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Effects of ethanol on the pathogenesis of Alzheimer's disease
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Abstract. Alzheimer's disease (AD) is an age-related neurodegenerative disease
associated with cognitive decline and memory loss. It has been shown that alcohol
drinking affects the mechanisms of neurodegeneration in patients with AD. This paper
reviews the effects of alcohol on major factors involved in AD pathogenesis, including
the formation and aggregation of beta-amyloid, posttranslational modulation of
microtubule-associated proteins, induction of oxidative stress and degeneration of
acetylcholine system.

1. Introduction

Alzheimer's disease (AD) is one of the most common neurodegenerative disorders. Patients with AD
suffer progressive brain tissue damage and cognitive dysfunction [1]. Epidemiological studies have
shown that alcohol drinking is associated with cognitive impairment and dementia [2]. Heavy drinking
and alcohol abuse cause brain shrinkage and cognitive decline and damage to the nervous system [2].
In contrast, light or moderate drinking (<l drinks/day) does not increase the risk of cognitive
impairment [3]. In AD patients, heavy drinking (8 or more alcoholic drinks/week) causes a faster
cognitive decline compared to the abstainers, while light to moderate alcohol drinking (1-7 alcoholic
drinks/week) leads to a slower cognitive decline [4]. It is also found that moderate drinking protects
cognitive function in individuals carrying Apo lipoprotein E epsilon4 (APOE epsilon4), which is a
widely accepted risk factor for AD [5]. Therefore, the effects of alcohol drinking on AD development
depend on the quantity and the frequency of drinking, although the detailed mechanisms are not totally
understood. This article discusses how ethanol affects major factors involved in AD pathogenesis,
including the formation and aggregation of beta-amyloid, the phosphorylation of microtubule-
associated proteins, oxidative stress and the degeneration of acetylcholine system.

2. Effect of ethanol on Abeta toxicity

Beta-amyloid (Abeta) protein, the main component of the senile plaques seen in AD brain, is produced
by sequential proteolytic cleavages of Abeta precursor protein (APP) by beta-secretase (BACE1) and
gama- secretase [6]. Abeta can form toxic oligomers that trigger synapse loss and dysfunction, causing
cognitive impairment [7] [8]. In rat model of chronic alcohol consumption, the protein levels of APP
and BACE1 were increased in the hippocampus and cerebellum compared to that in the rats fed with
control diet, suggesting that chronic alcohol consumption might increase the risk of AD by elevating
the expression of APP and Abeta-producing enzymes [9]. On the other hand, it has been shown that
ethanol treatment inhibits the aggregation of Abeta in vitro and decreased the toxicity of Abeta in
HEK and PC-12 cell lines [10]. It is suggested that ethanol weakens the formation of amyloid dimmers
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and more complex aggregates by destroying the salt bridge composed by residues Asp 23 and Lys 28
[10] which is important for the formation of the amyloid dimmer. Electron microscopy (EM) study
showed that ethanol treatment (10 mM) changed the ultrastructure of Abeta from fibrillar form to a
smaller amorphous and/or disordered appearance. Furthermore, ethanol treatment reduced the
association between Abeta oligomers and neuronal membranes and decreased the synaptic toxicity
induced by Abeta oligomers [11]. Treatment of ethanol with moderate dose also inhibits Abeta-
induced synaptotoxicity by reducing the loss of key presynaptic proteins such as synaptic vesicle 2 and
synaptophysin in mouse hippocampal cultures [11]. In mouse cortical neurons exposed to ethanol
(0.02-0.08 % v/v), Abetad42 oligomers-induced reduction of synaptophysin was also prevented. Abeta-
induced activation for cytoplasmic phospholipase A2 (cPLA;), which can lead to synaptic damage,
was attenuated by ethanol treatment [12].

3. Effect of ethanol on microtubule-associated proteins

Tau is a major microtubule-associated protein (MAP) in neurons, which plays a key role in
maintaining the microtubule (MT) assembly and stability [13]. Phosphorylation and
dephosphorylation of MAPs can modulate the function of MT [14]. The abnormal hyper
phosphorylated Tau can aggregate into neurofibrillary tangles (NFTs), which is a pathological
characteristic presented in AD brain [15]. In human neuroblastoma cells overexpressing Tau, it is
found that ethanol (1.25-5 mg/ml) treatments increase the level of Tau protein and decrease the
viability of cells by reducing the expression of calpain 1, which participates in tau degradation, thus
causing the accumulation of Tau [16]. It has been shown that ethanol treatment increases tau
phosphorylation during neurodegeneration in the forebrains of ethanol-treated postnatal day 7 mice.
And the phosphorylation of tau induced by the ethanol treatment is mediated by glycogen synthase
kinase-3beta [17]. Microtubule-associated proteins like MAP2 also plays an important role in the
assembly and stability of microtubule [18]. Using microtubules extracted from the brains of rats , it is
shown that low levels of ethanol (6, 12, 24, and 48 mM) stimulate, whereas high levels of ethanol (96,
384, and 768 mM) suppress the phosphorylation of MAP2 in vitro [19]. These studies suggest that
alcohol drinking may affect both the accumulation and phosphorylation of microtubule-associated
proteins.

4. Effect of ethanol on oxidative stress in brain

Studies have indicated that oxidative stress is associated with the pathogenesis of neurodegenerative
diseases such as AD [20] [21]. The oxidation of ethanol by cytochrome P450-2E1 (CYP2E1)
generates H,O,, which can lead to the production of reactive oxygen species (ROS) when interacting
with copper or iron [22]. After exposure to 17.5 mM ethanol, CYP2EI activity is induced 3-folds
together with the paralleled increase of ROS production in human neurons [22]. Long-term alcohol
use can increase the expression of CYP2E] in rat brain, cerebral cortex and human brain [23,24],
accompanied by the decrease of glutathione and superoxide dismutase activity [25,26]. Acetaldehyde,
a metabolite of ethanol by alcohol dehydrogenase, can activate NADPH oxidase (NOX) and xanthine
oxidase (XOX) and increase the expression of NOX and XOX [22], which are the main source of
superoxide production [27][28], thus contributing to the oxidative stress [22]. Animal studies have
shown that alcohol treatment increases malondialdehyde (MDA) and protein carbonyls in the
synaptosomal membranes of rats [29]. It has also been shown that the activities of catalase and
superoxide dismutase and the content of glutathione are decreased in synaptosomes in rats treated with
20 % (v/v) ethanol at 5 g/kg body weight every day for sixty days, the resulted oxidative stress
changes the lipid composition and damages the function of synaptosomal membranes [29].

5. Effect of ethanol on acetylcholine system

The cholinergic system 1is an important neurotransmitter system in animal brains. The
neurotransmitters released such as acetylcholine (Ach) play critical roles in memory and learning [30].
The degeneration seen in brains of AD patients is often associated with the deficits of cholinergic
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systems [31]. Cerebral cholinergic neurons are susceptible to ethanol. Alcohol abuse can lead to the
loss of cortical muscarinic cholinergic receptors [32] and cholinergic neurons [33]. Low concentration
of alcohol consumption (0.8 g/kg) in rats promotes the release of Ach in hippocampus, while high
concentration of alcohol consumption (2.4 g/kg) has an opposite effect, suggesting that the cognitive
impairment caused by alcohol abuse may be due to the inhibitory effect of ethanol on Ach release [34].
Similarly, in adult rats given ethanol (20 % v/v) as their sole source of drinking water for three to six
weeks, choline acetyltransferase activity is decreased in the cerebral cortex, hippocampus and
cerebellum, and Ach release is reduced [35]. These studies suggest that high concentration of ethanol
can suppress the release of Ach by reducing its synthesis, thus may aggravate the symptoms of
dementia in AD patients. However, low concentration of ethanol can promote the Ach release, thus
may protect nervous system and ameliorate the symptoms of AD patients [34].

6. Conclusion

AD is a complicated neurodegenerative disease. Depending on the quantity and the frequency of
drinking, alcohol may have detrimental or protective effects on brain function. Heavy alcohol use
causes a faster cognitive decline in AD patients, while moderate alcohol drinking may protect against
the development of AD. This may reflect the differential effects of different concentrations of ethanol
on Abeta production and aggregation, function of microtubule-associated proteins, ROS production
and Ach release.
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