
of youths ages 12—17 years who had ever used cocaine increased from 2.3%
in 2001 to 2.7% in 2002 (Substance Abuse and Mental Health Services Ad-
ministration 2003). During the same period the rate of use by young adults
(ages 18-25 years) increased from 14.9% to 15.4% (Substance Abuse and Men-
tal Health Services Administration 2003). The prevalence of stimulant abuse
reported in the 2002 National Survey on Drug Use and Health is shown in
Table 5-1.

During the past 15 years, casualties from stimulant use have continued to
accumulate; cocaine involvement in emergency department accident and vi-
olence cases remains prominent. National Institute of Justice figures showed
that in the mid-1990s 40%-80% of male and female arrestees in major cities
had cocaine-positive urine test results (Johanson and Shuster 1995). Presently
about 2 million stimulant-dependent individuals are in serious need of treat-
ment because of the dangers associated with stimulant use, including in-
creased risk of human immunodeficiency virus (HIV) infection, detrimental
effects on the unborn and newborn, and increased crime and violence, as well
as medical, financial, and psychological problems. Because of these conse-
quences, the task of identifying, characterizing, and developing treatments for
stimulant abuse is more important than ever.

In this chapter, we review the current understanding of the biological ba-
sis for stimulant reinforcement and describe the clinical characteristics result-
ing from its use, as a foundation for a discussion of the pharmacological
treatment of stimulant abuse. We conclude by providing specific treatment
guidelines for managing stimulant-abusing individuals.



Table 5-1. Use of selected illicit drugs in lifetime, past year, and past month among persons age 12 years

or older in the United States, 2002

Lifetime Past year Past month
2002 2003 2002 2003 2002 2003
N N N N N N
Drug (1000s) %  (1000s) %  (1000s) %  (1000s) %  (1000s) %  (1000s) %
Cocaine 33,910 144 34,891 147 5,902 25 5,908 25 2,020 09 2,281 1.0
Crack 8,402 36 7,949 33 1,554 07 1,406 06 567 02 604 03
Stimulants 21,072 90 20,798 8.8 3,181 14 2,751 12 1,218 05 1,191 0.5
Metham- 12,383 53 12,303 5.2 1,541 07 1,315 06 597 03 607 03

phetamine

Source.  Substance Abuse and Mental Health Services Administration, Office of Applied Studies, National Survey on Drug Use and Health, 2002 and

2003.

sjuejnwnsoydAsd pue auied0)

G8l



186 Clinical Manual of Addiction Psychopharmacology

Chemistry and Pharmacology

The various stimulants have no obvious chemical relationships and do not
share primary neurochemical effects, despite their similar behavioral effects.
Cocaine’s chemical structure does not resemble that of caffeine, nicotine, or
amphetamine. Cocaine binds to the dopamine reuptake transporter in the
central nervous system, effectively inhibiting dopamine reuptake. It has sim-
ilar effects on the transporters that mediate norepinephrine and serotonin
reuptake. As discussed later in this chapter in the section on neurochemical
actions mediating stimulant reward, dopamine is very important in the re-
ward system of the brain; the increase of dopamine associated with use of co-
caine probably accounts for the high dependence potential of the drug.

Amphetamines probably act centrally mainly by increasing the release of
catecholaminergic neurotransmitters, including dopamine. Amphetamines
act through the vesicular monoamine transporter (VMAT), preventing cate-
cholamines from being stored in intracellular vesicles and leading to the re-
lease of these catecholamines into the synapse (White and Kalivas 1998).
Amphetamines are also weak inhibitors of monoamine oxidase and, by virtue
of structural similarity, possibly of direct catecholaminergic agonists in the
brain. Dextroamphetamine is the major member of the class, although many
other amphetamines and amphetamine surrogates, such as methamphet-
amine (Methedrine, “speed”), phenmetrazine (Preludin), and methylphenidate
(Ritalin), were subsequently introduced. The number of amphetamine ana-
logs with psychoactive effects continues to multiply. The first of the newer
members of the group was 2,5-dimethoxy-4-methylamphetamine (DOM,
“STP?”), and the list now includes 3,4-methylenedioxyamphetamine (MDA)
and 3,4-methylenedioxymethamphetamine (MDMA, “ecstasy”). The latter
drugs have more amphetamine-like than hallucinogenic effects (Reneman et
al. 2001). A closely related natural alkaloid, cathinone, is found in the leaves
and stems of Catha edulis, or khat, a plant found and cultivated in the Middle
East and Africa. Chewing freshly harvested khat results in effects indistin-
guishable from those of the amphetamines. The pharmacology of this com-
pound is probably similar to amphetamine, but it has been less studied (Kalix
and Braenden 1985).

Caffeine and nicotine have more complex reinforcing effects on dopam-
ine. Caffeine, a methylxanthine compound, appears to exert its central ac-
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tions (and perhaps some of its peripheral ones as well) by blocking adenosine
receptors. Other methylxanthines (e.g., theophylline) have the same actions.
Adenosine modulates adenylyl cyclase activity, probably accounting for the
central stimulant actions of the methylxanthines. At high concentrations, the
methylxanthines inhibit phosphodiesterase, thereby inhibiting the break-
down of cyclic adenosine monophosphate ((AMP) and increasing its concen-
tration inside cells. However, it is doubtful that this action is important at the
dosage that commonly produces psychoactive effects. Caffeine’s ultimate ef-
fect on dopaminergic reinforcement pathways in the nucleus accumbens is
not clear (Garrett and Griffiths 1997). Nicotine enhances the activity of dopa-
mine in the nucleus accumbens and the ventral tegmental area, an effect that
may be mediated by several neuroreceptors, including nicotinic, muscarinic,
D;/D, dopaminergic, N-methyl-D-aspartate NMDA), cannabinoid (CB1),
and y-aminobutyric acid B (GABAR) receptors (Sziraki et al. 2002).

The rewarding effects of stimulants such as cocaine and amphetamine are
enhanced by the intravenous or smoked route of administration because these
routes produce more immediate onset of euphoria. The preferred method of
self-administering cocaine has been snorting and, more recently, smoking.
The effects of snorted cocaine generally occur within 15-20 minutes, whereas
the effects from intravenously injected cocaine can be felt within minutes. A
smokable form of cocaine (crack cocaine), which results from the conversion
of cocaine hydrochloride into a free base, also produces euphoria within min-
utes. Amphetamines come in a variety of forms (e.g., pill, liquid, or powder
form) but are usually taken orally or intravenously. Similar to cocaine, am-
phetamine is available in a smokable version (“ice”); because of its long dura-
tion of action, smokable amphetamine can produce euphoria lasting 12-24
hours. Methamphetamine can be synthesized in illegal, unsophisticated labo-
ratories from readily available precursors, and smoked (“ice”), snorted (“crys-
tal meth”), injected (“crank”), or taken orally (“speed”).

Neurochemical Actions Mediating
Stimulant Reward

The rewarding effects of stimulants are mediated through the mesocorti-

colimbic dopamine neurons of the ventral tegmental area and their target
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projections to the nucleus accumbens and prefrontal cortex (Johanson and
Fischman 1989; Kosten 2002). Behavioral and neurochemical studies indi-
cate that reinforcement is dependent on rapid entry of cocaine into the brain
to rapidly raise dopamine levels as cocaine inhibits the dopamine transporter
(Volkow et al. 1996a, 1997). Because cocaine and amphetamine have actions
on the norepinephrine and serotonin neurotransmitter systems, these systems
are also important targets for medication development (Rothman et al.
2000). Such medications might be used to block this acute reinforcement,
but they may also target brain changes caused by chronic stimulant use. Sen-
sitization in brain reward centers (Robinson and Berridge 1993) also may be
critical to the development of an increased response to the abused drug and
its cues, leading to greater reward and drug-secking behavior, although this
topic remains controversial (Ben-Shahar et al. 2004; Cornish and Kalivas
2001; Koob and LeMoal 2001). Sensitization is induced by repeated admin-
istration of stimulants such as amphetamine and may be caused by increases
in dopaminergic activity and an imbalance in the regulatory activity of dopa-
mine receptor subtypes or interactions with excitatory amines (Almodovar-
Fabregas et al. 2002; Klawans and Margolin 1975; Richtand et al. 2001;
Schuster 1981; Segal and Mandell 1974). Glutamate transmission, particularly
that involving the NMDA receptor, may be especially important in cocaine
sensitization, probably through connections with the prefrontal cortex (Van-
derschuren and Kalivas 2000).

Neurobiological Effects of
Chronic Stimulant Abuse

Because stimulants can produce a constellation of neurochemical, physio-
logical, and neuropsychological impairments following chronic use, a useful
concept in treatment of these patients is normalization of disrupted neurobi-
ology. Abnormalities in neurotransmitter receptors and transporters that have
been noted in animal models have been confirmed in human neuroimaging
studies of both the dopamine and serotonin neurotransmitter systems (Mali-
son et al. 1998; Sevarino et al. 2000; Volkow et al. 1990, 1992, 1996b). Sin-
gle photon emission computed tomography (SPECT) and positron emission
tomography (PET) studies showed increases in dopamine transporter (DAT)

during acute cocaine abstinence in cocaine-abusing subjects, relative to com-
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parison subjects (Malison et al. 1998), decreases in dopamine D, receptor bind-
ing in detoxified cocaine abusers (Volkow et al. 1996b), and reduced cerebral
blood flow (CBF) among chronic cocaine users (Holman et al. 1991; Kosten
et al. 1998; Volkow et al. 1988). During abstinence this reduced CBF has
been shown to improve in cocaine-dependent individuals, suggesting that
drug-induced alterations may be reversed to some extent (Holman et al. 1993;
Kosten 1998). Alterations in glucose metabolism have also been observed
with chronic and acute stimulant administration. When tested during early
withdrawal, cocaine users showed an increase in glucose metabolism, relative
to comparison subjects, but during late withdrawal, metabolic activity was
decreased in cocaine-dependent subjects (Volkow et al. 1991, 1992). Such re-
ductions in glucose metabolism have also been observed following acute ad-
ministration of cocaine (London et al. 1990). More recently, decreased gray
matter concentration has been described in a variety of cortical areas, includ-
ing the frontal, cingulate, and temporal regions (Franklin et al. 2002).

Neuroendocrine challenge studies showed functional deficits consistent
with these neuroimaging findings; norepinephrine systems, which may also be
disrupted by stimulants, showed parallel pharmacological challenge abnormal-
ities, such as lowered thresholds for yohimbine induction of panic attacks
(Aronson et al. 1995; Bowers et al. 1998; McDougle et al. 1992, 1994; Swartz
et al. 1990). Monamine neurotransmitter systems show the direct actions of
chronic stimulants; other neurotransmitter systems that are indirectly affected
include glutamate, GABA, and « opioid systems (Johanson and Fischman 1989;
Koob 1992). Abnormalities in any of these systems are appropriate targets for
pharmacotherapy and have been studied in clinical trials of a range of available
agents, which are reviewed later in this chapter, in the section on specific phar-
macological treatments.

The disturbed brain structure and function following stimulant use may
be the substrate for the cognitive deficits frequently described in these patients.
Impairments in verbal learning, memory, and attention have been well docu-
mented in cocaine-abusing individuals (Beatty et al. 1995; Bolla et al. 1998;
Di Sclafani et al. 2002; Gottschalk et al. 2001) and are correlated with reduc-
tions in CBF among cocaine users (Woods et al. 1991). DAT reduction also
appears to correlate with psychomotor impairment in methamphetamine
abusers (Volkow et al. 2001a, 2001b). Thus, neurochemical and physiological

alterations from chronic stimulant abuse may lead to cognitive impairments.
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Behavioral Effects

In humans, subjective and behavioral responses to stimulants are very com-
plex and depend on many variables, including 1) drug dose, 2) drug route of
administration (intravenous administration and smoking produce an intense-
ly pleasurable response), 3) previous experience with stimulants, 4) the envi-
ronment in which the drug is taken, and 5) the unique response pattern of
the individual user, which may in part be genetically determined. In most sub-
jects, low doses administered orally produce a sense of relaxation, well-being,
diminished fatigue, self-confidence, and mental alertness (see Kosten 2002;
Martin et al. 1971). Increasing doses result in greater activation, anxiety, in-
somnia, and anorexia, and dose escalation is necessary to maintain the re-
inforcing properties (Foltin et al. 2003). The mood response can vary from
elation to extreme dysphoria. An antidepressant effect is seen in some depressed
patients (Silberman et al. 1981), and cocaine abusers with milder depressive
symptoms experience beneficial effects on mood after cocaine administration
(Sofuoglu et al. 2001; Uslaner et al. 1999). However, some studies suggested
that individuals with primary depression (i.e., not substance-induced depres-
sion) have dysphoric responses to cocaine (Rosenblum et al. 1999).

Stimulants induce both tolerance and sensitization to their behavioral ef-
fects. Tolerance develops to the anorectic and euphoric effects of stimulants
(Schuster 1981); however, chronic intermittent use of low doses of stimulants
delays the development of tolerance. With the doses commonly used in clin-
ical practice, patients treated for narcolepsy or for depressive or apathetic
states find that the stimulant properties usually persist without development
of tolerance; however, the persistence of antidepressant effects remains a
matter of controversy. Sensitization has been linked to the development of
amphetamine-induced psychosis (Yui et al. 1999). Sensitization to the induc-
tion of psychosis is suggested because psychosis is induced by progressively
lower doses and shorter periods of consumption of amphetamine following
repeated use over time (Sato 1986). Sensitization for amphetamine-induced
psychosis may persist despite long periods of abstinence.

The development of psychosis is the most striking clinical characteristic
of high-dose stimulant abuse. The amphetamines, methylphenidate, and phen-
metrazine all produce psychosis (Ellinwood et al. 1973; Harris and Batki 2000;
Iversen et al. 1978; Lucas and Weiss 1971; McCormick and McNeil 1962).
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Some authorities believe that psychosis is more common with binge patterns
of use and escalating dosages (Gawin 1991; Segal and Kuczenski 1997).
Compared with other stimulants, cocaine appears less likely to lead to psycho-
sis, which is probably related to dose and patterns of use. Most individuals use
cocaine intermittently, whereas daily use of amphetamines is common (see
King and Ellinwood 1997). Susceptibility to stimulant-induced psychosis may
also be related to differences in the effects of various stimulants on mono-
amines (Fleckenstein et al. 2000; Vanderschuren and Kalivas 2000). Some
(Janowsky et al. 1973) but not all (Kornetsky 1976) studies have found that
schizophrenic patients are sensitive to exacerbation of psychosis from stimu-
lants. Paranoid delusions can probably be induced in most people if they are
given an adequate dose of stimulant (Griffith et al. 1968). Schizophrenic pa-
tients with cocaine dependence may have more hallucinations than patients
presenting with either disorder alone, although there is considerable similarity
in clinical presentations (Serper et al. 1999). The dose required to produce
psychosis varies greatly among individuals (Bell 1973). It has been estimated
that 50% of people who abuse 30-100 mg/day of amphetamine for 3 months
will develop psychotic symptoms (Sato 1986). In one study of normal volun-
teers, 100 mg of amphetamine was sufficient to produce psychosis in one sub-
ject, whereas another subject required 955 mg (Angrist and Gershon 1970).

Before the onset of overt psychosis, most stimulant users begin to exhibit
suspiciousness and a fascination with details of objects in their environment
they often will begin to perform repetitive behaviors, such as picking at their
skin, disassembling mechanical objects, and engaging in prolonged masturba-
tion or coitus (Connell 1958). With higher doses or continued administration,
users begin to experience paranoid delusions; ideas of reference; visual, auditory,
or olfactory hallucination; and agitation (Ellinwood 1967). Cocaine-induced
paranoia is relatively common and may even have genetic determinants related
to DAT and dopamine hydroxylase (Cubells et al. 2000; Gelernter et al. 1994;
Satel et al. 1991). Violence, including homicide, has been reported as a conse-
quence of this activated, paranoid state (Ellinwood 1967; Kramer 1969). The
combination of alcohol and cocaine appears to be an especially high risk factor
for violent behavior, even in the absence of psychotic symptoms (Chermack and
Blow 2002). Disorientation (“stimulant delirium”) appears in some instances.
A syndrome of hyperthermia and agitation that resembles neuroleptic malig-
nant syndrome has also been reported (Kosten and Kleber 1988).
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The clinical presentation of stimulant psychosis has frequently been de-
scribed as being indistinguishable from that of paranoid schizophrenia (Angrist
and Gershon 1970; Ellinwood 1971). Supporting the similarity is a study that
examined the symptoms of psychosis in 168 methamphetamine-dependent in-
patients in Australia, Japan, the Philippines, and Thailand (Srisurapanont et al.
2003). The investigators found that 77% of the subjects had experienced per-
secutory delusions during their lifetime, “followed by auditory hallucinations,
strange or unusual beliefs, and thought reading” in almost half of the subjects.
Twenty percent of the subjects exhibited negative symptoms, such as “poverty
of speech, psychomotor retardation, and flattened/incongruous affects,” resem-
bling the symptoms of schizophreniform disorder. Some clinical presentations
may be confused with acute mania, characterized by agitation, hypersexuality,
affective lability, and grandiosity. In addition, many symptoms are suggestive of
temporal lobe epilepsy, such as olfactory hallucinations, déja vu, philosophical
preoccupation, and the very atypical course of the illness (Ellinwood 1968).
Stimulant psychosis generally clears within a few days of discontinuation of the
drug (Beamish and Kiloh 1960; Spear and Alderton 2003), although prolonged
psychoses may sometimes occur (Ahmad 2003; Iversen et al. 1978). Stimulant
psychosis is generally managed by close psychiatric and medical supervision and
by judicious use of benzodiazepines and atypical antipsychotic medications (Jha
and Fourie 1999; Misra and Kofoed 1997).

Dependence and withdrawal can occur with all of the stimulants. Co-
caine is one of the most strongly reinforcing drugs in self-administration para-
digms in animals and also has a psychological withdrawal syndrome. A typical
pattern of withdrawal includes a ravenous appetite, exhaustion, and mental
depression, which may last for several days after the drug is withdrawn. Be-
cause tolerance develops quickly, abusers may take large doses, compared with

those used medically, for example, as anorexiants.

Treatment Guidelines for
Stimulant Abuse

A comprehensive assessment of the stimulant-dependent patient’s psycholog-
ical, medical, forensic, and drug use history may be difficult, because infor-
mation may be incomplete or unreliable. In recognition of this deficiency, it

is important that the patient receives a thorough physical examination, as well
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as laboratory testing, including testing of supervised urine samples for toxico-
logical analysis of potential polydrug abuse. Patients may ingest large amounts
of one or more drugs at potentially lethal doses, and therefore it is important
that the physician be aware of the dangers of possible drug combinations,
such as cocaine with alcohol or heroin (Goldsmith 1997).

Pharmacological intervention for stimulant-induced drug states may in-
clude neuroleptics for controlling stimulant-induced psychosis or delirium.
Pharmacological interventions should be followed by treatments aimed at re-
lapse prevention. In the future, antidepressants or even vaccines may be an ap-
propriate choice for relapse prevention. Medication treatment is typically ini-
tiated in outpatients, and it is critical to warn the patient of the potential
adverse interactions between cocaine and prescribed medication. For instance,
high blood pressure could result from the release of epinephrine by cocaine
combined with the reuptake blockade by a tricyclic antidepressant, although
later in the course of treatment, tricyclics decrease the sensitivity of the post-
synaptic adrenergic receptors (Fischman et al. 1976; Kosten etal. 1992). In gen-
eral, the potential role of pharmacotherapy in patients with stimulant de-
pendence is to initiate abstinence, to prevent relapse, and to treat psychiatric
comorbidity.

Specific Pharmacological Treatments for
Stimulant Abuse

The development of effective pharmacotherapy has lagged behind progress in
understanding the reward mechanisms and chronic impairments underlying
stimulant abuse. Pharmacological and behavioral treatment approaches that
have been used for cocaine abuse have not been as widely tested for the treat-
ment of amphetamine abuse, limiting what can be offered for treatment of
this disorder. No treatment agents are approved by the FDA for treatment of
cocaine or amphetamine dependence.

The targets for treatment can include withdrawal relief for abstinence ini-
tiation and relapse prevention. Stimulant withdrawal, which occurs after ces-
sation of cocaine or amphetamine use, can produce a wide range of dysphoric
symptoms. Following binge use, individuals may initially experience symp-

toms of depression, anxiety, agitation, and intense drug craving (Gawin and
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Ellinwood 1988). After this initial phase of agitation individuals may experi-
ence fatigue, a loss of physical and mental energy, and decreased interest in
the surrounding environment (Gawin and Ellinwood 1988). Addressing
these withdrawal symptoms may facilitate abstinence initiation. After attain-
ing more sustained abstinence from stimulants, the patient may experience
brief periods of intense drug craving in which objects and people in the pa-
tient’s life become conditioned triggers for craving and relapse. Relapse pre-
vention, which targets individuals who have minimal symptoms except drug
craving as responses to environmental cues, probably involves a different set

of potential pharmacotherapies.

Pharmacotherapy for Primary Stimulant Dependence

More than 40 medications have been investigated but none have shown con-
sistent efficacy for primary cocaine or amphetamine dependence. These med-
ications include dopaminergic agonists, antidepressants, and more recently
disulfiram, selegiline, and a cocaine vaccine (see Table 5-2 for summary).
Studies have been relatively brief and have focused on abstinence initiation
rather than on relapse prevention, but even these modest treatment goals have
not been attained. The focus in the discussion that follows is on pharmaco-
therapies for cocaine dependence, because very few clinical trials have been
completed with amphetamine-dependent patients. Furthermore, none of the
studies of amphetamine dependence have shown results different from those
described for cocaine dependence (Rawson et al. 2002b; Srisurapanont et al.
2001).

We begin this overview with a listing of some of the approaches and rep-
resentative agents. Cocaine agonists that mimic some of cocaine’s effects have
included other stimulants such as methylphenidate, amphetamine, pemo-
line, modafinil, and slow-onset agonist treatment with oral cocaine in the
form of a coca tea used in South America. Cocaine antagonists that block co-
caine effects by blocking cocaine binding at the dopamine transporter site
include bupropion, mazindol, and GBR-12909. Agents that block dopamine
receptors include D; antagonists (ecopipam), D, antagonists (antipsychot-
ics), and D/D3 antagonists (atypical antipsychotics). Putative antikindling
agents include carbamazepine, valproate, and phenytoin. Agents that affect

the GABA system include gabapentin, vigabatrin, tiagabine, topiramate,



Table 5-2. Strategies for medication development in stimulant abuse

Medication class or

mechanism of action

Common examples

Comments

Dopamine agonists

Stimulant agonist
replacement

Stimulant antagonists

Anticonvulsants

GABA agonists (non-

anticonvulsants)

Amantidine, bromocriptine, mazindol, pergolide,
cabergoline, L-dopa/carbidopa, pramipexole,
ABT-431, catecholamine metabolism inhibitors
(disulfiram, phenelzine, selegiline), amineptine

Methylphenidate, d-amphetamine, tropanes,
GBR-12909 (partial agonist that may also

act as antagonist), modafinil, coca tea

Antipsychotics (conventional agents have nonspecific
dopamine receptor antagonsim; atypical agents also
have serotonin antagonist activity), ecopipam,
GBR-12909 and other partial dopamine agonists
(may be functional antagonists)

Vigabatrin (not marketed in United States), tiagabine,
topiramate, gabapentin, carbamazepine, lamotrigine

Baclofen, riluzole

Findings are mixed, but some agents are promising
(e.g., disulfiram, amineptine); class deserves
further study.

Partial agonists are in early developmental stages.
Agonist replacement is an attractive strategy,
because of the successs of methadone and
buprenorphine in opioid
dependence.

Partial agonists may act as antagonists under certain
conditions. These agents hold promise.

Vigabatrin has an unacceptable adverse effect profile,

but consistent findings in animal studies suggest
that GABA agonists deserve further study.
o.-AMPA antagonism, or antikindling action, may
also be important for some anticonvulsants.

Baclofen is most promising agentat present, butstud-

ies with negative findings exist.
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Table 5-2. Strategies for medication development in stimulant abuse (continued)

Medication class or

mechanism of action

Common examples

Comments

Antidepressants

Serotonergic agents
(nonantidepressants)

Catecholamine
depletion or blockade

Opioids

Cocaine vaccine

Neurosteroids

N-methyl-D-aspartate
antagonists

Cerebral blood flow

enhancers
Herbals

Phosphodiesterase
inhibitors

Desipramine, imipramine, sertraline, fluoxetine,
paroxetine, venlafaxine, bupropion, nefazodone,
mirtazapine, gepirone, amineptine

Ondansetron, ritanserin, buspirone

Reserpine, propranolol, and other B blockers;
clonidine and other a, agonists

Buprenorphine, K agonists

Passive monoclonal antibodies, active vaccinations
Progesterone, dexamethasone, dehydroepiandrosterone

Dextromethorphan
Piracetam, hydergine
Hypericum perforatum, L-carnitine/coenzyme Q10,

Ginkgo biloba

Pentoxifylline, rolipram

Mixed findings suggest that better designed studies
may find a niche for some of these drugs. Aminep-
tine was effective for withdrawal symptoms.

Large controlled studies are not encouraging.

Placebo-controlled trial of reserpine had negative
findings. Other agents require further study.

Buprenorphine probably not effective in treating
stimulant abuse. k Agonists have not been
adequately studied.

Further studies are required for this novel approach.
Study findings have been negative.

Limited number of drugs in this class are available
for human use. Study findings have been negative.
Study findings have been negative.

Study findings have been negative.

Study findings have been negative.

Note.  AMPA =amino-3-hydroxy-5-methyl-4-isoxazole propionate; GABA=y-aminobutyric acid.
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baclofen, and progesterone. Stress response modulators include ketoconazole,
dehydroepiandrosterone, dexamethasone, propranolol, and biofeedback with
electroencephalogram monitoring. Cerebral blood flow enhancers include
piracetam, hydergine, and pentoxifylline (also a nonselective phospho-
diesterase inhibitor). Finally, nutritional supplements and herbal products
include Ginkgo biloba, amino acid mixtures, L-carnitine/coenzyme Q10, Hyper-
icum perforatum (St. John’s wort), and ibogaine, which might be more appro-
priately considered a hallucinogen. The controlled studies with these agents
have yielded variable findings, and none of these agents have shown consistent
efficacy.

A number of the agents examined as cocaine pharmacotherapy, including
carbamazepine, buprenorphine, and GABA agonists, have been examined
extensively enough to merit citation of particular studies. Carbamazepine
failed to show therapeutic effects in three controlled studies (Cornish et al.
1995; Kranzler et al. 1995; Montoya et al. 1995). Buprenorphine also has
had more negative than positive findings for its efficacy in treating cocaine-
abusing, opioid-dependent patients (Kosten et al. 1989, 1993; Schottenfeld
et al. 1997). The GABA agonists showed promise in an initial study using
baclofen (Ling et al. 1998), a study of vigabatrin (Brodie et al. 2003), and a
study showing efficacy for tiagabine, a GABA reuptake inhibitor (Gonzalez
et al. 2003).

Recent advances in understanding dopamine neuronal systems and in
considering ways to alter the brain pharmacokinetics of cocaine have led to
innovative approaches for medication development. For example, the effects
of K agonists to reduce dopamine activity is opposite to that observed with
cocaine or amphetamine, thereby suggesting a potential mechanism by
which « agonists could be efficacious (Maisonneuve et al. 1994). Further-
more, several groups have shown that mice with the dopamine transporter
gene deleted will still self-administer cocaine, suggesting a role for other neu-
rotransmitter systems (Rocha et al. 1998; Sora et al. 1998, 2001). Finally, sev-
eral cocaine vaccines, including both passive monoclonal antibodies and active
vaccinations, are being developed for use in humans, and animal studies have
shown that these vaccines suppress cocaine administration (Kosten and Bie-
gel 2002; Kosten et al. 2002b).

We will now examine two classes of agents—dopaminergic agents and

antidepressants—in more detail.
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Dopaminergic Agents

Because chronic cocaine use appears to reduce the efficiency of central dopa-
mine neurotransmission, a number of dopaminergic compounds, including
amantadine, bromocriptine, mazindol, and methylphenidate, have been ex-
amined as treatments for cocaine abuse. It is thought that these relatively
slow-onset dopaminergic agents, with low or relatively low abuse potential,
would correct the dopamine dysregulation and alleviate withdrawal symptoms
following chronic stimulant use.

Dopaminergic medications that have been examined include dopamine
agonists, such as the D; receptor agonist ABT-431, D, receptor agonists
(bromocriptine, pergolide, cabergoline), relatively more selective D5 receptor
agonists (e.g., pramipexole), and amantidine (which may increase dopamine
release, reduce synaptic reuptake, act as a dopamine receptor agonist, en-
hance postsynaptic dopamine receptor sensitivity, or inhibit NMDA activi-
ty). Amineptine also showed some efficacy for amphetamine withdrawal,
although the medication was withdrawn from major markets because of
abuse liability (Rawson et al. 2002b; Srisurapanont et al. 2001). The effects
of monoamine oxidase inhibitors such as phenelzine and selegiline and an
inhibitor of dopamine B-hydroxylase—disulfiram—have been examined. Pre-
cursors of dopamine synthesis, such as tyrosine and L-dopa, have also been
examined.

Direct dopamine agonists such as pergolide have shown no efficacy, but
some suggestion of efficacy has been found for indirect agents such as sustained-
release amphetamine and disulfiram (Carroll et al. 2004; Kosten et al. 2002a;
Malcolm et al. 2000). Open screening trials have shown some potential for
methylphenidate in cocaine-dependent subjects with attention-deficit/
hyperactivity disorder (ADHD) (Somoza et al. 2004). In the absence of
ADHD, a controlled study found no difference between methylphenidate and
placebo treatment groups in cocaine use (Grabowski et al. 1997). Sustained-re-
lease amphetamine showed more promise (Grabowski et al. 2001). No pub-
lished placebo-controlled study has examined the effects of selegiline, which
blocks the breakdown of dopamine by monoamine oxidase inhibition. Disul-
firam has an indirect action on dopamine through inhibition of the enzyme
dopamine B-hydroxylase, which converts dopamine to norepinephrine. Studies
with disulfiram at doses of 250 mg/day showed promise in reducing cocaine
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abuse, with or without comorbid alcohol dependence (Carroll et al. 1998, 2004;
George et al. 2000).

Antidepressants

The second class of medications used to treat cocaine dependence consists of
antidepressants, which are thought to down-regulate synaptic catecholamine re-
ceptors—an action opposite to the presynaptic up-regulation caused by chronic
stimulant use (Gawin and Ellinwood 1988). Selective serotonin reuptake inhib-
itors (SSRIs) that have been examined as treatments for cocaine abuse include
fluoxetine, sertraline, and paroxetine. Serotonin receptor agonists with poten-
tial antidepressant or antianxiety effects that have been tested include buspirone
and gepirone, both of which act at serotonin; 5 (5-HT ) receptors. Receptor
antagonists include ritanserin (at 5-HT), receptors), odansetron (5-HTj3), and
mirtazapine (5-HT, 5-HTj3, and others). The precursor in the synthesis of
serotonin, L-tryptophan, has also been tried unsuccessfully. Antidepressants
that affect dopamine, serotonin, and norepinephrine as reuptake blockers appear
to show the most success. They include desipramine, imipramine, and venlafax-
ine. Alcthough newer SSRI antidepressants have a relatively benign side effect
profile, good patient adherence rates, and lack of abuse liability, only the older
agent desipramine has shown efficacy in selected populations. Although early
studies suggested some efficacy for fluoxetine, this finding has not been con-
firmed in controlled trials (Grabowski et al. 1995; Schmitz et al. 2001).

A meta-analysis of placebo-controlled studies by Levin and Lehman (1991)
showed that desipramine produced greater cocaine abstinence than placebo.
Although a more recent review did not concur (Lima et al. 2001), secondary
analyses of studies with imipramine, desipramine, and bupropion suggested
that depressed cocaine abusers are more likely to show significant reductions
in cocaine abuse than nondepressed cocaine abusers (Margolin et al. 1995;
Nunes et al. 1991; Ziedonis and Kosten 1991). Furthermore, recent work with
desipramine supported its efficacy in opioid-dependent patients, particularly
in combination with contingency management therapies (Kosten et al. 2004;
Oliveto et al. 1999).

Pharmacotherapy and Psychiatric Comorbidity
The rates of comorbid psychiatric disorders such as depression, ADHD, and

antisocial personality disorder are significantly higher in stimulant abusers
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than in community control subjects (Rounsaville et al. 1991; Weiss et al. 1986).
Because psychiatric disorders may increase the risk for drug use (e.g., individ-
uals may self-medicate to ease psychiatric symptoms), it is important that
treatment addresses both the stimulant addiction and the comorbid disorder.
Particularly useful pharmacotherapies for stimulant abusers with comorbid psy-
chopathology include antidepressants to ameliorate depressive symptoms and
reduce cocaine use and craving in depressed cocaine-dependent patients (Cir-
aulo et al. 2000; Nunes et al. 1991; Ziedonis and Kosten 1991). Also, methyl-
phenidate has been reported to be effective in treating cocaine-dependent
patients with ADHD (Khantzian et al. 1984; Somoza et al. 2004), although
a controlled trial has yet to be published.

Conclusion

Although no medications are currently approved by the FDA to treat stimu-
lant dependence, neurobiological abnormalities in dopamine receptors and
transporters after chronic stimulant use suggest potential treatment approaches.
Studies of dopamine receptor agonists and antagonists have not shown clini-
cal efficacy, but more sophisticated approaches are being developed. On the
basis of clinical phenomenology, treatment with antidepressants has been ex-
amined in depressed cocaine abusers, who may reduce their cocaine use when
depressive symptoms are reduced. CBF defects also appear to be relatively
common among stimulant abusers and appear to correlate with neuropsycho-
logical deficits. CBF defects in cocaine abusers may benefit from the application
of findings from the rapidly evolving field of stroke pharmacotherapy. Finally,
vaccines may reduce cocaine’s rewarding effects and prevent relapse among
abstinent patients.

With all of these pharmacotherapies, concurrent behavioral treatment is
critical to retain the patient in treatment and maintain adherence to medica-
tion treatment. Contingency management programs in which patients receive
vouchers that can be used to purchase pro-social goods and services are the
most common reinforcer approaches used to initiate and maintain stimulant-
free urine test results (Anker and Crowley 1982; Boudin 1972; Higgins et al.
1991, 1993, 1994). The major problem with these approaches has been main-
taining abstinence after the reinforcers are withdrawn completely and devel-
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oping a mechanism to produce sufficient reinforcement outside of a research
setting. A more typical time-limited therapy for use in clinical programs is
cognitive-behavioral therapy, which has shown interesting additive effects
with antidepressants (Carroll et al. 1994). For example, after a 3-month treat-
ment period, patients who received both pharmacotherapy and cognitive-
behavioral therapy showed more sustained abstinence than those who received
either therapy alone. Although both pharmacological and behavioral inter-
ventions may be useful in treating the majority of stimulant-dependent pa-
tients, individuals with significant medical risks, psychiatric comorbidity, or
neuroadaptation resulting from heavy stimulant use are particularly likely to
benefit from pharmacological treatment (Kosten 2002). Thus, combined treat-
ment is often needed, and outcome at 1 year is substantially enhanced by the
use of psychotherapy in combination with medications.
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Hallucinogens and Phencyclidine

Ulrich Tacke, M.D., M.Sc.
Michael H. Ebert, M.D.

The term hallucinogens refers to a chemically and pharmacologically hetero-
geneous group of substances that have in common the capacity to cause in the
user a distortion of perception (i.e., hallucinations) and a mental state resem-
bling psychosis. The term hallucinogenic emphasizes the perceptual effects.
The term psychotomimetic, which is alternatively used to describe these drugs,
emphasizes the similarity between their effect on affect, cognition, and percep-
tion and the symptoms of naturally occurring psychosis. The term psychedelic
(mind-manifesting) is more vague but less restrictive and is also frequently used
to describe these drugs. Aside from naturally occurring plant-derived drugs
(e.g., mescaline and psilocybin), these psychotomimetic substances include
semisyntheticcompounds (e.g., lysergicacid diethylamide [LSD]) and synthetic
compounds (e.g., 3,4-methylenedioxyamphetamine [MDA]). Frequently
included in this group, but discussed elsewhere in this volume, is cannabis (see
Chapter 4, “Cannabis”). For practical purposes, the hallucinogens described
here can be divided into tryptamine-related compounds, phenylalkylamines,

N-methyl-D-aspartate (NMDA) receptor antagonists, and anticholinergics (see
Table 6-1).
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Table 6-1. Major groups of hallucinogens

Tryptamine-related compounds

LSD (lysergic acid diethylamide)

LSD derivatives contained in plants (e.g., morning glory seeds)
Dialkyltryptamines

Psilocybin and psilocin

DMT (V, N-dimethyltryptamine)

DET (V, N-diethyltryptamine)

Phenylalkylamines

Mescaline

Synthetic amphetamine derivatives
DOM (2,5-dimethoxy-4-methylamphetamine)
MDA (3,4-methylenedioxyamphetamine)
MDMA (3,4-methylenedioxymethamphetamine)

Phencyclidine (PCP) and ketamine

Anticholinergics
Herbal anticholinergics
Deadly nightshade (Solarium dulcamara)
Atropa belladonna
Jimsonweed (Datura stramonium)
Prescription and nonprescription anticholinergics
Antiparkinson drugs
Trihexyphenidyl (Artane)
Benztropine (Cogentin)
Anticholinergics used in gastrointestinal disorders

Over-the-counter antiasthma drugs

Note. Cannabis not included here.

Tryptamine-Related Hallucinogens
(Indolealkylamines)

Tryptamine-related hallucinogens are naturally occurring plant alkaloids or

their chemically synthesized derivatives. Some of them are related to sub-



Hallucinogens and Phencyclidine 213

stances (ergot alkaloids) produced by a rye-plant-inhabiting fungus (Claviceps
purpurea).

Tryptamine itself is found in all major centers of the brain. Its physiologic
role in central nervous system (CNS) function, however, remains unclear.
5-Hydroxytryptamine (5-HT, serotonin) is an important neurotransmitter in
the CNS. The structural similarity of the tryptamine-related hallucinogens
with 5-HT presumably forms the neurochemical basis for their action within

the CNS.

History and Prevalence of Abuse

The hallucinogenic and psychotomimetic effects of LSD were serendipitously
discovered in 1943 by A. Hofmann, a chemist with a major Swiss pharmaceu-
tical company, who accidentally ingested a minute quantity of the substance
while working on ergot derivatives. His detailed report of his hallucinatory
experience prompted intense research on this class of substances. It was be-
lieved that their experimental administration to healthy volunteers could give
new insights into the biochemical basis of psychosis. In the 1950s and 1960s,
LSD was used by some psychiatrists in a variety of psychiatric patient popula-
tions, with the intention of accelerating the psychotherapeutic process by in-
creasing insight and resurrecting repressed material. However, results from this
“LSD-assisted psychotherapy” were not proven to be useful, and the thera-
peutic use of this substance was abandoned (Hollister 1986).

In the mid-1960s, with the increasing public interest in the recreational
use of mind-altering drugs, LSD found its way into American and European
university campuses and countercultures. LSD was outlawed in the United
States in 1968. Its abuse, however, increased during the 1970s and started to
decline by 1980. LSD abuse is now of a low-dose recreational type, the level
of which has been relatively stable since 1985 (Robinson et al. 1987). The
Monitoring the Future survey found the rate of LSD use among high school
students in 2002 to be the lowest since the survey began in 1975 (Johnston
etal. 2003). Increased knowledge among users about dealing with “bad trips”
(see the later section on acute and chronic effects of tryptamine-related hal-
lucinogens) has had an effect on the incidence of LSD-induced acute hallu-

cinogenic crisis seen in emergency departments. However, other drugs (e.g.,

phencyclidine [PCP] and MDA), deceptively sold as LSD, as well as adulterants
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Table 6-2. Street names of hallucinogens

Hallucinogen Street name

LSD (lysergic acid diethylamide) Acid, blotter, blue devils, California
sunshine, haze, microdot(s), mickeys,
Mr. Natural, paper acid, purple haze,
sunshine, wedges, window pane(s)

Morning glory seeds Flying saucers, licorice drops, heavenly
gates, pearly gates
Psilocybin Magic mushrooms, mushroom
DMT (IV,N-dimethyltryptamine), Businessman’s lunch, snuff
DET (V,N-diethyltryptamine)
Peyote/mescaline Button(s), cactus, mesc, mescal, mescal

buttons, moon, peyote
DOM (2,5-dimethoxy-4-methylamphet- ~ Golden eagle, STE psychodrine, tile

amine)

MDA (3,4-methylenedioxyamphetamine) Love drug

MDMA (3,4-methylenedioxymeth- Adam, ecstasy, MDM, XTC
amphetamine
MDEA (3,4-methylenedioxyethyl- Eve

amphetamine)

in street preparations of LSD (e.g., strychnine), continue to cause acute prob-
lems. The fact that LSD can be manufactured easily without profound knowl-
edge of chemistry has helped make it a popular and profitable drug of abuse.
Most of the street names (Table 6-2) for LSD allude to the various forms in
which the drug is offered to the consumer: as tablets (microdot), as capsules
(blue devils or Mr. Natural), in gelatinous form (window pane), soaked on pa-
per (blotter), or in Mickey Mouse decals (mickeys) (Giannini et al. 1986). Be-
sides its oral use, LSD is also occasionally mixed with tobacco and smoked
or injected intravenously or subcutaneously.

Morning glory seeds have been used in some cultures for religious ceremo-
nies (Lewin et al. 1986). The small, black, round-shaped seeds of the flower Ipo-
moea purpurea and related varieties can be purchased from seed companies.
Seeds sold commercially are sometimes sprayed with the herbicide paraquat
to discourage inappropriate usage. However, dipping the seeds in ether effec-
tively dissolves the herbicide (Giannini et al. 1986). Ingestion of the seeds pro-



Hallucinogens and Phencyclidine 215

duces a hallucinatory state that is due to the LSD-related compounds lysergol,
d-lysergic acid amide, and d-isolysergic acid amide. Street names refer to the
appearance of the seeds or to the commercial names by which the seeds are mar-
keted by seed companies (Table 6-2).

Psilocybin and psilocin were isolated and identified from the hallucinogenic
mushroom Psilocybe mexicana in 1958 by Hoffman (Nichols 1986). “Magic” or
“sacred” mushrooms have been used by American Indians for religious pur-
poses since pre-Columbian times. Many of the psilocybin-containing mush-
rooms are found in different parts of the United States. Most of them belong
to the genus Psilocybe, which includes about 100 species; not all species of Psilo-
¢ybe contain psilocybin (Lincoff and Mitchel 1977). The outstanding feature of
the psychotropic Psilocybe species is the color change to blue or blue-green on
the cap or stalk from handling or age. Psilocybe caerulipes (blue foot) grows on
debris under trees or rotting logs; Psilocybe cubensis can be found on rich pas-
tures where it grows on dung (Lincoff and Mitchel 1977).

Psilocybin intoxication is seen either as a result of accidental poisoning from
ingestion of mushrooms falsely regarded as edible or as a result of intentional
ingestion by individuals seeking a hallucinogenic “high.” Although U.S. law
prohibits shipping of hallucinogenic mushrooms across state lines, the pur-
chase of Psilocybe cubensis spores as mail-order kits for domestic cultivation
became part of the drug culture (Kulberg 1986; Kulberg et al. 1986). Sporadic
cases of intravenous use of hallucinogenic mushrooms have been reported in
the United States (Curry and Rose 1985) and in Australia (Sivyer and Doring-
ton 1984).

DMT (V,N-dimethyltryptamine) and DET (V,N-diethyltryptamine)
are constituents of snuff (cohoba) prepared from the seeds and pods of Pip-
tademia peregrina, a plant native to the West Indies and to Central and South
America. Similar snuffs from other South American plants (Epena and Yopo
snuffs) have been found to contain DMT, 5-methoxy-DMT, and bufotenine
(5-hydroxy-DMT), a hallucinogenic substance originally isolated from the se-
cretion of the skin glands of the poisonous toad Bufo vulgaris. DMT- and
DET-containing Piptademia preparations can be smoked, and the synthetic
form of DMT is sometimes used by means of intravenous or intramuscular
injection. DMT is known as snuff or “businessman’s lunch,” the latter name
referring to the high incidence of abuse in this particular population and the
short duration of action (about 30 minutes).
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Pharmacology

Pharmacokinetics

All drugs of this class are well absorbed from the gastrointestinal tract. LSD is the
most potent hallucinogen known, with oral doses as low as 20-25 pg being suf-
ficient for a marked sympathomimetic effect (Strassman 1984). Twice that
amount ingested by a 180-pound man can produce a hallucinatory state lasting
up to 12 hours. lllicit LSD usually contains 40-60 pig per dose, somewhat lower
than the 100-250 pig doses typically available in the 1960s and 1970s (Nichols
2004). All of the structural modifications made to the LSD molecule have yield-
ed less potent compounds. Also, plant preparations containing LSD-like sub-
stances cause psychotomimetic symptoms at relatively low dosages; for example,
five morning glory seeds may be sufficient for a high lasting 12 hours or longer
(Giannini et al. 1986). LSD is longer acting (8—12 hours) and more potent than
psilocybin and psilocin, which have an average duration of action of 4-12 hours.
One or two mushrooms of the Psilocybe family (equivalent to about 20-70 mg
of active substance) can produce a hallucinosis lasting 4-12 hours. When in-
haled, smoked, or used parenterally, DMT and DET show a short duration of
action, limiting the psychotomimetic experience to not more than 30 minutes.
The impairment of cognitive functioning in healthy volunteers receiving
LSD intravenously has been shown to correlate positively with the plasma con-
centration of the drug. Tryptamine-related compounds are mainly cleared by the
liver; LSD concentrations in the urine are extremely low. Furthermore, because
the complete, intact structure of the LSD molecule is crucial for its biological
activity, there are no active metabolites excreted in the feces (Strassman 1984).
Psilocybin is hydrolyzed in vivo to generate psilocin, which represents the active
hallucinogen (Nichols 1986). DMT and DET undergo extensive first-pass oxi-
dation, which makes these drugs ineffective after oral ingestion (Nichols 1986).

Mechanism of Action

Although the exact mechanisms of action of LSD and tryptamine-related com-
pounds are incompletely understood (Freedman 1987), there is convincing
evidence relating the psychotomimetic effects of these substances to seroton-
ergic transmission in the brain (Davis 1987; Freedman 1987; McCall 1986;
Nichols 2004). An antagonism of 5-HT in the rat brain is sufficient to cause
a fourfold decrease in the threshold dose of LSD (Appel and Freedman 1964).
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Receptor binding studies have shown that >H-LSD labels 5-HT) receptors in
neuronal tissue (Peroutka 1987). LSD has also been shown to bind with high
affinity to a subtype of the 5-HT receptor (5-HT (), a site that also displays
a high affinity for 5-HT (Glennon et al. 1986; Peroutka 1987).

Hallucinogens have agonist actions at the 5-HT,, receptor. Studies in
rodents indicated that hallucinogens have approximate equal potency at the
5-HT;4 and 5-HT,( receptor subtypes, but the psychoactive and behavioral
effects of hallucinogens are blocked by 5-HT 4 antagonists and not by 5-HT,
antagonists (Nichols 2004). Tachyphylaxis is associated with down-regula-
tion of the 5-HT,, receptor (Buckholtz et al. 1990). These findings suggest
that the 5-HT)4 receptor is of primary functional importance in the behav-
joral effects of hallucinogens. On the other hand, the behavioral potency of
LSD does not correlate well with its activity at the 5SHT, receptor, where it is
a partial agonist (Kurrasch-Orbaugh et al. 2003). The functional significance
of the receptor subtypes is further complicated by the fact that there is no
known hallucinogen that is selective for the 5-HT) receptor over the 5-HT,
receptor. It is possible that agonist effects at both receptors are necessary for
hallucinogenic activity (Burris et al. 1991).

Agonist effects at the 5-HT,p receptor enhance glutamatergic (Arvanov et
al. 1999) and dopaminergic neurotransmission (Yan 2000) and activate inhib-
itory y-aminobutyric acid (GABA) interneurons. Other receptors may also be
involved (Appel et al. 2004). LSD binds to both D and D, dopamine recep-
tors, and Nichols (2004) has suggested that D, stimulation may potentiate
agonist effects at the 5-HT4 receptor. The tryptamines, but not the phenyl-
alkylamines, have high activity at the 5-HT 4 receptor, which reduces firing
of cells in the dorsal raphe nucleus, probably through an effect on GABA in-
terneurons (Nichols 2004). Activation of 5-HT'  receptors produces function-
al antagonism of 5-HT 4 receptors (Schreiber et al. 1995). Pindolol, a 5-HT 5
receptor antagonist, potentiates the effects of DMT (Strassman 1996), presum-
ably by permitting unopposed stimulation of 5-HT,4 receptors.

The action of 5-HT on brain neuronal systems is complex; depending on
the neurons involved, it can induce inhibition or excitation. Experiments
with iontophoretic application of LSD to neurons have shown that 5-HT-
induced excitation is invariably blocked by LSD, whereas LSD mimics inhi-
bition at sites where 5-HT exerts an inhibiting effect (Aghajanian et al. 1987;
Martin and Sloane 1986). Tryptamine itself is found in all major regions of
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the brain and produces pharmacologic effects that are similar to those seen
with LSD, psilocybin, DMT, and the hallucinogens of the phenylalkylamine
group (mescaline and 2,5,-dimethoxy-4-methylamphetamine [DOM]) (Mar-
tin and Sloane 1986). Inhibitory serotonergic input to the raphe nuclei, the
cortex, and the limbic system is regarded as essential for the filtering of extrac-
erebral (perception) and intracerebral (feeling and cognition) stimuli (Strass-
man 1984). It has been hypothesized that an inhibition of these serotonergic
functions, which normally process physical and mental events as they arise,
may lead to the experience of common stimuli as novel or “psychedelic.” The
dense innervation of the limbic and visual systems by 5-HT axons could
make them a major target for this hallucinogenic disinhibition, leading to the
major clinical effects of these drugs: alterations in affect and visual hallucina-
tions. LSD and other tryptamine-related compounds (psilocin and DMT) have
been shown to produce a complete but reversible inhibition of the 5-HT-
mediated neuronal discharges in the raphe nucleus (McCall 1986). The rela-
tionship of this phenomenon to the hallucinogenic action of these compounds
is underscored by the finding that brom-LSD, a nonhallucinogenic analog of
LSD, does not influence 5-HT neuronal discharge.

However, simple disinhibition of 5-HT neurons originating in the raphe
cannot fully explain the pharmacological effects of LSD. First, lisuride, which
is devoid of hallucinogenic properties, is 5-10 times more potent than LSD
in blocking neuronal firing in the raphe. Second, the psychotomimetic effect
of LSD lasts considerably longer than its inhibitory effect on raphe neuron
firing. Third, although tolerance develops to the behavioral effects of LSD,
no such tolerance can be seen for its neurophysiologic action. It has been pro-
posed that 5-HT receptor sensitization may account for the psychedelic ac-
tion of the hallucinogens (McCall 1986). This mechanism of action is similar
to the 5-HT), agonist effect of the phenylalkylamines (Davis 1987; Hollister
1986), which may actually be the neurochemical substrate of hallucinogenic
action in general (Lyon et al. 1988).

Acute and Chronic Effects

Clinical Symptoms of LSD Intoxication

Because the minimal lethal or toxic dose of LSD is not well established, assess-

ment of severity of intoxication should always be made on clinical grounds. The



Hallucinogens and Phencyclidine 219

DSM-IV-TR (American Psychiatric Association 2000) criteria for hallucinogen
intoxication are presented in Table 6-3. The normally used quantity of LSD in-
gested ranges from 30 to 400 g, but doses as low as 20 pg may cause clini-
cally detectable symptoms (Strassman 1984). However, tolerance to the effect
of LSD develops relatively quickly, so that chronic users increase their dose
over time.

Because of the rapid absorption of LSD from the gastrointestinal tract,
symptoms start to occur within 30 minutes. Drug effects are at a maximum
at 1-4 hours after ingestion of the drug, with the symptoms subsiding during
the following 8—16 hours. The predominant effects with small doses are au-
tonomic nervous system changes and alterations of mood; higher doses cause
the typical perceptional distortions and changes in body image. Vegetative
symptoms are mostly sympathomimetic (tachycardia, increased blood pres-
sure, mydriasis, and hyperthermia). However, a central parasympathomimetic
component (diaphoresis, vomiting, and diarrhea) may complicate the clinical
picture. Observation of extreme agitation and marked muscular rigidity, caus-
ing lactic acidosis in combination with hyperthermia, should raise suspicion
of adulteration of the ingested LSD by strychnine (Kulberg 1986).

The subjective experience under LSD is dependent on the personality of
the user, his or her expectations, and the setting in which the drug is taken.
Although some subjects experience a state of excitement and activity, others
become quiet and passive and withdraw from their surroundings. Changes of
mood range from anxiety to ecstasy. Feelings of euphoria with symptoms of
excitation are the most consistently occurring mood changes during an LSD
high. Episodes of depression and panic (“bad trip”) may follow, or alternate with,
the elevated state of affect (Strassman 1984).

The effect of LSD on perception is sometimes referred to as “illusiogen-
ic,” because, rather than creating a perception of a nonexisting stimulus, LSD
produces a distortion of sensory input from the environment (Kulberg 1986).
Visual symptoms are most frequently experienced; for example, vision may be
blurred, and the perception of distance and depth may be changed. Objects
in the surroundings may be perceived as unusually intense in color, shape,
and/or size. With the eyes closed, geometric and kaleidoscopic patterns are
perceived. Synesthesia, by which a sensory stimulus of one modality is trans-
formed into a perception from another sense, is a type of a perceptual distor-
tion typically experienced under the influence of LSD; for example, smells
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Table 6-3. DSM-IV-TR diagnostic criteria for hallucinogen
intoxication

A.  Recent use of a hallucinogen.

B. Clinically significant maladaptive behavioral or psychological changes (e.g.,
marked anxiety or depression, ideas of reference, fear of losing one’s mind,
paranoid ideation, impaired judgment, or impaired social or occupational
functioning) that developed during, or shortly after, hallucinogen use.

C. Perceptual changes occurring in a state of full wakefulness and alertness
(e.g., subjective intensification of perceptions, depersonalization, derealization,
illusions, hallucinations, synesthesias) that developed during, or shortly after,
hallucinogen use.

D. Two (or more) of the following signs, developing during, or shortly after,
hallucinogen use:
(1) pupillary dilation
(2) rtachycardia
(3) sweating
(4) palpitations
(5) blurring of vision
(6) tremors
(7) incoordination

E. The symptoms are not due to a general medical condition and are not better
accounted for by another mental disorder.

Source. Reprinted from American Psychiatric Association: Diagnostic and Statistical Manual of
Mental Disorders, 4th Edition, Text Revision. Washington, DC, American Psychiatric Association,
2000. Used with permission.

and tactile stimuli seem to be visible, and colors become audible (Kulberg 1986).
“Out-of-body” experiences, loss of ego boundaries causing the perception of
being one with objects or others, and depersonalization are typical LSD-
induced distortions of body image. Delusions of supernatural capabilities
(e.g., the ability to fly) may lead to injury or death; suicidal impulses may also
emerge during or after the acute state of intoxication. Tactile, gustatory, and
olfactory hallucinations are frequently reported; auditory hallucinations are
only rarely experienced. Insight into the drug-induced nature of these experi-
ences is usually retained. Following the euphoric state characterized by intense
and vivid perceptions, reality is frequently experienced as dull and uninterest-

ing after the acute toxic symptoms have subsided.
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“Bad trip” describes a state of frightening illusions and panic that may be
experienced instead of heightened emotions and enjoyable hallucinations.
This experience is frequently accompanied by the fear of insanity (Frosch et
al. 1965; Kulberg 1986). Flashbacks in LSD users are reported to occur with
an incidence of 15%-77% (Kulberg 1986). The term flashback has been re-
placed by the DSM-IV-TR diagnosis of hallucinogen persisting perception
disorder (American Psychiatric Association 2000). The criteria for DSM-IV-
TR hallucinogen persisting perception disorder (flashbacks) are presented in
Table 6-4.

The spontaneous recurrences of symptoms may range from mild confu-
sion to repeated intrusions into awareness of images from a previous LSD
state. Flashbacks are most frequent during the first months after drug use and
may be precipitated by periods of stress and anxiety. If the drug is not taken
again, the frequency of flashbacks gradually decreases with time (Kulberg
1986).

Prolonged adverse reactions after the use of LSD (such as psychosis, para-
noid states, or depression) have been reported (Cohen and Ditman 1962; Frosch
etal. 1965; Hatrick and Dewhurst 1970; Strassman 1984). However, many of
the reported cases have occurred in chronic schizophrenic patients and in sub-
jects with personality disorders. It is not known whether healthy subjects are
at risk for psychosis as a late adverse reaction after the use of LSD. Neuropsy-
chological effects of prolonged use have been difficult to study but appear
to be “modest,” if present at all (Halpern and Pope 1999). Heavy users of 3,4-
methylenedioxymethamphetamine (MDMA, “ecstasy”) on the other hand,
show impaired performance on tests of mental processing and impulsivity
(Halpern et al. 2004), although these findings have been challenged (Lyvers
and Hasking 2004).

High doses of LSD may cause chromosome damage in experimental ani-
mals (Dishotsky et al. 1971). Chromosomal aberrations in humans have been
related to drug abuse in general. Pharmacologically pure LSD, however, has
not been demonstrated to cause a detectable increase in chromosome damage

(Liand Lin 1998).

Treatment of LSD Intoxication

Patients with LSD-induced disorders come to the attention of medical care

providers because of an acute overdose, because of a panic reaction during
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Table 6-4. DSM-IV-TR diagnostic criteria for hallucinogen
persisting perception disorder

A.  The reexperiencing, following cessation of use of a hallucinogen, of one or more
of the perceptual symptoms that were experienced while intoxicated with the
hallucinogen (e.g., geometric hallucinations, false perceptions of movement in
the peripheral visual fields, flashes of color, intensified colors, trails of images of
moving objects, positive afterimages, halos around objects, macropsia, and
micropsia).

B. The symptoms in Criterion A cause clinically significant distress or impairment
in social, occupational, or other important areas of functioning.

C. The symptoms are not due to a general medical condition (e.g., anatomical
lesions and infections of the brain, visual epilepsies) and are not better accounted
for by another mental disorder (e.g., delirium, dementia, Schizophrenia) or
hypnopompic hallucinations.

Source. Reprinted from American Psychiatric Association: Diagnostic and Statistical Manual of
Mental Disorders, 4th Edition, Text Revision. Washington, DC, American Psychiatric Association,
2000. Used with permission.

acute intoxication (bad trip), or because of episodes of flashbacks (Kulberg
1986; Slaby et al. 1981; Strassman 1984). LSD concentrations in body fluids
are extremely low because of its high potency and its extensive metabolism,
which poses a difficult analytical problem. Radioimmunoassay, high-pressure
liquid chromatography, and gas chromatograph-mass spectrometry methods
have been developed to detect LSD, but routine drug screens are not sensitive
enough to accomplish detection. A drug screen can, however, help to rule out
other intoxications.

If the patient has ingested a substantial amount (>200 pg/kg) of the drug
fairly recently (within 30 minutes) and is not obtunded, comatose, or convuls-
ing, gastric lavage is most efficient in removing unabsorbed drug from the stom-
ach. If this approach is not possible, emesis may be induced with ipecac syrup
(15 mL for children ages 1-12 years; 30 mL for older children and adults). If
emesis does not occur after the first dose, ipecac may be repeated once after
30 minutes. In most patients seen in the emergency department for symptoms
of LSD intoxication, nearly complete absorption of the drug is most likely to
have already occurred.

Convulsions are treated with slow intravenous administration of diaz-
epam (0.1-0.3 mg/kg for children; 10 mg for adults); this treatment may be
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repeated if necessary. Acute anxiety can be managed with oral diazepam
(5-20 mg for adults) or equivalent doses of other benzodiazepines such as
lorazepam. In the treatment of hallucinosis or acute delusions, neuroleptics
should be used with great caution because they may induce or worsen hy-
potension and may cause convulsions by lowering the seizure threshold. Re-
assuring the patient that the alterations in his or her perception are due to the
ingested drug (“talking down”) is helpful in cases of acute anxiety. Placing the
patient in a dimly lighted, quiet room and giving cues for orientation to place
and time will assist in calming the patient. If hospitalization does not seem
necessary, an outpatient clinic appointment should be made. Steps should be
taken to ensure that a reliable person looks after the patient until symptoms
have subsided completely.

Patients seen for flashbacks are treated with oral diazepam (15-30 mg/day
for adults) if symptoms of anxiety are severe (Rumack 1987). Neuroleptics,
especially haloperidol, have been implicated in a transient increase in visual
flashbacks and are not recommended (Moskowitz 1971; Strassman 1984). Ris-
peridone and selective serotonin reuptake inhibitors may also worsen symp-
toms of hallucinogen persisting perception disorder (Halpern and Pope 2003).
The patient needs assurance of the self-limiting nature of the phenomenon
and its decreasing frequency of reoccurrence with time. The patient should
be reminded that any future use of hallucinogens or marijuana may precipi-
tate similar symptoms (Strassman 1984).

Symptoms and Treatment of Intoxication
With Other Tryptamine-Related Compounds

Clinical symptoms after ingestion of other tryptamine-related compounds, such
as morning glory seeds, psilocybin, DMT, and DET, are quite similar to those
of LSD toxicity, including restlessness, nausea, and autonomic hyperactivity. In-
toxication from mushrooms of the Psilocybe variety causes ataxia, hyperkinesis,
anticholinergic effects, and chromatopsia (in which colorless objects are per-
ceived to be in color) (Halpern 2003; Giannini et al. 1986). Psilocybe cubensis
usually contains 10-12 mg of psilocybin per gram of dried mushroom, and 1-2
grams of mushroom are typically ingested (Halpern 2004). Clinical symptoms
start 15-30 minutes after ingestion of the poisonous mushrooms. Intoxication
with psilocybin or morning glory seeds is rarely fatal. DET and DMT may cause

LSD-like clinical symptoms that are, however, much shorter lasting.
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Therapeutic measures for the treatment of intoxication from psilocybin or
morning glory seeds are the same as described earlier for LSD—that is, gastric
lavage or induction of emesis with ipecac, treatment of anxiety with diaze-
pam, and reassurance and psychological support (Rumack 1987). Acute treat-
ment of DET or DMT intoxication in an emergency department setting is
rarely necessary. Antipsychotics should be used with great caution, because
the patient may have been exposed to PCP or DOM, which are frequently
found as adulterants of street drugs. If these drugs are responsible for the clin-

ical condition of the patient, antipsychotics may make symptoms worse.

Phenylalkylamine Hallucinogens

The phenylalkylamine hallucinogens show a close structural resemblance to
the catecholamines, noradrenaline and dopamine. The prototype structure is
found in mescaline, a naturally occurring substance. Modification of the mes-
caline molecule has led to synthetic amphetamine derivatives with hallucino-

genic action.

History and Prevalence of Abuse of
Mescaline (Peyote)

Mescaline (3, 4, 5-trimethoxyphenylethylamine) is the hallucinogenic sub-
stance found in the peyote cactus (Lophophora williamsii), which is character-
ized by red or pink flowers and soft spikes. One dried flower top of the cactus
(mescal button) contains 645 mg of the active substance (Kulberg 1986),
which represents up to 6% of its mass. Mescaline was isolated from peyote in
1896 and was synthesized in 1918. For centuries, peyote has played an im-
portant role in the religious ceremonies of the Indians of northern Mexico
and the southwestern United States. A “peyote cult” was established in the
United States in the late nineteenth century, leading to the foundation of the
Native American Church in 1918. In this congregation, the use of peyote as
a religious sacrament during church services is legal under U.S. law.

Peyote is ingested fresh (as whole dried buttons) or as powder (loose in
capsules or pressed into tablets). Mescaline sold on the street (see Table 6-2)
is generally not what it is claimed to be but is most likely one of the follow-
ing: DOM, PCP, LSD, caffeine, or amphetamine-related stimulants (Kulberg
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1986). Only when the cactus buttons are found with the patient can there
be certainty that the drug in question is peyote (mescaline) (Giannini et. al.

1986).

Pharmacology of Mescaline

Mechanism of Action

The behavioral effects of mescaline apparently result from an agonist action
at 5-HT) receptors (Aghajanian and Haigler 1975). This hypothesis is sup-
ported by the findings that 5-HT, receptor antagonists are able to block se-
lectively the increased reactivity of locus coeruleus neurons produced by these
substances and that the potency of various phenylethylamine hallucinogens
in producing this effect correlates well with their order of potency in binding
to the 5-HT), receptor (Aghajanian et al. 1987). In fact, because the agonist
action at the 5-HT) receptor is the one characteristic that the hallucinogenic
indolealkylamines and phenylethylamines have in common, it has been pro-
posed that this could be the ultimate neurochemical substrate for their behav-
ioral and psychological effects (Aghajanian and Haigler 1975).

The mode of action of the amphetamine derivatives MDA and MDMA
seems to be dissimilar, with MDMA possessing mescaline-like psychoactive
properties. MDMA demonstrates greater serotonergic effects than does the
more amphetamine-like MDA.

Pharmacokinetics

Mescaline is considerably less potent than LSD; equipotent amounts are 5 mg
and 1 pg, respectively. Peyote is readily absorbed from the gastrointestinal tract.
Mescaline is mainly concentrated in the liver, spleen, and kidney. Up to 60%
is excreted unchanged in the urine; mescaline metabolites are devoid of any
psychoactive effect.

Clinical symptoms of mescaline intoxication are similar to those seen in
LSD intoxication. Nausea and vomiting occur 30 minutes to 2 hours after in-
gestion. Other symptoms are mydriasis, diaphoresis, hypertension, dizziness,
and chills (Mack 1986). The hallucinogenic effects peak at 5-6 hours after
ingestion of the drug (Kulberg 1986). Vivid colors, kaleidoscopic visions, and
synesthesias similar to those experienced with LSD have been reported. The
user may hallucinate that he or she is followed by marching geometric shapes;
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this symptom may be pathognomonic for mescaline intoxication. After about
14 hours, when the effects of the drug have vanished, excellent recall of the
experience is maintained. Because this phenomenon is different from the state
after PCP intoxication, it can have some practical significance for the differ-
ential diagnosis; on the street, PCP is frequently sold as mescaline (Giannini
et al. 1986).

The lethal dose of mescaline varies because of the development of toler-
ance to the action of the drug. After a massive overdose, hypotension, brady-
cardia, CNS depression, and respiratory failure may be life threatening. Fatal
intoxications from mescaline are rare, and fatalities associated with mescaline

use are usually attributed to traumas resulting from altered perceptions.

Treatment of Mescaline Intoxication

The active drug and metabolites can be detected from the urine by thin-layer
chromatography, gas-liquid chromatography, or gas chromatography—mass
spectrometry. However, assays are available only at specialized centers. Treat-
ment of acute intoxication with mescaline is virtually identical to the treat-
ment outlined for LSD intoxication. DOM-induced vasospasm responds well
to intra-arterial tolazoline or sodium nitroprusside. Major life-threatening com-
plications of hallucinogenic amphetamine derivatives include hyperthermia,

hypertension, convulsions, cardiovascular collapse, and self-inflicted trauma.

History, Prevalence of Abuse, and Pharmacology of
Hallucinogenic Phenylalkylamine Derivatives

The substituted phenethylamines, consisting of approximately 50 substances,
form the largest chemical group of hallucinogenic substances known. The al-
most unlimited possibility of modification of the amphetamine molecule has
encouraged the development of “designer drugs.” These are clandestinely pro-
duced substances, some of which may still be uncontrolled by national or in-
ternational law, despite their being chemically and pharmacologically similar
to strictly controlled substances. Thus, the drug scene tends to remain one
step ahead of the law (Ghodse 2002). Hallucinogenic amphetamine analogs
have a chemical substitution on the benzene ring of the molecule, which is also
typical for mescaline. Several of these “ring-substituted amphetamines” were
synthesized in the 1960s and represent the oldest group of designer drugs.
Later they became part of the so-called club drugs (a term that refers to a wide
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variety of substances, including LSD, ketamine, y-hydroxybutyrate [GHB],
and others), which are used at dancing and partying venues (see Chapter 7,
“Club Drugs”). However, in the past few years, these drugs have been found
increasingly in more mainstream settings (National Institute on Drug Abuse
2004a).

Methamphetamine is sold on the street under a variety of slang or street
names (e.g., speed, ice, chalk, crystal, crank, fire, glass). Several of these names
seem to refer to the tiny white crystals of which it consists. The drug can be
consumed in many different ways (e.g., by mouth, intravenously, snorted, or
smoked with tobacco). A particularly intense and long-lasting euphoria is
seen when the vaporized substance is inhaled. For this purpose methamphet-
amine is heated in a glass tube. Like amphetamine, methamphetamine is
highly water soluble in its pure salt form, and it can easily be injected in large
quantities, also leading to an intense feeling of well-being. When used in
“runs” by injecting it several times per day over a period of several days,
methamphetamine leads to increased agitation, pseudohallucinations (visual
images identified as unreal by the user), hallucinations, and exhaustion (Brands
et al. 2001).

The halflife of methamphetamine is about 11 hours, although half-life is
dependent on the pH of the urine, with acidification leading to increased elim-
ination. Methamphetamine is metabolized in the liver, but about 30% is ex-
creted unchanged. It is a potent stimulant with less peripheral effects than
amphetamine. Abusers typically show agitation, excited speech, decreased
appetite, and increased physical activicy (National Institute on Drug Abuse
2004a). Reports of its violence-inducing properties have caused concern, and its
psychotomimetic properties (hallucinations, paranoia, mania, impaired judg-
ment) can be very frightening to the user and to people in the user’s surround-
ings. Withdrawal reactions may also be very severe. According to data from the
National Institute on Drug Abuse (NIDA) 2003 Monitoring the Future survey,
use of methamphetamine among U.S. high-school students remains at a high
level and is of concern (National Institute on Drug Abuse 2004a).

3,4-Methylenedioxymethamphetamine (MDMA), known by the street
names ecstasy, XI'C, X, Adam, clarity, and lover’s speed, was synthesized in
1914 as an appetite suppressant but was never marketed. In the early 1970s,
it appeared on the U.S. drug scene under various street names. More recently,
the name “ecstasy” has become synonymous for MDMA, even in the scien-
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tific literature. Until the mid-1980s, MDMA was used by some psychiatrists
as an adjunct to psychotherapy, because it was believed to reduce feelings of
hatred and increase emotional harmony (Verebey et al. 1988). During that
period, the substance was also popular among American college students, but
dangerous health effects led to an emergency Schedule I controlled substance
classification in 1985. Later, it began to play a major role as part of the “rave”
culture, because it helped users dance for a prolonged period of time (see the
section on MDMA (ecstasy) in Chapter 7, “Club Drugs”). MDMA sold on
the street may in reality be MDA or 3,4-methylenedioxyethylamphetamine
(MDEA) or some other designer drug of the amphetamine type. According
to NIDA’s 2003 Monitoring the Future study, use of MDMA among junior
and senior high school students has decreased since 2001 (National Institute on
Drug Abuse 2004a).

MDMA is taken orally in the form of tablets or capsules. Typical doses
range between 75 and 200 mg, depending on the tolerance of the individual.
An experienced user, who has developed some tolerance to the drug, would take
a starting dose at the upper end of the range and a smaller dose some hours later
to maintain the desired euphoria. MDMA is also used in combination with
other drugs (e.g., alcohol, opiates, benzodiazepines) in order to enhance the
effect or reduce withdrawal symptoms. MDMA has been shown to deplete
central 5-HT transmission and destroy serotonergic neurons (Ricaurte et al.
2000). Individuals, aware of this effect, may take “smart-drug” drinks con-
taining 5-HT precursors in an attempt to prevent CNS damage (Wills 1997).
The average elimination half-life of MDMA is 7.6 hours (Baselt and Cravey
1989). About 60% of the drug is eliminated in the urine unchanged (Alrazy
and Verebey 1988), and a small fraction is eliminated as the psychoactive me-
tabolite MDA (see the discussion of MDA later in this section).

The effective dose of MDMA ranges from 50 to 150 mg. The drug is well
absorbed after ingestion, and its peak effect is experienced after about 1-5
hours. MDMA users frequently describe three phases of MDMA’s action.
First, there is disorientation. This is followed by a “rush,” during which tin-
gling and jerking movements in the extremities are experienced. The pares-
thesias and myoclonus subside within 1-4 hours and are followed by a short
period (30—60 minutes) of happy sociability (Dowling et al. 1987). MDMA-
positive subjects participating in a study of the effect of this substance on driv-
ing showed muscle twitching, body tremors, dilated pupils, slow papillary re-
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action to light, elevated pulse and blood pressure, profuse perspiration, and
lack of balance and coordination (Logan and Cooper 2001). Other effects re-
ported by MDMA users include a reduction in defensive and aggressive im-
pulses, a feeling of tranquil euphoria, and an enhanced interest in interacting
with others. As with LSD, the effects of MDMA often depend on the mind-
set of the person using it. Anxiety, paranoia, psychosis, and hallucinations
have been reported after its use (Winstock 1991).

After the acute effects of MDMA have worn off, lethargy and depression
are seen, and late flashback-type experiences have been reported (Creighton
etal. 1991). During rave culture-related dancing events, the stimulant prop-
erties of the drug may lead individuals to dance for prolonged periods of time.
Especially in a hot and crowded place, this activity may lead to exhaustion,
dehydration, electrolyte disturbances, and hyperpyrexia, which may trigger
convulsions (Screaton et al. 1992). Rhabdomyolysis may lead to disseminated
intravascular coagulation (DIC). Death related to hyperpyrexia has been re-
ported, especially in the United Kingdom (Randall 1992). Impaired ther-
moregulation may be the result of a neurotoxic effect on 5-HT transmission
in the hypothalamus. Treatment includes rapid cooling (Bordo and Dorfman
2004) and the use of dantrolene (Rusyniak et al. 2004). In the United King-
dom, practical advice has been given to participants of “rave” venues to avoid
dancing for long periods of time, to rest in a cool place, wear loose clothes,
and consume plenty of fluids (Wills 1997). Fluids with electrolyte replacement
are preferred, because intake of large volumes of hypotonic fluid may cause
hyponatremia (Holden and Jackson 1996). MDMA has also been suspected
of causing a syndrome of inappropriate antidiuretic hormone secretion
(SIADH) (Satchell and Connaughton 1994). In addition to being exposed to
the health risks related to ecstasy use in crowded, hot venues, users of the drug
may also experience cardiac arrhythmias and cardiomyopathy. There are also re-
ports of jaundice and liver damage after the use of ecstasy (Gorard et al. 1992;
Shearman et al. 1992). Heavy use of MDMA has been associated with a de-
cline in nonverbal (visual) memory (Back-Madruga et al. 2003), which may
indicate damage to hippocampal neurons (National Institute on Drug Abuse
2004b). No specific treatments for MDMA abuse are available. Cognitive-
behavioral interventions are used in a manner similar to that for the treatment
of other addictions, and long-term recovery may be supported through par-

ticipation in recovery support groups.
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MDA is the N-methylated derivative of MDMA. It is a potent stimulant
that was originally investigated by the U.S. Army as an incapacitating agent.
In the 1960s, it became a popular drug of abuse. Its reputation as a safe rec-
reational drug (“love drug”) that provides the user with a tranquil psychedelic
experience has been contradicted by reports of several cases of fatal intoxica-
tion. With increased availability of MDMA, the popularity of MDA has de-
creased in the United States and Canada (Brands et al. 2001). At low doses,
MDA is reported to induce peaceful relaxation without significant hallucina-
tions; at moderately high doses its effect is LSD-like, and at high doses it can
cause extreme, sometimes fatal, excitation. High doses may also lead to delir-
ium, seizures, coma, respiratory distress, hyperpyrexia, thabdomyolysis, and DIC
(Brands et al. 2001).

MDEA has effects similar to those of MDMA. MDEA appeared on the
market following restrictions placed on MDMA.

Paramethoxyamphetamine (PMA) has a hallucinogenic potency about
five times that of mescaline and three times that of MDA. Because of its high
toxicity, it caused fatal intoxications shortly after it became available on the
street in the early 1970s (Cimbura 1974). Some of the fatalities were appar-
ently due to the fact that the substance was sold to users as MDA; because of
the higher potency of PMA, severe intoxication (i.e., hypertensive crisis, sei-
zures, death) occurred.

3,4,5-Trimethoxyamphetamine (TMA) causes perceptual distortions,
LSD-like synesthesias, and dissociative states. At high doses, it may produce
unprovoked anger, aggressive behavior, and “homicidal violence” (Shulgin
1978).

DOM is the active compound in the street drug STP. The origin of the ab-
breviation STP remains obscure. DOM appeared on the North American drug
scene in the late 1960s (Snyder et al. 1967), but then its use waned. Effective
doses of DOM range from 1 to 5 mg. At low doses DOM produces mild eu-
phoria and CNS stimulation. Higher doses of the drug cause an LSD- or mes-
caline-like effect, which may last up to 24 hours. Its potency has been estimated
to be eight times that of mescaline (McKim 1996). Acute adverse reactions
(“bad trips”) seem to be more common with DOM than with most other hal-
lucinogens, and this phenomenon may explain why DOM has remained less
popular than other, related substances. Because of its strong peripheral seroto-
nin agonist effects, DOM may cause severe vasospasm (Bowen et al. 1983).
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Death after the use of MDMA or MDEA is rare but may occur because
of induction of cardiac arrhythmias or as a consequence of risk-taking be-
havior. Following its acute effects, MDMA may produce symptoms such as
anxiety, depression, and confusion, which, in some cases, continue for several

weeks (Dowling et al. 1987).

Phencyclidine and Ketamine

History and Prevalence of Abuse

Phencyclidine (1-[1-phenylcyclohexyl] piperidine, PCP) was originally devel-
oped as an intravenous anesthetic in the 1950s. Used for this indication, it
causes a trance-like state without loss of consciousness and was hence classi-
fied as a dissociative anesthetic. However, it was soon withdrawn from human
use because it produced unpleasant hallucinations, agitation, and delirium.
The product was later used in veterinary medicine. Ketamine, a chemically
closely related substance, was developed to replace PCP and is still in use as a
dissociative anesthetic in children. Ketamine is less potent than PCP, and its
effects are of shorter duration. However, it may also cause hallucinations (see
the section on ketamine in Chapter 7, “Club Drugs”). Much of the ketamine
sold on the street (special K, cat Valium) has been diverted from veterinarians’
offices.

In the United States, PCP abuse started in the mid 1960s, when it entered
the illegal drug market under the name of “angel dust” and other street names
(peace pill, crystal, hob, love boat, dummy dust, peace, supergrass, zombie,
synthetic THC, or synthetic marijuana). Like LSD, PCP has effects on per-
ception (time, space, body image) and thought processes, and an increase in
its use coincided with the decline in LSD use in the 1970s. After a period of
substantial popularity in the 1980s, phencylclidine abuse declined. The drug
seems to be more popular among men, with males age 18 and older showing
the highest prevalence in North America. Because the synthesis of PCP is easy
and relatively cheap, in the United States it has been used to adulterate other
illicit drugs or has been substituted for other abused substances (e.g., meth-
amphetamine, mescaline, psilocybin, cannabis).

Originally, PCP entered the illegal drug market in the form of tablets,
which had a slow onset of action. Since the 1970s, PCP has been produced in
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illegal laboratories and is generally sold in crystalline form. In this form it can
be mixed with tobacco, mint leaves, parsley, or cannabis (super or killerweed,
supergrass) and smoked. Typical oral doses range from 5-10 mg to 80-100 mg,
two to three times a day. The bitter-tasting, water-soluble crystals are also
snorted or injected intravenously. Effects of PCP begin within minutes of its
being smoked, reaching their greatest intensity after about 30 minutes. The
effects start to decline after 4—6 hours and disappear after about 24 hours. Be-
cause PCP-induced psychotic experiences may last for several days or even
weeks, the drug has been used in laboratory animals to produce an experimental
model of schizophrenia.

A wide variety of perceptual, cognitive, and emotional experiences may
be encountered after the use of PCP. Abusers seck euphoria, which develops
within minutes after smoking and is accompanied by a sense of warmth and
numbness, as well as unusual delusions and hallucinations.

Inexperienced users or individuals who are exposed to the drug unexpect-
edly (e.g., who unknowingly consume PCP-adulterated cannabis) may devel-
op severe anxiety and panic because of the intensity and variety of symptoms.
Perceptual distortions have sometimes led to extremely violent behavior,
accidents, or self-damaging acts. An especially high risk of violent behavior
has been reported in acutely intoxicated PCP users who have a history of
psychiatric problems. Intoxication with doses in excess of 150 mg may lead
to convulsions, coma, and death from respiratory arrest. Other complica-

tions include hypertensive crisis, intracerebral hemorrhage, and renal failure

(Table 6-5).

Pharmacology of PCP and Ketamine

PCP and ketamine act as noncompetitive NMDA receptor antagonists. They
have been shown to bind to a site deep in the ion channel. It is still unknown
how this mode of action is related to the hallucinogenic and addictive effects
of these drugs. At substantially higher doses (i.e., those that cause blockade of
the NMDA recepror), PCP (but not ketamine) blocks monoamine reuptake,
increasing synaptic levels of dopamine and noradrenaline. This action may
explain the stimulatory effects during high-dose intoxication, which may lead
to agitation and violence. Other pharmacologic effects (e.g., blockade of Na
and K channels; effects on cholinergic, opiate, and GABA/benzodiazepine
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Table 6-5. Adverse effects of phencyclidine

Acute effects

. Hypertension

e Tachycardia

. Nausea, vomiting

*  Hypersalivation

*  Hyperpyrexia, fever, sweating

e Rhabdomyolysis

*  Flushing

3 Bronchospasm, aspiration pneumonia
*  Anesthesia, somnolence, sleep

. Neurological signs: nystagmus, miosis, blurred vision, tremor, slurred speech,
dystonia, convulsion, amnesia, confusion, peripheral numbness

. Psychiatric signs: euphoria, dysphoria, agitation, hallucinations, delusions,
aggression, violence, bizarre behavior, schizophrenia-like “body trip”

Chronic effects

*  DPsychological and physical dependence

. Chronic anxiety, confusion, depression

*  Memory loss, speech difficulties (mutism, stuttering)

*  Dsychosis, personality changes, flashbacks

Source. Adapted from Will 1997.

receptors) are also related to high doses and may explain some of the clinical
effects during intoxication, such as convulsions. Hence, it may be that the ef-
fects of PCP result from perturbation of multiple neurotransmitter systems.
PCP has very complex pharmacokinetics. A lipophilic drug, it is stored
in fatty tissue, from which it may be liberated for several days, causing long-
lasting and/or recurring psychotic symptoms. The half-life of the drug varies
from 7 to more than 72 hours. PCP is primarily eliminated by hepatic hydrox-
ylation and subsequent renal excretion. About 10% of total PCP is excreted in
the urine unchanged and may be detected by suitable urine screening methods.

Treatment of Intoxication

Treatment of acute PCP intoxication includes efforts to decrease gastrointes-

tinal absorption of the drug (e.g., by activated charcoal) and to increase renal
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excretion (e.g., by acidification of the urine through administration of ascor-
bic acid). PCP-users typically use the drug in binges lasting 2—3 days (which
may occur several times per month), similar to the “runs” in amphetamine users,
which are followed by a hypersomnia and depressed mood. Effects of chronic
use are listed in Table 6-5 and include social isolation and a schizophrenia-
like clinical picture that can occur among patients with no prior psychiatric
disturbance.

With chronic use of PCP, tolerance develops, resulting in use of higher
doses to achieve the desired subjective effects. Other clinical signs of addic-
tion may also be seen, including difficulty discontinuing use of the drug de-
spite adverse consequences and craving for the drug. Although withdrawal
symptoms following abrupt discontinuation of PCP use have been reported
in animals, there are no clear reports from chronic PCP users that support the
existence of an abstinence syndrome. Recently, PCP treatment in rats has
been shown to result in a protracted depression of brain reward function that
may be analogous to the dysphoric and anhedonic symptoms of PCP depen-
dence (Spielewoy and Markou 2003).

Anticholinergic Plants and Synthetic Agents

Atropine and its ether analog scopolamine (hyoscine) are potent alkaloids that
are found as active compounds in a large number of plants around the world
(belladonna alkaloids). The “deadly nightshades” (“European bittersweet,”
Solanum dulcamara or “belladonna,” Atropa belladonna) were used in the Mid-
dle Ages as witches’ brew. Intoxication from both plants occurs mainly in chil-
dren who ingest the fruits or flowers because of their attractive appearance.
Jimsonweed (Datura stramonium, thorn apple, or “locoweed”), another
member of the Solanaceae family, is found throughout the United States. The
plant has large, jagged, bitter-tasting leaves and large white or purple trumpet-
like flowers. In the fall, the plant bears fruit in the form of thorny capsules,
which contain brown or black seeds. All parts of the plant are poisonous; about
4% of the seeds consist of anticholinergic alkaloids (scopolamine, hyoscya-
mine, and atropine). Although accidental childhood poisonings with jimson-
weed were seen in the past, more recently, these events have been replaced by
an increased incidence of inadvertent overdoses in persons experimenting with

the drugs for their mind-altering effects (Goldfrank 1986). Leaves of the plant



Hallucinogens and Phencyclidine 235

can be eaten raw, prepared as a tea, or smoked. There is even a preparation of
Datura stramonium available in health food stores, where it is sold as an asthma
drug (Goldfrank 1986). Alkaloid contents of plants of the Solanaceae family
vary between seasons and from year to year, which makes it difficult to make
clinical inferences from the amount ingested; as little as 4-5 g of crude leaf from
jimsonweed may be lethal for a child. Adolescents and young adults are known
to smoke the dried leaves or consume the dried seeds to induce a state of toxic
delirium.

Trihexyphenidyl (Artane) and benztropine (Cogentin) are prescription
drugs used in the treatment both of Parkinson’s disease and the extrapyramidal
side effects produced by neuroleptic medication. They are occasionally abused
for their mind-altering properties, which occur at toxic doses (Perry et al.
1978). Abusers often try to obtain these drugs by false representation of ex-
trapyramidal symptoms, which are claimed to result from the use of phenothi-
azines or other neuroleptics (Rubinstein 1978).

Certain antiasthma drugs available in health food stores contain prepara-
tions from belladonna or stramonium leaves (Goldfrank 1986). Gastrointesti-
nal anticholinergics containing atropine sulfate are used as adjunctive therapy
for peptic ulcers and in other gastrointestinal conditions (e.g., functional diar-
thea). Scopolamine is prescribed for the treatment of motion sickness. Over-
the-counter sleeping pills containing scopolamine are also occasionally abused

for their effects on the CNS.

Clinical Findings in Anticholinergic Intoxication

The clinical picture of anticholinergic intoxication is governed by the mus-
carinic effects of the drug (Table 6-6). Mydriasis is a consistent finding. Dry
mouth, decreased gastrointestinal motility, urinary retention, tachycardia
with dysthythmias, and hyperpyrexia with a dry, flushed skin are also typically
seen. These symptoms are markedly different from the sympathomimetic ef-
fects seen after exposure to the majority of the hallucinogens discussed earlier.
Lilliputian hallucinations are frequently reported as a symptom of anticholin-
ergic intoxication (Goldfrank 1986). Insight into the drug-induced nature of
the sensory distortions and recall of the vivid illusions are typically lost follow-
ing resolution of the intoxication (Shulgin 1981). In patients with narrow-

angle glaucoma, anticholinergics may precipitate an acute attack.
gle g g y precip
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Table 6-6. Symptoms of anticholinergic intoxication

Peripheral signs Central symptoms

Mydriasis Visual hallucinations

Tachycardia Drowsiness

Hyperthermia Distortion of body image

Decreased salivation Amnesia

Dryness of skin and mucous Heatstroke (from hyperthermia at high
membranes environmental temperatures)

Facial flushing

Difficulty urinating

Treatment of Anticholinergic Intoxication

If the ingestion of an anticholinergic has been recent, and the patient is not
obtunded or convulsing, gastric lavage or emesis with ipecac is indicated. Be-
cause absorption of the drug is slow (due to the reduced motility of the gut),
oral administration of activated charcoal and a cathartic enhances the proba-
bility of removing substantial amounts of unabsorbed drug,

In case of severe hallucinations, myoclonic seizures, hypertension, or ar-
rhythmias, the anticholinesterase physostigmine is the drug of choice (Gold-
frank 1986); it also can help to confirm the diagnosis in unclear cases. The
effective dose of physostigmine is 0.5 mg in children and 1-2 mg (0.01-0.03
mg/kg) in adults, given intramuscularly or intravenously over 2-5 minutes.
Slow administration is essential because physostigmine may cause seizures if
administered too rapidly. This dose may be repeated in 20-30 minutes if tox-
ic effects persist and no cholinergic effect is produced. Because the signs of
cholinergic excess (bradycardia, heart block, and excessive secretions) may de-
velop rapidly, use of physostigmine should be reserved for the intensive care
setting. Neostigmine and pyridostigmine, which are quaternary amines, do
not cross the blood-brain barrier and hence lack effect on the CNS.

Relative contraindications to the use of anticholinesterase treatment
include a history of cardiovascular disease, asthma, glaucoma, and gastro-
intestinal or genitourinary obstruction. Symptomatic treatment of tachyar-
thythmias with propranolol may be considered; P blockers, however, are less
effective than physostigmine.
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Club Drugs

Richard N. Rosenthal, M.D.
Ramon Solhkhah, M.D.

The use of “club drugs,” which include GHB (y-hydroxybutyrate), 3,4-meth-
ylenedioxymethamphetamine (MDMA) (“ecstasy”), and ketamine, particularly
among adolescents and young adults, has raised concern (Chatlos 1996).
Although, overall, more recent studies of adolescents and adults have shown
a slight decrease in drug use, adolescent substance abuse remains a public
health concern, particularly as it relates to the use of designer drugs (Armentano
1995; Johnston etal. 2002). Moreover, given their popularity among a subgroup
of the homosexual community, the club drugs may also represent a unique
challenge in working with patients in this group.

Club drugs originally received their name from their use in nightclubs and
“raves.” Raves are all-night dance parties that feature “techno” music, which
is intended to enhance drug effects. These parties tend to attract adolescents
and young adults ages 15-25 years (Koesters et al. 2002). As part of the rave
experience, party-goers are often looking for “euphoric transcendence,” which
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is reached through the combination of frenetic dancing and club drug use
(Weir 2000). Increasingly, however, clinicians must be concerned with non-
club uses of the club drugs, particularly among high school and college stu-
dents (Pederson and Skrondal 1999). Although technically, any drug used in
a club could be considered a “club drug,” general interest has focused on three

agents: GHB, MDMA, and ketamine.

GHB and Related Compounds

GHB has been used both for legitimate clinical and clinical research purposes
and for a range of illicit purposes. It was marketed legally in the United States
until 1990, when the U.S. Food and Drug Administration (FDA) banned its
sale to consumers. Except for the one indication described later in this sec-
tion, GHB is a Schedule I controlled substance without other FDA-approved
indications. The FDA has also declared y-butyrolactone (GBL) as a List I chem-
ical and 1,4-butanediol (1,4-BD) as a Class I health hazard, practically desig-
nating these GHB precursors, which are also industrial solvents, as illicit and
unapproved new drugs (National Institute on Drug Abuse 2000).

Epidemiology and Clinical Presentation

Emergency department (ED) episodes related to GHB as reported to the
Drug Abuse Warning Network (DAWN) increased more than fivefold from
1994 to 2001, with weighted estimates of 3,340 GHB mentions in 2001,
compared to 638 mentions in 1994 (Kissin and Ball 2002). More than 74%
of GHB mentions in 2001 were concurrent mentions with other drugs, and
54% were concurrent mentions with alcohol. Fifty-eight percent of ED men-
tions of GHB were for patients ages 18-25 years, and GHB mentions typi-
cally involved patients who are white and male (Kissin and Ball 2002).
Although ED visits related to GHB are rare, the complaints that precipitate
them may reflect the pattern of GHB sequelae in users in the community.
Miotto and colleagues (2001) surveyed 42 recreational users of GHB and
found that 66% reported episodes of unpredictable loss of consciousness and
26% had overdosed. Forty-five percent of daily users had experienced fre-
quent amnesia during or after use of the drug, suggestive of blackouts typical-

ly attributed to severe alcohol abuse. The rate of adverse events was greater
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among those who used higher GHB doses and among those who used GHB
together with other drugs of abuse.

Aside from the use of GHB and its analogs by body builders for purported
anabolic effects, the main abuse of this class of compounds is recreational use,
which produces sedation, euphoria, and sexual disinhibition (Miotto et al.
2001). The sedative effects of GHB may be related to inhibition of dopamine
release and a subsequent increase in the intraneuronal dopamine level (Itzhak
and Ali 2002). In an attempt to sidestep the FDA ban on human use of GHB
and its precursors, GBL and 1,4-BD, these drugs are frequently represented
and sold on the Internet as cleaning fluids. Recent “brands” sold over the Inter-
net include the GBL preparations such as Fire Water, Revivarant, Revivarant G,
RenewTrient, GH Revitalizer, GH Release, Gamma-G, InvigorateX, Furo-
max, Insom-X, and Blue Nitro Vitality and the 1,4-BD preparations such as
Revitalize Plus, Serenity, Enliven, Zen, GHRE, SomatoPro, InnerG, NRG3,
Weight Belt Cleaner, and Thunder Nectar (Centers for Disease Control and
Prevention 1999; Hall and Maxwell 2000; Zvosec et al. 2001). Because GHB
potentially causes coma and anterograde amnesia, especially in conjunction
with alcohol, with which its effects are synergistic, it has reportedly been used
as a drug to facilitate sexual assault. Reflecting street awareness of the side ef-
fects of loss of consciousness and decreased coordination, users usually avoid
driving motor vehicles (Miotto at al. 2001).

Because GHB induces slow-wave sleep, a peak period of sleep for release
of growth hormone (Gerra et al. 1994; Takahara et al. 1977), it has been mar-
keted as a nonregulated anabolic health-food supplement to body builders
since the 1980s. However, Addolorato and colleagues (1999b) found no evi-
dence of purported anabolic effects during long-term administration of GHB,
and no other evidence from case reports or clinical trials exists for the efficacy

of GHB in increasing muscle mass.

Acute Effects

Taken for recreational use as an intoxicant, typical acute effects described by
misusers are euphoria, relaxation, and increased sexuality (Galloway et al.
1997; Miotto et al. 2001). On the street, GHB is taken in capfuls or teaspoons
of asalty/sour liquid, which because of variations in concentration, may range
in dose from 0.5 to 5.0 g. Common side effects are nausea, headache, itching,

and vomiting (Borgen et al. 2003). Doses of 10-20 mg/kg of GHB typically
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produce anxiolysis with hypotonia and amnesia, 20-30 mg/kg induces sleep,
and 50-60 mg/kg induces anesthesia (Craig et al. 2000). In the context of
rave-type parties, GHB or its precursors are often taken together with other
club drugs (e.g., ketamine, MDMA), so as to offset the sedating properties of
GHB and modulate the stimulants’ adverse effects such as teeth grinding and
jaw-clenching, while increasing the subjective euphoria and disinhibition.
GHB has also gained notoriety as a common drug of abuse at gay circuit par-
ties. Similar to alcohol, GHB may cause impairment of judgment in addition
to disinhibition when used to facilitate sexuality. In Liverpool, United King-
dom, 61% of gay men identified in one study as infected with syphilis had
used GHB as an aphrodisiac in the context of unprotected sex (Cook et al.

2001).
Chronic Effects

In a conditioned place preference paradigm, mice treated repeatedly for a
week with 250 mg/kg of GHB demonstrate place preference, suggesting that
GHB cues are rewarding (Itzhak and Ali 2002). However, highly reinforcing
drugs (e.g., cocaine, opioids) typically produce conditioned place preference
after only two to three drug exposures, so GHB, which appears to require a
greater number of exposures, may have less reinforcing effects (Nicholson and
Balster 2001). Nonetheless, it appears that a small percentage of human users
of GHB or its precursors become addicted. In addition to evidence of physi-
ologic dependence, including tolerance and withdrawal, there is evidence that
patients may quickly relapse to GHB or GBL use after complicated withdrawal
(McDaniel and Miotto 2001), thus meeting the DSM-IV-TR criteria for sub-
stance dependence (American Psychiatric Association 2000). Part of the high
relapse risk may be due to what McDaniel and Miotto (2001) have described
as a protracted abstinence syndrome, characterized by dysphoria, anxiety, mem-
ory problems, and insomnia, which may last for 3-6 months after the acute
withdrawal has stabilized.

Basic and Clinical Pharmacology

Biosynthetic and Metabolic Pathways

GHB is an endogenous, water-soluble, four-carbon fatty acid that is found in

peripheral organs, including the heart, liver, kidney, and cardiac and skeletal
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muscle, as well as in the brain of mammals, where it is thought to play a role
as a neurotransmitter (Maitre 1997; Nelson et al. 1981). This metabolite of
y-aminobutyric acid (GABA) appears to be synthesized in the central nervous
system (see Figure 7-1), and in rodents it has been shown to bind to high-
affinity receptors in neurons of the hippocampus, cortex, striatum, olfactory
bulb and tubercle, and dopaminergic nuclei (Maitre 1997). In the mitochon-
dria, GABA is transaminated by GABA-transaminase into succinic semialde-
hyde (SSA). Most of the SSA is oxidized into succinate in the mitochondria
for use in the Krebs cycle, but a small amount, 1%-2%, appears to be trans-
ported back into the cytosol, where it is reduced into GHB by succinic semi-
aldehyde reductase, an enzyme found only in neurons (Maitre et al. 2000). In
the brain, 1,4-BD is also converted into GHB (Snead et al. 1989), whereas
peripheral lactonases appear to convert naturally occurring GBL into GHB,
which then freely diffuses across the blood-brain barrier (Maitre 1997; Roth
and Giarman 1968). In the liver, 1,4-BD is oxidized by alcohol dehydrog-
enase to y-hydroxybutyraldehyde, which is oxidized to GHB by aldehyde de-
hydrogenase (Dyer et al. 2001). Inhibiting the enzyme GABA-transaminase
will block the formation of GHB from GABA; however, neither this effect
nor the blocking of alcohol dehydrogenase affects the formation of GHB
from 1,4-BD in the brain, demonstrating at least two different pathways for
GHB synthesis in the central nervous system (CNS) (Snead et al. 1989). GHB
is ultimately metabolized to carbon dioxide (CO,), which is eliminated through
the lungs, although a small percentage is excreted in the urine (Galloway et
al. 2000; Nicholson and Balster 2001).

GHB is rapidly absorbed from the gastrointestinal tract, and is present in
free form in the serum without protein binding (Li et al. 1998a), with peak plas-
ma concentrations usually appearing 40—-60 minutes after ingestion, often
more quickly (Borgen et al. 2003). However, absorption is capacity-limited,
and larger doses will increase the time to peak plasma concentration (Palatini
et al. 1993). Food, especially that of high fat content, significantly reduces
bioavailability of GHB, reducing peak plasma concentration and increasing
median time to peak concentration (Borgen et al. 2003). As the main enzyme
for degradation of GHB is saturable and the elimination pharmacokinetics of
GHB is nonlinear, plasma clearance of GHB decreases as the dose of GHB
increases (Borgen et al. 2000). At low doses such as 12.5 mg/kg, the elimina-
tion half-life is as brief as 20 minutes, with clearance of 14 mL/min/kg,
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Figure 7-1. y-Hydroxybutyrate (GHB) synthesis in the neuron.

Succinic semialdehyde (SSA) is synthesized in the mitochondria through
transamination of y-aminobutyric acid (GABA) by GABA transaminase
(GABA-T). Most of the SSA is oxidized by SSA dehydrogenase (SSA-DH) to
form succinate, which is used for energy metabolism and results in the end
products CO, + H,O, which are expired. A small portion of SSA (<2%) is
converted by SSA reductase (SSA-R) in the cytosol to GHB. GHB may also
be oxidized back to SSA by GHB dehydrogenase (GHB-DH).

whereas at moderate doses such as 32 mg/kg, the mean clearance is reduced
to 6.6 mL/min/kg and is further reduced by almost 40% with doses of ap-
proximately 60 mg/kg (Borgen et al. 2000; Roth and Giarman 1966; Scharf
etal. 1998). Plasma levels of GHB are negligible 6 hours after a single 64-mg/
kg (4.5-g) dose in healthy adults (Borgen et al. 2003). Because of the rapid
elimination of the drug, the alteration in clearance with increased dose is not
usually clinically relevant, except in the case of overdose, where coma may be
extended with high doses, or where there is a pattern of high-dose adminis-
tration at frequent intervals. The effect of the latter is discussed later in this

chapter, in the section on abstinence syndrome.

Clinical Pharmacology

GHB has sedative, anxiolytic, and euphoric effects similar to ethanol, likely

because of potentiation of cerebral GABAergic and dopaminergic activities.
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In general, GHB is thought to exert tonic inhibitory control over dopamine
and GABA release through high-affinity GHB receptors (Howard and Feigen-
baum 1997; Kemmel et al. 2003). Increases in neuronal pools of dopamine
are mediated by induction of tyrosine hydroxylase (Gessa et al. 1966), the rate-
limiting enzyme in the catecholaminergic synthetic pathway. There also may
be a serotonergic effect of GBH that is mediated by increased transport of
tryptophan into serotonergic cells (Gobaille et al. 2002). Although GHB does
not interact directly with known sites of action of other drugs of abuse, including
the GABA, receptor, in pharmacologic doses it may be an agonist at GABAg
sites (Nicholson and Balster 2001).

In addition, high-dose GHB causes epileptiform electroencephalogram
(EEQG) effects that are distinctly different from those of ethanol, and in pre-
clinical studies it produced EEG changes that are more suggestive of petit mal
absence seizures than of true sedation (Godschalk et al. 1977). However, the
sedation caused by GHB is usually not thought to reflect absence seizures.
Compared to the sedation induced by benzodiazepines and barbiturates, seda-
tion induced by GHB at higher doses possesses distinct excitatory properties
similar to that seen with dissociative anesthetics such as ketamine (Nicholson
and Balster 2001; Winters and Kott 1979). This effect may contribute to its
role as a club drug. GHB also differs from other sedative-hypnotics such as
ethanol or benzodiazepines in that it consolidates REM sleep.

GHB has been investigated as a potential treatment for several disorders
including those related to sleep, such as narcolepsy (Scrima et al. 1990) and
sleep apnea (Séries etal. 1992), and those postulated to involve dopamine and
GABA systems, such as schizophrenia (Levy et al. 1983) and alcohol with-
drawal (Addolorato et al. 2000). GHB, developed under FDA orphan drug
status as sodium oxybate (Xyrem), was approved by the FDA in July 2002 as
a Schedule I1I drug for the treatment of cataplexy in patients with narcolepsy.
GHB reduces cataplexy and induces and consolidates the type of brain EEG
changes seen in normal sleep, such as slow-wave sleep, without affecting REM
sleep (Sérics et al. 1992). As such, it has demonstrated efficacy in controlled
clinical trials in patients with narcolepsy (Lammers et al. 1993; Scrima et al.
1990).

Another potential clinical use of GHB is in the treatment of alcohol with-
drawal and alcohol dependence. In preclinical studies, GHB inhibited vol-
untary ethanol consumption in ethanol-preferring rats and suppressed the



250 Clinical Manual of Addiction Psychopharmacology

ethanol withdrawal syndrome in alcohol-dependent animals (Gessa et al.
2000). These results set the foundation for investigating the potential use of
GHB in the clinical treatment of alcohol dependence. Although an alcohol
treatment indication is not currently approved in the United States, in Europe
there have been several open studies and a few randomized clinical trials sug-
gesting that GHB is efficacious in preventing or controlling symptoms of
alcohol withdrawal (Addolorato et al. 1999a; Moncini et al. 2000; Nimmer-
richter 2002) and that GHB may have a role in reducing alcohol craving, in-
creasing treatment retention (Moncini et al. 2000), and preventing relapse to
drinking (Gallimberti et al. 1992, 2000) in detoxified alcoholic patients. The
potential role of GHB as a substitution pharmacotherapy for alcoholism is
confounded by its short plasma half-life; the role of longer-acting GHB ana-
logues remains to be explored (Galloway et al. 2000).

Toxicology
Overdose Effects

The most frequent presentation of GHB-related syndromes in EDs is that of
overdose characterized by coma or stupor and respiratory depression and usu-
ally complicated by ingestion of other recreational drugs, but fatalities have
been reported in the context of GHB and 1,4-BD use alone (Centers for Dis-
ease Control and Prevention 1997; Zvosec et al. 2001). Other common findings
are bradycardia, respiratory acidosis, and vomiting (Chin et al. 1998). Be-
cause GHB is frequently taken together with other psychoactive substances, it
is important to note that alcohol acts synergistically with GHB to produce
respiratory and CNS depression (Mamelak 1989). GHB overdose also presents
certain unusual clinical characteristics: patients may rapidly shift from an un-
conscious, apneic state requiring respiratory support to a markedly agitated,
combative state, and back again (Li et al. 1998a), as well as become combative
upon recovery of consciousness (Chin et al. 1998). These combative states are
frequently triggered by the stimulus of intubation attempts, which reveal an
exaggerated gag reflex (Li et al. 1998b; Ross 1995).

Abstinence Syndrome

The development of tolerance for GHB has been repeatedly described in clin-

ical vignettes and demonstrated in animal models. For example, with repeated
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GHB treatment in mice, tolerance develops to both the hypolocomotion and
cataleptic effects of the drug (Itzhak and Ali 2002). There is also preclinical
evidence of cross-tolerance and cross-dependence of GHB with alcohol (Co-
lombo et al. 1995; Fadda et al. 1989). As described in the earlier section on
clinical pharmacology, GHB and its analogues have been used in humans in
the treatment of alcohol withdrawal. Nicholson and Balster (2001) reviewed
the evidence for cross-tolerance and cross-dependence of GHB with alcohol.

In clinical trials with GHB, discontinuation syndromes were rarely men-
tioned (Addolorato et al. 1999¢). However, there are now numerous reports
of withdrawal syndromes clearly related to GHB or its precursors GBL and 1,4-
BD (Craig et al. 2000; Dyer et al. 2001; McDaniel and Miotto 2001; Mycyk
etal. 2001; Sivilotti et al. 2001). Craig and colleagues (2000) identified several
probable antecedent factors that contribute to GHB withdrawal, including a
history of prolonged GHB abuse with gradual dose escalation, the experience
of dysphoria, anxiety and tremor upon stopping, and numerous attempts to
cut down or stop GHB use.

It is important for the clinician to obtain a clear history of the pattern of
use of GHB or its precursors once the patient recovers from acute overdose.
In the case of frequent dosing, the patient may be at high risk for severe with-
drawal. This high risk exists because a dose causing intoxication severe enough
to require clinical treatment for overdose would have to be large enough to
overcome the tolerance associated with repeated dosing. Most reports suggest
that the distinguishing characteristic of patients presenting with clinically se-
vere GHB withdrawal is a pattern of dosing at 2—4 hour intervals around the
clock (Dyer et al. 2001; Hernandez et al. 1998; McDaniel and Miotto 2001;
Miotto et al. 2001). This pattern of use is necessary in GHB-dependent pa-
tients, because of the drug’s short half-life. Severe withdrawal syndromes,
which typically include delirium in daily users of more than 25 g, have been
described in numerous case studies and surveys (Chin 2001; Craig et al.
2000; Hernandez et al. 1998; Hodges and Everett 1998; Sivilotti et al. 2001;
Zvosec et al. 2001). Such withdrawal syndromes share similarities in symp-
tom patterns to withdrawal from both alcohol and benzodiazepines.

The onset of GHB withdrawal symptoms typically begins 1-5 hours after
the last dose; initial symptoms include anxiety, tremor, tachycardia, nausea,
and insomnia (Table 7—1). Untreated, the symptoms may progress within 24

hours to a more severe pattern that is similar to delirium tremens, with dys-
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Table 7-1. y-Hydroxybutyrate (GHB) withdrawal syndrome

Severity of

withdrawal Symptoms

Mild Tremor, anxiety, insomnia, mood lability, abdominal cramping,
nausea, vomiting, palpitations, diaphoresis, tachycardia,
meiosis

Severe Delirium with auditory or visual hallucinations and confusion,

delusional thinking, autonomic instability with hypertension,
increased temperature, severe agitation, horizontal
nystagmus

Source.  Dyer et al. 2001; Mycyk et al. 2001.

function of cognition and sensorium, bouts of severe agitation, and autonomic
dysregulation lasting up to 1-2 weeks (Dyer et al. 2001). Concurrent abuse of
other sedative-hypnotics, in particular alcohol, may exacerbate the GHB with-
drawal syndrome. The more severe forms of withdrawal typically occur with-
in 48 hours of the last use and are characterized by delirium with auditory or
visual hallucinations and confusion, horizontal nystagmus, autonomic in-
stability with hypertension and increased temperature, and episodic agitation.
Autonomic dysregulation characterized by tachycardia, fever, hypertension, and
diaphoresis is generally milder than that seen in delirium tremens, and al-
though generalized seizures are not reported, myoclonus resembling tonic-clonic
movements has been described (see Dyer et al. 2001; Miotto and Roth 2001).

Treatment

Overdose

The general treatment of GBH overdose is supportive medical care with a fo-
cus on the respiratory system. Patients typically regain consciousness in 2-5
hours. Commonly used coma reversal agents such as intravenous naloxone,
glucose (50% dextrose in water), and flumazenil have demonstrated little ben-
efit in GHB overdose (Li et al. 1998a). In addition, physostigmine has been
suggested as a treatment for GHB overdose, but the risks of bradycardia and
asystole in the context of GHB’s short duration of action outweigh any pur-
ported benefits (Boyer et al. 2001).
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Withdrawal

Milder forms of withdrawal, typically seen with lower frequency of dosing or
lower cumulative daily doses, may be successfully treated with benzodiaz-
epines on an outpatient basis (Addolorato et al. 1999¢; Galloway et al. 1997).
Severe withdrawal states typically require medical support, high doses of in-
travenous benzodiazepines, and capacity for physical restraint to prevent the
patient from harming self or others during bouts of psychotic agitation (Dyer
etal. 2001; Miotto and Roth 2001; Mycyk et al. 2001). Reports of the failure
of benzodiazepines to adequately control symptoms of GHB withdrawal
(Friedman et al. 1996; Mullins and Fitzmaurice 2001) have raised the question
of how best to treat the disorder. The probable explanation for the observed lack
of response is underdosing of the benzodiazepines. Many case reports have
demonstrated that patients in severe GHB withdrawal may require very high
doses of intravenous benzodiazepines such as lorazepam, diazepam, or even
midolazam in order to control agitation and autonomic dysregulation. The
average intravenous dosage of lorazepam given over a 24-hour period in these
cases has ranged from 8-10 mg/hour (Craig et al. 2000; Chin 2001). Craig
and colleagues (2000) reported the case of a patient who needed 2,655 mg of
diazepam equivalents (507 mg of lorazepam plus 120 mg of diazepam) over
90 hours to control agitation. For patients treated with high doses of benzo-
diazepines, Miotto and Roth (2001) suggest the use of pulse oximetry to
monitor for oxygen desaturation. After a diagnosis of GHB withdrawal is es-
tablished, it is likely that early aggressive dosing with benzodiazepines under
careful medical supervision will reduce the severity and chronicity of acute
GHB withdrawal, but this approach remains to be validated.

Other sedative-hypnotic medications, such as barbiturates, may play a
useful role in severe withdrawal from this group of drugs. For example, in a
case series of GBL withdrawal, use of intravenous pentobarbital in the range
of 1-2 mg/kg/hour lowered the total requirement for intravenous lorazepam
(Sivilotti et al. 2001). Antipsychotic medications are often used to reduce psy-
chotic agitation. However, because antipsychotic medications lower the sei-
zure threshold and may contribute to loss of central control of temperature
leading to hyperthermia or neuroleptic malignant syndrome (NMS), they are
not indicated as first-line medications for GHB withdrawal delirium (Dyer
and Roth 2001; McDaniel and Miotto 2001; Sharma et al. 2001). If anti-
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psychotics are needed, second-generation agents are preferred, in order to
lower the risk for dystonia, dyskinesia, and NMS (McDaniel and Miotto
2001; Olivera et al. 1990).

Freese et al. (2002) proposed that anticonvulsants, such as gabapentin,
which inhibit glutamate production, may reduce glutamate-induced excito-
toxicity, thus reducing the severity of GHB withdrawal. However reasonable
this logic may be, there is little evidence to support this intervention at pres-
ent, except that use of gabapentin, sodium valproate, and carbamazepine ad-
ministered adjunctively with benzodiazepines has been described in a few

published case reports (McDaniel and Miotto 2001).
GHB Dependence

Although the evidence base for this relatively rare disorder is not well devel-
oped, patients who are dependent on GHB appear to benefit from cognitive
and motivational psychosocial therapies and from support of recovery in a
manner similar to alcohol-dependent patients. However, because of the high
likelihood of amnesia and cognitive dysfunction during the acute and sub-
acute phases of GHB withdrawal, psychosocial interventions should, when
possible, include significant others who can review and reinforce with the pa-

tient the negative consequences of GHB dependence.

MDMA (Ecstasy)

MDMA (3,4-methylenedioxymethamphetamine) is commonly known as
ecstasy. Other slang names include XTC, X, E, Adam, clarity, and lover’s
speed. MDMA is chemically similar to the stimulant amphetamine and the
hallucinogen mescaline. It was developed in the early 1900s as a chemical pre-
cursor in the synthesis of pharmaceutical agents and was patented by Merck
in 1914. It was initially thought to have appetite suppressant properties, but
it was never marketed for that indication. The first reported “underground”
synthesis of MDMA occurred in 1967. The United Kingdom placed MDMA
on Schedule Iin 1977, and the United States did so in 1985. During the 1970s,
MDMA was used by some psychotherapists to enhance the therapy process
through its purported empathogenic or “relationship-enhancing” properties.
It has never been shown to be effective in this role, and it remains an illegal

substance with no accepted medical uses.
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Epidemiology and Clinical Presentation

Prior to its designation as a Schedule I drug in the United States in 1985,
MDMA had a low level of usage. This usage tapered off in the period im-
mediately following its designation as a Schedule I drug (Koesters et al.
2002). However, the 1990s saw a resurgence in the use of MDMA, and its
use continued to increase among adolescents in the early 2000s, becoming
more commonly used than cocaine/crack. According to the Monitoring the
Future survey for 2001, 11% of twelfth-grade students had used MDMA at
least once in the past year and 4% of twelfth-grade students had used MDMA
in the month before being surveyed (Johnston et al. 2002). It is generally
viewed by high school students as being easily accessible and also as having
a low harm potential (Johnston et al. 2002).

Ecstasy is taken orally, usually in a tablet or capsule. The onset of effect
is generally sudden, within 30—60 minutes. These effects generally last 3—6
hours, but they may persist as long as 8 hours (Jerrard 1990). Intoxication
with MDMA is usually described as occurring in three stages (Koesters et
al. 2002; Parrott and Lasky, 1998). The initial stage consists of disorienta-
tion. This leads to the second stage of “yielding to tingling and spasmodic
jerking” (Koesters et al. 2002). The final (“target”) stage of MDMA intox-
ication consists of the typical response of increased sociability, increased
mental clarity, a feeling of emotional warmth and closeness to others, and a
general sense of well-being (Cami et al. 2000; Koesters et al. 2002; Parrott
and Lasky 1998). At higher doses frank euphoria is experienced. A “hang-
over” is common the next day and can last for up to 48 hours. Side effects
(including confusion, depression, insomnia, anxiety, and paranoia) have been
reported to occur for weeks after ingestion (Curran and Travill 1997; Par-
rott and Lasky 1998).

The threshold dose of MDMA is 30 mg, but the average dose is 80-150 mg,
with some users taking in excess of 200 mg. The lethal dose is estimated
(from animal data) to be approximately 6,000 mg. On the street, concentra-
tions of MDMA can vary greatly, and tablets may also contain other sub-
stances such as methylenedioxyamphetamine (MDA) and methylenedioxy-
ethylamphetamine (MDEA) (Sherlock et al. 1999). The presence of these
other substances is often associated with emergency presentations because of

their narrower “therapeutic” windows.
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Basic and Clinical Pharmacology

Acutely, MDMA acts to increase serotonin, but with chronic use, decreases in
serotonin are noted, suggesting loss of serotonergic neurons (Sprague et al.
1998). Moreover, decreases in serotonin transporters have also been reported
(McCann et al. 1998). Its use is also correlated with secondary increases in
dopamine in the basal ganglia (Sprague et al. 1998). MDMA acts primarily
in the frontal cortex, leading to effects on cognition and memory. It also works
on the limbic system, leading to MDMA’s effects on mood, anxiety, and emo-
tions. Metabolism occurs through the cytochrome P450 2D6 enzyme system
(Tucker et al. 1994).

Toxicology

In the emergency setting, MDMA intoxication is usually seen in conjunction
with dehydration, hyperthermia, tachycardia, hypertension, liver failure,
rhabdomyolysis, and/or renal failure, oftentimes mimicking NMS (Jonas and
Graeme-Cook 2001; Lester et al. 2000; Schwartz and Miller 1997). The
physical symptoms may be accompanied by symptoms of anxiety, agitation,
and even confusion. Because these presentations are nonspecific, they lead to
a wide differential diagnosis. Nevertheless, the clinician must have a high in-
dex of suspicion of a substance-induced basis for behavioral emergency pre-
sentations in most adolescents and young adults (Williams et al. 1998). The
diagnosis is complicated by the fact that routine urine toxicology screens do not
typically detect the presence of MDMA, although occasionally cross-reactivity
with amphetamines may occur (Koesters et al. 2002; Shannon 2000).

MDMAs toxicity may be related to its effects on serotonergic neurons, re-
lated to oxidative stress and free radical formation (Bolla et al. 1998; McCann
etal. 2000). In animal studies, these processes are associated with exaggerated
pruning in those regions of the brain with high serotonergic activity, partic-
ularly the hippocampus and amygdala (Ricaurte et al. 1988, 2000). These
changes are long lasting, and may be present as long as 7 years after MDMA
exposure (Hatzidimitriou et al. 1999).

As a result of the neurochemical changes caused by MDMA, there is sig-
nificant, observable functional impairment as well. These impairments occur
in areas of the brain that have high concentrations of serotonergic neurons.

Most notably affected are cognition and memory. Studies have shown decreases
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in word recall, as well as poorer functioning in general measures of memory
(Morgan 1999; Rodgers 2000; Verkes et al. 2001). It remains unclear if this ef-
fect is dose related or independent of dose (Bolla et al. 1998). Moreover, these
effects may be compounded when MDMA and marijuana are combined (Gou-
zoulis-Mayfrank et al. 2000).

Treatment

General principles of the treatment of ecstasy intoxication are the same as those
for intoxication with other stimulants, such as cocaine and methamphetamine.
Overdoses of MDMA are generally treated with supportive care, as no specific
pharmacologic treatments have been identified (Shannon 2000; Solhkhah and
Wilens 1998). This approach includes the use of routine laboratory tests to detect
electrolyte abnormalities and to assess renal and hepatic functioning (Koesters et
al. 2002). Adequate rehydration is crucial. Occasionally the use of sedatives such
as the benzodiazepines is indicated, particularly when extreme agitation is pres-
ent. If pronounced hyperthermia, hypertension, or rhabdomyolysis is present,
observation in an intensive care unit may be indicated. Observation may be
combined with the use of dantrolene sodium (a skeletal muscle relaxant) at doses
of 2-3 mg/kg intravenously three times a day.

MDMA has been associated with significant increases in heart rate and
blood pressure, similar to the increases associated with amphetamine use
(Lester et al. 2000). This effect may require acute treatment with antihyper-
tensives such as calcium channel blockers or nitroprusside (Koesters et al.
2002). The use of MDMA during raves may lead to dehydration, hyperten-
sion, intracerebral hemorrhage, heart failure, liver failure, kidney damage, and
malignant hyperthermia (Barrett and Taylor 1993; Harries and De Silva 1992;
Jonas and Graeme-Cook 2001). Its use is often associated with jaw-clenching
(trismus) and bruxism (Jerrard 1990; Shannon 2000). This effect explains the
use of pacifiers or lollipops by teenagers on the dance floor.

As was previously mentioned, a hangover-like syndrome is common the
next day after use of MDMA. MDMA withdrawal, which is thought to be
caused by serotonin depletion, can last for weeks and includes symptoms of
depression, anxiety, restlessness, and insomnia (Allen et al. 1993; McGuire et
al. 1994). No specific treatments are currently indicated for this withdrawal
syndrome, although the antidepressant bupropion may be helpful (Solhkhah
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and Wilens 1998; Solhkhah etal. 2001). Teenage lore has it that use of selective
serotonin reuptake inhibitors (SSRIs) may alleviate those symptoms acutely,
but some preliminary data may in fact support the opposite effect. In addi-
tion, MDMA use may be associated with sexual dysfunction (Buffum and
Moser 1986). This effect has led to use of a combination of MDMA and sil-
denafil (Viagra) (“sexctasy”).

Ketamine

Ketamine is a cyclohexane human and veterinary injectable anesthetic that is
also known by the slang names K, special K, vitamin K, and cat Valium (Bobo
and Miller 2002). It is produced in a liquid form or as a white powder and is
usually ingested orally or intranasally but is occasionally administered intra-
muscularly. Ketamine is a phencyclidine (PCP) analog that was first developed
in 1962.

Epidemiology and Clinical Presentation

As with the other club drugs, the use of ketamine has increased over the past
decade. Although ketamine use remains much less common than use of
MDMA, itis still an important cause of emergency presentations (Koesters et
al. 2002). The use of ketamine leads to dose-dependent dissociative episodes
(Bowdle et al. 1988). Emergence from ketamine-induced anesthetic effects
leads to a variety of symptoms that are generally described as psychedelic by
users. These symptoms include “intense alterations in mood, perception,

thinking, body awareness, and self-control” (Bowdle et al. 1988).

Basic and Clinical Pharmacology

Ketamine is a noncompetitive N-methyl-D-aspartate receptor antagonist and
is generally considered a psychotomimetic or schizophrenomimetic. Ket-
amine also appears to have cholinergic and opiate receptor effects (Koesters et
al. 2002). Ketamine has been shown to increase plasma cortisol and prolactin
levels, although the physiological significance of these effects is unclear (Krys-
tal etal. 1994). Large doses of ketamine produce reactions similar to reactions
to PCP, which include “dreamlike” states, dissociation, and hallucinations

(Koesters et al. 2002; Krystal et al. 1994). Important differences between ket-
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amine and PCP include ketamine’s lower potency, shorter duration of action,
and tendency to cause less agitation. In general, the psychotic symptoms as-
sociated with ketamine can include both positive and negative symptoms and
may even include catatonia (informally described as a “K-hole”) (Koesters et
al. 2002; Krystal et al. 1994).

For recreational use, ketamine is often snorted or smoked with marijuana
or tobacco products, but it may also be injected intramuscularly (Weiner et
al. 2000). The typical street dose of ketamine ranges from 30 to 300 mg.
These amounts are in contrast to the clinical doses used for anesthesia, which
range from 2 to 10 mg/kg. Ketamine has a half-life of less than 2 hours and
is metabolized by the cytochrome P450 enzyme system (Koesters et al. 2002;
Reich and Silvay 1989).

At low doses, ketamine may result in impairment of attention, learning
ability, and memory, and at high doses it has been associated with delirium,
amnesia, impaired motor function, hypertension, depression, and respiratory
depression (Krystal et al. 1994). Another mechanism of action appears to be
a blocking of the reuptake of catecholamines. This effect leads to an increase
in heart rate and blood pressure (Reich and Silvay 1989).

Toxicology

In overdose, ketamine may lead to hyperthermia, seizures, hypertensive crisis,
coma, and even death. These symptoms are generally thought to be caused by
ketamine’s catecholaminergic effects (Reich and Silvay 1989). Ketamine is
physically addicting, with a described withdrawal syndrome.

In the ED setting, the diagnosis of ketamine intoxication is a clinical one.
Ketamine is not routinely detected by urine toxicology tests, although it can
be detected with high-performance liquid chromatography (Koesters et al.
2002). As with MDMA, the initial assessment for ketamine intoxication
includes the use of routine laboratory tests to detect electrolyte abnormalities

and to evaluate renal and hepatic functioning (Koesters et al. 2002).

Treatment

No specific treatments for ketamine intoxication are currently indicated (Solh-
khah and Wilens 1998). General supportive care, including providing the pa-

tient with a quiet, low-stimulus environment, can be helpful (Koesters et al.
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2002; White et al. 1982). Benzodiazepines may be useful, particularly if agi-
tation is present, although clinicians must be mindful of a possible interaction
leading to a prolonged half-life for ketamine (Lahti et al. 1995; Lo and Cum-
ming 1975). In general, because of the short half-life of ketamine, patients
usually require observation only for several hours and can then be released
home (Koesters et al. 2002).

As with many other hallucinogens, ketamine use may be associated with
flashbacks. These flashbacks are generally milder and less frequent than those
associated with PCP use (Fine and Finestone 1973). Generally, treatment with
an antipsychotic is not required and can occasionally make symptoms worse

(Solhkhah et al. 2000).

Conclusion

There is an epidemic of club drug use, of greatest concern among adolescents.
Use of club drugs is particularly problematic among individuals with psy-
chiatric illness, including mood disorders, anxiety disorders, and attention-
deficit/hyperactivity disorder (American Academy of Child and Adolescent
Psychiatry 1998; Armentano 1995). Clinicians need to be aware of the ever-
changing patterns of drug abuse. The club drugs as a group are not benign,
although youths often perceive them as such (Johnston et al. 2002). Use of

these drugs often has serious and occasionally fatal consequences.
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Historical Aspects

Evidence of the use of inhalants to experience their psychotropic effects can
be found in the ancient Greek world (Carroll 1977). Preble and Laury (1967,

p. 271) described an example of this use as follows:

At Delphi, the Pythia sat on a tripod above a cleft in the rocks and inhaled
cold vapors emanating from inside the earth, which induced in her an ecstatic
alteration of mind. In this altered state, she uttered mystical observations in
the presence of the Delphi Prophet, who translated them into oracular pro-
nouncements.

Nonetheless, it was not until 1793 that the English scientist and clergy-
man Joseph Priestley discovered the first modern inhalant compound, the an-
esthetic gas nitrous oxide. This gas was widely used for recreational purposes
by the English aristocracy in private parties, and traveling charlatans expanded
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its use by offering it to the general public (Sharp 1992). Because of its euphor-
igenic effects, this compound acquired the popular name of “laughing gas”
(Sharp 1992).

The discovery of ether and chloroform increased the number of anesthet-
ics that were susceptible to abuse by inhalation. Although the anesthetic prop-
erties of ether were not discovered until 1841, beginning at the end of the
eighteenth century, it became known that this compound was capable of in-
ducing euphoria and hallucinations (Bird 1881; Delteil etal. 1974; Follin and
Rousselot 1980). In 1885, a detailed description of the clinical picture of
ether intoxication was provided; three phases were identified: overexcitement,
aggressiveness, and sleepiness (Delteil et al. 1974; Deniker et al. 1972; Follin
and Rousselot 1980). At the end of the nineteenth century and the beginning
of the twentieth century, ether was frequently inhaled and/or ingested by peo-
ple with alcoholism as an alternative to more expensive alcoholic beverages
(Deniker et al. 1972; von Keyserlingk 1947). Similarly, the addictive properties
of chloroform have been known for many years (Payne 1998). During the
nineteenth century, chloroform was frequently inhaled for its pleasurable ef-
fects, as well as to heighten sexual pleasure and sexual performance. Unfortu-
nately, the dangers of the drug were not well known, and death or severe adverse
effects such as liver damage were common outcomes among those who abused
this substance (Payne 1998).

In 1867, Thomas Lauder Brunton discovered amyl nitrite, a drug with vaso-
dilatory properties that, although used for the treatment of symptoms of acute
coronary occlusion, was also thought to enhance sexual performance. More
recently, nitrites have been widely used for recreational purposes, particularly
by homosexuals during the period of the 1950s to 1970s (Haverkos etal. 1994).
Despite the fact that products containing butyl nitrite, propyl nitrite, and re-
lated compounds were outlawed in 1991, products containing a variety of
other nitrites continue to be widely available in the United States.

It has been suggested that the current period of widespread abuse of in-
halants began in the 1920s as a consequence of the rapid growth of industrial
society and the wide availability of substances that can be inhaled, such as gas-
oline, glues, solvents, and nitrites. Subsequently, inhalant abuse increased
after World War II, with workers in industries with high occupational expo-
sure to inhalants being the first group to be at high risk to develop these prob-
lems (Sharp 1992).
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Epidemiology

The abuse of inhalants is currently a widespread problem, particularly among
adolescents and children. Approximately 3.0% of U.S. children have used in-
halants by the time they reach fourth grade (Johnston et al. 2003). In 2002,
10.5% of adolescents in the United States reported lifetime use of inhalants,
with younger children having used these substances more frequently than
their older counterparts (Johnston et al. 2003). The prevalence of inhalant
use reaches a peak among eighth graders, who report the highest rate of use.
Rates of inhalant use are higher for girls than for boys in grade 8. However,
in grades 10 through 12 and after high school, boys again show a higher rate
of inhalant abuse (Johnston et al. 2003). Despite the fact that inhalant use dis-
orders typically affect the young, these problems can become chronic and can
extend into adulthood.

People who abuse inhalants are found in both urban and rural settings.
Adverse socioeconomic conditions, rather than racial or cultural factors per
se, account for most reported ethnic differences in rates of inhalant abuse.
Native American youths living on reservations typically have higher rates of
inhalant abuse than youths both in the general population and among Native
Americans who do not live on reservations (Substance Abuse and Mental
Health Services Administration 1996).

According to the Monitoring the Future study (Johnston et al. 2003), in-
halant abuse among U.S. tenth and twelfth graders declined in 2003, con-
tinuing an apparent gradual decline that began in 1996. However, despite
this decline, past-year inhalant use among eighth graders increased between
2000 and 2003 (Johnston et al. 2003). Furthermore, from 2003 to 2004,
lifetime use of inhalants in this age group jumped from 15.8 to 17.3%, and
for the first time in recent years, lifetime use of inhalants also increased
among children in grades 9 and 10 (Johnston et al. 2004). This increase appears
to be explained by the fact that the number of young people who believed
that the use of inhalants is dangerous declined. Epidemiological studies also
have suggested that nitrite abuse is an independent risk factor for HIV sero-
positivity and for Kaposi’s sarcoma (Haverkos et al. 1985), the most frequent
form of cancer found among patients with AIDS. However, the mechanism
by which chronic nitrite inhalation contributes to these diseases is not
known.
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Types of Inhalants

The range of inhalants abused by humans includes a broad and pharmacolog-
ically heterogeneous group of substances that are easily available to the general
population and that commonly exist in household and industrial solvents,
glues, propellants, lighters, and art and office supplies (see Table 8-1). These
substances share a common route of self-administration by inhalation, in con-
trast to other drugs of abuse (e.g., nicotine, cocaine, heroin) (Sharp 1992). In-
halants can be classified as volatile solvents, nitrites, and anesthetics.

Volatile Solvents

Volatile solvents are fluids or gases contained in a wide variety of products
(e.g., gasoline, paint thinner, butane gas) that have significant concentrations
of aliphatic, aromatic, or halogenated hydrocarbons, which vaporize at room
temperature. Because of their rapid absorption in the lungs, volatile solvents
exert a rapid intoxicating effect.

Efforts to identify the specific compounds responsible for the psychotro-
pic effects of volatile solvents are complicated by the fact that many of these
products contain more than one potentially psychoactive ingredient. Another
factor obscuring the identity of the psychoactive ingredients of these agents is
that patients addicted to these compounds frequently seek the effects not of the
product’s primary ingredient but of a secondary ingredient such as the pro-
pellant gas (e.g., nitrous oxide). To date, the best-studied psychoactive com-
pounds identified in volatile solvents include toluene, 1,1,1-trichloroethane,
and trichloroethylene. However, other less well studied compounds, such as
benzene, acetone, and methanol, also appear to have significant psychoactive
effects.

Nitrites

Nitrite compounds are often known as “poppers” because of the popping
noise produced when the capsules containing them are crushed between the
fingers. Both amyl nitrite and butyl nitrite are yellowish liquids that evaporate
at room temperature. These compounds are distributed under variety of
names and are contained in a range of products, such as air fresheners. Iso-
amyl nitrite is also available in the United States by prescription. Currently,

the primary indication for isoamyl nitrite is for the treatment of cyanide poi-
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Table 8-1. Products that may be used as inhalants

Volatile solvents Nitrites Anesthetics

Solvents and gases Amyl, butyl, alkyl nitrites Nitrous oxide

Paint thinner/remover Air fresheners Dessert topping sprays®

Typing correction fluid ~ Fuel-injection fluid Balloons

Lighter fluid Nitrite products sold by sex  High-pressured

Gasoline shops and on the Internet®  containers

Fuel gas Prescription drug®

Nail polish remover Other anesthetics
Ether

Adhesives Chloroform

Glue Halothane

Rubber and PVC cement

Cleaning solvents
Degreaser

Spot remover

Dry cleaning fluid

Note. PVCs=polyvinylchloride.
*Whipped cream or “whippets.”

» «

bFor example, “Liquid Gold,” “Ram,” “Thrust,” “poppers,” “rush.”

Isoamyl nitrite.

soning and for the diagnostic evaluation of mitral regurgitation and ventric-
ular septal defects; occasionally, this compound is also prescribed for the

treatment of angina pectoris.

Anesthetics

Within the category of anesthetics, the most frequently abused substance is
nitrous oxide, a colorless and nearly odotless gas. It is a dissociative anesthetic
and the only inhalational anesthetic agent that is a true gas, not a vapor. Nitrous
oxide can produce a relatively shallow anesthesia, useful in dentistry and dur-
ing childbirth, but it can also induce a deeper level of narcosis when used in
combination with other anesthetics during general surgery. Nitrous oxide is
also known as laughing gas because it produces a state of euphoria, giggling,
and laughter.
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Other anesthetics susceptible to abuse, such as ether and chloroform, have
received far less attention, because they are considered to be less commonly
abused substances. Nonetheless, when inhaled, ether and chloroform are also
rapidly absorbed and distributed in the central nervous system (CNS), induc-
ing a rapid euphoria. Ether and chloroform inhalation is facilitated by the fact
that they have a low boiling point (i.e., approximately 34°C) (Delteil et al.
1974).

Pharmacokinetics

Volatile Solvents

Because of their high lipid solubility, the active compounds in volatile sol-
vents readily pass through cellular membranes and are rapidly distributed into
all fatty tissues. From a pharmacokinetic perspective, toluene is the best-
characterized active compound in volatile solvents. When inhaled, toluene is
rapidly absorbed by the lungs, with approximately 50% of toluene vapor mixed
with air being taken up through the alveoli (Lof et al. 1993). With continuous
exposure, toluene saturates the blood and brain in about 60 minutes (Benig-
nus etal. 1981, 1984). Four hours after inhalation, approximately 65% of the
toluene that is absorbed is excreted in urine as hippuric acid; 20 hours later,
the cumulative excretion of toluene in urine can be 80% (Lof et al. 1993). Al-
though the concentration of toluene in blood appears to reflect its concentra-
tion in the air that is breathed, the toluene level in peripheral blood may not
accurately reflect its concentration within the CNS, where levels tend to be
higher. This difference may be explained by toluene’s high affinity for lipids
and, in consequence, its tendency to concentrate and be distributed pre-
dominantly in the abundant cerebral lipids of white matter (Gerasimov et al.
2002).

Positron emission tomography studies using ''C-toluene in nonhuman
primates and mice showed a rapid uptake of radioactivity into striatal and
frontal brain regions (Gerasimov et al. 2002). Maximal uptake of the ra-
diotracer by these structures occurred 1-4 minutes after intravenous admin-
istration. Subsequently, clearance of the radiotracer from the striatal and
frontal areas occurred rapidly, with a clearance half-life from peak uptake of

10-20 minutes. Radiotracer clearance from white matter appears to be slower
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than that from the striatum and frontal regions, a finding that is consistent
with toluene’s high affinity for lipids and the high lipid content of white mat-
ter. These findings suggest that white matter is more susceptible to the toxic
effects of toluene as a consequence of longer exposure times. Concurrent find-
ings in rodents showed similar radiotracer kinetics of toluene, with predomi-

nant renal and hepatic excretion (Gerasimov et al. 2002).

Nitrites

Lictle is known regarding the pharmacokinetic properties of volatile nitrites
in humans, particularly isobutyl nitrite and its primary metabolite, isobutyl
alcohol. In rodents, after an intravenous infusion of isobutyl nitrite, blood
concentrations peaked rapidly and then declined, with a half-life of 1.4 min-
utes and blood clearance rate of 2.9 L/min/kg (Kielbasa and Fung 2000).
Approximately 98% of isobutyl nitrite is metabolized rapidly to isobutyl
alcohol, concentrations of which also decline rapidly, with a half-life of
5.3 minutes. Bioavailability of inhaled isobutyl nitrite at a concentration of
300-900 ppm is estimated to be 43%.

Anesthetics

Nitrous oxide is rapidly absorbed through inhalation, and it is distributed
predominantly in blood with a blood/gas partition coefficient of 0.5 (Sten-
qvist 1994). It is rapidly eliminated through the lungs, with small amounts be-
ing eliminated through the skin (Stenqvist 1994).

Following inhalation, ether and chloroform are also rapidly absorbed into
the bloodstream and rapidly transferred to fatty tissues and the CNS (Baselt
1997; Harbison 1998; Reynolds 1982). Ether undergoes limited metabolism
in humans (Haggart 1924), with carbon dioxide (CO,) and acetaldehyde be-
lieved to be minor metabolites (Aune et al. 1978; Price and Dripps 1975).
Approximately 90% of ether is eliminated unchanged in expired air (Haggart
1924), with the rest excreted in urine and perspiration (Haggart 1924). Sim-
ilarly, chloroform is eliminated primarily by the lungs (Schroeder 1965), with
approximately 43% exhaled unchanged (Baselt 1997) and 4%—5% exhaled as
CO,; (Arena and Drew 1986). Only 2% of inhaled chloroform is excreted in
urine (Arena and Drew 1986). The average elimination half-life of chloro-

form is 1.5 hours, and one of its main metabolites is diglutathionyl dithiocar-
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bonate, a compound that is associated with glutathione depletion in the liver
and kidneys. This reaction is believed to result in severe hepatic and renal ne-
crosis (Laurenzi et al. 1987).

Summary

Toluene, volatile nitrites, and anesthetics, like other substances of abuse such
as cocaine, nicotine, and heroin, are characterized by rapid absorption, rapid
entry into the brain, high bioavailability, a short half-life, and a rapid rate of
metabolism and clearance (Gerasimov et al. 2002; Pontieri et al. 1996, 1998).
Because these pharmacokinetic parameters are associated with the ability of
addictive substances to induce positive reinforcing effects, it appears that the
pharmacokinetic features of inhalants contribute to their high abuse liability

among susceptible individuals.

Behavioral Pharmacology of Inhalants in
Animals and Humans

Reinforcing Effects

Like other substances of abuse, inhalants are readily self-administered by hu-
mans and laboratory animals (Yanagita et al. 1970). When implanted with a
nasal catheter through which a volume of solvent vapors (i.e., lacquer thinner,
ether, and chloroform) was delivered after lever pressing, rhesus monkeys ini-
tiated and maintained self-administration in excess of 100 deliveries during a
14- to 25-day period (Yanagita et al. 1970). In these monkeys, the frequency
of self-administration of toluene was positively associated with toluene vapor
concentrations, with the highest frequency of self-administration occurring at
the highest concentration of toluene vapors (i.e., 1%). Similarly, frequent self-
administration by monkeys of other inhalants, such as nitrous oxide, has also
been reported (Wood et al. 1977).

In humans, a comparative examination of the positive reinforcing effects
of solvents showed that among inhalant-dependent subjects, solvents induced
a more intense sensation of pleasant feelings than that induced by alcohol and
nicotine in subjects addicted to these substances (Kono et al. 2001). Solvent-
dependent subjects reported pleasant feelings comparable to those reported

by stimulant-dependent subjects after use of methamphetamine. However,
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negative reinforcing effects, measured by reports of feelings of relief after in-
halant use, were comparable in intensity to those reported by alcoholic sub-
jects after drinking alcohol (Kono et al. 2001).

Although not systematically studied, the reinforcing effects of nitrite in-
halation in humans appear to be significant and to be associated with feelings
of euphoria. In a study involving 173 adolescents and young adults enrolled
in a substance abuse treatment program, 13% of the subjects reported having
used isobutyl nitrite 10 or more times and 4% had used the substance 50 or
more times (Schwartz and Peary 1986). On the other hand, 44% of the subjects
in this sample reported having used isobutyl nitrite only once, finding the ex-
perience unpleasant. These findings suggest that there is a subset of individ-
uals who are particularly susceptible to the reinforcing effects of nitrite inha-
lation.

Similarly, inhalation of general anesthetics such as nitrous oxide, ether,
and chloroform appears to exert significant reinforcing effects in humans
(Delteil et al. 1974; Deniker et al. 1972; Dohrn et al. 1993). In a double-
blind, placebo-controlled study of healthy volunteers that compared subjec-
tive effects of nitrous oxide and 100% oxygen in a free-choice procedure, in-
dividuals who preferred nitrous oxide reported greater ratings of drug liking
and wanting to inhale the drug again (Walker and Zacny 2002). Subjects’ rat-
ings of the peak effect of nitrous oxide were dose related, although there was
variation in the degree to which individuals liked nitrous oxide. In a study ex-
amining the extent to which individuals like nitrous oxide, 75% (7=12) re-
ported liking the 40% concentration, whereas 25% were neutral (z=1) or did
not like it (z=3) (Dohrn et al. 1992). In summary, nitrous oxide has robust
effects on mood, with variability in the extent to which subjects like the drug’s
effects (Dohrn et al. 1992). In addition, there is some evidence that the rein-
forcing effects of nitrous oxide are modulated by history of alcohol drinking.
Individuals with a history of moderate drinking appear to have a greater pref-
erence for nitrous oxide inhalation than do individuals with a history of light
or no drinking (Cho et al. 1997).

Effects on Motor Activity

Similar to alcohol and other CNS depressants, toluene has a biphasic dose-

effect curve for the motor activity of rodents (Hinman 1987; Riegel and
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French 1999). At low concentrations (i.e., 2,000-3,000 ppm), toluene in-
creases spontaneous locomotor activity. At higher concentrations (i.e., 10,000—
15,000 ppm), toluene decreases locomotor activity and produces ataxia and
loss of the righting reflex (Bushnell et al. 1985; Hinman 1987; Saito and Wada
1993; Yavich and Zvartau 1994). Repeated exposure produces sensitization to
toluene-induced enhancement of motor activity (Himnan 1984; Moser and
Balster 1981). It is interesting to note that repeated exposure to toluene also
enhances cocaine-induced increases in the locomotor activity of rodents, sug-
gesting that behavioral and neurochemical cross-sensitization exists between
these two drugs (Beyer et al. 2001). A biphasic dose-response curve for motor
activity has also been described with the experimental administration of tri-
chloroethane, amyl nitrite, and nitrous oxide (Balon et al. 2003b; Bowen and
Balster 1998). The biphasic dose-response curve for motor activity has not yet
been described in humans. However, in a study examining the level of motor
activity after solvent inhalation, inhalant-dependent subjects reported hyper-
activity comparable to that reported by alcohol-dependent subjects after alco-
hol ingestion but not of the magnitude described by stimulant-dependent
subjects after methamphetamine use (Kono et al. 2001).

Tolerance

Tolerance is characterized by reduced responsiveness to the initial effects of a
drug after repeated exposure or reduced responsiveness to a related compound
(i.e., cross-tolerance). Animal studies have not provided conclusive evidence
of tolerance to the effects of the centrally active compounds in toluene or
trichloroethane (Moser and Balster 1981; Moser et al. 1985). Observations in
humans, on the other hand, have documented pronounced tolerance among
subjects who chronically inhale substances with high concentrations of tolu-
ene (Glaser and Massengale 1962; Press and Done 1967) and butane (Evans
and Raistrick 1987). Kono et al. (2001) showed that tolerance to the reinforc-
ing effects of solvents is comparable to that conditioned by nicotine but less
intense than that reported with alcohol or methamphetamine use.

No systematic studies of tolerance to the reinforcing effects of inhaled
nitrites have been reported. However, anecdotal observations in workers with
high exposure to nitrites have suggested that tolerance to the subjective effects

of this compound occurs after a few days of exposure (Marsh and Marsh
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2000). On the other hand, clinical and laboratory studies in humans have
demonstrated the development of tolerance to the amnestic and analgesic ef-
fects of nitrous oxide and isoflurane (see Arnold et al. 1993; Avramov et al.
1990; Rupreht et al. 1985; Whitwam et al. 1976) and, in the case of ether or
chloroform, to its reinforcing effects (Krenz et al. 2003). No studies have
shown the development of tolerance to the reinforcing effects of nitrous

oxide.

Withdrawal

Withdrawal symptoms, including nausea, tremor, diaphoresis, insomnia,
body aches, anxiety, irritability, and agitation, have been described among
chronic solvent abusers (Evans and Raistrick 1987; Knox and Nelson 1966).
Subjective symptoms experienced during solvent withdrawal, such as craving,
anxiety, and restlessness, appear to be similar to those reported during nico-
tine withdrawal but less severe than those reported during alcohol or meth-
amphetamine withdrawal (Kono et al. 2001). Although there are anecdotal
reports of severe confusion resembling delirium during the early withdrawal
phase from solvents (Merry and Zachariadis 1962; Nylander 1962), it is unclear
the degree to which this clinical presentation was secondary to withdrawal from
other substances, such as alcohol or sedatives.

Research in rodents has provided evidence of solvent withdrawal. Contin-
uous exposure to toluene for 4 days and subsequent cessation produced an in-
crease in handling-induced convulsions for at least 2 hours after cessation
(Wiley et al. 2003). A similar pattern of trichloroethane administration to ro-
dents produced pronounced withdrawal, which was worsened by the admin-
istration of the proconvulsant drug pentylenetetrazole and attenuated by
reexposure to 2,000 ppm of toluene or the administration of alcohol, pento-
barbital, or midazolam (Evans and Balster 1993).

Severe withdrawal symptoms, including insomnia, irritability, agitation,
withdrawal seizures, and delirium, have been described in both mice and hu-
mans chronically exposed to the anesthetics nitrous oxide, ether, and isoflurane
(Arnold et al. 1993; Delteil et al. 1974; Deniker et al. 1972; Harper et al.
1980; Smith et al. 1979; Tobias 2000). These symptoms were controlled with
the administration of y-aminobutyric acid (GABA)—ergic agents such as pen-
tobarbital, midazolam, and diazepam (Arnold et al. 1993; Hughes et al. 1993).
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No systematic studies have been conducted to examine withdrawal symp-
toms resulting from continuous exposure to nitrites. However, there are an-
ecdotal reports that workers, after continuous exposure to these compounds,
experienced a recurrent, generalized malaise called “Monday disease” when
they returned to work after weekends during which they were not exposed
(Nickerson 1970). Workers with this condition found relief by rubbing these
substances on their skin or wearing work clothes impregnated with these sub-
stances (Schwartz 1946). In its worst form, this condition was also accompa-
nied by coronary artery spasm leading to nonexertional ischemic cardiac pain
and sudden death (“Sunday heart attack”), even among individuals with no

demonstrable coronary artery disease (Needleman and Johnson 1980).

Summary

Despite the paucity of systematic studies in humans, the available evidence
suggests that, like drugs such as alcohol, sedatives, and stimulants, inhalant
drugs (i.e., solvents, general anesthetics, and nitrites) exert reinforcing effects
and increase motor activity. Furthermore, with continuous use, these drugs

appear to induce both tolerance and symptoms of withdrawal.

Effects of Inhalants on Specific
Neurotransmitter Systems

Dopaminergic Effects

Evidence that dopaminergic neurotransmission mediates the reinforcing ef-
fects of toluene is provided by studies showing that the acute instillation of
toluene in the striatum of rodents by microdialysis increases dopamine con-
centrations (Rea et al. 1984; Stengard et al. 1994). Similar to other drugs of
abuse (DiChiara and Imperato 1988; French et al. 1997; Gessa et al. 1985),
inhaled toluene initially stimulated and subsequently attenuated dopaminergic
neuronal firing in the ventral tegmental area (VTA) (Riegel and French 1999).
Low doses of toluene administered subchronically or chronically reduced
dopamine turnover (Fuxe et al. 1982) and produced a persistent increase in
D, receptor binding in the rat neostriatal complex (Hillefors-Berglund et al.
1993; von Euler et al. 1993). Administration of 6-hydroxydopamine to the

nucleus accumbens (NAC), producing lesions in dopaminergic neurons, signif-



Inhalants 281

icantly attenuated toluene’s locomotor stimulatory effects (Riegel et al. 2003).
Consistent with this finding, pretreatment with remoxi-pride, a D, receptor
antagonist that appears to bind preferentially to receptors in the NAC, signif-
icantly reduced toluene-induced hyperactivity by 57% (Riegel and French
1999).

There are few reports on the effects of nitrous oxide on dopaminergic
neurotransmission. A study in mice showed that nitrous oxide inhalation pro-
duced a significant increase in locomotor activity that was antagonized in a
dose-dependent fashion by the dopamine synthesis inhibitor o-methyl-p-
tyrosine (Hynes and Berkowitz 1983). Moreover, administration of the D,
antagonist haloperidol also reduced the locomotor activity induced by nitrous
oxide (Hynes and Berkowitz 1983). These results suggest that excitatory ef-
fects induced by nitrous oxide may be also mediated by dopaminergic neu-
rotransmission. However, other studies have reported that exposure to nitrous
oxide resulted in decreased dopamine release by neurons in the striatum (Balon
et al. 2002; Turle et al. 1998).

Finally, to our knowledge, no studies have examined the effects of nitrite
inhalation on dopaminergic neurotransmission. However, some evidence
suggests that nitric oxide (NO), the potent compound that mediates the va-
sodilatory effects of nitrites, also has important neuromodulatory effects in
the CNS (Bredt and Snyder 1992). If NO is released in the CNS by nitrite
inhalation, it is plausible that NO could mediate the euphorigenic and motor
effects of nitrites by potently inhibiting dopamine uptake and enhancing
dopaminergic neurotransmission in the mesolimbic reward circuit (Lonart
and Johnson 1994). This mechanism has been shown to mediate some of the
reinforcing effects of other drugs of abuse, such as cocaine (Collins and Kantak
2002; Pudiak and Bozarth 2002) and nicotine (Vleeming et al. 2002).

In summary, the reinforcing effects of toluene, nitrous oxide, and nitrites ap-
pear to be mediated by activation of the mesolimbic dopaminergic pathway, par-
ticularly in the VTA and the NAC. Acute and repeated administration of the
majority of drugs susceptible to being abused activates the mesolimbic dopa-
minergic structures (Koob 1992). Increased locomotor activity in animal models
of alcohol and drug addiction has been correlated with the increased dopamine
activity in this circuit (Robinson and Berridge 1993; Wise and Bozarth 1987).
These findings suggest that inhalants share with the majority of drugs of abuse a
final common dopaminergic pathway mediating their abuse liability.
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Glutamate/N-Methyl-D-Aspartate Receptor Effects

The glutamatergic neurotransmitter system may also mediate toluene’s rein-
forcing effects by indirectly activating the mesolimbic dopaminergic reward
pathway. It is been suggested that the effects of toluene on dopamine cell
activity are similar to those of phencyclidine (PCP), a potent antagonist of
N-methyl-D-aspartate NMDA)—type glutamate receptors that has important
hallucinatory and stimulant properties (Balster and Willetes 1996). Cruz et al.
(1998) demonstrated that toluene abolishes NMDA receptor-stimulated cur-
rents in Xenopus oocytes, in a subunit-specific manner. However, toluene was
not effective in altering kainate-type glutamate receptor-induced currents.

Other abused solvents, including trichloroethane (Cruz et al.1998), and ni-
trous oxide (Jevtovic-Todorovic et al. 1998; Mennerick et al. 1998) appear to
be effective inhibitors of the NMDA receptor. Nitrous oxide also has neurotoxic
effects similar to other NMDA receptor antagonists, such as PCP, ketamine,
and MKB801. Nitrous oxide inhibited ionic influx mediated by NMDA recep-
tors in cultured rat hippocampal neurons (Jevtovic-Todorovic et al. 1998; Men-
nerick et al. 1998). In addition, nitrous oxide reversed the increase in striatal
dopamine release induced by NMDA-receptor activation in the substantia ni-
gra (Balon et al. 2003a). It has been hypothesized that blockade by toluene or
nitrous oxide of NMDA receptors on GABA interneurons in the VTA, and the
consequent removal of the inhibitory action of these neurons on dopaminergic
neurons, may lead to enhanced dopamine cell firing in the VTA and subsequent
activation of the dopaminergic reward pathway (Wang and French 1995).

Although, to our knowledge, the effects of inhalation of amyl nitrite or bu-
tyl nitrite on glutamatergic neurotransmission have not been studied, NO, the
potent compound that mediates the peripheral effects of nitrites in blood ves-
sels, if released in the CNS when nitrites are inhaled, may potentially affect the
glutamatergic system. NO has been reported to act directly on the postsynaptic
NMDA receptor, where it can increase or decrease NMDA-mediated currents
and subsequent calcium influx (Aizenman et al. 1990; Dingledine et al. 1999;
Manzoni et al. 1992).

Effects on Ligand-Gated lon Channels

Inhalants appear to have significant effects on a superfamily of ligand-gated

ion channels, including the GABA4 receptor, the glycine receptor, the nico-
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tinic acetylcholine receptor, and the serotonin 3 (5-HT3) receptor. These re-
ceptor complexes are composed of five protein subunits surrounding a central
ion pore. Each subunit has four transmembrane spanning domains and dis-
tinct binding sites for a variety of ligands (Ortells and Lunt 1995; Smith and
Olsen 1995).

GABA Effects

There are similarities between the biological actions of inhalants and those of
alcohol and barbiturates (Bowen et al. 1996b). For example, acute adminis-
tration of inhalants affects motor coordination (Moser and Balster 1981) and
induces anxiolysis, whereas chronic administration is associated with physical
dependence and withdrawal (Bowen et al. 1996a; Evans and Balster 1991,
1993). In addition, some inhalant drugs have anticonvulsant properties (Wood
etal. 1984). Like other CNS-depressant agents, inhalants have biphasic effects
on spontaneous locomotor activity in rodents, with increased activity seen at
lower doses and diminished locomotion seen at higher doses (Gause et al.
1985; Kjellstrand et al. 1985).

The similar effects produced by administration of alcohol, sedatives, and
inhaled drugs of abuse suggest that these compounds may have overlapping
mechanisms of action. Previous work has established that neurotransmitter-
activated ion channels, particularly the GABA, receptor, are primary sites of
action of alcohol and volatile anesthetic agents. For example, as with alcohol
(Mihic 1999), pharmacological concentrations of volatile anesthetic agents
potentiate GABA4-mediated currents (Franks and Lieb 1994). Similarly, it is
known that toluene treatment alters extracellular concentrations of GABA in
the cerebellum, hippocampus (Ikeuchi et al. 1993), and globus pallidus
(Stengard and O’Connor 1994). Consistent with the hypothesis that inhal-
ants affect GABA, receptor function, toluene and trichloroethane enhanced
bicuculline-sensitive GABA-mediated synaptic currents in rat CAl hippo-
campal neurons (Beckstead et al. 2000; Weiner et al. 1997). Toluene, trichloro-
ethylene, and trichloroethane also increased ligand-gated currents in GABA
o1—P1 receptors expressed in Xenopus laevis oocytes (Beckstead et al. 2000) at
concentrations that have been reported to occur in vivo (Kishi et al. 1988;
Naalsund 1986; You et al. 1994). Because no currents were elicited in the ab-
sence of GABA, it appears that inhalants act as allosteric modulators at these

ligand-gated ion channels.
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In contrast, nitrous oxide appears to have a different, but overlapping,
pattern of action on GABA, receptors, compared with alcohol. Nitrous oxide
only weakly potentiated GABA receptor activity (Yamakura and Harris 2000).
However, similar to volatile anesthetics and alcohol, nitrous oxide inhibited
p1 GABA( receptors, suggesting that nitrous oxide has a differential effect on
these homologous receptor subunits (Yamakura and Harris 2000). Therefore,
although the sensitivity differs between nitrous oxide and volatile anesthetics
and alcohol, some mechanisms of action of nitrous oxide on GABA receptors
appear to be shared among these substances.

To our knowledge no studies have examined the effects of nitrites on GABA
neurotransmission. However, when NO, the major mediator of the peripheral
effects of nitrites, was administered within the paraventricular nucleus, it

caused an increase in GABA concentrations (Horn et al. 1994).

Glycine Receptors

Glycine receptors are responsible for the majority of inhibitory neurotrans-
mission in the brain stem and spinal cord. Inhalants, volatile anesthetics, and
alcohol may share a common binding site on this ligand-gated ion channel
(Beckstead et al. 2000, 2001, 2002). Active compounds in toluene, trichloro-
ethane, and trichloroethylene appear to potentiate glycine receptor—mediated
currents (Beckstead et al. 2000). Mutations in glycine receptors resulted in
enhancement of glycine receptor function when these compounds were
present, despite the fact that some of these mutants were insensitive to the ef-
fects of alcohol and enflurane. These findings suggest that solvents affect
glycine receptor function and that, although they differ, the molecular sites of
action overlap with those of alcohol and volatile anesthetics (Beckstead et al.

2000).

Nicotinic Acetylcholine Receptors

The nicotinic acetylcholine (nACh) receptor also displays sensitivity to inhal-
ants (Bale et al. 2002). To varying degrees, toluene appeared to antagonize the
function of nACh receptors that comprise different subunits. At concen-
trations of 50 UM to 10 mM, toluene produced a reversible, concentration-
dependent inhibition of acetylcholine-induced current in Xenopus oocytes
expressing various nicotinic receptor subtypes, with the a4—f, and a3,

subunit combinations being more sensitive to inhibition than other receptor
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subtypes. At these same concentrations, toluene dose-dependently inhibited
acetylcholine-mediated responses in the hippocampus. These results suggest
that nACh receptors, like NMDA receptors, show a subunit-dependent sen-
sitivity to toluene and may represent an important site of action for some of
the neurobehavioral effects of this volatile solvent (Bale et al. 2002).

5-HT Receptors
Similar to alcohol (Lovinger and White 1991) and volatile anesthetics (Machu

and Harris 1994), trichoroethane, trichloroethylene, and toluene enhance 5-
HTj receptor function. All three inhalants significantly and reversibly po-
tentiated, in a dose-dependent manner, 5-HT-activated currents, mediated by
mouse 5-HT3, receptors expressed in Xenopus oocytes. Another feature com-
mon to these drugs is that the acute use of inhalants, as well as alcohol and
volatile anesthetics, can produce nausea and vomiting (Meredith et al. 1989).
It is believed that 5-HTj receptors located in the area postrema mediate this
action of alcohol and the volatile anesthetics (Aapro 1991).

Opioid Receptors

Exposure to nitrous oxide has been shown to induce opioid peptide release in
the periaqueductal gray area of the midbrain and increases opioid receptor
density in the brain stem (Fujinaga and Maze 2002; Saracibar et al. 2001).
This increase leads to activation of the descending inhibitory pathways that
modulate pain/nociceptive processing in the spinal cord. Thus, the opioid re-
ceptor system is implicated in the analgesic properties of nitrous oxide, and
these effects on opioid receptor function may represent a mechanism for ex-
plaining the reinforcing effects of nitrous oxide. However, there is no evidence
implicating opioidergic neurotransmission in the addictive properties of sol-

vents or nitrites.

Phenomenology and Variations in the
Presentation of Inhalant Use Disorders

According to DSM-IV-TR (American Psychiatric Association 2000), inhalant
use disorders include inhalant abuse and inhalant dependence. The DSM-IV-

TR criteria for these conditions apply only to the use of volatile solvents, and
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abuse or dependence on anesthetics or nitrites are classified separately as other
(or unknown) substance-related disorders. Despite the diagnostic distinction,
the generic DSM-IV-TR diagnostic criteria for substance use disorders apply
across the three groups of inhalants (solvents, anesthetics, and nitrites).

Diagnostic criteria for inhalant use disorders in DSM-IV-TR are similar to
those in the International Classification of Diseases, Tenth Revision (ICD-10)
(World Health Organization 1992). These criteria include biological, cogni-
tive, and behavioral dimensions. The DSM-IV-TR diagnosis of inhalant de-
pendence is given when three or more of the seven criteria are present (see
Table 8-2). The first criteria to be considered here are tolerance and withdraw-
al. These phenomena are considered to be forms of adaptation to chronic ad-
ministration of these compounds and were discussed extensively earlier in this
chapter.

The remaining DSM-IV-TR criteria encompass the behavioral and cog-
nitive dimensions of inhalant dependence. These criteria include 1) impaired
control (i.e., inhalants are consumed in larger amounts or over a longer period
of time than was intended; there is a persistent desire or unsuccessful efforts
to cut down or control inhalant use; the individual continues using inhal-
ants despite knowledge of a persistent or recurrent physical or psychological
problem) and 2) increased salience of inhalant use (i.e., a great deal of time
spent using or recovering from the effects of inhalants; important social, oc-
cupational, or recreational activities are given up or reduced due to inhalant
use).

Kono et al. (2001) described and compared the phenomenology of inhal-
ant dependence with that of other substance dependence diagnoses. Although
inhalant-dependent (i.e., solvent-dependent) subjects reported lower levels of
drug-secking behavior than individuals dependent on methamphetamine, al-
cohol, or nicotine, inhalant-dependent subjects endorsed a greater sacrifice
value associated with inhalant use. Inhalant-dependent subjects were compa-
rable to those dependent on these other substances in terms of the number of
attempts to quit substance use. However, quitting attempts among inhalant-
dependent subjects were briefer than among the other groups of substance-
dependent subjects. Inhalant-dependent subjects reported the greatest levels
of ignored obligations, legal problems, and substance use despite problems.

Clearly, more studies are needed to delineate more precisely the phenom-
enology of inhalant use disorders, including the phenomenology of anesthetic
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Table 8-2. Diagnostic criteria for inhalant dependence

A maladaptive pattern of inhalant use as manifested by three or more of the following
during a 12-month period:

1)  Tolerance:

a) A need for significantly more inhalant use to achieve intoxication

b) Significantly diminished effect despite continued use of the same amount
of inhalant

2)  Withdrawal:

a) Two or more signs or symptoms (tremor, diaphoresis, insomnia, nausea or
vomiting, fleeting illusions, psychomotor agitation, anxiety, and perhaps
grand mal seizures) within several hours of stopping or reducing heavy,
prolonged inhalant use

b) Using inhalants to relieve or avoid withdrawal symptoms

3) Inhalants are often used in larger amounts or over a longer period than was
intended.

4)  There is a persistent desire to cut down or control inhalant use.

5)  Agreatdeal of time is spent consuming inhalants or recovering from their effects.

6) Important social, occupational, or recreational activities are given up or reduced
because of inhalant use.

7) Inhalant use is continued despite knowledge of having a persistent or recurrent
physical or psychological problem that is likely to have been caused or
exacerbated by inhalants.

Source. Adapted from American Psychiatric Association: Diagnostic and Statistical Manual of
Mental Disorders, 4th Edition, Text Revision. Washington, DC, American Psychiatric Associa-
tion, 2000. Used with permission.

and nitrite abuse and dependence. More reliable and valid information on de-

mographic and clinical correlates of these disorders is also needed.

Patterns of Inhalant Use in Humans

Clinical and epidemiological observations suggest that inhalant use in humans
occurs along a continuum, with considerable variability in usage patterns
among individuals as a function of age, gender, socioeconomic status, ethnic-
ity, availability and type of inhalant, and other clinical variables. As a general
rule, it is expected that as inhalant consumption and frequency of intoxica-
tion increase, the incidence and severity of medical and psychosocial prob-

lems will increase.
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Volatile Solvent Use

The primary objective of inhaling volatile solvents is the rapid delivery of a
high concentration of the substance to the lungs and, thereby, to the brain.
Inhalation is typically achieved through “sniffing,” “bagging,” or “huffing.”
Sniffing involves the inhalation of vapors directly from an open container or
a heated pan. Bagging refers to inhalation of vapors from a plastic or paper bag
containing the substance. Huffing is the inhalation of vapors by holding a piece
of cloth that has been soaked in the volatile substance against the nose and
mouth. In some instances, abusers may spray aerosol compounds directly into
the mouth. Habitual abusers generally begin with sniffing and progress to
huffing and then bagging to increase the concentration of the inhalant and
intensify or prolong the desired euphoria.

Rosenberg and Sharp (National Inhalant Prevention Coalition 2003) iden-

tified four patterns of solvent use:

1. Transient social use, characterized by a short history of use in social situ-
ations, occurring mainly among individuals of average intelligence who
are age 1016 years

2. Chronic social use, characterized by daily social use for 5 or more years,
which usually occurs among individuals with poor social skills and lim-
ited education who are age 20-30 years and who may also have evidence
of brain damage and minor legal problems

3. Transient isolated use, characterized by a short history of solo use among
individuals age 10-16 years

4. Chronic isolated use, characterized by a history of continuous solo use for
5 or more years among individuals age 20-29 years with poor social skills,
limited education, and significant involvement in legal problems; evi-
dence of brain damage may be common in this group.

Nitrite Use

Although nitrite use was initially described among homosexual men who
used nitrites in the context of sexual activity, more recently their use has ex-
panded to include heterosexuals. Currently, in addition to being used as
sexual enhancers, nitrites are frequently used in combination with amphet-

amines and ecstasy to accompany “high energy” dance and music among young
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individuals attending clubs and parties (i.e., “raves”). Nitrite users buy these
drugs with relatively few restrictions in sex shops and on the Internet. They
are dispensed in small screw-top bottles under brand names such as Liquid

Gold, Ram, or Thrust.

Anesthetic Use

Besides being known as laughing gas, the anesthetic nitrous oxide is also
known as “whippets,” particularly among children and adolescents, who fre-
quently inhale this gas from a whipping cream charger or store-bought whipped
cream dispenser. Nitrous oxide is also frequently inhaled from balloons by
teenagers and young adults at raves and parties and during outdoor events
such as rock concerts. However, the drug is often used in isolation at home or
in school.

Owing to the intense pressure of the gas, inhaling nitrous oxide from a
device that does not allow the user to control the flow rate can cause injury to
the tissues of the mouth, throat, or lungs. Because the gas frequently freezes
when propelled from its container, frostbite is a common injury among ni-
trous oxide users. In addition, because nitrous oxide displaces oxygen in
breathed air, lungs, and the bloodstream, hypoxia can occur if nitrous oxide
is inhaled in high concentrations. Similar to what can occur with the abuse of
other inhalant drugs, nitrous oxide users may be rendered unconscious, with
a balloon, bag, or mask used to inhale the compound still covering the mouth
and nose, and at risk of death because of asphyxiation.

Inhalation of other general anesthetics susceptible to abuse, such as ether
and chloroform, appears to be limited to health professionals who have easy
access to these compounds and who tend to use these drugs in isolation. Rec-
reational and social use of these substances has been somewhat limited by
their high flammability and by frequent and intense undesirable adverse ef-
fects at moderate doses. It has been suggested that the abuse of ether or chlo-
roform alone is a rare phenomenon (Delteil et al. 1974; Deniker et al. 1972),
occurring usually in the context of dependence on other substances, particu-

larly alcohol (Krenz et al. 2003).

Phenomenology of Inhalant-Induced Disorders
DSM-IV-TR (American Psychiatric Association 2000) recognizes six inhal-

ant-induced disorders: inhalant intoxication, inhalant intoxication delirium,
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inhalant-induced persisting dementia, inhalant-induced psychotic disorder,
inhalant-induced mood disorder, and inhalant-induced anxiety disorder. How-
ever, because of the paucity of systematic studies in the literature document-
ing other inhalant-related disorders, DSM-IV-TR does not consider inhalant
withdrawal, inhalant withdrawal delirium, inhalant amnestic disorder, or inhal-
ant sexual or sleep disorders. In this section, in addition to describing inhalant-
induced disorders from solvents and related products, we provide anecdotal
descriptions of disorders resulting from the inhalation of general anesthetics

and nitrites.

Inhalant Intoxication

Solvent intoxication is characterized in DSM-IV-TR by the presence of clin-
ically significant maladaptive behavioral or psychological changes that devel-
op during the intentional short-term, high-dose exposure to volatile solvents.
Symptoms of solvent intoxication can include apathy (or, alternatively, exci-
tation, belligerence, and assaultiveness), light-headedness, impaired judg-
ment, impaired social and occupational functioning, visual disturbances such
as blurred vision and nystagmus, incoordination, dysarthria, and unsteady
gait. Visual and tactile hallucinations and delusions are also common. Follow-
ing high doses of inhalants, severe hyporeflexia, stupor, and death caused by
cardiac arrhythmia may occur. Lethargy, generalized muscle weakness, and
headaches remain a few hours after cessation of solvent inhalation.

Studies of the intoxicating effects of toluene showed that the inhalation
of its vapor at a concentration of 200 ppm was associated with the develop-
ment of mild-to-moderate intoxication, characterized by sedation, paresthesias,
and hyporeflexia. Toluene vapor concentrations of 600-800 ppm induced a
confusional state, whereas greater concentrations produced an intense eupho-
ria (Benignus 1981; Press and Done 1967). In humans, plasma concentra-
tions of toluene of 10—100 uM have been reported to be intoxicating; these
concentrations are close to the intoxicating concentrations of alcohol and in-
halational anesthetics (Miller 1985).

Intoxication with amyl nitrite or butyl nitrite (i.e., poppers) is character-
ized by euphoria, warm feelings, change in perception of time, a sense of full-
ness in the head, relaxation of smooth muscle, vasodilatation, increased heart
rate, and decreased systolic blood pressure. An increase in sexual drive and in-

tensification of orgasm, poor judgment, and a reduction in inhibitions are



Inhalants 291

also associated with nitrite intoxication. These symptoms have been associated
with a failure to use condoms and with other high-risk behaviors that increase
the likelihood of HIV infection or other sexually transmitted diseases (Haver-
kos et al. 1994). In addition, nitrite intoxication suppresses natural killer cell
function, which increases vulnerability to infectious agents, produces sustained
alterations in the immune system, and appears to be a Kaposi’s sarcoma co-
factor (Haverkos et al. 1985).

The clinical presentation of intoxication with anesthetics varies as a func-
tion of the anesthetic agent used. An examination of effects of nitrous oxide
at subanesthetic doses on mood and psychomotor performance in 12 healthy
individuals showed that intoxicating effects were observed following the inha-
lation of concentrations of 20% and 40% (but not 10%) (Dohrn et al. 1992).
Subjects became confused, high, stimulated, dysphoric, and subsequently se-
dated during inhalation of nitrous oxide. Fatigue, depression, and anxiety
increased after cessation of inhalation. Subjects’ cognitive performance and re-
action times were significantly impaired during inhalation of the gas but recov-
ered soon after inhalation stopped. Intoxication with other general anesthetics
such as ether and chloroform is characterized by euphoria, overexcitement,
aggressiveness, hallucinations, and sleepiness. Severe nausea and emesis may
also occur (Bird 1881; Delteil et al. 1974; Deniker et al. 1972; Follin and
Rousselot 1980).

Inbhalant Intoxication Delirium

Intoxication delirium may occur with solvents, nitrous oxide (Sterman and
Coyle 1983), ether, or other general anesthetics (Delteil et al. 1974). How-
ever, to our knowledge, there are no reports describing delirium associated
with nitrite intoxication. The description of delirium presented here derives
mainly from what has been observed during solvent intoxication.

The main disturbance in inhalant intoxication delirium is a reversible de-
crease in the level of consciousness and awareness of the environment, which
includes an inability to focus, sustain, or shift attention. The intoxicated per-
son is confused and easily distracted by irrelevant stimuli and difficult to en-
gage in a meaningful conversation. He or she may also exhibit prominent
disorientation, short- and long-term memory deficits, language disturbances,
and perceptual disturbances that may include illusions and hallucinations.

Other prominent features associated with inhalant intoxication delirium are
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disturbance in the sleep-wake cycle, increased motor activity or agitation,
paranoid and grandiose delusions, anxiety, depression, irritability, anger, eu-
phoria, and/or apathy.

Inhalant intoxication delirium can occur as a consequence of disturbances
in dopaminergic, glutamatergic, and GABAergic neurotransmission second-
ary to acute, high-level exposure to psychoactive ingredients in solvents such
as toluene, trichloroethane, and trichloroethylene. Systemic effects of solvent
inhalation such as cerebral hypoxia and/or metabolic acidosis may also be in-
volved (Rosenberg 1982). Under these circumstances, inhalant intoxication
delirium develops over a short period of time (usually hours to days) and
tends to fluctuate during the course of the day. Usually, the delirium resolves
as the intoxication ends or within a few hours after cessation of use.

Inhalant intoxication delirium can also occur in the context of chronic
low-level exposures to solvents as a part of two slowly developing but revers-
ible neurological syndromes: a solvent-induced encephalopathy and a periph-
eral neuropathy. Less commonly, a cerebellar ataxic syndrome, parkinsonism,
and myopathy can occur alone or in combination with any of these neuro-
logical syndromes. Frequently, the encephalopathy induced by solvents rich
in toluene can also present with nystagmus, seizures, and coma (King et al.
1981; Lazar et al. 1983; Malm and Lying-Tunell 1980). The diagnosis of in-
halant intoxication delirium is made more difficult by the existence of a syn-
drome of irreversible cognitive deterioration (i.e., dementia) induced by chronic

inhalation of solvents.

Inhalant-Induced Persisting Dementia

Chronic high-level exposure to solvents, particularly those rich in toluene
(Filley et al. 1990; Fornazzari et al. 1983; Lazar et al. 1983), is associated with
progressive and gradual development of irreversible cognitive deficits charac-
terized by memory impairment, aphasia, apraxia, agnosia, and disturbances
in executive functioning. These symptoms persist beyond the intoxication pe-
riod, and there is significant impairment in social and occupational function-
ing, including a decline from a previous level of functioning. Evidence from
the patient’s history, physical examination, and laboratory test results should
strongly suggest that these deficits are etiologically related to the toxic effects
of inhalant use. Inhalation of toluene-rich solvents has been shown to cause
cortical atrophy and widespread cerebellar damage, with the length and in-
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tensity of toluene exposure correlating with the degree of damage to cerebral
white matter and the level of impairment (Boor and Hurtig 1977; Filley et al.
1990; Hormes et al. 1986; Schikler et al. 1982). Other abnormalities frequently
seen with inhalant-induced persisting dementia are cranial nerve damage man-
ifested by opsoclonus, optic atrophy, cranial neuropathy, tinnitus and sensori-
neural hearing loss, spasticity, and autonomic dysfunction (Fornazzari et al.
1983; Hormes et al. 1986; Lazar et al. 1983; Lolin 1989; Morata et al. 1994;
Pryor 1990). In the United States, before lead was removed from gasoline,
lead poisoning and dementia may have also resulted from gasoline sniffing, a
practice that has historically been most problematic in Native American ado-

lescents (Boeckx et al. 1977).
Inhalant-Induced Psychotic Disorder

Inhalent-induced psychotic disorder is characterized by prominent hallucina-
tions or delusions that are judged by the clinician to be due to the direct
physiological effects of inhalants, rather than to a primary psychotic disorder.
On the basis of the predominant symptom, there are two subtypes: inhalant-
induced psychotic disorder with hallucinations and inhalant-induced psy-
chotic disorder with delusions. Although the diagnosis should not be made if
the psychotic symptoms are limited to a period of delirium, inhalant-induced
psychotic symptoms frequently persist during periods of abstinence, making
it difficult to differentiate them from a primary psychotic disorder. A tempo-
ral association between a history of severe inhalant abuse and development of
psychotic symptoms is useful in differential diagnosis. In general, inhalant-
induced psychotic disorder occurs after several months or years of inhalant
dependence, and the psychotic symptoms are accompanied by cognitive im-
pairment and other complications of inhalant abuse, including polyneurop-
athy (Hernandez-Avila et al. 1998). Evidence that hallucinations and/or
delusions are not better accounted for by a primary psychotic disorder include
atypical or late age at onset of psychotic symptoms, onset of inhalant abuse
preceding onset of psychotic symptoms, and remission of psychotic episodes
during extended periods of abstinence. In contrast, factors that suggest that
the psychotic symptoms are better accounted for by a primary psychotic dis-
order include persistence of psychotic symptoms for a substantial period of
time (i.e., 1 month or longer) after discontinuation of inhalant intoxication

or withdrawal, development of symptoms that are substantially in excess of
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what would be expected given the amount of inhalant used or the duration of

use, or a history of primary psychotic disorder.

Inhalant-Induced Mood Disorder and
Inhalant-Induced Anxiety Disorder

Chronic inhalation of solvents can induce anhedonia; elevated, expansive, or
irritable mood; or anxiety symptoms. Although the clinical presentation may
resemble that of a major depressive, manic, mixed, or hypomanic episode, or
of any anxiety disorder, it does not generally meet the full criteria for these
disorders. Nonetheless, the inhalant-induced disorder causes significant dis-
tress and impairment of social and occupational functioning. The diagnosis
of an inhalant-induced mood or anxiety disorder should be made instead of
a diagnosis of inhalant intoxication only when the mood and/or anxiety symp-
toms are in excess of those usually associated with intoxication and when the
mood and/or anxiety symptoms are severe enough to warrant independent clin-
ical attention. Evidence suggesting a primary mood or anxiety disorder includes
the onset of mood and/or anxiety symptoms preceding the onset of inhalant
abuse and/or persistence of symptoms after inhalant use or during extended
periods of abstinence. Although these disorders are described in anecdotal re-
ports, there are no systematic studies of the phenomenology and correlates of

inhalant-induced mood or anxiety symptoms.

Clinical Evaluation of Patients
With Inhalant Use Disorders

Accurate diagnosis of patients with inhalant use disorders may require a vari-
ety of methods, including psychiatric history and mental status examination,
physical examination and laboratory testing, neuropsychological testing, and

neurophysiological testing.

Psychiatric History and Examination

Given that cognitive and behavioral disturbances are commonly associated
with inhalant use disorders, diagnostic assessment of individuals with such
disorders is probably best done by using a standardized interview schedule,

such as the Composite International Diagnostic Interview (CIDI) (Robins et
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al. 1989) or the Structured Clinical Interview for DSM-IV (SCID) (First et
al. 1997). The number of DSM-IV-TR inhalant use disorder symptoms en-
dorsed by the patient can be used as a measure of severity. In addition, the
composite score from the drug dependence section of the Addiction Severity
Index (ASI; McLellan et al. 1992) may provide another useful measure of se-
verity of the addiction to inhalants. This score, however, will not be as specific
a measure of inhalant use disorder severity as that obtained using the CIDI or
SCID.

Assessment of psychological function should focus on measures of cogni-
tive functioning, psychotic symptoms, depressive and anxiety symptoms, and
global psychological distress. Instruments that are generally reliable, valid,
and acceptable for evaluation of these areas include the Brief Psychiatric Rat-
ing Scale (Overall and Gorham 1962), the Beck Depression Inventory (Beck
et al. 1961), and the Symptom Checklist—90—Revised (Derogatis 1992).
The psychiatric severity subscale of the ASI assesses overall psychiatric severi-
ty, including the number of inpatient and outpatient treatment episodes,
medication status, and lifetime and current symptoms (McLellan etal. 1992).

Physical Examination and Laboratory Findings

Medical complications are common among patients with inhalant use disor-
ders. Because these problems are manifested in most organ systems, a thor-
ough physical examination is indicated for any patient with an inhalant use
disorder diagnosis. The physical examination provides essential information
about the presence and extent of organ damage and should be focused on the
systems most vulnerable to developing inhalant-related pathology, including
the central and peripheral nervous systems, the kidneys, the hematopoietic
system, the cardiovascular system, the gastrointestinal system, the respiratory
system, and the immune system. The physician should also be alert to other
acute inhalant-related signs, including inhalant intoxication or withdrawal,
intoxication or withdrawal from other drugs, and the acute presentation of
psychiatric symptoms. Other systemic health problems associated with inhal-
ant use disorder include malnutrition, muscle wasting, infectious diseases (such
as tuberculosis, dermatitis, pediculosis, and hepatitis), and physical trauma.
Laboratory tests can help in assessing the effects of inhalant use. Labora-
tory tests that measure hepatic function, renal function, and hematopoietic
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function (i.e., serum levels of hepatic aminotransferases, bilirubin, urea nitro-
gen, and creatinine, as well as a complete blood count) can be useful to clini-
cians. Although there are no specific diagnostic laboratory markers of the abuse
of nitrites or nitrous oxide, urinary concentrations of hippuric acid and ortho-
cresol appear to be good indicators of inhalation of substances rich in toluene,
such as glue and solvents (De Rosa et al. 1987). Correlations between urinary
concentrations of hippuric acid and of ortho-cresol and toluene concentra-
tions in inhaled air when examined within 17 hours of inhalation were reported
to be 0.88 and 0.63, respectively (De Rosa et al. 1987). Laboratory testing can
also assist the clinician in providing objective, nonjudgmental feedback to in-
halant-abusing patients on the adverse physical consequences of their sub-
stance use. When possible, laboratory results should be graphically presented
to the patient in an easy to comprehend format that includes normal values
as a comparison. The goal of this effort is to enhance the patient’s motivation
to initiate abstinence from inhalants. Ongoing monitoring reinforces the pa-
tient’s abstinence as the laboratory test values decline and eventually normal-
ize. Because patients may not acknowledge problems with other drugs, a urine
toxicology screen is also recommended in patients with an inhalant use dis-
order. The screen should include opioids, cocaine, cannabis, benzodiazepines,
and hallucinogens. Laboratory tests for syphilis, HIV, and other sexually trans-
mitted diseases, and for women, serum pregnancy testing, should also be per-
formed.

Neuropsychological Testing

Given that a variety of neuropsychological deficits occur among inhalant
abusers, neuropsychological testing can assist in the clinical evaluation of
patients with inhalant use disorder. Tsushima and Towne (1977) compared
20 adolescent paint-sniffers to matched control subjects and found deficits on
tests of motor speed, memory, auditory discrimination, and visuomotor func-
tion. These investigators also found a correlation between these deficits and
the duration of paint sniffing. Allison and Jerrom (1984) reported similar find-
ings in 10 delinquent solvent inhalers. These subjects demonstrated impair-
ments in memory, attention, concentration, and nonverbal intelligence. A
correlation has also been observed between exposure to solvents and impair-

ment on tests of auditory memory and visual abstraction (Moen et al. 1990).
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Neurophysiological Testing

Neurophysiological testing may also assist the clinician in identifying and as-
sessing the severity of inhalant dependence. Visual and auditory evoked po-
tentials may serve as markers of inhalant dependence and early neurological
damage in children. In a study of 15 children (ages 9-17 years) with a signif-
icant history of inhalant abuse but without clinical evidence of neurological
abnormalities, eight of the children showed abnormal visual or auditory evoked
potentials (Tenenbein and Pillay 1993). Consistent with the evidence in hu-
mans, similar abnormalities in evoked potentials have been observed in animal
models of inhalant abuse (Rebert et al. 1989; Stewart et al. 1972). More re-
cently, Kucuk et al. (2000) evaluated brain perfusion in long-term abusers of
toluene, acetone, benzene, and their derivatives. Ten patients (ages 16—18 years)
who had been inhalant dependent for a mean period of approximately 4 years
but who had stopped using inhalants for an average of 5.4 months (range=1-
11 months) and ten age-matched control subjects were included in the study.
Brain single photon emission computed tomography was performed by using
Tc-99m-HMPAO. The inhalant-dependent subjects exhibited serious abnor-
malities, including hypoperfusion foci and nonhomogeneous uptake of the
radiopharmaceutical.

Treatment

Once an individual has received a diagnosis of an inhalant use disorder, the
initial decisions involve determining the most appropriate setting for treat-
ment and deciding on the intensity of treatment required. Continuous in-
halant users may require inpatient treatment. Intermittent users without
evidence of serious comorbid psychopathology or acute adverse effects of in-
halant use can be managed on an ambulatory basis through psychosocial and
pharmacological approaches. Despite the relatively high prevalence of inhal-
ant abuse and dependence, especially among children and adolescents, there
is a paucity of studies examining treatment intervention in this population.
The vast majority of substance abuse treatment programs employ treatment
approaches that were developed to treat other substance use disorders and are
unprepared to treat patients with inhalant use disorders. Because of the severe

cognitive deterioration and comorbid psychopathology associated with inhal-
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ant use disorders, the treatment of these patients can be challenging, even to
the most experienced clinicians. Clinicians treating patients with these dis-
orders should be prepared to work with these patients for extended periods of

assessment and supportive care.

Psychosocial Treatment

Although to our knowledge there are no controlled studies examining specific
psychosocial interventions in the treatment of inhalant abuse or dependence,
some general guidelines have been developed to address the specific needs of
this population (National Inhalant Prevention Coalition 2003). First, given
the significant neurotoxic effects of inhalants, it is critical to identify the pres-
ence of any cognitive deficits or disruptive behaviors that may interfere with
psychosocial treatment. As discussed eatlier, neuropsychological testing, a de-
velopmental history, and examination of school performance may help in
achieving this goal. Second, given that family involvement appears to be high-
ly important in the recovery efforts of inhalant abusers, a comprehensive eval-
uation of the family structure and dynamics is recommended, and family
therapy addressing drug education and parenting and social skills training
must be considered in treating these patients (National Inhalant Prevention
Coalition 2003). Third, given that inhalant use frequently occurs in groups,
examination of peer group dynamics is warranted and should be aimed at
assisting the patient to break negative peer bonds and substitute positive ones.
For these reasons treatment should be social in nature, although individual
counseling should be also available. Fourth, it is recommended that initial
therapeutic interventions with inhalant abuse patients be brief, informal, and
concrete, with the aim of developing rapport and enhancing motivation for
treatment. In this population, more formal individual or group substance
abuse therapy appears to be ineffective, and confrontational approaches ap-
pear to be detrimental (National Inhalant Prevention Coalition 2003).

Pharmacotherapy

Management of Inhalant Withdrawal

The objective in treating inhalant withdrawal is the relief of discomfort, pre-
vention or treatment of complications, reduction of urges to use inhalants,

and preparation for rehabilitation. Successful management of inhalant with-
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drawal should provide a basis for subsequent efforts at rehabilitation. Pharma-
cological management may potentially assist clinicians and patients in achieving
these goals.

Signs and symptoms of inhalant withdrawal, specifically those related to
solvents and anesthetics, resemble those of alcohol and sedative withdrawal.
It is likely that the majority of inhalant-dependent patients may be safely
managed by using social detoxification similar to that used to treat alcohol
withdrawal (Naranjo et al. 1983; Sellers et al. 1983). This nonpharmacological
approach has been shown to be effective in the treatment of mild-to-moderate
alcohol withdrawal. It consists of frequent reassurance, reality orientation,
monitoring of vital signs, personal attention, and general medical and nurs-
ing care (Naranjo and Sellers 1986). Social detoxification of inhalant-dependent
subjects may have to be maintained for longer periods of time than with al-
cohol- or sedative-dependent subjects because of the psychopathology that
is often associated with inhalant dependence. Among severely affected inhal-
ant-dependent patients, especially among those dependent on solvents with
a high toluene content, pronounced withdrawal symptoms characterized by
intense craving, autonomic hyperactivity, seizures, and/or delirium can oc-
cur. The inhalant withdrawal clinical picture may also be complicated by in-
toxication or withdrawal symptoms caused by other substances of abuse,
especially alcohol and/or sedatives. In consideration of these problems, Brouette
and Anton (2001) recommended closely monitoring these patients as if they
were being treated for alcohol withdrawal. If symptoms develop—particu-
larly signs of autonomic hyperactivity such as tachycardia, elevated blood
pressure, and diaphoresis—benzodiazepines are generally the first-line drugs
to treat this condition (Mayo-Smith 1997). Nonetheless, because of the po-
tential for abuse of these medications and their potential to detrimentally
affect cognitive functioning, they should be prescribed with caution. The ap-
parent commonalities between the effects of chronic consumption of alcohol
and inhalants on GABAergic neurotransmission suggest that pharmacological
agents that enhance GABAergic function, such as the anticonvulsants carbam-
azepine, valproate, gabapentin, vigabatrin, and tiagabine, may ameliorate inhal-
ant withdrawal symptoms without the potential risks associated with the
prescription of benzodiazepines. Clinical trials provided evidence of bene-
ficial effects of carbamazepine in the treatment of alcohol withdrawal; case
series have supported the potential utility of some of the other agents for this
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application (Gentry et al. 2002). Potential adverse reactions with and disad-
vantages to the use of these medications include the possibility of liver and
bone marrow toxicity, which necessitates blood monitoring with carbamaz-
epine or valproate treatment. Although excessive sedation and drowsiness are
common problems with the use of gabapentin, vigabatrin, and tiagabine, this
effect can be advantageous in treating the sleep disturbances and anxiety that
are frequently associated with inhalant withdrawal. Controlled clinical trials
examining the safety and efficacy of these medications for treatment of in-

halant withdrawal are needed.

Relapse Prevention

Despite recent advances in understanding the neuropharmacological basis of
inhalant dependence, there are no published studies examining the effects of
potentially efficacious medications in the treatment of this condition. In the
following sections, we discuss psychopharmacological agents that, because of
their known effects on the neurotransmitter systems that mediate inhalants

reinforcing effects, may assist inhalant abusers achieve abstinence.

Atypical antipsychotics. Atypical antipsychotics, including clozapine, ris-
peridone, olanzapine, and quetiapine, have been shown to reduce substance
use in animals and among patients with schizophrenia or schizoaffective dis-
orders (Brown et al. 2002; Mechanic et al. 2003; Smelson et al. 2002; Zim-
mett et al. 2000). In contrast to the typical antipsychotics, which generally
are antagonists of the D, receptor subtype, atypical antipsychotics have a
higher affinity for other dopamine receptor subtypes such as the D3 and Dy
receptors. In addition, atypical antipsychotics have a high affinity for the 5-
HT), receptor subtype (Bymaster et al. 1996). This broad receptor binding
profile has been implicated in many of the atypical antipsychotics’ clinical
characteristics and suggests that dopamine receptor antagonism can be
achieved at the two dopamine receptor subtypes believed to be responsible
for drug reward (i.e., D; and D, in NAC) (Arnold et al. 1977). Anecdotal
reports by clinicians who have used atypical antipsychotics to treat patients
with dual diagnoses (e.g., patients with schizophrenia and cocaine abuse)
(Littrell et al. 2001; Zimmet et al. 2000) and several controlled studies
(Brown et al. 2002; Smelson et al. 2002) showed that these medications re-
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duce craving for cocaine and other stimulants. Given the stimulant-like ef-
fects of inhalants on mesolimbic dopaminergic reward circuitry and the cross-
sensitization of stimulant effects with toluene or trichloroethane effects, it is
plausible that atypical antipsychotics may reduce inhalant use by dampening

inhalant reward. Controlled examination of this hypothesis is warranted.

Anticonvulsants. In addition to their potential utility in the treatment of
inhalant withdrawal, anticonvulsant medications such as valproate, topiramate,
gabapentin, vigabatrin, and tiagabine may have a role in the rehabilitation of
inhalant dependence. These compounds could antagonize the rewarding ef-
fects of inhalants by inhibiting mesocorticolimbic dopamine release through
the facilitation of GABA activity. Topiramate produces a similar effect by inhi-
bition of glutamatergic activity and has been shown in a placebo-controlled
clinical trial to reduce alcohol drinking in a sample of alcohol-dependent
subjects (Johnson et al. 2003). Given the similarities between the effects on
GABAergic neurotransmission of alcohol and inhalants, it is plausible that
anticonvulsants with significant effects on this neurotransmitter system may

help to reduce inhalant use among inhalant abusers.

Acamprosate. Acamprosate, an amino acid derivative, affects both GABA-
ergic and glutamatergic neurotransmission. Clinical studies involving more
than 4,000 patients in Europe have provided consistent evidence of the effi-
cacy of acamprosate in alcoholism rehabilitation (Kranzler and Van Kirk 2001).
Acamprosate’s effects on both GABAergic and glutamatergic neurotransmis-
sion, together with a benign side effect profile, make this compound a po-
tentially useful one for the treatment of inhalant dependence. Furthermore,
on the basis of experiments in rodents suggesting that this agent may have a
protective effect against NMDA-mediated neurotoxicity (Koob etal. 2002),
this medication may be of utility in preventing the neurotoxicity associated
with inhalant use.

5-HTj antagonists. ~ Given that the 5-HT 3 receptor may also be involved in
the reinforcing effects of inhalants (Lovinger and White 1991), it is plausible
that medications that antagonize this receptor complex may reduce or dampen
the reward produced by inhalant use. Two medications that selectively block
5-HT 3 receptors have been used for their psychopharmacologic effects: the

anti-emetic ondansetron and the antidepressant mirtazapine. Ondansetron



302 Clinical Manual of Addiction Psychopharmacology

has been shown to reduce alcohol consumption among alcoholic patients
with early onset of problem drinking (i.e., before age 25 years) (Johnson et
al. 2000). Mirtazapine is efficacious in the treatment of major depression
(see Benkert et al. 2000), but it has not been evaluated in controlled trials
for the treatment of substance dependence. Studies examining the effects
of these compounds in the treatment of inhalant use disorders may be war-

ranted.

Pharmacological Treatment of Comorbid Psychiatric Conditions

Comorbid psychiatric disorders have been shown to contribute to the devel-
opment or maintenance of a variety of substance use disorders (Hasin et al.
2004). Effective treatment of the comorbid disorders may have beneficial ef-
fects on substance abuse outcomes. Although no systematic studies have
been conducted among inhalant abusers, these patients often manifest per-
sistent anxiety symptoms, insomnia, depression, delusions and hallucina-
tions, cognitive impairment, and general distress. These symptoms may last
for weeks or months and are difficult to differentiate from the emergence of
diagnosable psychiatric disorders. Irrespective of their etiology, negative emo-
tional states and distress, including frustration, anger, anxiety, depression, and
boredom, have been shown to contribute to relapse in addictive disorders (Mar-
latt 1985).

Despite the high prevalence and clinical significance of comorbid disor-
ders among inhalant abusers, to our knowledge there is only one published
study of the treatment of comorbid psychiatric problems among inhalant-
dependent patients (Hernandez Avila et al. 1998). This double-blind study
of the safety and efficacy of pharmacotherapy compared carbamazepine with
haloperidol in the treatment of inhalant-induced psychotic symptoms. Forty
male patients were randomly assigned to receive 5 weeks of treatment with
carbamazepine or haloperidol. Both treatment groups improved significantly
over time, with approximately one-half of the patients in each group considered
treatment responders at the end of the study. Adverse effects, especially ex-
trapyramidal symptoms, were significantly more common and more severe
in the haloperidol group. Additional studies are needed to address the effects
of pharmacotherapy on mood, anxiety, and cognitive symptoms occurring in

the context of inhalant abuse.
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Conclusion

Inhalant use is a widespread problem, especially among children and adoles-
cents. Acutely, this heterogeneous group of substances (i.e., solvents, nitrites,
general anesthetics) exerts significant reinforcing effects, and continuous use
of these drugs appears to induce tolerance and withdrawal symptoms. In ad-
dition to rapid absorption, rapid entry into the brain, and high bioavailability,
inhalants” effects on dopaminergic, glutamatergic, and GABAergic neuro-
transmission appear to contribute to their abuse liability. Medications that
modulate these systems in conjunction with psychosocial interventions may
assist in reducing inhalant use in addicted patients. Further research on the
treatment of inhalant use disorders is warranted.
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Comprehensive treatment of tobacco addiction is necessary because of the
addictive nature of nicotine and the serious health consequences of tobacco
dependence (Fiore et al. 2000). Approximately one-third of individuals who
experiment with cigarettes become regular smokers (see Henningfield 1995).
Once dependence develops, tobacco addiction can become a chronic relapsing
disorder with dire medical consequences. Indeed, cigarette smoking is respon-
sible for approximately 430,000 deaths each year in the United States (Giovino
2002).

Fortunately, effective smoking treatments (both behavioral and pharma-
cological) are now available (George and O’Malley 2004). Although behav-
ioral interventions are an integral part of smoking treatment, our review will
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cover only pharmacotherapies that aid in smoking cessation (see George and
O’Malley 2004). A variety of recent publications discuss the behavioral treat-
ment of tobacco dependence (Fiore et al. 1996). Specifically, we discuss here
the phenonomenology of nicotine addiction and clinical aspects of tobacco
dependence and withdrawal, nicotine replacement therapy (NRT) products,
and other medications that may enhance smoking cessation rates and/or re-
duce smoking relapse. We also briefly review nicotine dependence pharmaco-

therapies for persons with psychiatric and medical comorbidity.

Phenomenology of Nicotine Addiction and
Clinical Aspects of Withdrawal

The primary addictive substance in cigarette smoke is nicotine. Cigarette
smoking is a very efficient nicotine delivery system because nicotine is aero-
solized and subsequently absorbed through the extensive pulmonary vascula-
ture. Consequently, smoking produces high arterial nicotine concentrations
(i.e., compared with venous concentrations) (Henningfield 1995). These high
arterial concentrations deliver a bolus of 1-3 mg of nicotine rapidly to the
brain (i.e., within seconds after the onset of smoking) (Henningfield 1995). A
number of neurotransmitters are released with nicotinic receptor activation,
including dopamine, norepinephrine, serotonin, and endogenous opioids. The
immediate positive reinforcing effects of smoking include a reduction in anx-
iety and increased alertness and concentration.

Nicotine’s half-life is 2 hours, so repeated administration is needed through-
out the day for continued effects. Consequently, daily smokers usually smoke
at frequent intervals to maintain a narrow range of nicotine levels. Parodoxi-
cally, chronic administration of nicotine results in an increase in the number
of nicotinic receptors, presumably resulting from chronic nicotinic receptor
desensitization and inactivation. An increased number of receptors may play
a role in the withdrawal symptoms many smokers experience with prolonged
cigarette abstinence (Dani and De Biasi 2001). Withdrawal symptoms include
dysphoria or depressed mood, insomnia, irritability, anxiety, frustration, diffi-
culty in concentration, and increased appetite and weight gain. Withdrawal
symptoms typically peak within 24-36 hours after cessation and usually dimin-
ish after 1 week of abstinence, but prolonged withdrawal may occur in some
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individuals. Thus, some individuals may continue smoking cigarettes to avoid
the negative symptoms of withdrawal (i.e., negative reinforcement of smoking
behavior) (Henningfield 1995). It seems probable that both the primary, pos-
itively reinforcing effects of smoking and the avoidance of withdrawal symp-

toms sustain tobacco use in most smokers.

Pharmacological Treatments for
Tobacco Dependence

Nicotine Replacement Therapies

Nicotine replacement therapies (NRTs) were designed to enhance efficacy rates
during smoking cessation by replacing some of the nicotine usually delivered
by smoking (Henningfield 1995). The U.S. Food and Drug Administration
(FDA)—approved NRTs for smoking cessation include 2- and 4-mg nicotine
polacrilex gum and nicotine lozenge, transdermal nicotine, nicotine nasal
spray, and nicotine inhaler. All replacement therapies have been shown to sig-
nificantly increase smoking cessation success rates. The choice of NRT for an
individual patient depends on the patient’s preference, the side effects of the
NRT, the presence of other medical conditions, and previous success or fail-
ure with a certain type of NRT. All NRTs yield an approximate doubling of
the smoking quit rates, relative to placebo, in clinical trials. A review of NRTs,

which are considered first-line treatment for smoking cessation, follows.

Nicotine Gum

Nicotine polacrilex gum was the first NRT marketed for smoking cessation.
Two- and 4-mg doses are available in a variety of flavors (i.e., original, mint,
and orange) for over-the-counter purchase. Nicotine gum contains nicotine
bound to an ion exchange resin. The nicotine in nicotine gum is released slowly
into the mouth and absorbed through the buccal mucosa. Nicotine gum is
most beneficial with concurrent behavioral therapy and when used on a fixed
schedule (i.e., chewing one piece every 1-2 hours) rather than ad lib dosing.
The recommended treatment duration for nicotine gum is 1-3 months; how-
ever, benefits may occur with a longer duration of treatment (Fiore et al. 2000).

The gum should be chewed slowly, with intermittent parking of the gum
at the side of the mouth, to avoid adverse effects (e.g., hiccups, heartburn,
stomach upset). Only 50% of the nicotine in a piece of gum is systemically
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absorbed. Nicotine concentrations peak approximately 30 minutes after the
onset of chewing (Henningfield 1995). The starting dose for individuals who
smoke fewer than 20 cigarettes per day is 2 mg, whereas the 4-mg dose is rec-
ommended for heavier smokers (Henningfield 1995). This recommendation
comes in part from studies that show a higher dose of gum is more beneficial
for heavier smokers. The gum should probably not be prescribed to persons
with temporomandibular joint disease or those who have dental or oral prob-

lems that could be exacerbated by gum chewing.

Nicotine Lozenge

The nicotine lozenge contains nicotine bound to a polacrilex ion-exchange
resin (similar to the nicotine gum). It is available for over-the-counter pur-
chase in 2- and 4-mg dosage forms. Because the lozenge does not require
chewing, it may be preferable to the gum for patients with dental problems
and for patients who find chewing gum objectionable. The lozenge formula-
tions release 25% more nicotine, compared to an equal dose of the gum
(Shiffman et al. 2002). In a large randomized trial, low-dependence smokers
(i.e., those who waited longer than 30 minutes upon awakening to have their
first cigarette) were randomly assigned to receive the 2-mg lozenge or a
matching placebo and highly dependent smokers (i.e., those who had their
first cigarette within 30 minutes upon awakening) were randomly assigned to
receive the 4-mg lozenge or placebo for at least 24 weeks (Shiffman et al. 2002).
Participants in the active lozenge group had a significantly higher 28-day ab-
stinence rate at 6 weeks, compared to the placebo group, for both the 2-mg
(46% vs. 29.7%; P<0.001) and 4-mg doses (48.7% vs. 20.8%; P<0.001).
Efficacy of the drug was sustained through a 1-year follow-up.

Patients who use the lozenge for smoking cessation should use one lozenge
every 1-2 hours for the first 2—4 weeks, decreasing the interval to every 2—4
hours thereafter. Adverse effects that are common with the nicotine lozenge in-
clude heartburn, hiccups, and nausea (Shiffman et al. 2002). Because the prod-
uct contains phenylalanine, the lozenge should not be used for smoking
cessation by individuals with phenylketonuria.

Transdermal Nicotine

Transdermal nicotine (i.e., the nicotine patch) is also available over the

counter for smoking cessation. This form of nicotine delivery may be espe-
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cially useful for smoking cessation because a constant delivery of nicotine may
aid in patients’ adherence to NRT. Eight weeks of treatment are generally suf-
ficient for smoking cessation (Fiore et al. 1994). Compared with other NRTs,
transdermal nicotine probably has the lowest abuse potential, because there
are few or no withdrawal symptoms after treatment has ended and the patient
does not have control over nicotine delivery.

Transdermal nicotine is available in a variety of formulations and dosing
schedules (e.g., 15 mg/16 hours; 7, 14, and 21 mg/24 hours; and 11 and 22 mg/
24 hours) (Cinciprinni and McClure 1998). Peak nicotine concentrations for
the various systems are reached 2-6 hours after application, and steady state
conditions occur 2-3 days after continued patch use (Henningfield 1995).
The highest-dose patch (i.e., 21 or 22 mg/24 hours or 15 mg/16 hours) de-
livers approximately 0.9 mg of nicotine per hour transdermally (Henningfield
1995).

The transdermal system is applied in the morning and removed either be-
fore bedtime or the next morning. Among individuals smoking 10 or more cig-
arettes per day, the highest dose patch should be used to start; an intermediate
dose can be used if the patient smokes fewer than 10 cigarettes per day (Hen-
ningfield 1995). Although dosage reduction is usually recommended after
24 weeks with most formulations to ease smokers off NRT because of clin-
ical concerns about nicotine withdrawal from transdermal nicotine, no bene-
fit of dosage reduction on patch efficacy was found in one meta-analysis
(Fiore et al. 1994), and, in fact, there is little evidence for a clinically sig-
nificant nicotine withdrawal syndrome after transdermal nicotine discontin-
uation. Transdermal nicotine should not be used for patients that have skin
conditions that could be exacerbated by the patch.

Nicotine Nasal Spray

Nicotine nasal spray delivers nicotine through the nasal mucosa. One advan-
tage of nicotine nasal spray is that it relieves tobacco cravings quickly. One
study found that nicotine nasal spray was 2.6 times more likely to produce
smoking cessation, compared with placebo, at 1 year (Sutherland et al. 1992).
The active spray was also the most beneficial among highly dependent smok-
ers (Sutherland et al. 1992).

The nasal spray is available only by prescription. One spray to each nostril

constitutes a dose. Although one dose delivers approximately 1 mg of nicotine,
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only 0.5 mg of nicotine is systemically absorbed. Patients should initially use
one or two doses per hour but should not exceed more than five doses per hour
or 40 doses/day (Sutherland et al. 1992). The nasal spray delivers nicotine rap-
idly, with venous nicotine concentrations peaking at 5-10 minutes after admin-
istration (Sutherland et al 1992). Compared with other nicotine delivery
systems, nicotine nasal spray, most closely approximates the pharmacokinetic
profile of nicotine following smoking. Given that this form of NRT is admin-
istered nasally, patients with rhinitis, nasal polyps, or sinusitis should probably
not use nicotine nasal spray for smoking cessation. The nasal spray produces
some initial irritation of the nasal mucosa at the dosage formulation (10 mg/

mL) that is available commercially, but this effect subsides with repeated dosing.

Nicotine Inhaler

Nicotine (vapor) inhalers, which are used by puffing through a cartridge in-
haler, may be useful for smoking cessation in some patients because its use is
similar to the smoking ritual (i.e., holding the device, with repeated hand-to-
mouth activity and puffing on the device, replicates many of the sensory and
motoric aspects of smoking) and it delivers nicotine rapidly (although not as
rapidly as the nasal spray). In one placebo-controlled study, in which subjects
were allowed to use an inhaler for up to 6 months, quit rates at 1 year re-
mained higher in the nicotine inhaler group than in the placebo inhaler group
(28% and 18%, respectively; P=0.046) (Hjalmarson et al. 1997).

This product is also only available by prescription. The recommended
treatment period is up to 24 weeks (McNeil Consumer Products 1997). Us-
ing the inhaler by puffing 80 deep inhalations over 20 minutes results in a sys-
temic absorption through the buccal mucosa of 2 mg of nicotine, with
maximal nicotine concentrations occurring 15 minutes after the end of inha-
lation. When the product is used as directed, the patient will likely use 6-16
inhalers per day. This form of NRT is relatively contraindicated in patients
with asthma because, although most of the nicotine is absorbed through the
buccal mucosa and it is not delivered to the lungs (McNeil Consumer Prod-

ucts 1997), nicotine by inhalation may produce bronchial constriction.

Combined NRT Formulations
As previously discussed, currently available NRT products typically double the

rate of smoking cessation, relative to placebo. It has been suggested that one
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way to improve efficacy further would be to combine a passive and continuous
nicotine delivery system (i.e., the patch) with an active and intermittent deliv-
ery system (e.g., the gum, inhaler, or spray) (Fiore et al. 2000; American Psy-
chiatric Association, in press). The rationale for combined treatment is that
smokers may need a constant delivery of nicotine to alleviate withdrawal
symptoms as well as an ad-lib nicotine medication that can be used to control
smoking urges and further relieve withdrawal symptoms (Sweeney et al. 2001).
Moreover, two nicotine replacement products may provide a higher degree of
nicotine substitution, compared to monotherapy. Findings from three studies
have suggested that combination regimens may increase efficacy.

One study comparing active patch (15 mg/16 hours for 12 weeks, 10 mg/
16 hours for 6 weeks, and 5 mg/16 hours for 6 weeks) and 2-mg nicotine gum
(for 6 months) to active patch and placebo gum found that the combined
treatment had greater efficacy at 24 weeks (34% for the combined treatment
vs. 23% for active patch and placebo gum; P=0.027) (Kornitzer et al. 1995).
However, efficacy was not sustained at 1 year. Another study compared “combi-
nation treatment” consisting of an active patch (15mg/16 hours for 12 weeks
with a 6-week taper) and active gum (2-mg nicotine gum for 6 months, at
which time withdrawal was encouraged) to “gum only” (placebo patch and ac-
tive gum) and found greater efficacy at 3 months for the combination treatment
(39% vs. 28%; P=0.038), but the results were not sustained at 1 year (Puska
etal. 1995). A third study showed that active patch and nasal spray was supe-
rior to active patch and placebo spray for smoking cessation (Blondal et al.
1999a). Subjects used the patch for 5 months and the spray for up to 1 year. At
1 year, smoking cessation rates were 27% in the combination group versus
11% in the patch-only group (P=0.001). These studies suggested that the
combined use of a constant and an intermittent delivery system may improve
smoking cessation rates over those observed with a single agent, but more re-
search is needed in this area before definitive recommendations can be made
(Sweeney et al. 2001). It is noteworthy that no significant adverse events relat-
ed to nicotine toxicity were noted in any of these trials; however, combining
NRT products is not an FDA-approved treatment for smoking cessation.

Nonnicotine Pharmacotherapies

Given that not all smokers respond well to NRT, and because many smokers

have comorbid symptoms that suggest that mechanisms independent of the
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nicotinic receptor may increase vulnerability to nicotine dependence, there
has been considerable interest in nonnicotine medications to treat nicotine
dependence, cither alone or in combination with NRTs. The observations
that the antidepressant bupropion has potential as a treatment for smoking
cessation and that other antidepressants (e.g., tricyclic antidepressants and se-
lective serotonin reuptake inhibitors [SSRIs]) may modify smoking behaviors
have catalyzed intensive research into agents that act directly on dopamine,
norepinephrine, serotonin, glutamate, y-aminobutyric acid (GABA), nicotinic,
cannabinoid, or opioid receptors. We review here data on the safety and effi-
cacy of bupropion and other nonnicotine therapies. Of the nonnicotine med-
ications for smoking cessation, only sustained-release bupropion is currently

considered a first-line treatment for cigarette smokers.

Sustained-Release Bupropion

The phenylaminoketone atypical antidepressant agent bupropion (amfebuta-
mone) as a sustained-release (SR) formulation (Zyban) is considered a first-
line pharmacological treatment for nicotine-dependent smokers who want to
quit smoking. The mechanism of action of this antidepressant in the treatment
of nicotine dependence likely involves blockade of dopamine and norepineph-
rine reuptake (Ascher et al. 1995), as well as antagonism of high-affinity nico-
tinic acetylcholine receptors (Slemmer et al. 2000). The goals of bupropion
therapy for nicotine dependence are 1) cessation of smoking behavior and 2) re-
duction of nicotine withdrawal symptoms. In addition, bupropion SR may de-

lay cessation-induced weight gain.

Efficacy. A pivotal study by Hurt et al. (1997) established the efficacy and
safety of bupropion SR for treatment of nicotine dependence, which led to its
approval for this indication by the FDA in 1998. This study was a 7-week,
double-blind, placebo-controlled, multicenter trial of three doses of bupropi-
on SR (100 mg/day, 150 mg/day, or 300 mg/day in twice daily dosing). Pa-
tients were 615 cigarette smokers who smoked at least 15 cigarettes/day. The
medication was administered in combination with weekly individual cessation
counseling. End-of-trial 7-day point prevalence cessation rates were 19.0% for
placebo and 28.8%, 38.6%, and 44.2% for the 100 mg/day, 150 mg/day, and
300 mg/day bupropion doses, respectively. At 1-year follow-up, cessation rates
were 12.4% for placebo and 19.6%, 22.9%, and 23.1% for the 100 mg/day,
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150 mg/day, and 300 mg/day bupropion doses, respectively. Bupropion treat-
ment dose-dependently reduced weight gain associated with smoking cessa-
tion and significantly reduced nicotine withdrawal symptoms at the 150mg/
day and 300 mg/day doses. In this study, the major side effects associated with
bupropion, compared with placebo, were insomnia and dry mouth. Accord-
ingly, the target dosage for bupropion treatment of smoking cessation that
was recommended was 150 mg daily for 3—4 days, with a subsequent increase
to 150 mg twice daily. The “target quit date” is typically set on the eighth day
of bupropion treatment, when bupropion levels are at steady state concentra-
tions.

The combination of bupropion SR with the nicotine transdermal patch
was evaluated in a double-blind, double placebo-controlled, randomized
multicenter trial (Jorenby et al. 1999). A total of 893 cigarette smokers who
smoked at least 15 cigarettes/day were randomly assigned to one of four
groups: 1) placebo bupropion (0 mg/day) plus placebo patch, 2) bupropion
(300 mg/day) plus placebo patch, 3) placebo bupropion plus nicotine patch
(21 mg/day for 4 weeks, followed by 2 weeks of 14 mg/day and 2 weeks of
7 mg/day), and 4) bupropion (300 mg/day) plus nicotine patch (21 mg/day
for 4 weeks, followed by 2 weeks of 14 mg/day and 2 weeks of 7 mg/day).
Bupropion was administered 1 week before the target quit date (day 15), at
which time patch treatment was initiated for a total of 8 weeks. All subjects re-
ceived weekly individual smoking cessation counseling. Cessation rates at the
1-year follow-up assessment were 15.6% for placebo, 16.4% for active nico-
tine transdermal patch alone, 30.3% for bupropion alone, and 35.5% for the
combination of patch and bupropion. The rates for both the group receiving
bupropion plus the patch and the bupropion-only group were significantly
better than those for the placebo group and the patch-only group, but the rate
for the combination was not significantly better than that for bupropion only.
Weight suppression after cessation was most robust in the combination ther-
apy group. Side effects were consistent with the profiles of both the patch and
bupropion, and the combination was well tolerated. It is noteworthy that
patch-only treatment was significantly different from placebo at the end of
the trial but not at the follow-up assessments. In this trial, 6.1% of the sub-
jects who were randomly assigned to receive combination treatment with the
nicotine patch and bupropion developed hypertension. Most of the subjects
who developed hypertension had preexisting hypertension; however, patients
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who are using NRT and bupropion together for smoking cessation should

have their blood pressure monitored.

Use in smoking cessation in psychiatric or substance abuse populations.
Some studies have suggested that bupropion SR may be useful for smoking
cessation/reduction in psychiatric patients who smoke or in substance-misus-
ing smokers. Hayford et al. (1999), in a secondary analysis of data from the
study by Hurt et al. (1997), found that bupropion SR was equally efficacious
for smoking cessation in smokers irrespective of a history of major depression
or alcoholism. However, no prospective studies of the use of bupropion in re-
covering alcoholic patients or in substance abusers have been published. As
for psychiatric patients, Chengappa et al. (2001) studied open-label bupropion
for smoking cessation in a group of 25 patients with major depression and nic-
otine dependence who were being treated with an SSRI. These investigators
found that eight of 25 patients (32%) had quit smoking by the end of the 9-
week trial.

Bupropion SR has been evaluated in three trials involving patients with
schizophrenia, including an open-label trial of 300 mg/day (Weiner et al.
2001) and placebo-controlled trials of 150 mg/day (Evins et al. 2001) and
300 mg/day (George et al. 2002). Weiner et al. (2001) conducted a 26-week
trial of open-label bupropion SR (300 mg/day), with 14 weeks of initial cog-
nitive-behavioral group therapy in a group of eight schizophrenic patients
who smoked. The overall reduction in expired carbon monoxide (CO) levels
was about 40%, compared with levels before starting therapy, and one of the
eight subjects achieved smoking cessation by the end of the trial. Negative
symptoms of schizophrenia were reduced by bupropion during the trial.
Similarly, in a double-blind trial of 12 weeks duration, Evins et al. (2001)
found that among 18 schizophrenic patients who were smokers, bupropion
(150 mg/day) led to a 40%—50% reduction in CO levels, compared with pla-
cebo. One of nine subjects in the bupropion group versus none of nine in the
placebo group had achieved smoking cessation by the end of the trial. During
this trial, bupropion reduced both positive and negative symptoms of schizo-
phrenia. In the third study, George et al. (2002) conducted a double-blind,
placebo-controlled 10-week trial of bupropion SR (300 mg/day) in a sample
of 32 nicotine-dependent smokers with schizophrenia or schizoaffective dis-
order. All subjects received weekly group therapy emphasizing motivational
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enhancement, relapse prevention, and social skills training. Trial endpoint
cessation rates (confirmed by a CO level <10 ppm) were 8 of 16 (50%) in the
bupropion group and 2 of 16 (12.5%) in the placebo group (£<0.05). Posi-
tive symptoms of schizophrenia were not affected, but negative symptom
scores were reduced by approximately 15% in the bupropion group. In addition,
treatment with atypical antipsychotic (versus neuroleptic) drugs strongly pre-
dicted success in smoking cessation in schizophrenic patients. Accordingly,
results from these preliminary studies suggest that 1) smoking reduction or
cessation is possible in patients with schizophrenia (with endpoint cessation
rates ranging from 11% to 50%); 2) exacerbation of psychotic symptoms is
unlikely and negative symptoms of schizophrenia may be reduced; and 3) the
drug’s efficacy for smoking cessation may be greater at higher doses in this
population.

Side effects. The primary side effects reported with bupropion administra-
tion in cigarette smokers are headache, dry mouth, nausea and vomiting, in-
somnia, and activation. Although most of these adverse effects occur during
the first week of treatment, insomnia can persist. Seizures are of exceedingly
low occurrence (<0.5%) at doses of 300 mg daily or less, but a prior history

of seizures or a seizure disorder contraindicate its use.

Other Nonnicotine Pharmacotherapies

Findings from studies of several non-FDA-approved nonnicotine pharmaco-

therapies for nicotine dependence are summarized in the following sections.

Nortriptyline. Nortriptyline, a tricyclic antidepressant, has been shown in
double-blind, placebo-controlled randomized trials to be superior to placebo
for smoking cessation (Prochazka et al. 1998). Nortriptyline appears to have
efficacy comparable to that of bupropion for smoking cessation (Hall et al.
2002). The efficacy of this agent may be improved with more intensive be-
havioral therapies (Hall et al. 1998). Nortriptyline’s mechanism of action is
thought to relate to its noradrenergic and serotonergic reuptake blockade, be-
cause these two neurotransmitters have been implicated in the neurobiology
of nicotine dependence. Side effects of nortiptyline are typical of tricyclic anti-
depressants and include dry mouth, blurred vision, constipation, and ortho-
static hypotension. Nortriptyline appears to have some utility for smokers

with a past history of major depression, and it can be recommended as a second-
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line agent after NRTs and bupropion, although more study of nortriptyline

is needed.

Mecamylamine. Mecamylamine, a noncompetitive blocker at the ion channel
site of both high-affinity central nervous system and peripheral nicotinic re-
ceptors, may decrease some of the positive subjective effects of cigarette smok-
ing (Clarke 1991; Stolerman et al. 1973). When mecamylamine was given to
smokers who were not trying to stop smoking, they initially increased their
smoking in an attempt to overcome the blockade produced by the drug (Clar-
ke 1991; Stolerman et al. 1973). Mecamylamine does not precipitate with-
drawal in humans, perhaps because it is a noncompetitive antagonist of high-
affinity nicotinic receptors that does not bind to the nicotine binding site (Clarke
1991; Stolerman et al. 1973). The initial studies provided limited evidence of
short-term efficacy with mecamylamine, but the high doses used produced sig-
nificant dropout rates due to side effects (Clarke 1991; Stolerman et al. 1973).
Side effects included abdominal cramps, constipation, dry mouth, and head-
aches. On the basis of a theory that combined blockade and agonist therapy
might be beneficial (Rose and Levin 1991), two randomized, controlled trials
were conducted comparing mecamylamine in combination with nicotine patch
with placebo and nicotine patch (Rose et al. 1998, 1994). The rationale for the
study design was that mecamylamine would reduce the rewarding effects of
nicotine, and the nicotine patch would reduce nicotine withdrawal symp-
toms. The study provided evidence of the efficacy of the combination therapy,
and trials of the combination of transdermal mecamylamine and nicotine patch
for smoking cessation are in progress. Overall, however, mecamylamine lacks
sufficient evidence to be recommended for smoking cessation, but it is con-

sidered a promising approach.

Clonidine. Clonidine dampens sympathetic activity originating at the locus
coeruleus by stimulation of presynaptic o,-adrenergic receptors in the sym-
pathetic chain (Covey and Glassman 1991; Hughes 1994). It appears to have
some efficacy for alcohol and opioid withdrawal and thus was evaluated for
treatment of nicotine withdrawal as well (Covey and Glassman 1991; Hughes
1994). Several clinical trials used oral or transdermal clonidine in doses of
0.1-0.4 mg/day for 2—6 weeks with or without behavior therapy. Three meta-
analytic reviews reported that clonidine improved quit rates (Covey and

Glassman 1991; Gourlay and Benowitz 1995; Law and Tang 1995).
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The most common side effects of clonidine are dry mouth, sedation, and
constipation (Gourlay and Benowitz 1995). Postural hypotension, rebound
hypertension, and depression were rare with use of clonidine for smoking ces-
sation (Gourlay and Benowitz 1995). Several studies have suggested that
clonidine is more effective in women than in men; however, other studies
have failed to find this association (Gourlay and Benowitz 1995). In general,
the effects of clonidine have not proven to be as robust as those of NRTs, but
this agent should be considered as a second-line therapy for smokers for whom

initial treatment with NRTs or bupropion failed.

Naltrexone. Naltrexone hydrochloride is a long-acting form of the opioid
antagonist naloxone. The rationale for using naltrexone for smoking cessation
is that the performance-enhancing and other positive effects of nicotine may
be mediated by opioid receptors (Pomerleau and Pomerleau 1984). Most, but
not all, studies have found that naltrexone increases smoking (interpreted
again as an attempt to overcome blockade) (Hughes 1994; Sutherland et al.
1995), although a recent trial in recovering alcoholic patients suggested that
naltrexone may reduce smoking consumption by about five cigarettes per day,
even though it appears to have little utility in smoking cessation (Rohsenow
et al. 2003). The side effects of naltrexone include elevated liver enzyme val-
ues, nausea, and blockade of analgesia from narcotic pain relievers (Hughes
1994). There is little evidence to support the efficacy of naltrexone hydrochlo-
ride alone for smoking cessation (Sutherland et al. 1995), and results are con-
flicting as to whether adding it to the nicotine patch enhances efficacy (Covey
et al. 1999; Krishnan-Sarin et al. 2004).

Buspirone. Buspirone is a 5-HT 5 receptor partial agonist that acts as an anx-
iolytic but produces minimal, if any, sedation and has no apparent abuse
potential or risk of physical dependence. Side effects of buspirone include
headache, nausea, dizziness, and muscle tension. Some short-term trials re-
ported that buspirone appeared to reduce nicotine withdrawal, but others
failed to support this finding (Hughes 1994). Buspirone improved short-term
smoking cessation rates in unselected smokers and improved abstinence in
smokers with high levels of anxiety (Hughes 1994). Schneider et al. (1996)
conducted a double-blind, placebo-controlled, randomized trial of buspirone
(60 mg/day) for 6 weeks in 100 cigarette smokers. At the end of the trial, ces-
sation rates were no different between the drug and placebo groups (20% and
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25%, respectively). There were also no group differences at 1-year follow-up.
Anxiety levels before cessation were not predictive of outcome, and the agent
did not reduce nicotine withdrawal symptoms or craving. Because of its
favorable side effect profile and some evidence of efficacy, buspirone is classed
as a promising therapy, but at this time it cannot be recommended for treat-

ment of nicotine dependence.

SSRIs. The available evidence provides little support for the use of SSRIs to
assist in smoking cessation, either alone (Niaura et al. 2002) or in combina-
tion with NRTs. Placebo-controlled trials of fluoxetine combined with the
nicotine inhaler (Blondal et al. 1999b) and paroxetine combined with the
nicotine patch (Killen et al. 2000) failed to show that either of these combi-
nations augments smoking cessation rates, relative to the effects of the NRT
plus placebo. Thus, the use of SSRIs for smoking cessation is not recom-
mended. However, there may be some utility to the use of SSRIs in smokers

with a history of depression.

Monoamine oxidase (MAO) inhibitors. Drugs that produce inhibition of
MAO-A and MAO-B theoretically could be helpful for smoking cessation,
because they result in blockade of the metabolism of neurotransmitters in-
volved in the biology of nicotine dependence, such as dopamine (MAO-B
inhibitors) and serotonin and norepinephrine (MAO-A inhibitors), leading
to increases in their synaptic levels, which are reduced during acute tobacco
withdrawal. The net effect of treatment with these agents could be to reverse
the effects of withdrawal, thereby ameliorating withdrawal symptoms and the
risk of a relapse to smoking. A single trial of the MAO-A inhibitor moclobe-
mide provided evidence of a short-term increase in the rate of smoking cessation
in a sample of 88 smokers (Berlin et al. 1995). Furthermore, a preliminary tri-
al by George et al. (2003) in a group of 40 smokers provided support for the
short-term efficacy of the MAO-B inhibitor selegiline hydrochloride for
smoking cessation. Larger trials of these agents are warranted before firm rec-

ommendations for their use for smoking cessation can be made.

Lobeline. The alkaloid lobeline, whose mechanism of action in unclear but
that appears to have dopamine reuptake blockade and nicotinic receptor
antagonist properties (Dwoskin and Crooks 2002), was evaluated in a double-
blind, randomized, placebo-controlled, multicenter trial involving 180 ciga-
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rette smokers for a total of 6 weeks (Glover etal. 1998). Subjects took 7.5-mg
sublingual tablets of lobeline (72=90) or placebo (2=90) up to nine times dai-
ly. All subjects received weekly behavioral counseling. There was no difference
between the groups in trial endpoint smoking cessation rates (26% in each) in
the intent-to-treat analysis; this finding was not altered when data were limited
to completers or to those with documented adherence to the study medica-
tion. Thus, there is little evidence that lobeline is a useful pharmacotherapy

for smoking cessation, and, consequently, it cannot be recommended.

Studies of Relapse Prevention

Although a large number of studies have examined the use of pharmacother-
apy for smoking cessation, there are far fewer studies on its use in preventing
smoking relapse. The paucity of reports on the extended use of NRTs for the
prevention of smoking relapse may be related to concerns over the potential
for abuse of NRTs with extended use (American Psychiatric Association, in
press). However, it is reccommended that for a patient who reports prolonged
urges to smoke or reports nicotine withdrawal symptoms, the clinician should
consider extending the current approved pharmacotherapy or adding an ad-
ditional pharmacotherapy (Fiore et al. 2000). If a patient is concerned that
weight gain may threaten relapse, continued use of bupropion SR or nicotine
gum has been shown to delay weight gain (Fiore et al. 2000).

Recent studies have extended the use of bupropion for smoking cessation
to the prevention of smoking relapse. Hays et al. (2001) compared the effects
of bupropion with placebo for the prevention of smoking relapse in 784 cig-
arette smokers who achieved smoking abstinence after a 7-week open-label
trial of bupropion (300 mg/day). Abstinent smokers were randomly assigned
to receive bupropion (300 mg/day) or placebo for a total of 45 weeks. The
majority (58.8%) of the smokers enrolled in the open-label phase of the trial
quit smoking. Significantly more smokers were abstinent at the end of the 52-
week treatment period in the bupropion group, compared with the placebo
group (55.1 vs. 42.3%, P<0.01), but no difference was evident at the 1-year
posttreatment follow-up assessment. In addition, the number of days to smok-
ing relapse was greater in the bupropion group, compared with the placebo
group (156 vs. 65 days, <0.05). Weight gain was significantly less in the bu-
propion group, both at the end of treatment and at the 1-year follow-up. The
results of this study support the efficacy of bupropion SR in preventing smok-
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ing relapse. However, the question of how long bupropion therapy can be

continued as a maintenance treatment requires further study.

Treatment of Special Populations of Smokers
Patients With Comorbid Psychiatric Disorders
Alcohol and Drug Abuse

Strong evidence exists that rates of smoking in substance abusers (60%-90%)
are much higher than those in the general population and that the presence
of alcohol and/or illicit drug use is a predictor of negative smoking cessation
treatment outcomes (Hughes 1996). Conditioned effects of substance use
with smoking, which result from the frequent concurrence of these behaviors,
may be an important factor in determining the high rates of both comorbid-
ity and smoking cessation treatment failure. Nonetheless, many alcohol and
drug abusers express an interest in smoking cessation, and motivational inter-
ventions should be used for patients who do not express a current interest in
quitting. There is little evidence to suggest that smoking cessation can in-
crease the risk of relapse for alcohol and substance use disorders. There is also
little evidence to guide whether smoking cessation should be attempted con-
currently with efforts to accomplish abstinence from alcohol and drugs or af-
ter abstinence from these substances has been achieved, and thus this decision
may best be guided by the patient’s preference. In addition, studies of phar-
macotherapies for smoking cessation in substance abusers are few (Kalman et
al. 2001), but there is some evidence for the utility of combined NRT and be-
havioral approaches. Use of pharmacotherapy for alcoholism, such as disulfiram
or naltrexone, may be considered in alcoholic smokers, but there are no em-
pirical studies to support their efficacy. Despite the lack of an empirical basis
to optimize smoking cessation among substance abusing patients, the sub-
stantial risk that smoking represents in this population (Hurt et al. 1996)
supports the use of systematic efforts to promote smoking cessation in sub-

stance abuse treatment programs.

Depression

Persons with depressive symptoms or major depression also have high rates of

smoking (40%—-60% prevalence), and depression appears to be a predictor of
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negative treatment outcome during smoking cessation (Covey et al. 2000;
Niaura et al. 2001). Pharmacotherapies for smoking cessation have not been
carefully tested in patients with major depression, but, given the efficacy of
these agents in nondepressed smokers and their effects in depression, antide-
pressants such as bupropion and nortriptyline should be strongly considered
(Fiore et al. 2000). Behavioral therapies, including cognitive-behavioral thera-
py; should also be considered for depressed smokers, as these patients are likely
to fail at smoking cessation with interventions that are less intensive. After
smoking cessation, plasma levels of antidepressants that are metabolized by the
cytochrome P450 enzyme 1A2 (CYP1A2) (e.g., tricyclic antidepressants) may

increase, necessitating close monitoring of antidepressant levels and side effects.

Schizophrenia

As in patients with depression and substance use disorders, rates of smoking
in schizophrenic patients are much higher (58%-88%) than in the general
population (George and Vessicchio 2001). Motivation to quit smoking is of-
ten poor in these patients, and thus motivational interventions may be useful
as initial treatments. Rates of smoking cessation for these patients are very low
(Lasser et al. 2000), suggesting that more intensive interventions are needed.
Such interventions would appear to be of paramount importance, because it
has been shown that schizophrenic patients have higher rates of lung cancer
and cardiovascular disease, compared to the general population (Lichtermann
etal. 2001).

There have been several preliminary controlled cessation trials of combi-
nations of higher intensity behavioral support and pharmacotherapies (NRT
or bupropion) for patients with schizophrenia that have had modest short-
term cessation rates (Addington et al. 1998; Evins et al. 2001; George et al.
2000; George et al. 2002; Ziedonis and George 1997). Concurrent alcohol
and drug abuse occurs with a high rate in these patients and can complicate
cessation efforts. Most studies have attempted to promote smoking cessation
in schizophrenic patients with dual diagnoses whose drug abuse is in recovery
and who are psychiatrically stable. Plasma levels of antipsychotic medications
that are metabolized by the CYP1A2 system may be increased within 3—6 weeks
of smoking cessation, necessitating regular monitoring of antipsychotic plas-
ma levels and side effects. There is some evidence that, among smokers with

schizophrenia, prescription of atypical antipsychotic agents (e.g., clozapine)
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can either reduce smoking among patients who are not attempting to quit
smoking or facilitate smoking cessation among patients who attempt smoking
cessation with the nicotine patch (George et al. 2000) or bupropion (George et
al. 2002). However studies of this effect are needed in larger samples.

Other Psychiatric Disorders

Rates of smoking among patients with bipolar disorders and anxiety disorders
(e.g., posttraumatic stress disorder, panic disorder) are also higher than those
in the general population (Lasser et al. 2000), but there has been litte study
of the factors associated with motivation to quit smoking or of smoking ces-

sation interventions in these patient groups.

Smokers With Comorbid Medical Problems

General precautions for each medication that has been used for smoking
cessation are listed in the sections describing each medication. All FDA-
approved first-line medications for smoking cessation have a relatively good
safety profile. Consensus opinions on the safety of the various medications for
persons with cardiovascular disease, other medical conditions, and pregnancy
are beyond the scope of this chapter but can be found elsewhere (Society for
Research on Nicotine and Tobacco 2003).

In general, for smokers with cardiac disease, the benefits of nicotine re-
placement therapy outweigh the potential risks. In a safety and efficacy study
that included veterans with cardiac disease, smoking concurrently with the
nicotine patch was not associated with an increase in adverse events (Joseph
et al. 1996). Although bupropion SR is generally well tolerated by smokers,
it has not been adequately studied in persons with cardiac disease, and defin-
itive conclusions regarding its safety in this patient population cannot cur-
rently be made (Society for Research on Nicotine and Tobacco 2003).

Pregnant Smokers

Prescription NRTs are listed by the FDA as category D medications (i.e., pro-
ducing evidence of fetal harm) that are to be used only if the potential benefits
outweigh the risks. This classification is based mainly on animal studies
showing that nicotine is a neurobehavioral teratogen. Over-the-counter NRT
products advise pregnant smokers to ask their health professional before using

the product for smoking cession. With these considerations in mind, the use
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of NRT should be considered for smoking cessation if the pregnant woman
is unable to quit without such measures.

Use of nicotine gum for smoking cessation can lower overall nicotine expo-
sure, compared with smoking, as measured by salivary cotinine concentrations,
and eliminate exposure of the mother and fetus to carbon monoxide and other
harmful chemicals in tobacco smoke (Oncken et al. 1996). Because nicotine is
a neurobehavioral teratogen that may contribute to sudden infant death syn-
drome, using the lowest dose of nicotine replacement that aids in smoking ces-
sation seems prudent. Consequently, during pregnancy, use of intermittent NRTs
(e.g., gum, lozenge, inhaler) may be preferable to the constant delivery of nico-
tine that results from the nicotine patch for smoking cessation (Fiore et al.
2000), although this approach has not been adequately studied. One study of
the 15 mg/16 hours nicotine patch in pregnant smokers found no improvement
in overall quit rates at 6 weeks among women randomly assigned to receive
nicotine or placebo patch; however, women randomly assigned to receive the
active patch delivered babies with higher birth weights than those born to women
who had received placebo (Wisborg et al. 2000). Thus, transdermal nicotine may
be beneficial in pregnancy, particularly for heavier smokers (i.e., those smoking at
least 15 cigarettes/day). Although bupropion is listed as a category B medication
in pregnancy (i.e., no evidence of risk in humans), there are no controlled stud-
ies examining its safety and efficacy in pregnant women (Briggs et al. 2002).

Conclusion

Five first-line agents are recommended for smoking cessation (transdermal
nicotine, nicotine gum, inhaler, nasal spray, and bupropion SR). In addition,
the nicotine lozenge has recently become commercially available and could
also be considered as a promising first-line treatment. Nortriptyline is a prom-
ising second-line nonnicotine pharmacotherapy that should be considered for
the treatment of smokers with comorbid depressive symptoms, major depres-
sion, or a past history of major depression. Clonidine may also have some
merit as a second-line agent, possibly in female smokers, but side effects limit
its safety and probably also limit patients’ adherence to treatment with this
medication. Other agents to be considered as third-line treatments are naltrex-
one, buspirone, MAO inhibitors, and the SSRIs, but their efficacy for smok-
ing cessation has not been established.
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Pharmacotherapies should be used for the treatment of tobacco depen-
dence, with optimal results produced by the combination of medications with
behavioral support. More study is needed to determine how the intensity of
behavioral treatments interacts with different pharmacotherapeutic agents.
Although bupropion SR and NRTs significantly increase smoking cessation
rates, the majority of smokers are unable to achieve long-term abstinence and
absolute 1-year quit rates remain low. Additional research is warranted to de-
termine whether medications for smoking cessation, used as monotherapies
(e.g., bupropion) or in combination (e.g., nicotine patch plus bupropion),
prevent smoking relapse. New medications should be evaluated for the treat-
ment of tobacco dependence. Well-controlled, large-scale studies are also need-
ed to identify specific therapies that are safe and effective for smoking cessation
among patients with comorbid psychiatric, substance abuse, and medical prob-

lems.
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In research and clinical treatment of substance use disorders, pharmaco-
therapy and psychotherapy are frequently combined. Medication is often used
as a maintenance drug, to reduce cravings or intoxication, or to produce aver-
sion to a substance, while the focus of psychotherapy may be to encourage
abstinence, teach the patient new copingskills, or improve motivation to address
drug or alcohol problems.
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A number of psychosocial treatments for alcohol and other substance use
disorders exist and are widely used. In this chapter, we discuss six of these psy-
chotherapies as they are applied to alcohol, cocaine, and opioid dependence:
brief interventions, motivational enhancement therapy, cognitive-behavioral
therapy, behavioral treatments (including contingency management and com-
munity reinforcement approaches), behavioral marital therapy, and 12-step fa-
cilitation. We also describe studies that examined the efficacy of a medication
in combination with one or more of the six psychotherapies. In the second
section of the chapter, we highlight research that directly studied the interac-
tion between psychosocial and pharmacological treatments.

Psychotherapies for Substance Use Disorders

Brief Interventions

Brief interventions focus on changing behavior in just a few sessions. This
type of counseling strategy can range in duration from 5 minutes up to four
60-minute sessions. Fleming and Manwell (1999) described five steps common
in many brief interventions: 1) provide assessment and feedback; 2) negotiate a
goal with respect to abstinence or minimal use; 3) use behavior modification
techniques, such as identifying high-risk situations; 4) provide bibliotherapy
by making available informational materials on substance use and its conse-
quences; and 5) ensure follow-up to check on progress.

In nondependent heavy drinkers, brief interventions have been shown to
reduce alcohol use (Bien et al. 1993; Paokolainen 1999; Wilk et al. 1997).
Typically, efficacy has been demonstrated for at least 1 year (Fleming and Man-
well 1999), with some studies showing longer-term beneficial effects (Fleming
etal. 1997; Kristenson et al. 1983). In community-based primary care clinics,
the positive effects of brief interventions may also extend to reductions in al-
cohol-related health problems (Fleming et al. 1997; Kristenson et al. 1983).
These treatments typically require little training (Ockene et al. 1999), and
they also appear to be cost-effective (Fleming et al. 1997; Kristenson et al.
1983).

Brief interventions have been applied in pharmacotherapy trials with alcohol-
dependent individuals as well (Bohn et al. 1994; Kranzler et al. 1997; Kranz-
ler et al. 2003; Naranjo et al. 1995; O’Connor et al. 1997). In an open-label
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study of naltrexone, O’Connor and colleagues (1997) combined naltrexone
treatment (50 mg/day) with a brief intervention that extended the usual visit
in duration and then was followed by seven brief follow-up visits over the sub-
sequent 10 weeks. The treatment retention rate was good (72%), and the per-
centage of days abstinent increased from 37% in the pretreatment period to
89% with the intervention.

Recently, Kranzler and colleagues (2003) reported on brief (four-session)
coping skills training for heavy drinkers. Patients were randomly assigned to
one of four conditions: daily administration of placebo, daily administration
of naltrexone, targeted administration of placebo, or targeted administration
of naltrexone. Patients in the targeted conditions were taught to consume
their medication during high-risk situations. Patients in both the targeted
naltrexone and placebo conditions reduced their drinking as long as medication
was available at least 3 days per week. Among patients randomly assigned to
daily medication administration, drinking was reduced among those patients
receiving active naltrexone but not among those receiving placebo. Thus, brief
interventions may be useful when provided in conjunction with medications
that reduce alcohol use among heavy drinkers.

Studies of brief interventions with cocaine and heroin abusing patients
are less common. One open-label investigation of brief counseling in conjunc-
tion with buprenorphine (an alternative to methadone) for heroin dependence
found that this combined medication and brief intervention approach, de-
livered in primary care physicians’ offices, was useful in reducing heroin use
(Fiellin et al. 2002). At baseline, 95% of urine samples were drug positive,
and the rate of drug-positive samples decreased to 25% during the 13-week
treatment period. Of the 14 patients enrolled in the study, 9 achieved sub-
stantial periods of opioid abstinence. Although this report demonstrated the
feasibility of combining brief interventions with medication in opioid-
dependent patients, it did not investigate the efficacy of the brief interven-
tion relative to a control psychotherapy condition. Results of such compari-
sons in this population are of particular interest, because, given the extensive
psychosocial problems in most opioid-dependent patients, the effectiveness
of brief psychotherapy interventions is probably limited to a select subsam-
ple. Most work with methadone maintenance populations has suggested that

more extensive psychosocial interventions may be necessary (McLellan et al.

1993).
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Motivational Enhancement Therapy

Motivational enhancement therapy (MET) was developed by Miller and Rol-
nick (1991) and is based on the transtheoretical stages of change model
(Prochaska and DiClemente 1986). The emphasis of MET is on increasing
patients’ motivation to reduce or abstain from substances by encouraging
commitment to behavior change and on helping the patient use his/her own
coping and interpersonal resources. Motivational interviewing techniques,
which include expression of empathy and a nonconfrontational style, are used.
The patient’s ambivalence about substance use is addressed, and the therapist
provides feedback about the patient’s strengths and difficulties, gives direct
advice, and supports the patient’s self-efficacy (Miller and Rolnick 1991).
MET may be particularly appealing because it is a brief therapy that can easily
be used in numerous settings where patients are treated with pharmacothera-
py for substance use disorders.

The efficacy of MET has been addressed in alcohol treatment. A manual-
based, four-session MET program was included in the National Institute on
Alcohol Abuse and Alcoholism (NIAAA) Project MATCH and compared
with 12-session interventions consisting of either cognitive-behavioral therapy
or 12-step facilitation (Miller et al. 1995b). The brief MET was as efficacious
as the two longer treatments in improving drinking-related outcomes, and MET
demonstrated greater efficacy with angry patients (Project MATCH Research
Group 1997).

A small number of pharmacotherapy trials for alcohol have used MET.
A four-session, modified version of MET was used in the 6-month double-
blind, placebo-controlled U.S. multisite study of acamprosate treatment for
alcoholism (Mason and Goodman, 2001). Patients who made abstinence their
treatment goal evidenced greater medication efficacy than those who elected
reduced drinking as their treatment goal. Anton and colleagues (2004) con-
ducted a double-blind multisite study in which 270 recently abstinent alco-
hol-dependent patients were randomly assigned to receive placebo or 5 mg/
day, 20 mg/day, or 40 mg/day dosages of nalmefene. Patients received four
sessions of MET designed to reduce alcohol use and encourage medication
adherence. Adherence was very good, with more than 90% of prescribed
medication doses taken and 90% of patients attending their first two MET
sessions. Patients in all four groups experienced fewer heavy drinking days,
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more abstinent days, and decreased cravings for alcohol with treatment.
However, medication group did not significantly distinguish patients on any
alcohol-related variable. Kranzler et al. (2004) conducted a double-blind, ran-
domly controlled study of a naltrexone depot formulation for treatment of
alcohol dependence in which patients also received MET designed to increase
medication adherence and abstinence from alcohol. Patients in this study also
evidenced good adherence, with 77.8% remaining in treatment throughout
the entire 12-week study period. Most of the patients in both the naltrexone
(65.8%) and placebo (63.1%) groups attended all five of their scheduled
MET sessions. Although MET may have contributed to greater abstinence and
treatment adherence in these studies, efficacy trials of MET within the con-
text of pharmacotherapy trials for alcohol are needed.

Fewer published reports have studied the use of MET with cocaine- and
opioid-dependent patients. The efficacy of brief motivational interviewing
approaches was evaluated in cocaine-dependent patients as part of the National
Institute on Drug Abuse Clinical Trials Network, but the results are not yet
available. One pilot study reported that a single MET session was associated
with reductions in drug use and sex work among 25 primarily heroin- and
cocaine-using street sex workers (Yahne et al. 2002). In another study, 105
cocaine-dependent patients participating in a 10-day cocaine detoxification
program were randomly assigned to receive either standard treatment (involv-
ing daily urine samples, graphing and review of urine test results, psychoedu-
cation, and assessment) or standard treatment plus MET (Stotts et al. 2001).
The MET patients provided more cocaine-free urine samples and were more
likely to use behavioral coping skills than the patients who received standard
treatment. Some studies have found that MET is particularly beneficial to
cocaine- and opioid-dependent patients who present to treatment with low
motivation for change (Rohsenow et al. 2004). Despite this initial success,
comparatively few studies have explored the efficacy of MET in illicit drug use
disorders, and no current studies have focused on the efficacy of MET for opi-

oid or cocaine dependence within a clinical trial for medication.

Cognitive-Behavioral Therapies

Cognitive-behavioral therapy (CBT) is based on the theoretical assumption

that alcohol and other substance use problems are related to maladaptive so-
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cial learning and adverse life situations. CBT interventions are designed to
improve interpersonal and coping skills, reduce the risk of relapse, and in-
crease self-efficacy. The patient and therapist discuss triggers that may be cues
for substance use. Patients are made aware that triggers may be internal (such
as feelings, thoughts, or cravings) or external (such as interactions with drug-
using friends, proximity to a liquor shop, or an argument with a spouse). To
cope with urges to use drugs or drink in the presence of triggers, patients are
taught problem-solving and coping techniques.

A number of randomized clinical trials have demonstrated the efficacy of
CBT for treating substance use disorders, compared with no-treatment con-
trol conditions (see Carroll 1996 for review). However, the superiority of
CBT over other psychosocial treatments is not as clear. Although some studies
have found CBT to be more effective than other treatments, others have
found this method to be comparable to other treatment approaches (Carroll
1996). In Project MATCH, for instance, CBT, MET, and 12-step facilitation
produced similar outcomes, with each therapy leading to substantial im-
provement in alcohol-related symptoms during the 12-week treatment period
(Project MATCH Research Group 1997).

One benefit of CBT may be that it contributes to longer-term recovery
once treatment has ended (Carroll et al. 1994b; O’Malley et al. 1996). This
continued decline in symptoms is not generally seen with other therapies, in
which a gradual return to baseline levels of use and associated problems is
more typical. According to the theory underlying CBT, this continued im-
provement may result from the enhanced coping and relapse prevention skills
that are acquired by the patient during treatment.

A number of pharmacotherapy trials for alcohol-dependent patients have
used CBT as the platform psychotherapy (Angelone et al. 1998; Johnson et
al. 1996, 2000; Kiefer 2002; Kranzler et al. 1995; Mason et al. 1999). For
example, alcohol-dependent patients in a placebo-controlled clinical trial of
naltrexone received 12 sessions of manual-based CBT (Anton et al. 1999). Pa-
tients taking naltrexone reported reduced drinking and longer time to relapse,
compared with the placebo group during the treatment period. However,
both groups demonstrated substantial engagement in the psychotherapy, as
evidenced by high rates of treatment completion and attendance at sessions.
Anton et al. (2001) suggested that combining naltrexone treatment with CBT
offers the patient an opportunity to hone relapse prevention skills during
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high-risk situations that are better managed with the anti-craving and reward
reduction properties of naltrexone. This conclusion is consistent with previ-
ous findings that patients who receive CBT experience longer-term improve-
ment in substance use (Carroll et al. 1994b; O’Malley et al. 1996).

CBT has also been studied in cocaine and opioid users who are receiving
pharmacological treatment. In one study, cocaine-dependent methadone-
maintained patients were randomly assigned to either 6 months of individual
and group counseling sessions based on a CBT model or once weekly group
counseling sessions (Rosenblum et al. 1999). Patients in both study groups re-
duced their cocaine use over a 48-week posttreatment period. Overall no group
differences were found on cocaine use or therapy attrition; however, patients
with more severe cocaine problems fared better in more intensive treatment.
The general lack of differences between treatment conditions may have been
related to the similarities between the two psychotherapies tested. The group
counseling used some techniques—such as identification of triggers, discussion
of consequences of drug use, and homework—that are common in CBT.

CBT has also been used to encourage engagement in methadone treatment
and to reduce risky behaviors. Goldstein et al. (2002) used CBT to encourage
reengagement of methadone patients who had dropped out of treatment. Pa-
tients were randomly assigned to one of two groups: 1) an outreach interven-
tion that involved street-level outreach, individual counseling, and CBT groups
or 2) no intervention. Eighty-seven percent of the patients in the intervention
group received at least one intervention service during the 3-month study peri-
od; however, methadone treatment reentry was not significantly different be-
tween the intervention (62%) and comparison (50%) groups. Intervention
subjects who participated in at least two CBT groups (72%) were significantly
more likely to return to methadone treacment than were intervention subjects
who participated in no or one CBT groups (53%) or comparison subjects (50%).
It is important to note that there were no differences in treatment reentry as a
function of level of exposure to outreach or individual counseling services. In
another study, O’Neill et al. (1996) randomly assigned methadone-maintained
pregnant injecting drug users to either standard methadone treatment or stan-
dard treatment plus six sessions of CBT directed at reducing HIV risk behaviors.
Patients receiving CBT reported safer injecting practices (i.e., reduced frequency
of sharing needles) at follow-up, compared with intake. The risk behaviors of
the patients in standard treatment remained the same or increased.
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Thus, although CBT may not be superior to other types of interventions
in increasing abstinence during treatment, studies suggest that CBT may have
other beneficial effects. CBT may have a longer-term impact on abstinence
than that seen with other treatments. Further, this treatment may also be used
to encourage other behaviors, such as safe needle practices or engagement in

pharmacotherapy.

Behavioral Treatments

Behavioral treatments, including the community reinforcement approach
(CRA) and contingency management (CM), are based on the principle that
drugs induce positive effects and these effects reinforce continued substance
use. To reduce drug use, the therapist rearranges the patient’s environment so
that drug use is less reinforcing than abstinence in CRA and CM treatments.

In CRA with alcohol-dependent patients, reinforcement of disulfiram
compliance is one of the primary components of treatment, such that use of
alcohol loses its reinforcing aspects and, in fact, becomes aversive. Further-
more, reinforcement from other sources is increased. Positive reinforcement
for not drinking comes in the form of scheduling other recreational activities
and reorganizing daily life by breaking down practical barriers. For example,
the therapist may assist the patient in obtaining a telephone, a place to live,
or transportation to treatment.

Strong evidence exists for the efficacy of CRA in treatment of alcohol use
disorders (Miller et al. 1995a). In controlled studies conducted on both an
inpatient (Azrin 1976) and outpatient basis (Azrin et al 1982; Smith et al.
1998), patients receiving CRA evidenced substantial enhancements in absti-
nence rates and psychosocial functioning, compared with patients receiving
other treatments. A manual for this approach is available for alcohol-dependent
patients (Meyers and Smith 1995) as well as cocaine-dependent patients
(Budney and Higgins 1998). However, fewer studies of CRA have been un-
dertaken of late, potentially because of concern that coordinating community
resources is overly burdensome (Kadden 2001).

CM treatments are based on principles similar to those underlying CRA,
but CM extends positive reinforcement for not using substances to include
tangible rewards. For example, every time the patient provides a substance-
negative urine specimen or ingests medication, he or she earns a reward, such

as a voucher that is exchangeable for retail goods and services (Higgins et al.
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1994). An extensive literature exists on the use of CM for treatment of sub-
stance use disorders. Petry et al. (2000) found that alcohol-dependent veter-
ans who received CM for providing negative breath analysis readings in
addition to standard psychosocial therapy were more likely to stay in treat-
ment and had a longer time to first drinking episode and first heavy drinking
episode than veterans who received standard treatment alone. In treatment of
cocaine dependence, a series of studies demonstrated the efficacy of the CM
approach in conjunction with CRA (Higgins et al. 1993, 1994, 2000, 2003).
CM has also been reported to be efficacious in marijuana-dependent patients
(Budney et al., 2000) and opioid-dependent patients both during mainte-
nance treatment (e.g., Petry and Martin, 2002) and detoxification (Bickel et
al. 1997; McCaul et al. 1984). Rawson and colleagues (2002) examined the
efficacy of CM combined with CBT or standard treatment (consisting of twice-
monthly counseling, medical appointments, and case management) in meth-
adone-maintained cocaine-dependent patients. Patients who received CM in
combination with CBT or standard care provided more cocaine-free urine
samples than patients who received standard treatment only.

Studies have shown that CM can be used to directly reinforce adherence
to medication treatments as well (Petry 2000). Liebson et al (1978) found
that methadone-maintained alcohol-dependent patients reduced alcohol use
when methadone treatment was contingent on disulfiram consumption. To
date, one of the most common applications of CM techniques to pharmaco-
therapy has been the provision of vouchers or cash contingent upon naltrex-
one consumption in recently detoxified opioid-dependent patients (Carroll et
al. 2001, 2002; Preston et al. 1999). These studies have generally reported
significant increases in retention and reductions in opioid use among patients
receiving the CM treatment, relative to other therapies.

These studies suggest that behavioral treatment strategies, such as CRA
and CM, can be effective alone and as adjuncts to pharmacotherapy. Whether
the emphasis is on abstinence, treatment retention, or medication compli-

ance, the results of studies on behavioral approaches are promising.

Behavioral Couples Therapy

One common form of family therapy for alcohol dependence is behavioral

couples therapy (BCT) (Epstein and McCrady 1998). This treatment, which
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has its basis in social learning theory and family systems models, assumes a
reciprocal connection between substance use and relationship functioning,
such that substance use affects the quality and nature of a couple’s relationship.
In turn, aspects of the relationship can also influence substance use. BCT fo-
cuses on improving how the couple interacts, by working on communication and
problem solving skills and enhancing social support.

Several studies with alcohol-dependent patients showed that BCT im-
proves outcomes in relationship adjustment and reduces drinking (McCrady
et al. 1991; O’Farrell et al. 1992). In one study, BCT was found to be more
cost-effective than individual or group counseling (O’Farrell et al. 1996). How-
ever, little is known about the components of BCT that are associated with
improved outcomes, and most studies have applied this therapy in groups of
patients with little psychiatric comorbidity and with cooperative significant
others.

Some studies have involved a spouse or significant other in observing
medication ingestion. In a 6-month study, patients who consumed disulfiram
(200 mg/day) under observation of a significant other significantly increased
the number of abstinent days and decreased the total number of drinks, rela-
tive to patients who received placebo under observation (Chick et al. 1992).

Other studies have included BCT or other styles of family counseling as
the psychotherapeutic intervention in medication trials. One study evaluated
family counseling in conjunction with naltrexone treatment (Carroll et al.
2001). Opioid-dependent patients (N=127) were randomly assigned to one
of three conditions: 1) standard naltrexone treatment three times weekly,
2) naltrexone treatment with CM for consuming naltrexone, and 3) naltrex-
one treatment with CM for consuming naltrexone plus family counseling.
Forty-eight percent of the patients assigned to the third condition never at-
tended even one of their family sessions, suggesting considerable difficulty en-
gaging families of opioid-dependent patients in treatment. Among those who
attended one or more sessions, family counseling appeared to increase retention
and opioid abstinence rates, compared to the other two treatment conditions.
Compared with patients in the non-family-therapy conditions, patients who
attended the family therapy sessions showed decreases in family problems
during the trial, suggesting treatment-specific effects.

BCT also can reduce drug use and improve psychosocial problems when
combined with methadone treatment. Fals-Stewart et al. (2001) randomly as-
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signed 36 men initiating methadone treatment to standard care (methadone
plus twice-weekly individual drug abuse counseling) or methadone plus weekly
couples therapy with their partner and once weekly individual drug abuse
counseling. Patients in the couples therapy condition demonstrated reduced
opioid and cocaine use during treatment and had higher levels of relationship
satisfaction posttreatment, compared with subjects in standard care. In a sec-
ond study by this group, Fals-Stewart and O’Farrell (2003) randomly assigned
124 opioid-dependent men receiving naltrexone treatment to either individ-
ual counseling or BCT. (Parents or siblings were included in the treatment if
the patient did not have a spouse or significant other.) Patients in BCT were
less likely to use opioids, cocaine, alcohol, or other drugs during treatment,
compared with patients in individual treatment. BCT patients reported great-
er abstinence at 1-year follow-up and had more consecutive days abstinent,
compared with the patients who received individual therapy.

These findings suggest that BCT may improve outcomes on a number of
levels when provided along with methadone or naltrexone treatment in poly-
drug-using patients. However, the Carroll et al. (2001) study also demon-
strated that engaging family members in treatment may be no easy task. Thus,
additional strategies to encourage family involvement may increase the effec-

tiveness of this approach.

12-Step Therapies

Alcoholics Anonymous (AA) is a self-help organization for people whose
common goal is recovery from alcoholism, and it is the most widely accessed
resource for individuals with alcohol problems (McCrady and Miller 1993).
The philosophy is based on the concept of alcoholism as a chronic disease that
cannot be cured, but one that can be halted by means of complete abstinence.
AA has described 12 principles or steps to guide those in recovery. Twelve-step
facilitation, a manual-based psychotherapy to promote AA participation
(Nowinski et al. 1992), was equally efficacious, compared with cognitive-
behavioral and motivational enhancement therapies, in a large study of treat-
ments for alcohol dependence (Project Match Research Group, 1997).

A common belief is that AA discourages use of treatment medications, which
are considered “crutches” However, in a survey of a large sample of AA members,

more then one-half of respondents reported that the use of relapse-preventing
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medication either was or might be a good idea; only 12% reported that they
would tell another member to stop taking it (Rychtarik et al. 2000). Given the
positive outcomes of 12-step facilitation in Project MATCH and the apparent
tolerance of medication usage among the majority of AA members, use of this
treatment approach in combination with pharmacotherapy seems appropriate.

The Veterans Administration Cooperative Studies Group completed a
muldisite, placebo-controlled study of naltrexone for treatment of alcohol de-
pendence (Krystal et al. 2001). For 13 months, participants received 12-step fa-
cilitation counseling and were encouraged to attend AA meetings. The 12-step
facilitation approach was adapted to promote use of pharmacotherapy, intro-
duce basic relapse-prevention principles, and reinforce abstinence and contin-
ued treatment. Although no differences in outcomes were noted between those
receiving naltrexone and those receiving placebo, moderate to high rates of
medication and counseling compliance were noted in the first 3 months,
along with high rates of alcohol abstinence and a relatively low proportion of
drinking days in both groups. A recent trial of sertraline for the treatment of
alcohol dependence also incorporated 12-step facilitation and support group
attendance, in conjunction with brief physician visits (Pettinati et al. 2001).
This research suggested that 12-step-oriented interventions can be combined
successfully with pharmacotherapy to engage and retain alcohol-dependent
patients in treatment.

In other substance use disorders, the use of 12-step interventions is also
popular, and participation in 12-step groups is correlated with better outcomes
in cocaine abusers (e.g., McKay et al. 1994). However, a study of 128 cocaine
abusers found that cognitive-behavioral therapy was more efficacious than
12-step facilitation in engendering cocaine abstinence (Maude-Griffin et al.
1998). Thus, the relative efficacy of 12-step approaches for drug use disorders
requires further investigation. No known studies have systematically evaluated
the efficacy of 12-step treatments in opioid-dependent patients, either alone

or in conjunction with pharmacotherapies.

Interactions of Psychotherapy and
Pharmacological Treatments

Pharmacotherapy studies typically use one of the psychotherapies reviewed

carlier as a platform for evaluation of one or more pharmacotherapies. Rela-
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tively few studies have simultaneously manipulated the type or dose of both
medication and psychotherapy as a specific test of treatment interactions.
Such interaction studies can provide information on the relative efficacy of
psychotherapy and medication approaches, and they can explore how com-
bining medication and psychotherapy may differentially affect substance use,
compared with either treatment method alone, as described later in this section.

O’Malley et al. (1992) conducted a double-blind study combining nal-
trexone and CBT for alcoholism. Patients were randomly assigned to partici-
pate in cognitive-behavioral coping skills treacment or supportive therapy and
to receive 50 mg/day of naltrexone or placebo. Naltrexone-treated patients
who received supportive therapy had more continuous abstinence than the
other treatment groups. However, naltrexone-treated patients who received
CBT had a lower level of craving and lower risk of relapse than the other three
groups. This interaction would not have been observed in a study that manip-
ulated only psychosocial treatment or only medication.

In another study examining psychotherapy and naltrexone, O’Malley and
colleagues (1998, 2001) randomly assigned patients to either CBT or brief
medical management during an initial 3-month open-label naltrexone phase.
CBT and medical management had comparable effects on alcohol symptoms.
Treatment responders were then randomly assigned to either naltrexone or
placebo in a 9-month, double-blind phase. Among the patients who received
placebo, those who had received medication management evidenced a return
of alcohol symptoms, although the CBT patients maintained their previous
treatment gains. Thus, similar to the results of the earlier study by O’Malley
et al. (1992), patients receiving CBT experienced positive effects from psy-
chotherapy that were independent of the medication.

The COMBINE study, a multisite study sponsored by NIAAA, is another
example of research that directly tests the interaction between psychosocial
and pharmacological treatments for alcoholism (COMBINE Study Research
Group 2003a, 2003b). Patients are randomly assigned to receive naltrexone
and acamprosate, alone or in combination, and they are also randomly as-
signed to one of two psychosocial treatments: 1) a low-intensity condition
that addresses medication adherence, monitors side effects, and provides brief
intervention or 2) a high-intensity condition that includes elements of the
low-intensity treatment plus counseling that is grounded in CBT, motivational,
and 12-step approaches. A recent feasibility pilot study found that patients can
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be recruited, assessed, treated, and retained under the current design of the study
(COMBINE Study Research Group 2003b). Some results from this pilot study
suggest that those in the high-intensity therapy group may be more adherent
to medication treatment than those in the low-intensity group. Efficacy re-
sults from the main study have not yet been reported, but the COMBINE
study has already provided models and manuals for continuing interaction
trials and will likely contribute substantially to our understanding of the in-
teractions of psychotherapy and pharmacotherapy in the treatment of alco-
holism.

Some studies with cocaine and opioid abusers have also examined the in-
teraction between pharmacotherapy and psychotherapy. Carroll et al. (1998)
randomly assigned 122 patients who abused both cocaine and alcohol to one
of five treatments: 1) CBT plus disulfiram, 2) 12-step facilitation plus disul-
firam, 3) clinical management plus disulfiram, 4) CBT alone, or 5) 12-step
facilitation alone. The patients who received disulfiram remained in treat-
ment longer and achieved greater durations of cocaine and alcohol abstinence
than those who did not receive disulfiram. Further, those who received CBT
or 12-step facilitation demonstrated longer periods of abstinence from cocaine
use and combined cocaine and alcohol use than those who received clinical
management. These data suggest a possible additive effect of certain forms of
psychotherapy in conjunction with disulfiram in the treatment of concurrent
cocaine and alcohol abuse, at least in the short run. Differences between CBT,
12-step, and case management and between disulfiram and no medication were
no longer statistically significant by the end of a 1-year follow-up period (Car-
roll et al. 2000).

Carroll et al. (2004) conducted another study examining psychotherapy
and disulfiram treatment for cocaine dependence. In this randomized, double-
blind, placebo-controlled study, patients (N=121) were assigned to one of
four conditions: 1) disulfiram plus CBT; 2) disulfiram plus interpersonal
therapy (IPT), which addressed adherence to a medical model of psychiatric
problems, interpersonal functioning, and supportive therapeutic exploration;
3) placebo plus CBT; or 4) placebo plus IPT. The patients who received disul-
firam reduced their cocaine use, relative to those who received placebo, and
the patients who received CBT reduced their cocaine use, relative to those
who received IPT. Cocaine abstinence among the patients who received CBT
plus placebo was not statistically different from that of the patients who re-
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ceived CBT or IPT in addition to disulfiram. These results are consistent with
the findings of a prior study that demonstrated the efficacy of CBT and dis-
ulfiram for treatment of cocaine dependence (Carroll et al. 1998).

In another double-blind, placebo-controlled study of treatment for co-
caine dependence, Carroll and colleagues (1994a) focused on the interaction
of CBT and desipramine (an antidepressant medication). Patients (N=121)
were randomly assigned to one of four treatment conditions: 1) case manage-
ment and placebo, 2) case management and desipramine, 3) CBT and placebo,
or 4) CBT and desipramine. Case management involved providing nonspecific
elements of psychotherapy (i.e., therapeutic relationship, empathy, educa-
tion), medication management, and a convincing therapeutic rationale. Pa-
tients in each group improved over the 12-week study period, but no overall
differences in retention or cocaine abstinence were found among the four treat-
ment groups. However, the patients with more severe baseline cocaine use bene-
fited more when treated with CBT than when treated with case management,
although low-severity patients benefited more when treated with desipramine
than with placebo. Further, depressed patients benefited more from CBT
than from case management. These findings demonstrate that interaction ef-
fects may be complex and difficult to detect in studies that examine only med-
ication or only psychotherapy.

At 1-year follow-up (Carroll et al. 1994b), 80% of the patients from the
original study by Carroll et al. (1994a) were reassessed. Patients in all groups
had maintained cocaine use reductions. However, CBT-treated patients had
had a delayed improvement, relative to the case management patients, and
they reported fewer cocaine-related symptoms. Thus, the results were similar
to those of other CBT studies that have found delayed positive treatment ef-
fects (O’Malley et al. 1996) but were inconsistent with the findings of Carroll
etal. (2000) in a follow-up of disulfiram-treated cocaine-dependent patients,
in which the long-term effects of CBT were found to be similar to those of
12-step facilitation and clinical management.

Several CM studies have explored interactions between medication and
psychosocial treatments for substance use disorders. In a 12-week random-
ized, double-blind study of buprenorphine-maintained opioid- and cocaine-
dependent patients, Kosten et al. (2003a) found that desipramine and CM
together led to greater abstinence from cocaine and heroin and more consecu-

tive weeks of abstinence than either treatment individually or placebo. A later
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report on this same group of patients revealed that eliminating the escalating
voucher reinforcement and replacing it with a fixed reinforcement value had
a negative effect on abstinence, particularly in patients who were receiving
both CM and desipramine (Kosten et al. 2003b). Therefore, reducing or chang-
ing this intervention in certain ways may have a detrimental effect on some
patients, but such results need to be replicated.

In another CM study, Dallery et al. (2001) used a within-subject design to
examine the effect of varying the contingency magnitude and methadone dose
on treatment-resistant opiate and cocaine use in methadone patients. Baseline
low-magnitude ($374) and high-magnitude ($3,369) voucher reinforcement
schedules were compared in patients alternately receiving maintenance doses
of 60 mg/day and 120 mg/day of methadone. Regardless of methadone dose,
only 2% of urine samples were negative for both cocaine and heroin before
contingencies were in place. During phase 1, when patients were maintained
on 60 mg/day of methadone, 19% of the samples during low-magnitude re-
inforcement and 28% of the samples during high-magnitude reinforcement
were negative for both opiates and cocaine. When the methadone dose was
raised to 120 mg/day (phase 2), 32% of the low-magnitude samples and 46%
of the high-magnitude samples were negative for both drugs. These results sug-
gest that methadone dose and increased reinforcement value had an additive
effect on drug use.

In a double-blind methadone study, Preston et al. (2000) randomly as-
signed 120 methadone-maintained opioid-dependent patients to one of four
conditions: 1) standard methadone treatment, 2) standard treatment plus
CM vouchers, 3) standard treatment plus a 20 mg/day methadone dose in-
crease, or 4) standard treatment plus CM and a 20 mg/day methadone dose
increase. Standard treatment consisted of 50 mg/day of methadone, weekly
individual counseling, and noncontingent vouchers. Contingent vouchers
were associated with greater abstinence from heroin, regardless of whether the
patient also received a methadone dose increase. The methadone dose increase
was associated with reduced self-reported opioid use and fewer cravings. In con-
trast to the findings of Dallery et al. (2001), combining CM and the dose in-
crease did not improve treatment outcome beyond either treatment presented
alone.

Finally, in a recent study, Schottenfeld and colleagues (2005) conducted
a 24-week, double-blind medication trial in which 162 opioid- and cocaine-
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dependent patients received manual-guided counseling and were randomly
assigned to receive sublingual buprenorphine (12-16 mg/day) or methadone
(65-85 mg/day). Patients were also randomly assigned to receive voucher-
based CM or feedback on their treatment performance. The CM escalated
during the first 12 weeks and was maintained at a lower nominal level for the sec-
ond 12 weeks of the study. Patients treated with methadone stayed in treatment
longer, evidenced longer periods of abstinence from cocaine and opioids, and
had a larger proportion of drug-free urine tests than patients who received bu-
prenorphine. Patients who received CM experienced more abstinence from
cocaine and opioids during the first 12 weeks of the study (when voucher
amounts escalated) than patients in the performance-feedback condition, but
this difference was not significant when results from the entire 24 weeks of
the study were analyzed. No interaction effects were found between medica-
tion type and treatment condition—a finding suggesting that there was no
additive effect of combining methadone and buprenorphine. The authors
concluded that adding CM to methadone or buprenorphine treatment may
improve treatment outcomes for patients with co-occurring cocaine and opioid
dependence.

Thus, some of the studies that combined psychosocial and pharmacolog-
ical treatments revealed interaction or additive effects between the therapies
tested. However, the interactions found were not consistent or reliable across
studies, nor were many of them predicted. More research on the interactions
between medication and psychosocial interventions will further inform our
understanding of the most effective treatment combinations.

Conclusion

Many studies have examined the efficacy of a variety of psychosocial treat-
ments for alcohol, cocaine, and opioid use disorders, alone and in conjunc-
tion with pharmacotherapy. However, only a handful of studies have explored
how these two treatment approaches may interact. More research is needed to
further explore the ways in which psychosocial interventions may be used in
conjunction with pharmacotherapy to optimize outcomes for both treat-
ments. Providing encouragement for abstinence, greater treatment retention,
medication adherence, and coping with medication side effects are some po-

tential applications of psychosocial therapies.
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In some pharmacotherapy studies, psychotherapy exposure has been min-
imized, on the basis of concern that psychotherapy may produce a ceiling
effect on improvement in drug or alcohol use, making medication effects dif-
ficult to detect. However, a recent meta-analysis revealed that psychosocial in-
terventions, in fact, may enhance pharmacotherapeutic effects (Hopkins et al.
2002). In this review we have also noted instances where psychosocial and
medication treatments have had beneficial additive effects. Minimization of
psychotherapy in pharmacotherapy trials may be counterproductive, because
psychosocial therapies that encourage the patient to remain engaged in treat-
ment may positively affect patients’ adherence to the medication regimen, a
factor that has an effect on alcohol treatment outcomes (Chick et al. 2000;
Volpicelli et al. 1997).

Patients’ characteristics, such as substance use disorder typology, severity,
family history, and co-occurring psychopathology, may also interact with psy-
chosocial and pharmacological treatment, and the nature of these interactions
is an additional area of future study. Kranzler and colleagues (1996), for ex-
ample, found that type B alcoholic patients (characterized by early onset of
alcoholism, greater premorbid psychopathology, and more severe alcohol
problems) who were treated with CBT experienced poorer treatment outcomes
if they also received fluoxetine, compared to placebo. Others have found that
patients fitting differing typologies of substance use disorders may experience
differential medication effects (Johnson et al. 2000; Pettinati 2001), suggest-
ing that, with continued research, we may expect to find similar interactions
with psychosocial interventions.

Although studies directed at measuring the interaction between diverse
types of psychotherapy and different medications are complex, additional
research in this area is needed. Such studies offer the methodological sophis-
tication required to understand the complicated relationships between inter-

ventions that can substantially affect treatment outcomes.
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opioid dependence and, 57
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tolerance and, 68

treatment outcomes and, 60
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MDA. See 3,4-Methylenedioxyamphet-
amine

MDEA, 230

MDMA. See 3,4-Methylenedioxy-
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3,4-Methylenedioxymethamphetamine
(MDMA), 186, 221, 227-229,
231, 254-255
Methylphenidate, 186, 198, 200
Methylxanthines, 187
Microsomal ethanol oxidizing system
(MEOS), 6, 8
Midazolam, 125
Mirtazapine, 302
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Neurochemistry; Noradrenergic
system; Serotonin
alcohol use and, 1-2, 10-16
hallucinogens and, 217-218
inhalants and, 280-285
opioid receptors and, 63-66
psychostimulants and, 186, 188-189

Nicotinamide adenine dinucleotide
(NAD), 6
Nicotinamide adenine dinucleotide
phosphate (NADPH), 6
Nicotine. See also Tobacco dependence
nicotine replacement therapies
(NRTs) and, 317-321,
332-333
pharmacology of, 187
phenomenology of addiction to,
316-317
Nicotine gum, 317-318, 321, 333
Nicotine inhaler, 320
Nicotine lozenge, 318
Nicotine nasal spray, 319-320, 321
Nicotine patch, 318-319, 321, 323—
324, 333
Nicotine replacement therapies (NRTs),
317-321, 332-333
Nicotinic acetylcholine receptors, and
inhalants, 284-285
Nitrites, 270, 272-273, 275, 277, 281,
288-289, 291. See also Inhalants
Nitrous oxide, 269-270, 273, 275,
277,279, 281, 282, 284, 285,
289. See also Inhalants
NMDA (N-methyl-D-aspartate)
ethanol and, 12-14
inhalants and, 282
opioid receptors and, 66
stimulant abuse and antagonists,
196
Noradrenergic system
and alcohol, 16
and stimulant abuse, 189
Nortriptyline, and smoking cessation,
325-326
Nutritional supplements, and stimulant
abuse, 197
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Occupational exposure, to inhalants,
270
Ondansetron
alcohol use disorders and, 32
inhalant use disorders and, 302
Opioid agonists
alcohol use disorders and, 2228,
32
opioid substitution therapy and,
84-85
Opioid receptors, 63—66, 285
Opioids and opioid dependence
behavioral treatment for, 347, 348
benzodiazepine abuse and, 133
cognitive-behavioral therapy for, 345
combined treatment for, 352—355
epidemiology of, 56-62
etiology of, 66-68
history of, 55-56
motivational enhancement therapy
for, 343
pharmacology of, 62-66
pregnancy and, 87-89
psychiatric disorders and, 89-93
stimulant abuse and, 196
tolerance and, 62, 64—66, 68
treatment of, 71-87
withdrawal from, 6871
Opioid substitution therapy, 75-83
Opium, 55, 62
Outcome, of treatment
methadone maintenance and,
79-80, 8384
opioid dependence and factors
influencing, 59-60, 86
Outpatient drug-free treatment, for
opioid dependence, 86
Over-the-counter medications, and
disulfiram, 22

Overdose
barbiturates and, 143
benzodiazepine dependence and, 36
GHB and, 252-254
mescaline and, 226
Oxazepam
alcohol use disorders and, 18, 37
dose equivalencies for, 112
Oxycodone hydrochloride, 58

Pain
benzodiazepine use and, 119-120
chronic opioid use for treatment of,
58
Pain relievers, nonmedical use of, 57
Paramethoxyamphetamine (PMA), 230
Paranoia, cocaine-induced, 191
Paroxetine, and opioid dependence, 92
PCP. See Phencyclidine
Peer groups, and inhalant use, 298
Pentazocine, 58
Pentobarbital, 123, 143, 144—145, 146
Pentylenetetrazole, 279
Perception, and LSD intoxication,
219-220, 223
Personality, and opioid withdrawal, 71
Personality disorders, and LSD use, 221
Peyote cactus (Lophophora williamsii),
224-226
Pharmacodynamics, of alcohol, 9-16
Pharmacokinetics
of alcohol, 5-9
of barbiturates, 141-142
of benzodiazepines, 125-126
of hallucinogens, 216
of inhalants, 274-276
Pharmacology. See also
Pharmacotherapy
of barbiturates, 138—141
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of benzodiazepines, 120-125
of cannabis, 168—-170
of ethanol, 5-16
of GHB, 246-250
of hallucinogens, 216-218,
225-226, 232-233
inhalants and behavioral, 276-279
of ketamine, 258-259
of opioids, 62-66
Pharmacotherapy. See also Combined
treatment; Overdose; Side effects;
Treatment
for alcohol use disorders, 16-39
for cannabis cessation, 171-175
for inhalant use disorders, 298-302
for stimulant abuse, 193-200
for tobacco dependence, 317-330
Phencyclidine (PCP), 231-234, 258-259
Phenethylamines, 226-231
Phenmetrazine, 186
Phenobarbital, 139, 145, 147
Phenylalkylamine hallucinogens,
224-231
Phobic disorders, and opioid
dependence, 89
Phosphodiesterase inhibitors, and
stimulant abuse, 196
Physical examination, and inhalant use
disorders, 295-296
Physostigmine, 236, 252
Plants. See Anticholinergic plants;
Herbal medications; Mushrooms;
Poppy plant
Poisoning, accidental with
hallucinogens, 215, 234
Polydrug use
benzodiazepine abuse and, 133-134
opioid dependence and, 90-91
Poppy plant (Papaver somniferum), 62

Positive reinforcement
alcohol and, 10
benzodiazepines and, 128
Posttraumatic stress disorder (PTSD),
and opioid dependence, 90
Prazepam, 125, 127
Pregnancy
barbiturates and, 141
opioid dependence and, 87-89
tobacco dependence and, 332-333
Prevalence. See also Epidemiology
of alcohol use disorders, 3—4
of barbiturate dependence, 138
of benzodiazepine dependence,
113-120
of cocaine abuse, 184, 185
of hallucinogen abuse, 213-215
of inhalant use, 271, 302
of marijuana dependence, 165-166
of marijuana use, 163-164
of opioid use and dependence,
56-59, 89-90
Priestley, Joseph, 269
Primary care management (PCM), and
alcohol use disorders, 25-26
Project MATCH, 342, 344, 350
Propranolol
anticholinergic intoxication and,
236
benzodiazepine abuse and, 134
opioid dependence and, 74
Propyl nitrite, 270
Psilocin, 215, 216
Psilocybin, 215, 216, 223, 224
Psychiatric disorders. See also Anxiety
disorders; Dementia; Depression;
Psychosis; Schizophrenia;
Substance abuse disorders

alcohol use disorders and, 33-39
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Psychiatric disorders (continued)
benzodiazepine use and, 116
inhalant use and, 289-294, 302
opioid dependence and, 67, 89-93
smoking cessation and, 324-325,

330-332
stimulant abuse and, 199-200
Psychiatric history, and inhalant use
disorders, 294-295

Psychedelic, definition of, 211

Psychological effects
of barbiturate dependence, 140
of benzodiazepine abuse, 130

Psychomotor impairment. See also

Mortor activity
benzodiazepine use and, 124
methamphetamine abuse and, 189

Psychosis

amphetamine-induced, 190-191,
192

inhalant-induced, 293-294

LSD and, 221

Psychosocial factors, in opioid

dependence, 67. See also Social use

Psychosocial therapy
for benzodiazepine abuse, 136
for inhalant use, 298

Psychostimulants. See also Cocaine;

Methamphetamine

behavioral effects of abuse, 190-192

neurobiological effects of abuse,
188-189

neurochemisty of rewarding effects
of, 187-188

pharmacology of, 186-187

pharmacotherapy for abuse, 193—
200

prevalence of abuse, 185

treatment of abuse, 192-193

Psychotherapy. See also Behavior
therapy; Cognitive-behavioral
therapy; Psychosocial therapy

combination of with pharmacologi-
cal treatments, 350355
opioid dependence and, 87
techniques of for substance abuse
disorders, 340-350
Psychotomimetic, definition of, 211
Public health
cocaine epidemic and, 184
substance abuse in adolescents and,
243
tobacco dependence and, 315

Pulmonary emboli, and opioid

dependence, 62

QTc wave, and LAAM, 80

Racial/ethnic differences
in alcohol use, 3, 4, 7
in inhalant use, 271, 293
in opioid dependence, 57
Rave culture, and club drugs, 228, 229,
243-244
Reinforcing effects
pharmacology of inhalants and,
276277
treatment of alcohol use disorders
and, 22-33
Relapse
alcohol use disorders and, 23, 24,
25,29-30
inhalant use disorders and
prevention of, 300-302
methadone maintenance and, 77
opioid detoxification and, 72
tobacco dependence and prevention

of, 329-330
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Religion, and hallucinogens, 215, 224
Remoxipride, 281
Research Diagnostic Criteria (RDC),
89
Reserpine, 196
Respiratory depression
barbiturates and, 141
GHB and, 250
opioid dependence and, 62
Ring-substituted amphetamines, 226
Risperidone, and LSD intoxication,
223

Salsolinol, 9
Schizoaffective disorder, and smoking
cessation, 324
Schizophrenia
disulfiram and, 20
LSD use and, 221
opioid dependence and, 92-93
psychostimulants and psychosis in,
191, 192
tobacco dependence and, 324-325,
331-332
Scopolamine, 234, 235
Secobarbital, 139, 146
Sedative effects, of GHB, 245, 249,
252
Sedative-hypnotics. See Barbiturates;
Benzodiazepines; Glutethimide
Selective serotonin reuptake inhibitors
(SSRIs)
LSD intoxication and, 223
opioid dependence and, 92
smoking cessation and, 328
stimulant abuse and, 199
Selegiline
cocaine abuse and, 198
smoking cessation and, 328

Self-help groups. See Alcoholics
Anonymous
Sensitization, and amphetamine-
induced psychosis, 190
Septic emboli, and opioid dependence,
62
Serotonin. See also Neurotransmitters
alcoholism and, 14-15
hallucinogens and, 217-218
inhalants and, 285
Serotonin antagonists, and inhalant use
disorders, 301-302
Serotonergic agents
alcohol use disorders and, 30-33
stimulant abuse and, 196
Serotonin receptor agonists, 199. See
also Buspirone
Serotonin reuptake inhibitors (SRIs),
and alcohol use disorders in
patients with depression, 35-36
Sertraline
alcohol use disorders and, 32, 350
opioid dependence and, 92
Serturner, Friedrich, 55
Sexual assault, and GHB, 245
Side effects
of bupropion, 323, 325
of buspirone, 327
of clonidine, 73, 327
of disulfiram, 20
of mecamylamine, 326
of naltrexone, 327
of nortriptyline, 325
Sildenafil, 258
Sleep patterns. See also Insomnia
barbiturate dependence and, 141
benzodiazepine dependence and, 129
GHB and, 245, 249

methadone maintenance and, 77
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Sniffing, and inhalant use, 288
Snuff, and hallucinogens, 215
Social detoxification
alcohol use disorders and, 17
inhalant use disorders and, 299
Social use, of inhalants, 288. See also
Psychosocial factors
Socioeconomic conditions, and
inhalant use, 271
Sodium oxybate, 249
Sodium pentobarbital, 139
Solanaceae family, of plants, 234, 235
Stimulant agonist replacement, 195
Stimulant antagonists, 195
STP. See 2,5-Dimethoxy-4-methyl-
amphetamine
Stramonium leaves, 235
Stress, and methadone maintenance,
77
Structured Clinical Interview for
DSM-1V (SCID), 295
Subacute withdrawal, and alcohol use
disorders, 33
Substance abuse disorders
behavioral treatments for, 346347
benzodiazepine use and, 117-118,
133-134
brief interventions for, 340—341
cognitive-behavioral therapies for,
343-346
couples therapy for, 347-349
motivational enhancement therapy
for, 342-343
smoking cessation and, 324-325,
330
Substance dependence, DSM-IV-TR
criteria for, 112-113
Succinic semialdehyde (SSA), and
GHB, 247, 248

Sudden infant death syndrome, and
tobacco dependence, 333

Suicide and suicidal behavior, and LSD
intoxication, 220

Supervision, of alcohol use disorder
patients treated with disulfiram,
21

Support groups, and MDMA, 229.
See also 12-Step therapies

Sustained-release bupropion, and
tobacco dependence, 322-325

Sweden, and opioid dependence, 61

Symptom checklist, for opioid
withdrawal, 70

Symptom Checklist—90—Revised, 295

Syndrome of inappropriate antidiuretic
hormone secretion (STADH), and
MDMA, 229

Tapering schedules
for benzodiazepine abuse, 131-132,
133
for methadone, 72
Temazepam, 112
Tetrahydrocannabinol (THC), 163,
167, 168-170, 174
Tetrahydroisoquinolines (TIQs), 9
Tetrahydropapaveroline (THP), 9
Therapeutic communities, and opioid
substitution therapy, 85-86
Thiamine, and alcohol withdrawal,
17
Thiopental sodium, 139
Tiagabine, 197
Toads (Bufo vulgaris), and
hallucinogens, 215
Tobacco dependence. See also Nicotine
bupropion and, 173
combination treatment of, 171
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pharmacological treatments for,
317-330
special populations and treatment
of, 330-333
Tolerance
barbiturates and, 143, 144
benzodiazepine use and, 123-124
GHB and, 250-252
inhalants and, 278-279
opioids and, 62, 64-66, 68, 77
phencyclidine and, 234
psychostimulants and, 190
Toluene, 274275, 277-278, 280, 290,
299
Topiramate
alcohol use disorders and, 12, 30
inhalant use disorders and, 301
Toxicity
of barbiturates, 142—-143
of benzodiazepines, 129
Toxicology, of GHB, 250-252
Transdermal nicotine, 318-319,
323-324
Treatment. See also Behavior therapy;
Cognitive-behavioral therapy;
Combined treatment;
Detoxification; Outcomes;
Pharmacotherapy; Psychotherapy
of alcohol withdrawal, 17-19
of anticholinergic intoxication,
236
of cannabis dependence, 171-175
of GHB overdose, 252-254
of inhalant use disorders, 297-302
of ketamine intoxication, 259-260
of LSD intoxication, 221-224
of MDMA abuse, 257-258
of mescaline intoxication, 226
of opioid dependence, 71-87

of phencyclidine intoxication,
233-234
of psychostimulant abuse, 192-193
Treatment Episode Data System
(TEDS), 164
Triazolam
abuse of and dependence on, 128,
129
dose equivalencies for, 112
pharmacokinetics of, 125
Trichloroethane, 279
Tricyclic antidepressants. See also
Antidepressants
adverse effects of smoked marijuana
and, 173
cocaine and, 193
methadone and, 92
Trihexyphenidyl, 235
3,4,5-Trimethoxyamphetamine
(TMA), 230
Tripelennamine, 58
Tryptamine-related hallucinogens,
212-224
Tuberculosis, and opioid dependence,
61
12-step therapies, for substance abuse
disorders, 349-350, 352. See also

Alcoholics Anonymous

United Kingdom, rave culture and drug
use in, 229, 254
Urban centers, and availability of

opioids, 67

Vaccine, and cocaine abuse, 196, 197

Vein sclerosis, and opioid dependence,
62

Vesicular monoamine transporter
(VMAT), and amphetamines, 186
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Veterans, and opioid dependence, 55,
67
Veterans Administration Cooperative
Studies Group, 21, 350
Veterans Affairs Medical Center, 31
Vigabatrin, 195, 197
Violence. See also Aggression; Crime
amphetamine-induced psychosis
and, 191
cocaine abuse and, 184
methamphetamine and, 227
phencyclidine and, 232
Visual symptoms, of LSD intoxication,
219
Vitamin supplements, and alcohol
withdrawal, 17
Volatile solvents, 272, 274-275,
288
Voltage-gated calcium channels
(VGCC), and alcohol, 13
Voucher-based abstinence, and
cannabis dependence, 171

Withdrawal
alcohol use disorders and, 17-19, 33
barbiturates and, 143, 144
benzodiazepine abuse and, 127, 129
buprenorphine and, 75
cannabis dependence and, 166-170
GHB and, 251-252, 253-254
inhalants and, 279-280, 298-300
nicotine addiction and, 316-317
opioid dependence and, 68-71
phencyclidine and, 234

Zaleplon
abuse potential of, 127
dose equivalencies for, 112
pharmacology of, 120-121, 124, 125
Zolpidem
abuse potential of, 127
dose equivalencies for, 112
pharmacology of, 120-121, 124, 125
rebound insomnia and, 129
self-administration of, 128
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