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Alcohol dependence is a pervasive prob-
lem in the United States. Data from a na-
tionally representative survey show that,
among employed US adults, more than
10% of men and 4% of women are depen-
dent upon alcohol. The Diagnostic and
Statistical Manual of Mental Disorders,
4th edition (DSM-IV), which is the
manual psychiatrists use as a guide to di-
agnosing mental disorders, characterizes
alcohol dependence by criteria including
tolerance (i.e., increased drinking to achieve
the same effect), alcohol withdrawal signs,
drinking more than intended, and alcohol-
related impairment in social or work ac-
tivities. As these criteria reveal, alcohol
dependence is a multifaceted disorder with
physical, psychological, and behavioral
manifestations that are related in part to
the behavioral response to alcohol.

Dr. A. Leslie Morrow and her labora-
tory at the University of North Carolina’s
Skipper Bowles Center for Alcohol Stud-
ies devote their efforts to elucidating the
molecular underpinnings of alcohol depen-
dence. By understanding the mechanisms
underlying the various aspects of alcohol
dependence, they hope to pave the way for
the development of pharmacologic inter-
ventions for the treatment of alcoholism.
Their work focuses on GABAA receptor
gated chloride (Cl-) ion channels that,
when acted upon by substances such as
neurotransmitters, control the activity of
nerve cells in the brain. It has long been
known that alcohol influences the function
of GABAA receptors and that the effects
of alcohol on GABAergic neurotransmis-
sion contribute to various behavioral re-
sponses to alcohol (e.g., sedation, cogni-
tive dysfunction) occurring during alcohol
use. The precise means by which alcohol
alters GABAA receptors has not been un-

Morrow Lab Finds New Mechanisms of Alcohol Dependence

derstood until recently—thanks largely to
the efforts of a handful of researchers, in-
cluding Morrow and her laboratory col-
leagues.

Morrow’s work reveals that the effects
of chronic alcohol exposure on GABAA

receptors are as multifaceted as the physi-
cal and behavioral manifestations of al-
cohol dependence itself. She and her col-
leagues have identified several ways that
alcohol may interact with GABA (one of
the brain chemicals that binds to GABAA
receptors) and GABAA receptors to cause
phenomena such as tolerance and alco-
hol withdrawal. For example, work by
Morrow and others shows that ethanol
dependence is associated with altered
function of GABAA receptors, including
reduced sensitivity to the neurotransmit-
ter GABA as well as alcohol and benzo-
diazepines such as Valium®. Additionally,
withdrawal symptoms reflecting physical
dependence can be related to loss of
GABA-associated neuronal inhibition
with resultant excessive excitation when
alcohol is no longer present.

Morrow’s more recent work has fo-
cused partly on the microstructure and

function of the GABAA receptors. Each
GABAA receptor is composed of several
subunits. Over the last fifteen years,
Morrow’s group showed that chronic ex-
posure to alcohol alters the expression of
genes that code for these subunits
throughout brain. With altered genomic
activity, the numbers of specific GABAA

receptor subunits can increase or decrease.
The changes in GABAA receptor sub-
units can alter the functioning of GABAA

receptors and, correspondingly, can alter
behaviors mediated by GABAA receptors.
For example, chronic exposure of nerve
cells containing GABAA receptors to al-
cohol changes the numbers of specific
GABAA receptor subunits in virtually
every brain region, including the cerebral
cortex, hippocampus, amygdala, and cer-
ebellum. The regulation of various
GABAA receptor subunits by ethanol dif-
fers across regions of the brain. Some of
these changes have been closely linked to
ethanol tolerance as well as withdrawal
symptoms such as anxiety and seizures.
These negative symptoms of ethanol de-
pendence are also known to increase
drinking.
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Alcohol may also affect GABAA recep-
tors through its interaction with other, non-
GABAA receptors. Multiple receptor types
reside on the surfaces of nerve cells. Both
the GABAA receptor and the NMDA re-
ceptor, for example, frequently coexist on
nerve cells. When a neurotransmitter or
hormone contacts either of these receptor
types, a cascade of intracellular responses
is initiated. The intracellular signaling
pathways activated by different receptors
can overlap such that activation of one type
of receptor influences the function of a sig-
naling pathway associated with a different
receptor. Morrow and her colleagues found
that MK-801, a drug that blocks NMDA
receptors but does not affect GABAA re-
ceptors, caused changes in numbers of spe-
cific GABAA receptor subunits in the hip-
pocampus, a brain region involved in learn-
ing and memory. The effect of MK-801
on GABAA

 
receptors was determined to

be mediated by cross-talk inside the nerve
cells between the signaling pathway asso-
ciated with the NMDA receptor and that
associated with the GABAA receptor. Al-
cohol is known to inhibit NMDA recep-
tor function, and discrimination studies in-
dicate that alcohol is often perceived to be
an NMDA antagonist (like MK-801). To-
gether, these findings raise the intriguing
questions of whether the mechanism of al-
cohol-induced changes in GABAA sub-

units could be secondary to effects on
NMDA and whether NMDA receptor
drugs induce changes in GABAA receptor
subunits that can alter alcohol tolerance
or dependence.

Alcohol can also affect GABAA recep-
tors through non-genomic mechanisms.
For example, alcohol can alter the func-
tion of GABAA receptors by modifying
their location. To be functional in neu-
rotransmission (i.e., in receiving and trans-
mitting electrochemical signals from one
nerve cell to another), GABAA receptors
must be localized on the surface of nerve
cells so that they are exposed to neu-
rotransmitters. Chronic exposure to alco-
hol can cause specific GABAA receptors
to be internalized by the nerve cell while
other GABAA receptor subtypes accumu-
late on the cell surface. The internaliza-
tion of GABAA receptors renders them
unable to respond normally to extracellu-
lar signals and the responses of these cells
have different properties.  Morrow notes
that behavioral and physical manifestations
of alcohol dependence arguably arise from
such changes in the ability of the GABAA

receptors to respond normally to chemi-
cal signals.

Besides affecting GABAA receptor
function through changes in its genes and
localization of receptors, alcohol can indi-
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Chronic ethanol administration results in altered mRNA and peptide levels of various GABAA receptor
subunits, GABAA receptor α1 subunit internalization, and decreased levels of phosphorylated α1 sub-
units in the synaptic fraction. Neurosteroids alter the sensitivity of GABAA receptors and regulate their
expression in vivo. NMDA, mAch, serotonin, D1 dopamine and adenosine A2 receptors are modulated
by ethanol and can modulate GABAA receptor function via various intracellular signaling proteins. The
signaling proteins involved in these actions include PKC, PKA, CAMK, Ca++, and DARP-32.

Mechanisms of Ethanol Regulation of GABAA Receptors
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Arthur Cederbaum Receives 2003
Ronald G. Thurman Award

Arthur Cederbaum,
Ph.D., received the
2003 Ronald G.
Thurman Lectureship
Award on September
23 to acknowledge
his contribution to
our knowledge of al-
cohol and liver func-
tion. Dr. Cederbaum
presented a lecture,
“ C Y P 2 E 1 :

Biochemistry,toxicology and regulation in liver cells,”  and
met with faculty to share knowledge and new ideas. Dr.
Cederbaum is a Professor of Pharmacology and Biological
Chemistry at Mount Sinai School of Medicine, New York.

Gwyther Honored with
2003 Fuller Award

Dr. Robert E. Gwyther, Professor and
Center for Alcohol Studies member at
UNC, received the 2003 H. Fleming
Fuller Award on Nov. 21 at the UNC
Health Care board of directors’ annual
banquet. Given annually in memory of

Fuller, a Kinston physician and founding member of the
UNC Hospitals board who died in 1986, the award recog-
nizes doctors who demonstrate compassionate patient care
and excellence in teaching and community service.

Gwyther has had a full-scope family practice at UNC
since 1978 and has been delivering babies at UNC longer
than any other faculty member. He also has a special inter-
est and expertise in the treatment and prevention of alco-
holism and drug abuse. Dr. Gwyther organized the 2003
CAS Education Meeting: “Understanding and Treating the
Spectrum of Alcohol and Substance Abuse Problems”

He currently is chair of the NCAFP’s board of directors.
Gwyther has also served on the Governor’s Institute on
Alcoholism and Substance Abuse and the North Carolina
Physicians Health and Effectiveness Committee.

rectly affect GABAA receptor function by altering levels of steroids
that interact with GABAA receptors. The steroid allopregnanolone,
for example, is one of the most potent known modulators of GABAA

receptor function and, Morrow reasoned, a likely candidate for me-
diating some of the effects of alcohol on behavior. In support of this
possibility, Morrow and her laboratory found that rats injected with
an intoxicating dose of alcohol exhibited ~700% increases of
allopregnanolone in the cerebral cortex, a brain region important in
the sedative and cognitive effects of alcohol. However, in tolerant
and dependent rats, the ability of ethanol to increase brain
allopregnanolone levels is diminished. This change may account for
diminished responses to alcohol that often leads to excess drinking.

“No mechanism in isolation can explain the complex, multifac-
eted disease that is alcoholism,” says Morrow. “Our research shows
that multiple mechanisms are involved in alcohol effects at GABAA

receptors, which is just one of several receptor types that alcohol
influences. We’ve seen that alcohol can cause genomically mediated
changes in GABAA receptor subunits as well as non-genomically
mediated changes in GABAA receptor structure and location. Alco-
hol can also cause changes in the levels of steroids that modulate the
function of GABAA receptors. These effects are proving to be im-
portant in explaining phenomena such as tolerance and alcohol with-
drawal—key aspects of alcohol dependence. ”

Leslie Morrow’s work on the GABAA receptors, the brain and
behavioral responses to alcohol are writing the road map and paving
the road to our understanding of the mechanisms of tolerance to
alcohol.  GABAA receptors contribute to anxiety, sedation, motor
(balance and coordination) dysfunction and many other behaviors
key to alcohol’s effects.  Many of my smartest colleagues believe that
tolerance and the dynamic rapid tolerance that occurs as the blood
alcohol level rises is among the most important determinants of risk
for development of alcohol dependence.  There are genetic, envi-
ronmental, and learned aspects to tolerance, each of which could
involve GABAA receptors.  Genetic studies have established low
tolerance or the plastic ability to rapidly become tolerant to alcohol
as being a major risk factor for alcohol dependence.  The complex
ways that alcohol can alter GABAA receptors will help us under-
stand the antecedents and sequelae that lead to alcohol dependence
as well as many other processes important for a healthy mind and
brain.  Leslie Morrow is cutting the road through this complex land-
scape looking to find the key place to use this knowledge to benefit
mankind.  It will happen, we just do not know when.

L to R: Drs. A. Leslie Morrow, Arthur
Cederbaum and Fulton Crews

Governor Michael Easley
appoints Bowles Center
member Bill Renn to the
North Carolina Substance
Abuse Advisory Council

Bill Renn, LCSW, MSW, Director of
the UNC-Alcohol and Substance Abuse
Treatment Clinic and Assistant Professor of Psychiatry
was appointed to a four- year term to the council which
makes recommendations to the Secretary of the NC De-
partment of Corrections on substance abuse programs, con-
tinuity of care, and community treatment programs.
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to the layman, and to the front line ad-
diction professional, than has Dr.
Crews. He has reached out to make the
latest and best scientific information on
the brain disease of addiction available
to us all. He has accomplished this
through his consistently brilliant lec-
tures given throughout the state – and
through his active service on Boards of
Directors of front-line organizations
such as Freedom House, the NC
Governor’s Institute, Pavillon Interna-
tional and the Alcohol/Drug Council
of North Carolina.

As a respected member of the Aca-
demic Community (Professor of Curriculum in Toxicology &
Professor of Pharmacology and Psychiatry at UNC/Chapel
Hill; Courtesy Professor of Pharmacology, University of
Florida) and a widely sought-after national lecturer, Dr. Crews
also conveys the practical insights of our front-line profession
to the cloistered halls of academia.

The alcohol and drug field is bedeviled by misinformation
and disinformation. Fulton Crews, more than any other per-
son in North Carolina, is working to produce the scientific
facts related to addiction and to make those facts available and
intelligible to the public and academic world. He is doing ter-
ribly important work and APNC and the entire Field is ex-
tremely grateful to him.

APNC is privileged to convey the Norbert L. Kelly Award,
its highest award for distinguished service to those who suffer
from addiction, upon Fulton T. Crews, Ph.D., this 23rd day of
October, 2003, in Southern Pines, North Carolina.
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Addictions Professionals of North Caro-
lina (APNC) presented the 2003 Norbert
L. Kelly Award to Dr. Fulton T. Crews,
Director of the Skipper Bowles Center for
Alcohol Studies at the University of North
Carolina at Chapel Hill. Below is the
award text presented to Dr. Crews:

The foundation of the modern re-
covery movement is the understanding
that alcoholism/addiction is a biologi-
cally based disease, not willful or “sin-
ful” behavior. In North Carolina the
wellspring of the modern understand-
ing of addiction as a brain disease is the
Skipper Bowles Center for Alcohol Studies at UNC/Chapel
Hill. The driving force of the Bowles Center is its Director,
Fulton Crews.

Biological science has its own language. No one has worked
harder to make the language of biological science intelligible

CrCrCrCrCrews Receives APNC Norbert L. Kelly Aews Receives APNC Norbert L. Kelly Aews Receives APNC Norbert L. Kelly Aews Receives APNC Norbert L. Kelly Aews Receives APNC Norbert L. Kelly Awarwarwarwarwarddddd

L to R:Phil Mooring - President, APNC; Dr. Fulton T.
Crews - Director, CAS; Anthony Mulvihill, Executive
Director, ADCNC.


