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1. Alcohol-Damaged Brains “Recruit” New Brain Regions to Perform Simple

Tasks

2. How Alcohol Gives and Then Takes Away

3. How Sensitive Is Your Brain to Alcohol-Induced Damage?

4. The Brain Risks of Binge Drinking

5. Abstinence May Make the Brain Grow Stronger

6. Cognitive Neuroscience Takes on Alcohol

7. Just a Spoonful of Thiamin?

8. Alcohol and Thiamin Deficiency Together: A Dangerous Combination?

9. Chronic Drinking Increases Cortisol During Intoxication and Withdrawal

10. Repeated Alcohol Detoxifications Can Impair Cognitive Function

11. Blocking Selected Neurotransmitter Activity May Decrease Alcohol

Consumption

12. Probing the Role of the Delta Opioid Receptor in Alcohol Consumption

13. Behavioral Sensitization: A New Perspective on Alcoholism
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A LCOHOL-DAMAGED BRAINS
“RECRUIT” NEW BRAIN REGIONS

 TO PERFORM SIMPLE TASKS

• Chronic alcoholism is known to damage the brain’s cerebellum and frontal lobes.
• Researchers used brain imaging technology to watch abstinent alcoholics perform a simple

motor task.
• Alcoholics performed the task, finger tapping, slower than non-alcoholics.
• Alcoholic brains also recruited other-than-normally activated regions of the brain to

perform the task.

Researchers know that many alcoholics continue to experience cognitive deficits even after
long-term abstinence from alcohol. Results from a study in the April issue of Alcoholism: Clinical
and Experimental Research (ACER) confirm that motor deficits also continue to plague absti-
nent alcoholics. By using functional magnetic resonance imaging (fMRI) to “watch” brain re-
gions involved in a simple motor task – finger tapping – the study has found that the brain
appears to compensate for alcohol-induced damage by “recruiting” other, unexpected brain
regions.

“We know from neuropathological studies that the two parts of the brain that are most often
damaged in chronic alcoholics are the cerebellum and the frontal lobes,” said Peter R. Martin,
professor of psychiatry and pharmacology, director of the Vanderbilt Addiction Center at the
Vanderbilt University School of Medicine and corresponding author for the study. “Rapid self-
paced motor activity such as finger tapping is a function of the motor cortex, the posterior part
of the frontal lobe, which initiates a stimulus to the muscles of the hand, that is then coordi-
nated by interplay between the cerebellum and the frontal lobes. In other words, I reasoned
that there would probably be abnormalities in activation of these regions in alcoholics during
finger tapping.”

While undergoing MRI, two groups of participants performed repetitive, self-paced index fin-
ger-tapping exercises: eight (seven males, one female) alcohol-dependent patients after ap-
proximately two weeks of abstinence; and nine (seven females, two males) healthy volunteers
or “controls.” Participants alternated between using their dominant hands (DH) and non-domi-
nant hands (NDH) to perform the index finger-tapping exercises. Researchers used fMRI analy-
sis to compare DH and NDH performance in each subject group in order to examine whether
the groups differed in the patterns of activation they exhibited in the cerebral cortex and cer-
ebellum.

The detoxified alcohol-dependent patients performed the finger-tapping tasks significantly
slower than the control group. However, contrary to expectations, the slower tapping was not
accompanied by proportionately decreased fMRI brain activation in the cerebral cortex and
cerebellum. Rather, the alcoholics had a significant increase of activation in the cortical brain
region ipsilateral to (on the same side as) the active hand during DH tapping. In other words,
the alcoholics had to use more of their brains to do less.
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“First, we found that alcoholics, generally speaking, tapped more inefficiently,” said Martin.
“Second, in order to generate a single tap, an alcoholic would activate a larger part of their
brain than a normal person. So, the results seem to indicate that even though alcoholics, as
they recover from drinking, can probably demonstrate relatively normal tapping, they have to
use more of their brain to generate the taps.”

“This study underlines the importance of considering the operation of brain circuitry involved
even in an ostensibly simple task,” said Edith Sullivan, associate professor of psychiatry at
Stanford University School of Medicine. “Further, evidence for recruitment of brain regions
that are not normally involved in a given task puts a person at risk for performance inefficiency
for that particular task, other tasks that need to be done simultaneously, and more complex
divided-attention tasks, such as driving.”

Increased activity in the ipsilateral cortical region of the brain was highly unexpected, said
Martin. “Normally, when I tap with my right hand,” he said, “it’s mostly my left motor cortex
(part of the frontal lobes) that’s firing, in conjunction with my right cerebellum. ‘Ipsi’ means
same side, ‘contra’ means opposite side. So, we’re talking about my contralateral cortex and
my ipsilateral cerebellum. The significantly higher activity we found in the alcoholics was on
the ipsilateral cortex, the side that we don’t normally expect to be activated. This finding is
compatible with the idea that different regions of the brain are
being called into activity that would not normally be activated in
order to meet the behavioral demands.  Furthermore, this sug-
gests that even though alcoholics at some level may seem to be
performing normally, if you raised the level of complexity at
which they are being asked to perform, they may exhaust their
capacities … there may be no more brain to bring in, to recruit,
to compensate.”

These findings lead to new questions, said Martin. “If we study
patients as they progress with their abstinence, do these abnor-
malities get better? It may be that the brain gets better at com-
pensating, but it doesn’t normalize, it just learns how to bring in
even more parts of the brain. You could say it learns to rewire
itself. Another possibility could be that as the brain heals, less
activation is required, and that’s a real form of recovery. The
answers rest with understanding not the tapping itself, but the
mechanisms behind the tapping.”
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HOW ALCOHOL GIVES AND THEN
TAKES AWAY

• Alcohol may be particularly damaging to key components of the “brain reward system.”
• Alcohol sensitizes dopamine and serotonin neurons to toxic excessive excitation or

“excitotoxicity.”
• A brain growth hormone called BDNF can protect neurons against excitotoxicity.
• BDNF may have important implications for treating alcoholics going through withdrawal.

Mental diseases, including addiction and alcohol dependence, may indeed be “all in your head.”
But not in the way you might think. Researchers have learned that alcohol may be particularly
damaging to the brain’s reward pathways, specifically dopamine and serotonin neurons.  This
damage – a sensitization of the neurons to a process called excessive excitation or “excitotoxicity”
of the N-methyl-D-aspartate (NMDA) glutamate receptor – could be an important component
in transitioning from experimentation to addiction. However, researchers may have also dis-
covered that a brain growth hormone called Brain Derived Neurotrophic Factor (BDNF) may
be able to protect neurons against this excitotoxicity.

“If dopamine and serotonin neurons are damaged,” said Fulton T. Crews, director of the
Center for Alcohol Studies at the University of North Carolina, “this would disrupt reward
processes in ways that could contribute to addiction.” Crews, lead author of a study re-
cently published in the November edition of Alcoholism: Clinical and Experimental Research
(ACER), explained that his findings are related to what is called a “reward deficiency hypoth-
esis” of addiction.

The “reward deficiency syndrome” links addictive, compulsive or impulsive disorders – such
as alcoholism, substance abuse, smoking, compulsive overeating and obesity, Attention deficit
disorder, Tourette’s syndrome and pathological gambling – with a “chemical imbalance” in the
brain. Researchers knew that pleasure, to various degrees, is a distinct neurological function
that is linked to a complex reward and reinforcement system.  In particular, dopamine appears
to be a primary neurotransmitter of reward in the nucleus accumbens and hippocampus areas
of the brain. Serotonin is believed to have an additive or synergistic effect on dopamine. Alco-
hol is known to initially lead to an increase in dopamine release, which supposedly enhances
reward/pleasure. However, chronic and/or high levels of alcohol will eventually lead to a de-
crease in dopamine release. This disruption of intercellular interactions or “chemical imbal-
ance” can result in negative feelings such as anxiety, anger or in a craving for a substance, such
as alcohol, that can alleviate the negative feelings. Yet because chronic drinking releases a con-
tinuously reduced amount of dopamine, more and more alcohol is needed to feel “normal.”

“Science has come to the realization that what alcohol may be doing,” said Boris Tabakoff,
chairman of the Department of Pharmacology at the University of Colorado School of Medi-
cine, “is what I call ‘downregulating’ dopamine systems. This study shows that downregulation
may actually be a result of neuronal damage. Alcohol leads to a sensitization to glutamate, the
glutamate produces the damage, and the damage results in a lower function of the dopamine
system.”
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“This is important,” added Tabakoff, “because it provides an explanation for why individuals
may not be able to control their drinking because of biological factors. If the neurons are dam-
aged, they can keep trying to use alcohol to attain some level of pleasure, but they’ll never be
able to do it.”

Although there is no such thing as a specific gene for alcoholism, there does seem to be a
“genetic predisposition” to the development of alcoholism. Tabakoff spoke of one study in
which 20 to 28 percent of individuals with at least one alcoholic parent went on to develop
alcoholism themselves. Normally, among those who have no familial history of alcoholism,
around eight to 10 percent develop alcoholism. In short, those with a family history of alcohol-
ism seem to have a two to three time’s greater chance of developing the disease. Although the
exact role of biology in alcoholism has not yet been determined, research findings support
both discovery as well as optimism.

“This is one of the first studies to show a relationship between excitotoxicity, which likely
occurs during ethanol withdrawal, and NMDA receptors,” said Richard A. Morrisett, associate
professor of Pharmacology at the University of Texas at Austin. “But it is the first to show that
BDNF can actually protect against this.  The rescue or prevention of cell death is probably one
of the most important aspects of this study.”

“Clearly the future direction of this area of study is medication development and an under-
standing of protective factors,” said Tabakoff. “If you have an
individual who is drinking a lot but decides to stop, you need to
treat that person with something more than moral support. The
very process of withdrawal could damage the person’s neurons.”
Tabakoff spoke of developing drugs that will protect the neu-
rons, returning the individual’s pleasure systems to normal while
avoiding irrevocable damage.

Morrisett indicated there is a need for future studies that look at
the effects of lower levels of alcohol on excitotoxicity. “The levels
used in this study, 100 mM, are five times the legal levels of in-
toxication,” he said. “I would like to see what occurs at 20mM,
because that’s more related to when we start to drink, when we
may start to become dependent.” When a person starts to drink
and is experiencing the reinforcing aspects, he said, that’s when
“we’re having a little engine misfire.” At the point of full-blown
alcoholism, he said, “we’re addicted, we’re dependent, we’re
drinking fifths of whiskey a day, the car is wrecked.”
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