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When Abstinence Can Be Harmful:
The Dangers of  Repeated Withdrawals from Alcohol

Like many aspects of the life of Edgar Allan Poe, the leg-
endary American writer and father of the detective story, his
mysterious death at age 40 has not been satisfactorily explained.
Many, citing evidence that Poe died of delirium tremens, at-
tribute his death to abuse of alcohol. Others, citing only spo-
radic drinking by Poe, contend that alcohol is an unlikely ex-
planation:

[The alcohol theory] is the theory most people think of when
they are asked about Poe's death. That Poe engaged in bouts of
drinking . . . is well established, but how exactly he may have died
of alcoholism has never really been explained. Clearly . . . his drink-
ing seems to have been neither so consistent nor so intense as to
cause sclerosis of the liver. It has been suggested that poor nutri-
tion and a weakened condition brought on by other illnesses could
have allowed delirium tremens to occur with fewer and less in-
tense episodes of drinking than would normally be required, but
none of these offerings completely explain his condition . . .

—The Edgar Allan Poe Society of Baltimore, 1999 (available
at www.eapoe.org)

How could Poe, who by all accounts was an intermittent
drinker, have died of alcohol withdrawal syndrome? New re-
search conducted by Assistant Professor of Psychiatry Darin
Knapp and his colleagues at the University of North Carolina’s
Bowles Center for Alcohol Studies has shed light on why many
alcohol abusers—including Poe, perhaps—seem under certain
conditions to be surprisingly susceptible to the adverse effects
of alcohol. Knapp uses animal models to study the behavioral
and physiological effects of the alcohol withdrawal syndrome.
Alcohol withdrawal syndrome can culminate in a return to
drinking in order to alleviate withdrawal-associated neurologi-
cal and motor symptoms such as anxiety, hallucinations, and
muscle tremors. Untreated, it can also culminate in death. By
studying the physiology and behavioral aspects of the alcohol
withdrawal syndrome in animals, Knapp hopes to elucidate
strategies that will contribute to the management of human
alcohol withdrawal syndrome so that withdrawal-motivated
relapses to drinking can be prevented.

Knapp is particularly interested in the symptom of with-
drawal-associated anxiety because of the key role of anxiety in
perpetuating chronic drinking. “Anxiety is a potent negative

reinforcer of drinking behavior,” says Knapp. “Alcoholics ex-
periencing anxiety as part of the alcohol withdrawal syndrome
or because of stressful life events are incredibly strongly moti-
vated to relieve that anxiety. The best way they know to relieve
the anxiety is to drink. Our research centers on identifying the
brain centers that mediate the anxiety experienced by the al-
coholic and on identifying pharmacotherapies that could re-
duce the anxiety and, therefore, reduce the alcoholic’s need to
drink excessively.”

In experiments conducted with colleagues David Overstreet,
George Breese, Sheryl Moy, and Gary Duncan, Knapp found
that rats withdrawn from 17 days of a nutritionally complete
diet containing intoxicating amounts of alcohol showed in-
creased levels of anxiety compared with control rats that had
been given 17 days of the same nutritionally complete diet
that did not contain alcohol. In these experiments, anxiety was
measured via several standard behavioral tests including the
social interaction test and the elevated plus maze test, as well
as with a novel ultrasonic vocalization test that Knapp brought
to the Bowles Center from Rutgers University, his graduate-
school alma mater.  This test is especially well-suited for mea-
suring anxiety during alcohol withdrawal because it is not pain-
ful or invasive and provides an easily quantifiable measure of
anxiety: the number and duration of ultrasonic vocalizations,
quantified using a special detector, are directly proportional to
the animal's level of anxiety. In one experiment, for instance,
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There are many factors that may cause an individual to
progress from a moderate or social drinker to an alcoholic. In
addition to environmental influences, there is growing evidence
that genetic factors contribute to alcohol abuse. With a com-
plex disease like alcoholism, it’s not likely that the risk is asso-
ciated with any single gene, but rather with multiple genes
interacting with the environment.

Dr. Todd Thiele, Department of Psychology, UNC-CH, uses
genetically altered animal models to focus on genes associated
with an inherited propensity to develop uncontrollable drink-
ing. Thiele, a new member of the Center for Alcohol Studies,
takes aim at the complex genetic factors that control voluntary
alcohol consumption, a key component in the development of
an uncontrollable urge to drink more and more alcohol.  Using
knockout mice (created when a gene is “knocked out” of the
code, resulting in animals that lack the protein expressed by
that gene) and transgenic mice (created by adding or replacing
a gene), he is revealing the ways in which certain genes affect
alcohol drinking.

One line of Thiele's research has focused on a protein called
neuropeptide Y (NPY), which is distributed throughout the
nervous system and is believed to modulate neurons involved
in feeding behavior, anxiety, and depression. In an article in

Nature in 1998,
he published
his findings on
the role of NPY
in voluntary al-
cohol drinking
behavior. Com-
pared to their
wild-type kin,
the knockout
mice consume
more alcohol,
and the trans-

genic mice consume less. In addition, knockout mice show less
intoxication than wild-type mice following alcohol adminis-
tration, and transgenic mice show more.  These results pro-
vide evidence that alcohol consumption and resistance to its
intoxicating effects are inversely related to NPY levels.  Cur-
rently, Thiele is exploring the mechanisms by which NPY in-
fluences drinking, narrowing in on the NPY receptors that are
responsible for this effect.  Again using knockout and trans-
genic techniques, he found that the NPY Y1 and Y2 receptors
appear to mediate voluntary consumption of alcohol, and that
the Y5 receptor may be involved with regulating alcohol’s in-
toxicating effects.

A second line of research has focused on the intracellular
second messenger, cAMP-dependent protein kinase (PKA).
Many neurotransmitters, including NPY and dopamine, trans-
duce their signal into neurons via PKA activation. Early re-
search indicates that alcohol influences PKA function. With
PKA knockout mice, Thiele showed that PKA signaling also
modulates voluntary alcohol drinking and some of its intoxi-
cating effects. Together, this research promises to bring us one
step closer to mapping out the genetic patterns associated with
alcoholism.

Todd E. Thiele, Ph.D.

Center investigators George Breese, Darin Knapp and David Overstreet (left to
right) have established a productive collaboration to investigate the mechanisms
of alcohol withdrawal syndrome, with the goal of preventing relapse due to
withdrawal-induced anxiety.
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rats in withdrawal from a diet of chronic
alcohol vocalized five times as much as
control rats not undergoing withdrawal.
Knapp and his colleagues subsequently
found that certain drugs such as the cor-
ticotropin releasing factor antagonist
CRA1000, the benzodiazepine receptor
antagonist flumazenil, and the 5HT2C
receptor antagonist SB242084 mitigated
withdrawal-associated anxiety in these
types of anxiety tests whereas withdrawal
anxiety was not affected by the type 1
benzodiazepine receptor agonist
zolpidem, the NMDA receptor antago-
nist ifenprodil, or the receptor 5HT3 an-
tagonist MDL 72222. These data show
that anxiety associated with ethanol
withdrawal is ame-
nable to specific
pharmacological
treatments.

Using neurobio-
logical markers of
brain cell activation, Knapp and his col-
leagues extended these finding by show-
ing that some brain areas but not others
were activated by ethanol withdrawal.
The proteins cyclooxygenase-2 (COX-
2) and Fos-LI both robustly increased
in areas of the limbic cortex during etha-
nol withdrawal at a time when anxiety,
as measured by ultrasonic vocalizations,
was high. These limbic areas and other
brain regions activated during alcohol
withdrawal generally overlapped with ar-
eas that Knapp and others had previously
implicated as being important in medi-
ating anxiety. These results suggest that

certain limbic and other brain areas are
important in mediating certain aspects
of alcohol withdrawal—specifically, the
symptom of anxiety.

Knapp was concerned that these ex-
periments, involving a single, prolonged
episode of exposure to alcohol, are not
representative of the experience of the
typical alcoholic. Most alcoholics, like
Poe, undergo periods of alcohol bingeing
separated by periods of abstinence, and
they experience repeated episodes of al-
cohol withdrawal. Would the severity of
alcohol withdrawal and its amenability
to pharmacologic treatment differ in an
animal that had undergone one with-
drawal episode compared with an ani-

mal undergoing
repeated with-
drawal episodes?
To answer this
question, Knapp
and collaborator

David Overstreet turned their attention
to the effects of repeated bouts of alco-
hol exposure and withdrawal on the
withdrawal symptom of anxiety. They
found that rats exposed to three 5-day
regimens of alcohol-containing diet with
2 days of withdrawal between each regi-
men (the equivalent of three bouts of
moderately heavy alcohol drinking sepa-
rated by periods of abstinence) showed
significantly more anxiety in two behav-
ioral tests than did (1) rats exposed to
only one 5-day regimen of diet; or (2)
rats continuously exposed to ethanol
continuously over 15 days with no

periods of abstinence. Thus, repeated
bouts of drinking punctuated by repeated
withdrawal episodes were associated
with more severe anxiety than was a
single withdrawal.

This effect was also persistent: after the
anxiety associated with multiple with-
drawals had abated, re-exposure of the
rats to a single 5-day treatment and with-
drawal cycle a week later resulted in the
same degree of anxiety as measured af-
ter multiple withdrawals. Like the anxi-
ety associated with a single, prolonged
exposure to alcohol followed by a single
withdrawal, the anxiety associated with
repeated bouts of alcohol exposure and

continued on next page

withdrawals was significantly attenuated
by certain drugs administered during the
final withdrawal. Remarkably, these
drugs also significantly reduced anxiety
after the third withdrawal when the
drugs were administered only during the
first two withdrawals. This encouraging
finding shows that pharmacological
treatment of early withdrawals can miti-
gate the worsening of withdrawal that
occurs over repeated cycles of intoxica-
tion and withdrawal (see figure).

This research provides a potential ex-
planation for the surprising susceptibil-
ity of Poe and other long-time intermit-

tent drinkers to the toxic effects of alco-
hol. Repeated episodes of drinking and
withdrawal appear to sensitize the brain
so that it is more susceptible with each
successive withdrawal to alcohol's dele-
terious effects. In Poe’s case, it appears
that years of intermittent binge drink-
ing separated by periods of abstinence
possibly led to a withdrawal syndrome
severe enough to result in death.
“Whereas continuous heavy drinking
may be more toxic than intermittent
heavy drinking to organs such as the
liver, the brain may be unique,” says
Knapp. “With repeated bouts of drink-
ing and withdrawal, we have an unusual

situation in which abstinence from al-
cohol may actually be more harmful to
the brain than continuous drinking.”
McCown and Breese showed several
years ago that seizures, a motor symp-
tom of alcohol withdrawal, are exacer-
bated by repeated cycles of alcohol ex-
posure and abstinence. “Our research ex-
tends these findings to the withdrawal
symptom of anxiety. Our research also
shows that, in animals, sensitization of
withdrawal caused by repeated episodes
can be mitigated by certain drugs, so
there is considerable reason for hope
with respect to developing intervention
strategies for human alcoholics.”

continued from previous page

The Director’s Column

Fulton T. Crews, Ph.D. Director,
Bowles Center for Alcohol Studies

Animals on a control diet (no alcohol) exhibit normally high levels of social interaction behavior (i.e, low
anxiety) while animals experiencing repeated withdrawals from three 5-day cycles of a 4.5% alcohol-contain-
ing diet show very little social interaction (i.e., high anxiety). In contrast, animals experiencing withdrawal after
a single 5-day or 15-day alcohol exposure do not exhibit reduced social interaction behavior. In the right
graph, the benzodiazepine drug diazepam (valium) and the compound SB242084 (a serotonin receptor
antagonist) but not the drug vehicle prevented the reduction in social interaction caused by repeated with-
drawals. Bars in each graph that do not share common letters are significantly different from each other.

Alcohol withdrawal is a clinical syn-
drome that can affect people accustomed
to regular alcohol intake when drinking
is decreased or stopped completely. Al-
cohol has the most severe physical with-
drawal syndrome of all the drugs of ad-
diction, more severe than heroin and
other opiates and, in some cases, result-
ing in death.

Every year more than one and a half
million people in the U.S. either enter
an alcoholism treatment program or are
admitted to a hospital due to the conse-
quences of alcohol dependence. These
individuals, as well as a substantial num-
ber of other people who stop drinking
without professional help, experience al-
cohol withdrawal. In some alcoholics,
withdrawal symptoms can occur at blood
alcohol levels that are intoxicating for
non-dependent individuals.

The most common symptoms of alco-
hol withdrawal are insomnia, tremors,
craving for alcohol, vivid dreams, anxi-
ety, agitation, irritability, loss of appe-
tite, nausea, vomiting, headache and
sweating. Some symptoms resolve in

hours, but others may last for days and
weeks. The severity of symptoms that
individuals experience varies; some ex-
perience only mild symptoms, while oth-
ers suffer severe symptoms, which in-
clude hallucinosis, seizures and delirium
tremens (DTs).  DTs can last for several
days, and about 5% of patients who ex-
perience DTs die from metabolic or car-
diovascular complications and/or
trauma.  In addition, alcohol withdrawal
is one of the most common causes of sta-
tus epilepticus—continuous, unrelent-
ing, life-threatening seizures.

Clinical and preclinical studies have
clearly shown that seizures associated
with alcohol withdrawal increase in se-
verity after multiple withdrawals, a fact
that is very important in the manage-
ment of alcohol detoxification. Darin
Knapp’s findings, that anxiety signifi-
cantly increases with multiple withdraw-
als, will be an important factor in de-
signing successful new treatment proto-
cols, since anxiety and craving are closely
linked to each other and to relapse. The
evidence that residual anxiety can last for

long periods prompts further studies to
determine the contribution of this pa-
thology in relapse. In addition, the find-
ing that after one month of abstinence a
short drinking episode will reinstate
withdrawal anxiety to high levels is con-
sistent with the common notion that al-
coholics in recovery who drink again will
rapidly return to dependent drinking.
Understanding the processes that under-
lie withdrawal-induced anxiety and it’s
relation to relapse can radically improve
treatment, and may lead to the develop-
ment of non-addictive medications to re-
duce that anxiety.

April is Alcohol Awareness Month and
April 11th is National Alcohol Screen-
ing Day. Screening Day provides infor-
mation about the signs, symptoms and
treatment of alcohol problems and in-
cludes a screening test and the opportu-
nity to discuss the results with a health
professional. Knapp’s studies on the
long-term changes in the brain that re-
sult from repeated withdrawals would
seem appropriate information to share.
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“Alcohol
causes the most severe
physical withdrawal
syndrome of all the

drugs of addiction.”

April 11th is National
Alcohol Screening Day
See www.med.unc.edu for details

on alcohol screening at UNC.

Repeated episodes of drinking and
withdrawal appear to sensitize the
brain so that it is more susceptible
...  to alcohol's deleterious effects.
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Our mission is to conduct,
coordinate, and promote basic and

clinical research on the causes,
prevention, and treatment

of alcoholism.
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