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Oxidative damage and brain atrophy in 
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ABSTRACT
Generalized brain atrophy, especially affecting frontal lobes, hippocampus and cerebellum, is frequently observed in alcoholics. 
This alteration leads to cognitive dysfunction (that may affect 50-80% of alcoholics, even young people) and altered gait 
and movement disorders. Although several factors may contribute, oxidative damage, mainly due to increased production 
of reactive oxygen species plays an outstanding role in its pathogenesis, and will be reviewed in this manuscript. Among 
them, we can consider mechanisms directly dependent on ethanol metabolism; mechanisms related to increased cytokine 
secretion, partly dependent on ethanol-induced increased intestinal permeability, endotoxemia and micro RNA induction; 
mechanisms related to ethanol-mediated iron overload; mechanisms related to ethanol-derived toxic lipid synthesis; and 
mechanisms related to altered trace element and vitamin concentrations that can affect antioxidant systems. Despite the 
role of pro-oxidants, and in contrast with experimental data, no clear-cut benefit has been observed in clinical trials with 
antioxidants. Alcohol abstinence, together with adequate nutrition, still constitute the most effective therapeutic approach 
in these patients.
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INTRODUCTION

Excessive ethanol intake leads to multisystem complications. 
Although liver disease is a hallmark of chronic ethanol 
abuse, most heavy alcoholics also show alterations of brain 
structure and function, which include a wide spectrum 
of organic diseases [1] and functional alterations [2]. 
Hippocampal atrophy is perhaps one of the most conspicuous 
manifestations of heavy alcoholism [3] and hippocampal 
damage is frequently provoked by experimental ethanol 
administration [4]. Ethanol intake also leads to generalized 
cortical atrophy (especially frontal lobe cortical atrophy) 
and cerebellar atrophy and this is perhaps pathogenetically 
related to hippocampal morphological and functional 
derangement given the central role of the hippocampus on 
neuronogenesis [5, 6]. These alterations lead to cognitive 
dysfunction (that may affect 50-80% of alcoholics) [7] 
and altered gait and movement disorders due to cerebellar 
alterations (which can be seen in about 42% of non-senile 
alcoholics) [8]. Possibly, cerebellum atrophy is also involved 
in cognitive and emotional deficiency [9]. Other entities, 
such as centropontine myelinolysis [10], Marchiafawa-
Bignami disease [11], thiamine-deficiency derived Wernicke 
encephalopathy [12], and/or other vitamin-deficiency states 
are common [13]. In this sense, synergistic effects of ethanol, 
liver disease and nutritional alterations may be observed 
[14]. Overlapping features may occur: many alcoholics with 
thiamine deficiency also show cerebellar atrophy, brain 

atrophy and corpus callosum atrophy, without differences 
with those with normal thiamine levels [15]. In addition, 
alcoholics are prone to suffer ischemic stroke and subdural 
and intraparenchymal hemorrhage, which is perhaps also 
related to brain atrophy, as we will discuss later. Altered blood 
flow [16], which may improve after long-term abstinence 
[17], may also contribute to brain atrophy. 

Brain atrophy involves both gray matter and white matter. 
Gray matter atrophy may be interpreted as the result of an 
imbalance between decreased neurogenesis and increased 
neuron degeneration. In murine models there is clear-cut 
evidence that ethanol alters neuronogenesis [18], a result 
in accordance with many observational studies in human 
beings [19]. However, other studies argue against this [20]. 
Impaired neurogenesis primarily affects the hippocampus, 
an area that harbours active neurogenesis [21] during the 
whole life span, although maximal activity is observed during 
adolescence and young adulthood [22]. This age interval 
coincides with that in which binge drinking is more common, 
which explains the severe alterations in brain structure and 
function observed among adolescent binge drinkers [23].  

The mechanisms underlying brain atrophy are only partially 
known, although considerable research developed in the 
last two decades has shed light on several pathways that 
become directly or indirectly altered by ethanol. Most of 
these pathways lend support to the conclusion that oxidative 
damage plays a main role. In this review we will summarize 
some of the recent concepts regarding this topic.  
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WHY DOES ETHANOL CAUSE BRAIN DAMAGE 
THROUGH OXIDATIVE PATHWAYS? 

(I) Increased reactive oxygen species (ROS) production

We can consider mechanisms directly dependent on 
ethanol metabolism; mechanisms related to increased 
cytokine secretion, partly dependent on ethanol-induced 
increased intestinal permeability, endotoxemia and micro 
RNA induction; mechanisms related to ethanol-mediated 
iron overload; mechanisms related to ethanol-derived 
toxic lipid synthesis; and mechanisms related to altered 
trace element and vitamin concentrations that can affect 
antioxidant systems (Figure 1). Several other alterations 
frequently observed among alcoholics heavily influence these 
mechanisms, especially protein-calorie malnutrition [24], the 
effect of liver disease [25], hepatic encephalopathy [26], or 
that of concurrent tobacco consumption [27]. They will not 
be discussed in depth in this review.

Direct effects of ethanol/acetaldehyde 

Brain ethanol metabolism and ROS generation

In contrast with previous ideas, it was shown that 
acetaldehyde is formed in brain (microglia, astrocytes and 
neurons) after ethanol consumption, playing important 
roles in the neurobehavioral effects of ethanol [28, 29]. 
The acetaldehyde that is formed in brain derives mainly 
from the activity of catalase and the microsomal fraction 
cytochrome P450 2E1 (CYP2E1) [30], a metabolic pathway 
strongly activated by chronic ethanol intake [31]. Ethanol 
metabolism by CYP2E1 is coupled with increased activity 
of nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase, a potent source of ROS [31] that is able to generate 
a superoxide anion when an electron is transferred from 
NADPH to oxygen. It was shown that ethanol leads to up-
regulation of NADPH oxidase in microglia, neurons, and 
astrocytes [32] and that acetaldehyde is directly involved in 
this effect [33]. The increased production of ROS associated 

with ethanol intake activates nuclear factor-κB (NFκB) [34], 
a key transcription factor composed of several subunits 
[35] that is heavily involved in pro-inflammatory cytokine 
synthesis, especially tumor necrosis factor (TNF)-α [36]. 

In vitro studies have shown that ethanol is also able to induce 
the synthesis of inducible nitric oxide synthase (iNOS) and 
cyclooxygenase (COX)-2 enzymatic systems [37], leading to 
increased prostaglandin synthesis and inflammation, and to 
increased production of highly reactive peroxynitrite which 
contributes to oxidative stress. In turn, oxidative stress 
increases blood brain barrier permeability [38], and causes 
cell injury [39] and mitochondrial alteration [40] that may 
exert a negative influence on ROS production . On the other 
hand, it is well known that TNF-α is a potent inductor of 
ROS generation [41], and, in conjunction with interferon 
gamma (IFN-γ), also increases the synthesis of reactive 
nitrogen species [42]. Therefore, ethanol metabolism itself 
is sufficient to cause oxidative stress in the central nervous 
system, closing a positive feed-back loop (Figure 2). In 
addition, several other mechanisms are involved. 

Ethanol and iron excess

Brain iron accumulation may be another important factor 
involved in ethanol-mediated brain injury. Hypoxia inducible 
factors (HIF) constitute a family of heterodimeric proteins 
with two subunits: an oxygen-regulated α subunit (three 
different α (termed HIF-1α, -2α, -3α) subunits have 
been described until now [43]), and a stably expressed β 
subunit [44]. Under conditions of normal oxygen tension, 
the α subunits are hydroxylated at proline residues. 
Proline hydroxylation of the HIF-1α subunit promotes 
ubiquitination and its rapid proteosomal degradation [45]. 
On the contrary, hypoxia inhibits proline hydroxylation, 

Figure 1. The increased production of reactive oxygen species (ROS) 
associated with ethanol intake activates nuclear factor-κB (NFκB) 
which activates synthesis of tumor necrosis factor (TNF)-α, which in 
turn increases production of ROS.

Figure 2. Ethanol metabolism is coupled with increased activity of 
nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, 
a potent source of reactive oxygen species. Ethanol also activates 
the synthesis of inducible nitric oxide synthase (iNOS) and 
cyclooxygenase (COX)-2 enzymatic systems which also lead to 
oxidative damage. Increased gut permeability caused by alcohol 
intake leads to the presence of endotoxin in brain which activates 
cytokine secretion and NFκB activation. All of this leads to neuro-
inflammation and brain damage.
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favoring coupling of the α subunit with the β subunit and 
allowing the heterodimer to bind to the hypoxia-responsive 
element in the promoter regions of the target genes that 
code for proteins involved in the adaptive response to 
hypoxia [46].

Induction of CYP2E1 by chronic alcoholism is accompanied 
by an increase in HIF-1α expression in relation to the 
enhanced oxygen consumption promoted by CYP2E1 
activation, as shown by Wang et al [47] using CYP2E1 
knock-out and knock-in mice. The increase in HIF promoted 
by ethanol metabolism has several consequences: HIF is 
involved in the synthesis of pro-inflammatory cytokines such 
as TNF-α, in the synthesis of NO [48, 49], in the induction 
of NADPH oxidase [50], and it also upregulates transferrin 
receptor 1 and increases iron cell accumulation [51]. In 
addition, interleukin (IL)-6, a cytokine that has been found 
increased in inflammatory conditions, enhances expression 
of hepcidin, a protein that blocks iron efflux from the cell 
[52].

However, this is not the only mechanisms which may lead to 
increased brain iron accumulation. After intraparenchymal 
hemorrhage, iron concentration increases several fold. This 
causes early edema and subsequent brain atrophy [53]. 
Patients with alcoholism usually present head injuries of 
variable severity, including those that cause intraparenchymal 
hemorrhage. In addition, although Marshall et al [54], failed 
to find increased permeability of the blood brain barrier in 
a 4-day binge drinking model, others did find that ethanol 
may induce blood-brain barrier leakage [55], that leads to 
extravasation of red blood cells to interstitial tissue, where 
they are destroyed, releasing heme and free iron, which in 
turn increases ferritin. Free iron is a dangerous compound 
that generates ROS and easily causes lipid peroxidation [56, 
57], therefore causing further neuronal damage; ROS also 
cause a further increase in blood brain barrier permeability. 
Regarding the increased ferritin secretion, we have recently 
found a direct relationship between ferritin and brain and 
cerebellar atrophy in a group of 62 alcoholic patients [58]. 
Given the lifestyle of many alcoholics, the development 
of a recently described degenerative process characterized 
by abnormal accumulation of a tau protein is theoretically 
possible. The pathogenesis not completely known, and the 
disease has been described in athletes and soldiers who 
suffer  repetitive brain trauma that leads to progressive brain 
function impairment [59]. 

Microglia activation

Chronic ethanol treatment in rats induces microglial 
activation [60], especially at the cortex and hippocampal 
dentate gyrus. Upon activation, these cells exhibit 
morphological changes that evolve in several stages, during 
which the cells change their phenotype and function [61]. 
There is some controversy regarding the consequences of 

such activation. In a binge drinking model, Marshall et al 
[54] described that although microglia was activated by 
ethanol, activation was only partial, leading to secretion of 
the antiregulatory cytokines IL-10 and transforming growth 
factor (TGF)-β, so that the function of microglia activated 
at that stage was rather protective than harmful. In contrast, 
Drew et al [62] showed in a neonatal murine model that 
the addition of ethanol during postnatal days 4 to 9 led to 
microglia activation and transformation of the cells into a 
pro-inflammatory phenotype, with increased secretion of IL-
1β, TNF-α, and MCP-1. Hippocampus and cerebellum were 
the most involved areas. These pro-inflammatory cytokines 
and chemokines are all related to generation of more ROS, so 
that ethanol-mediated microglia activation also constitutes 
a main source of ROS.

The effect of ethanol itself, pro-inflammatory cytokines and 
ROS damage brain cells. Several families of sensors become 
activated by tissue injury (and/or microbial structures). 
Among them, the best known are the toll-like receptors, 
located on the surface of the cells, and the nucleotide 
binding oligomerization domain (NOD)-like receptors 
(NLR), that detect pathogen associated molecular patterns 
(PAMPs) or damage associated molecular patterns (DAMPs) 
within the cell (in the cytosol). There are several NOD-like 
receptors (the best characterized is NLRP3) that can lead 
to the formation of inflammasomes, structures composed of 
several proteins able to activate caspases, that can be further 
classified into pro-inflammatory (for instance, Caspase-1) 
or pro-apoptotic. Caspase-1 induce the secretion of pro-
inflammatory cytokines IL-18 and IL-1β. ROS can activate 
NLPR3 [63]. In vitro studies have also shown that astrocytes 
(especially at the dentate gyrus and corpus callosum) become 
activated by ethanol, probably via increased ROS generation 
by mitochondria. These astrocytes express enhanced NLPR3 
inflammasome, and consecuently, more IL-1β and IL-18, 
contributing to increased inflammation, as shown by Guerri’s 
group [64]. The same group also reported activation of TLR-
4 directly by ethanol [65]. Strikingly, activation of NLRP3 
did not take place in TLR-4 knock-out mice, suggesting 
that both sensor systems (TLRs and NLRs) are necessary 
to orchestrate an inflammatory response. 

Ethanol and cytokine production: direct effects and the gut-
brain axis

As mentioned above, pro-inflammatory cytokines (and also 
regulatory ones) are released during ethanol treatment in 
many experimental models, and raised levels have been 
also reported for alcoholic patients [66-68], also in spinal 
fluid [69]. Pro-inflammatory cytokines exert protean 
and sometimes antagonistic effects in the inflammatory 
response, also including increased ROS generation, so they 
are involved in oxidative damage. As mentioned in the 
aforementioned studies [64,65], it was shown that ethanol 
may directly activate TLR-4, an activation that in turn leads 
to increased expression of NFκB (adding to the direct effect 
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of ROS) and secretion of pro-inflammatory cytokines, such as 
IL-1β, TNF-α, monocyte chemoattractant protein (MCP)-
1and IL-6 [70], whereas IL-8 and additional IL-1β derives 
from activation of NLRP3. Moreover, in an experimental 
in vitro model, Davis and Syapin [71] showed that ethanol 
potentiates the induction of NFκB mediated by cytokines. 
Ethanol consumption leads to a greater binding of NFκB to 
DNA, therefore favoring transcription of pro-inflammatory 
agents, and a reduced binding of the pro-survival, anti-
apoptotic transcription factor c-AMP responsive element-
binding protein (CREB) to DNA, coinciding with ethanol 
activation of oxidative stress [72]. CREB immunoreactivity 
shows a dramatic increase in dentate gyrus after 72 h of 
abstinence in experimental murine models [73]. 

As explained above, there is a local brain production of 
cytokines, and consequently ROS, but there are at least 
two additional mechanisms that contribute to a marked 
inflammatory effect in brain tissue in alcoholics. One of 
these mechanisms is related to direct activation of TLR-4 
by (gut-derived) lipopolysaccharide, and a second one, from 
the effect of cytokines produced in distant organs that are 
transported to brain. These cytokines are able to cross the 
blood brain barrier [74] and to stimulate brain endothelial 
cells to produce additional cytokines [75]. 

Intestinal lumen harbors a great amount of Gram-negative 
bacteria. In normal conditions, they cross the colonic 
mucosa, both by receptor-mediated endocytosis and 
incorporated in chylomicrons [76]. This phenomenon is 
highly enhanced in several common diseases, notably heart 
failure [77],  type 1 diabetes (perhaps even as a pathogenetic 
factor)[78], or hepatitis C virus disease [79] and among  
alcoholics [80]. Ethanol and, especially, acetaldehyde alter 
tight junctions in the intestinal mucosa, and also lead 
to bacterial overgrowth in the intestinal lumen [81]. An 
increased amount of circulating lipopolysaccharide further 
increases intestinal permeability [82]. Alterations in portal 
hemodynamics when liver disease ensues enhances this 
process [83]. Therefore, lipopolysaccharide reaches the 
portal vein and activates Kupffer cells, leading to cytokine 
secretion and triggering an inflammatory cascade of events 
that cause liver damage. The increased gut permeability, 
and the development of porto-systemic shunts when liver 
disease evolves, may overwhelm the Kupffer system, and 
lipopolysaccharide may enter the systemic circulation [84] 
and reach the brain.  In the brain, endotoxin is recognized 
by the TLR-4, activating the NFκB cascade and leading to 
cytokine secretion, and ROS production. These alterations 
cause neuro-inflammation, and also inhibit hippocampal 
neurogenesis [86]. In a classic study, Qin et al [87] showed 
that systemic lipopolysaccharide administration caused a 
marked increase in brain TNF-α levels that remained high for 
10 months leading to activation of microglia and increased 
expression of pro-inflammatory factors. Pre-treatment with 
ethanol markedly potentiates the effect of endotoxin on 
brain TNF-α, MCP-1 and IL-1β secretion [85]. Other TLRs, 

such as TLR-3 also become activated. In summary, this 
cascade of events finally leads to increased ROS production, 
especially in microglia and neurons of dentate gyrus and 
cortex, neuro-inflammation and neuro-degeneration, and 
is potentiated in binge drinking models [88]. 

At least in the liver there is an interaction between CYP2E1, 
lipopolysaccaride, and TNF-α, ROS derived from induction 
of CYP2E1 potentiate the harmful effects of the other two 
compounds [89]. In any case, the main ROS generated 
by this pathway include hydrogen peroxide and the anion 
superoxide [90]. When free iron is also present, more active 
ROS metabolites are formed, including hydroxyl radical and 
hydroxyethyl radicals [91]. MDA also increases [92] offering 
a substrate to form adducts, especially if antioxidants systems 
fail. Thus, these two last mechanisms may contribute to a 
more severe ROS derived lesion.  

Micro RNA-associated oxidative stress

Considerable research has recently focused on the role of 
microRNAs in the inflammatory response, since it seems 
that they may modulate inflammation. The main target is 
attenuation of NFκB signaling. Indeed, certain micro(mi)
RNAs negatively regulate this transcription factor, at least 
in endothelial cells, by targeting of TRAF6 and IRAK1, 
adaptor proteins acting in the metabolic pathway upstream 
of NFκB [93]. MiRNAs may also constitute key regulators 
of the blood-brain barrier function [94]. Some controversy 
exists regarding the effects of miRNAs on ethanol-induced 
brain inflammation: whereas Zhang et al [95] described 
an inhibition of the expression of proinflammatory factors 
in an in vitro study by miRNA-339-5p, others have shown 
that ethanol may induce (a different) miRNA production 
(miRNA-155) in the cerebellum, in a TLR-4 dependent 
fashion. This induction would lead to increased TNF- α and 
MCP-1 secretion by cerebellar microglia [96]. 

Toxic lipids: the liver-brain axis 

An interesting field connecting brain damage and liver 
alterations resides in the potential effects of products derived 
from liver steatosis on brain function. Increased lipolysis and 
enhanced fat synthesis mediated by ethanol, together with 
impaired secretion of fat droplets lead to liver steatosis that 
may evolve to steatohepatitis. Excessive metabolism of lipids 
within the hepatocyte may cause stress in the endoplasmic 
reticulum, mainly due to excessive ROS formation. During 
lipolysis and sphingomyelin degradation, ceramide is formed 
and passes into bloodstream. It reaches the central nervous 
system, where it is able to cause insulin resistance by blocking 
phosphorylation events in the downstream insulin receptor 
signaling system [97], and activating pro-inflammatory 
cytokines [98]. In vitro studies have shown that liver 
derived ceramides are able to increase 4-hydroxynonenal 
and ubiquitin immunoreactivity in cultured neuronal cells 
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[99]. Even more, it seems that exogenous, liver derived 
ceramide can cause an increase in brain gene expression of 
ceramide genes.

In addition, ethanol alters the structure and permeability 
of cell membranes and its receptors, and this also affects 
insulin and insulin-like growth factor receptors in diverse 
areas of the central nervous system, as shown in a murine 
model by Cohen et al [100]. Probably, impaired receptor 
function was related to oxidative stress: loss of receptor 
expression was associated with neuronal loss and increased 
brain NADPH oxidase expression and altered acetylcholine 
metabolism [101].

Therefore, several mechanisms lead to increased production 
of harmful ROS. This increased production is not 
counteracted by an increase in antioxidant systems. On 
the contrary, ethanol and, especially, nutritional and liver 
alterations commonly observed in alcoholics strongly 
contribute to altered antioxidant defense. Some of these 
alterations will be discussed briefly below.

(II) Decreased antioxidant activity  

Antioxidant systems include enzymatic pathways located 
within the cell and circulating molecules. Superoxide 
dismutases (SOD) are able to remove superoxide anion and 
transform it into the less toxic hydrogen peroxide [102]. 
Catalase and glutathione peroxidase (GPx) remove hydrogen 
peroxide; as mentioned above, ferritin, together with other 
molecules such as heme-oxygenase and ceruloplasmin are 
involved in removal of iron [103-105], and several other 
compounds including thioredoxin, glutathione transferase, 
metallothioneins, uric acid, bilirubin and several trace 
elements may also act as antioxidants [57], especially 
zinc (Zn), selenium (Se) and manganese (Mn), primarily 
as essential cofactors of antioxidant enzymes, and the 
antioxidant vitamins. There is some discrepancy regarding 
the effects of ethanol on enzyme activity. For instance, 
Bagheri et al [106] showed that acute ethanol administration 
reduced SOD significantly, whereas chronic intake increased 
it; they failed to find alterations in GPx, whereas catalase 
levels were decreased. In contrast, Ramezani et al [107] 
report a decrease in GPx, whereas no differences existed in 
SOD or catalase. On the other hand, Ibrahim et al [108] 
did find significant differences in these enzymes. Nordman 
et al [109] already stated that antioxidants were deficient 
in alcoholics, with SOD, alpha-tocopherol, ascorbate and 
selenium probably contributing to cerebellar oxidative stress 
and brain damage [110]. 

Many of the alterations in circulating antioxidants observed 
in alcoholics are not due to the effect of ethanol itself, but to 
associated conditions frequently observed in these patients, 
especially nutritional deficiency (for example, in the case 
of niacin deficiency) or liver disease (in the case of vitamin 
K). The unconventional lifestyle of many alcoholics, with 
impaired nutritional intake, probably leads to poor intake 

of many micronutrients, including trace elements, dietary 
antioxidants and vitamins. Therefore, pathogenesis of the 
eventual brain alterations suffered by these patients is 
multifactorial. It is out of the scope of this study to review 
in detail the antioxidant effect of each dietary antioxidant, 
vitamin, or trace element. Instead, we will discuss briefly 
the potential beneficial effects, due to its antioxidant 
properties, of some vitamins usually determined in the 
laboratory evaluation of the alcoholic patient, such as vitamin 
E, vitamin A, vitamin D, homocysteine, ascorbic acid and 
thiamine deficiency. 

Vitamin E deficiency

Low levels of vitamin E have been described in alcoholics 
[111]. Malabsorption and poor nutrition and, perhaps, 
an increased demand of vitamin E by the liver [112, 113] 
may all contribute to this deficiency. The main effect of 
vitamin E is the protection of membrane phospholipids 
and polyunsaturated fatty acids from oxidation. Perhaps 
these mechanisms explain the protective effect against 
hippocampal apoptosis induced by a high cholesterol diet 
[114] against Alzheimer disease, as shown by Giraldo et 
al [115] both in in vitro studies and in transgenic mice, 
or the memory impairment observed with a high fat, 
high carbohydrate diet [116], among many other studies 
[117]. Apoptosis and deposit of β amyloid proteins take 
place in vitamin E deficient animals, especially affecting 
CA-1 pyramidal hippocampal cells [118]. Hippocampal 
neuronal damage was preceded by an alteration of collapsin 
response mediator protein 2 (CRMP-2), a cytoplasmic 
protein involved in normal axonal function, and enhanced 
expression of microtubule associated protein-light chain 
3 (MAP-LC3), an autophagy-related protein, in possible 
relation to increased oxidative damage [119], leading to 
axonal dysfunction. A deleterious effect on Purkinje cells was 
also described [120]. In ethanol murine models Shirpoor et 
al [121] showed that vitamin E supplementation reverted 
the severe alterations observed especially in cerebellum 
and hippocampus in offspring’s of Wistar rats treated with 
ethanol. A similar conclusion was obtained by Marino et 
al [122] who showed a partial recovery of the lack of CA-1 
pyramidal cells observed in ethanol-treated pups.

Vitamin A deficiency 

Although some studies show that vitamin A may exert 
some pro-oxidant effects [123], carotenoids also protect 
unsaturated fatty acids from oxidative damage [124], and 
therefore, vitamin A deficiency may be involved in brain 
alterations. In a similar fashion to what was observed with 
tocopherol deficiency, reduced hippocampal neurogenesis 
has been reported by several groups accompanied by 
functional impairment [125, 126], especially affecting 
memory and spatial learning. Hippocampal and functional 
recovery was achieved, at least partially, with vitamin A 
supplementation [127]. In alcoholics, vitamin levels are low 
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due to malnutrition and malabsorption [128]. In chronic 
alcoholics with strong microsomal induction, accelerated 
vitamin A catabolism also plays a role in low vitamin 
levels [129]. In human beings there are data that support 
a relationship between cognitive impairment and vitamin 
A deficiency [130], and alcoholics with cerebellar atrophy 
showed  lower serum vitamin A [131]. 

Vitamin D deficiency 

It has been recently shown that vitamin D may act as 
an antioxidant in brain [132]. Vitamin D is essential in 
maintaining the adequate levels of calcium within the cells. 
An excess of calcium within the nerve cell contributes to 
excitotoxicity and increased generation of ROS [133]. In 
addition, it was observed that vitamin D supplementation 
(at low doses) increases neuronal glutathione levels, an 
effect that strongly supports an antioxidant role of the 
vitamin [134]. Finally, vitamin D inhibits NO synthase, 
which might be responsible for an increase in peroxinitrite 
production, lending support to its role against oxidative 
damage; it also acts as an anti-inflammatory agent, 
inhibiting microglial production of TNF-α and IL-6 [135]. 
Several clinical observations agree with these effects: it 
seems that individuals with lower vitamin D levels showed 
cognitive impairment compared with those with normal 
vitamin D levels [136,137]. Moreover, vitamin D is involved 
in brain development [138] and vitamin D receptors 
have been identified in brain [139]. In alcoholics, renal 
metabolism may be diverted to the synthesis of the less 
active 24,25dihydroxyvitamin D [140]. This fact, together 
with nutritional disturbances, malabsorption and decreased 
sun exposure may explain the frequently observed low 
vitamin D levels in alcoholics [141] which might a play a 
role in brain oxidative damage.

Vitamin B12 alterations; hyperhomocysteinaemia

Cyanocobalamin deficiency is associated with brain atrophy 
[142], demyelination [143] and cognitive impairment 
[144], although probably, the relationship between vitamin 
B12 and cognitive impairment fits better with a U-shaped 
curve [145]. Moreover, in demyelination associated with 
vitamin B12 deficiency, increased TNF-α and IL-6 values 
have been reported, linking B12 deficiency to neuro-
inflammation [146]. 

One of the consequences of vitamin B12 deficiency is 
hyperhomocysteinemia. Raised levels of homocysteine have 
been reported in alcoholics, but often without relation to 
B12 levels, but with those of folate or riboflavin [147]. In fact, 
in alcoholic patients with cirrhosis, vitamin B12 levels are 
frequently high, but despite this, homocysteine levels may 
be also raised [148]. In any case, hyperhomocysteinemia is 
related to hippocampal alterations [149, 150] and cognitive 

impairment [151],  possibly in association with oxidative 
damage, given its ability to down-regulate glutathione 
peroxidase [152]. 

Vitamin C deficiency

Ascorbic acid acts as a scavenger of ROS: it oxidizes to 
monodehydroascorbic acid and dihydroascorbic acid [153], 
that are later deoxidized by the glutathione reductase 
activity, linking its function to selenium stores, which are 
low in alcoholics [154]. Although decreased vitamin C 
levels have been reported in patients with dementia [155], 
its role in brain atrophy in alcoholics is unclear. However, 
experimental data do support a beneficial effect on ethanol 
induced hippocampal neurodegeneration, [156, 157]. 

Thiamine deficiency and Wernicke encephalopathy

Thiamine deficiency leads to the so called Wernicke-
Korsakoff encephalopathy, an acute situation suffered 
by alcoholics with variable degree of previous brain 
alterations. It is heavily dependent on oxidative damage, 
and possibly, thiamine deficiency exerts a synergistic effect 
with ethanol, at least regarding white matter shrinkage (for 
instance, atrophy of corpus callosum [158]) or cerebellar 
atrophy [159]. Thiamine deficiency is very common in 
alcoholics with prevalence ranging from 29.7% [160] to 
more than 50%, depending on diagnostic criteria utilized 
[161]. Inadequate intake, impaired absorption, a reduced 
liver storage, and decreased transformation of thiamine 
in its active form account for this deficiency among 
alcoholics. Several enzymes become affected in thiamine 
deficiency, the most important including pyruvate 
dehydrogenase, transketolase; α-ketoacid decarboxylase; 
and α-ketoglutarate dehydrogenase [162]. The impaired 
function of these enzymes leads to increased ROS 
production and further damage to mitochondria. ROS 
promote increased expression of nitric oxide synthase, 
and also an increase in blood brain barrier permeability, 
allowing iron to escape to the interstitium, and the already 
commented generation of a more intense oxidative damage 
and enhanced ROS formation. Therefore, in thiamine 
deficiency, oxidative damage plays an important role. 
The increased blood brain barrier permeability also leads 
to brain edema [163] which is reversible after thiamine 
supplementation. The impossibility to convert pyruvate to 
acetyl coenzyme A leads to lactic acidosis that also causes 
cytotoxic cerebral edema and induce neuronal death [164]. 
Increased ROS probably mediates glutamate mediated 
excitotoxicity, altering the function of complexins, 
proteins that regulate neurotransmitter release [165]. In 
addition, thiamine deficiency is accompanied by increased 
transcription of genes coding for pro-inflammatory 
cytokines and chemokines [166]. All these events may 
explain the stupor and coma characteristic of Wernicke 
encephalopathy, together with cerebellar alterations 
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and ophthalmoplegia, and the related manifestations of 
Korsakoff’s dementia. As shown, thiamine deficiency shares 
some metabolic alterations with ethanol intake. 

FUNCTIONAL CONSEQUENCES

Ethanol interacts with microtubule formation, a process 
that is crucial for neuronogenesis, synaptogenesis and 
cell migration [167]. Ethanol causes DNA oxidation 
which impairs learning in rats [168]; and, as shown, lipid 
peroxidation and an inflammatory response. All of these 
consequences lead to increased neuronal death and 
decreased neurogenesis. TNF-α potentiates glutamate 
excitotoxicity, linked to excessive glutamate activation of 
N-methyl-D-aspartate (NMDA) receptor. TNF-α reduces 
glial glutamate transporter activity and thus may also play a 
role in neurodegeneration. Increased glutamate is related to 
an increased desire to consume ethanol. Therefore, increased 
TNF-α would be related not only to brain damage, but also 
to alcohol dependence [169]. Binge drinking impairs memory 
and learning. This effect is more intense when alcohol is 
consumed during adolescence, just when binge drinking is 
more common [170]. In addition, disruption of executive 
frontal cortical function leads to impulsive behavior and 
loss of control, creating an impossibility to cut with alcohol 
consumption. Indeed, brain atrophy may predict future 
relapse in drinking habits: future relapsers showed smaller 
brain volumes in orbitofrontal cortex and surrounding white 
matter than no relapsers [171]. 

POTENTIAL THERAPIES FOR ALCOHOL-
MEDIATED BRAIN ATROPHY

As discussed previously, brain atrophy induced by alcohol 
is due to several factors. While ethanol itself has a direct 
toxic effect on the brain, other factors that arise from 
alcohol exposure can also lead to brain atrophy. These 
factors include increased cytokine secretion, increased 
intestinal permeability with subsequent LPS-induced 
endotoxemia, the induction of miRNA, iron overload in brain 
cells, membrane lipid peroxidation, and vitamin and trace 
element deficiencies. Several strategies that target each step 
in neurodegeneration have been studied in animal models 
of alcoholism. These have also been studied in models of 
traumatic brain injury in which oxidative damage and lipid 
peroxidation also play a major role. However, just as in 
traumatic brain injury, the effectiveness of antioxidants in 
alcohol-induced brain damage has been mostly studied in 
animal models. Therefore, clinical trials are needed in which 
factors such as doses and toxicity are taken into account 
[172]. In addition to those already cited previously, some 
other studies will be commented below. 

ROS scavengers and inhibition of lipid peroxidation

Tiwari and Chopra [173] have studied the use of curcumin, 
the active ingredient in turmeric, in the treatment of chronic 

cognitive dysfunction in rats that were exposed to ethanol. 
The use of curcumin prevented cognitive alterations by 
inhibiting the activation of inflammatory signaling pathways 
mediated by oxidative stress. The authors consider that 
curcumin could be potentially useful in alcoholic patients 
with cognitive dysfunction. In another study, Tiwari and 
Chopra [174] have also studied the use of other components 
found in fruits and vegetables in the prevention of alcohol-
induced brain atrophy. They studied the effect of resveratrol, 
a phytoalexin found in the skin of red grapes, in the 
prevention of cognitive deficits induced by chronic alcohol 
exposure. Once again, they found that resveratrol prevented 
cognitive dysfunction and this was also mediated by the 
modulation of oxidative stress. 

Skrzydlewska et al [175] studied the effect of green tea, 
which contains antioxidants called catechins, in rats that 
were chronically exposed to ethanol; they found that green 
tea protects cell membranes from lipid peroxidation and 
prevents the decrease of antioxidant activity. Luczaj et 
al [176] also studied the effect of black tea; they found 
that black tea prevented the detrimental effects of alcohol 
exposure in antioxidant activity in rats.

Protective effects of iron chelators 

As mentioned above, iron overload in brain cells may be 
an important factor in ethanol-induced brain damage. 
The effect of iron chelators on alcoholic liver disease has 
been studied by Xiao et al [177]; they found that an iron 
chelator called M30 reduced ethanol-induced cell death 
and decreased production of ROS and pro-inflammatory 
cytokines. In a recent study by Zhang et al [178], it was 
shown that pretreatment of rats with the iron chelator 
deferoxamine attenuated the cognitive deficits induced by 
lipopolysacharide administration. 

Vitamin and trace element supplementation 

Tiwari et al [179] have shown that the administration of two 
isoforms of vitamin E (alpha-tocopherol and tocotrienol) 
to rats who were chronically exposed to ethanol prevented 
deficits in learning and behavior. However, they found 
that tocotrienol was more potent in preventing cognitive 
dysfunction. They attribute the differences between isoforms 
to the fact that tocotrienols have a better distribution in 
tissues such as brain and liver due to its unsaturated side 
chain. They suggest that vitamin E could be useful in treating 
patients with alcohol-induced cognitive dysfunction.

A class of antioxidants called lazaroids have been known 
for protecting cells from oxidative damage. A vitamin E 
derivative called U-83836E reduced lipid peroxidation in 
an animal model of myocardial ischemia/reperfusion injury 
[180]. However, Huang et al [181] have pointed out that 
lazaroid compounds are unable to modulate the late stages 
of cell injury and this may explain why lazaroids have not 
been effective in clinical and in vivo studies. In fact, Grisel 
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et al [182] studied the effect of U-83836E on cerebellar 
Purkinje cell injury in developing rat pups exposed to alcohol; 
they found that the antioxidant did not reduce the adverse 
effects on Purkinje cells. 

Regarding trace elements, Menzano and Carlen [183] suggest 
that zinc supplementation can be used in the treatment of 
alcoholic encephalopathy due to the fact that zinc deficiency 
increases free radical formation and subsequently leads to 
neuronal injury. However, a study by Chen et al [184] showed 
that zinc supplementation in neonatal rats did not reduce 
cerebellar Purkinje cell loss induced by alcohol.

CONCLUSION

This review illustrates the main mechanisms by which 
ethanol ingestion alters brain structure and function. 
Confluence of several pathways, some of them closing 
positive feedback loops explain the devastating effects of 
chronic and binge ethanol consumption often exacerbated 
by nutritional alterations that impair antioxidant defensive 
mechanisms. Brain atrophy and ethanol-related brain 
dysfunction improve with ethanol abstinence. Alcohol 
abstinence, together with adequate nutrition, constitute 
the most effective therapeutic approach in these patients.

REFERENCES.
1. Charness ME. Brain lesions in alcoholics. Alcohol Clin Exp Res 1993; 

17:2-11.
2. Erdozain AM, Callado LF. Neurobiological alterations in alcohol 

addiction: a review. Adicciones 2014; 26:360-70.
3. Wilhelm J, Frieling H, Hillemacher T, Degner D, Kornhuber J, Bleich 

S. Hippocampal volume loss in patients with alcoholism is influenced 
by the consumed type of alcoholic beverage. Alcohol Alcohol 2008; 
43:296-9. 

4. Oliveira AC, Pereira MC, Santana LN, Fernandes RM, Teixeira FB, 
Oliveira GB, Fernandes LM, Fontes-Junior EA, Prediger RD, Crespo-
Lopez ME, Gomes-Leal W, Lima RR, Maia CD. Chronic ethanol exposure 
during adolescence through early adulthood in female rats induces 
emotional and memory deficits associated with morphological and 
molecular alterations in hippocampus. J Psychopharmacol 2015; 
29:712-24.

5. Sullivan EV. Compromised pontocerebellar and cerebellothalamocortical 
systems: speculations on their contributions to cognitive and motor 
impairment in nonamnesic alcoholism. Alcohol Clin Exp Res 2003; 
27:1409-19

6. Sullivan EV, Harding AJ, Pentney R, Dlugos C, Martin PR, Parks MH, 
Desmond JE, Chen SH, Pryor MR, De Rosa E, Pfefferbaum A. Disruption 
of frontocerebellar circuitry and function in alcoholism. Alcohol Clin 
Exp Res 2003; 27:301-9.

7. Bates ME, Bowden SC, Barry D.Neurocognitive impairment associated 
with alcohol use disorders: implications for treatment. Exp Clin 
Psychopharmacol 2002; 10:193-212. 

8. Torvik A, Torp S. The prevalence of alcoholic cerebellar atrophy. A 
morphometric and histological study of an autopsy material. J Neurol 
Sci 1986; 75:43-51.

9. Fitzpatrick LE, Crowe SF. Cognitive and emotional deficits in chronic 
alcoholics: a role for the cerebellum? Cerebellum 2013; 12:520-33.

10. Gille M, Jacquemin C, Kiame G, Delbecq J, Guilmot D, Depré A.  Central 
pontine myelinolysis with cerebellar ataxia and dystonia. Rev Neurol 
(Paris) 1993; 149:344-6.

11. Rawat JP, Pinto C, Kulkarni KS, Muthusamy MA, Dave MD. 
Marchiafawa-Bignami disease possibly related to consumption of 
a locally brewed alcoholic beverage: report of two cases. Indian J 
Psychiatry 2014; 56:76-8.

12. Hazell AS, Butterworth RF. Update of cell damage mechanisms in 
thiamine deficiency: focus on oxidative stress, excitotoxicity and 
inflammation. Alcohol Alcohol 2009; 44:141-7. 

13. Ridley NJ, Draper B, Withall A.  Alcohol-related dementia: an update 
of the evidence. Alzheimers Res Ther 2013; 5:3. 

14. Butterworth RF. Pathophysiology of alcoholic brain damage: synergistic 
effects of ethanol, thiamine deficiency and alcoholic liver disease. 
Metab Brain Dis 1995;10:1-8.

15. Lee ST, Jung YM, Na DL, Park SH, Kim M. Corpus callosum atrophy in 
Wernicke’s encephalopathy. J Neuroimaging 2005; 15:367-72.

16. Nicolas JM, Catafau AM, Estruch R, Lomena FJ, Salamero M, Herranz 
R, Monforte R, Cardenal C, Urbano-Marquez A. Regional cerebral blood 
flow-SPECT in chronic alcoholism: relation to neuropsychological 
testing. J Nucl Med 1993; 34:1452-9.

17. Gansler DA, Harris GJ, Oscar-Berman M, Streeter C, Lewis RF, Ahmed 
I, Achong D. Hypoperfusion of inferior frontal brain regions in abstinent 
alcoholics: a pilot SPECT study. J Stud Alcohol 2000; 61:32-7.

18. Nixon K, Crews FT. Binge ethanol exposure decreases neurogenesis in 
adult rat hippocampus. J Neurochemistry 2002; 83:1087-93.

19. Pfefferbaum A, Sullivan EV, Mathalon DH, Shear PK, Rosenbloom MJ, 
Lim KO. Longitudinal changes in magnetic resonance imaging brain 
volumes in abstinent and relapsed alcoholics. Alcohol Clin Exp Res 
1995; 19:1177-91.

20. Sutherland GT, Sheahan PJ, Matthews J, Dennis CV, Sheedy DS, 
McCrossin T, Curtis MA, Kril JJ. The effects of chronic alcoholism 
on cell proliferation in the human brain. Exp Neurol 2013; 247:9-18.

21. Meyer G, Perez-Garcia CG, Abraham H, Caput D. Expression of p73 and 
Reelin in the developing human cortex. J Neurosci 2002; 22:4973-86.

22. Spalding KL, Bergmann O, Alkass K, Bernard S, Salehpour M, Huttner 
HB, Bostrom E, Westerlund I, Vial C, Buchholz BA, Possnert G, Mash 
DC, Druid H, Frisen J. Dynamics of hippocampal neurogenesis in adult 
humans. Cell 2013; 153:1219-27. 

23. Bartoli F, Carretta D, Crocamo C, Schivalocchi A, Brambilla G, Clerici 
M, Carra G. Prevalence and correlates of binge drinking among young 
adults using alcohol: a cross-sectional survey. Biomed Res Int 2014; 
2014:930795.

24. Santolaria F, Perez-Manzano JL, Milena A, Gonzalez-Reimers E, Gomez-
Rodriguez MA, Martinez-Riera A, Aleman-Valls MR, de la Vega-Prieto 
MJ.Nutritional assessment in alcoholic patients. Its relationship with 
alcoholic intake, feeding habits, organic complications and social 
problems. Drug Alcohol Depend 2000, 59:295-304.

25. Butterworth RF. Pathophysiology of alcoholic brain damage: synergistic 
effects of ethanol, thiamine deficiency and alcoholic liver disease. 
Metab Brain Dis 1995; 10:1-8.

26. Sutherland GT, Sheedy D, Sheahan PJ, Kaplan W, Kril JJ. Comorbidities, 
confounders, and the white matter transcriptome in chronic alcoholism. 
Alcohol Clin Exp Res 2014; 38:994-1001. 

27. Durazzo TC, Mon A, Pennington D, Abé C, Gazdzinski S, Meyerhoff  
DJ. Interactive effects of chronic cigarette smoking and age on 
brain volumes in controls and alcohol-dependent individuals in early 
abstinence. Addict Biol 2014;19:132-43. 

28. Hunt WA. Role of acetaldehyde in the actions of ethanol on the brain--a 
review. Alcohol. 1996; 13:147-51.

29. Deng XS, Deitrich RA. Putative role of brain acetaldehyde in ethanol 
addiction. Curr Drug Abuse Rev 2008; 1:3-8

30. Zimatkin SM, Pronko SP, Vasiliou V, Gonzalez FJ, Deitrich RA. Enzymatic 
mechanisms of ethanol oxidation in the brain. Alcohol Clin Exp Res 
2006; 30:1500-5.

31. Cederbaum AI. Cytochrome P450 2E1-dependent oxidant stress and 
upregulation of anti-oxidant defense in liver cells. J Gastroenterol 
Hepatol 2006; 21:S22-5.

32. Qin L, Crews FT. NADPH oxidase and reactive oxygen species contribute 
to alcohol-induced microglial activation and neurodegeneration. J 
Neuroinflammation 2012; 9:5. 

33. Haorah J, Ramirez SH, Floreani N, Gorantla S, Morsey B, Persidsky Y. 
Mechanism of alcohol-induced oxidative stress and neuronal injury. 
Free Radic Biol Med 2008; 45:1542-50.

34. Gloire G, Legrand-Poels S, Piette J. NF-kappaB activation by reactive 
oxygen species: fifteen years later. Biochem Pharmacol 2006; 
72:1493-505. 

35. Huxford T, Huang DB, Malek S, Ghosh G. The crystal structure of the 
IkappaBalpha/NF-kappaB complex reveals mechanisms of NF-kappaB 
inactivation. Cell 1998; 95:759-70.



Gonzalez-Reimers et al: Oxidative damage and brain atrophy

Oxid Antioxid Med Sci ● 2015 ● Volume 4 ● Issue 2 69

36. Fiers W. Tumor necrosis factor. Characterization at the molecular, 
cellular and in vivo level. FEBS Lett 1991; 285:199-212.

37. Valles SL, Blanco AM, Pascual M, Guerri C. Chronic ethanol treatment 
enhances inflammatory mediators and cell death in the brain and in 
astrocytes. Brain Pathol 2004; 14:365-71.

38. Haorah J, Ramirez SH, Schall K, Smith D, Pandya R, Persidsky 
Y. Oxidative stress activates protein tyrosine kinase and matrix 
metalloproteinases leading to blood-brain barrier dysfunction. J 
Neurochem 2007; 101:566-76.

39. Szabo G, Lippai D. Converging actions of alcohol on liver and brain 
immune signaling. Int Rev Neurobiol 2014; 118:359-80. 

40. Reddy VD, Padmavathi P, Kavitha G, Saradamma B, Varadacharyulu N. 
Alcohol-induced oxidative/nitrosative stress alters brain mitochondrial 
membrane properties. Mol Cell Biochem 2013; 375:39-47.

41. Niwa Y, Ozaki Y, Kanoh T, Akamatsu H, Kurisaka M. Role of cytokines, 
tyrosine kinase, and protein kinase C on production of superoxide and 
induction of scavenging enzymes in human leukocytes. Clin Immunol 
Immunopathol 1996; 79:303-13

42. Hukkanen M, Hughes FJ, Buttery LD, Gross SS, Evans TJ, Seddon 
S, Riveros-Moreno V, Macintyre I, Polak JM. Cytokine-stimulated 
expression of inducible nitric oxide synthase by mouse, rat, and human 
osteoblast-like cells and its functional role in osteoblast metabolic 
activity. Endocrinology 1995; 136:5445-53.

43. Dengler VL, Galbraith MD, Espinosa JM. Transcriptional regulation by 
hypoxia inducible factors. Crit Rev Biochem Mol Biol 2014; 49:1-15. 

44. Semenza GL. Hypoxia-inducible factors in Physiology and Medicine. 
Cell 2012; 148:399-408.

45. Juan M, Kondo K, Yang H, Kim W, Valiando J, Ohn M, Salic A, Asara JM, 
Lane WS, Kaelin WG jr. HIF1a targeted for VHL-mediated destruction 
by proline hydroxylation: implications for oxygen sensing. Science 
2001; 292:464-8.

46. Majmundar AJ, Wong WJ, Simon MC. Hypoxia-inducible factors and 
the response to hypoxic stress. Mol Cell 2010; 40:294-309.

47. Wang X, Wu D, Yang L, Gan L, Cederbaum A. CYP2E1 potentiates 
ethanol-induction of hypoxia and HIF-1a in vivo. Free Radic Biol Med 
2013; 63:175-186. 

48. Sivakumar V, Lu J, Ling EA, Kaur C.Vascular endothelial growth factor 
and nitric oxide production in response to hypoxia in the choroid plexus 
in neonatal brain. Brain Pathol 2008; 18:71-85.

49. Oliver KM, Taylor CT, Cummins EP. Regulation of NFkappaB signalling 
during inflammation: the role of hydroxylases. Arthritis Res Ther 2009; 
11:215.

50. Yuan G, Khan SA, Luo W, Nanduri J, Semenza GL, Prabhakar NR. 
Hypoxia-inducible factor 1 mediates increased expression of NADPH 
oxidase-2 in response to intermittent hypoxia. J Cell Physiol 2011; 
226:2925-33. 

51. Ding H, Yan CZ, Shi H, Zhao YS, Chang SY, Yu P, Wu WS, Zhao CY, 
Chang YZ, Duan XL. Hepcidin is involved in iron regulation in the 
ischemic brain. PLoS One 2011; 6:e25324. 

52. Nemeth E, Tuttle MS, Powelson J, Vaughn MB, Donovan A, Ward DM, 
Ganz T, Kaplan J. Hepcidin regulates cellular iron efflux by binding to 
ferroportin and inducing its internalization. Science 2004; 306:2090-3.

53. Hua Y, Keep RF, Hoff JT, Xi G. Brain injury after intracerebral 
hemorrhage: the role of thrombin and iron. Stroke 2007; 38:759-62.

54. Marshall SA, McClain JA, Kelso ML, Hopkins DM, Pauly JR, Nixon K. 
Microglial activation is not equivalent to neuroinflammation in alcohol-
induced neurodegeneration: The importance of microglia phenotype. 
Neurobiol Dis 2013; 54:239-51. 

55. Ehrlich D, Humpel C. Chronic vascular risk factors (cholesterol, 
homocysteine, ethanol) impair spatial memory, decline cholinergic 
neurons and induce blood-brain barrier leakage in rats in vivo. J Neurol 
Sci 2012; 322:92-5. 

56. Siesjö BK. Mechanisms of ischaemic brain damage. Crit Care Med 
1988; 16:954-63.

57. Lu Y, Cederbaum AI.CYP2E1 and oxidative liver injury by alcohol. Free 
Radic Biol Med 2008; 44:723-38

58. Gonzalez-Reimers E, Martin-Gonzalez C, Galindo-Martin L, Garcia-
Valdecasas E, Hernandez-Betancor I, Fernandez-Rodriguez C, Abreu-
Gonzalez P, Farina Gomez N. Serum trace elements and brain atrophy 
in alcoholics. Trace Elem Electrol 2010; 27:240-45. 

59. Stein TD, Alvarez VE, McKee AC. .Chronic traumatic encephalopathy: 
a spectrum of neuropathological changes following repetitive brain 
trauma in athletes and military personnel. Alzheimers Res Ther 2014; 
6:4.

60. Qin L, Liu Y, Hong JS, Crews FT. NADPH oxidase and aging 
drive microglial activation, oxidative stress, and dopaminergic 
neurodegeneration following systemic LPS administration. Glia 2013; 
61:855-68. 

61. Raivich G, Bohatschek M, Kloss CU, Werner A, Jones LL, Kreutzberg GW. 
Neuroglial activation repertoire in the injured brain: graded response, 
molecular mechanisms and cues to physiological function. Brain Res 
Brain Res Rev 1999; 30:77-105.

62. Drew PD, Johnson JW, Douglas JC, Phelan KD, Kane CJ. Pioglitazone 
blocks ethanol induction of microglial activation and immune responses 
in the hippocampus, cerebellum, and cerebral cortex in a mouse model of 
fetal alcohol spectrum disorders. Alcohol Clin Exp Res 2015; 39:445-54. 

63. Schroder K, Tschopp J. The inflammasomes. Cell 2010; 140:821-32. 
64. Alfonso-Loeches S, Urena-Peralta JR, Morillo-Bargues MJ, Oliver-De La 

Cruz J, Guerri C. Role of mitochondria ROS generation in ethanol-induced 
NLRP3 inflammasome activation and cell death in astroglial cells. Front 
Cell Neurosci 2014; 8:216.

65. Alfonso-Loeches S, Pascual-Lucas M, Blanco AM, Sanchez-Vera I, Guerri 
C. Pivotal role of TLR4 receptors in alcohol-induced neuroinflammation 
and brain damage. J Neurosci 2010; 30:8285-95.

66. Gonzalez-Reimers E, Santolaria-Fernandez F, Medina-Garcia JA, 
Gonzalez-Perez JM, de la Vega-Prieto MJ, Medina-Vega L, Martin-
Gonzalez C, Duran-Castellon MC.TH-1 and TH-2 cytokines in stable 
chronic alcoholics. Alcohol Alcohol. 2012; 47:390-6. 

67. Gonzalez-Quintela A, Campos J, Loidi L, Quinteiro C, Perez LF, Gude F. 
Serum TNF-alpha levels in relation to alcohol consumption and common 
TNF gene polymorphisms. Alcohol 2008; 42:513-8.

68. Achur RN, Freeman WM, Vrana KE. Circulating cytokines as biomarkers 
of alcohol abuse and alcoholism. J Neuroimmune Pharmacol 2010; 
5:83-91. 

69. Umhau JC, Schwandt M, Solomon MG, Yuan P, Nugent A, Zarate CA, 
Drevets WC, Hall SD, George DT, Heilig M. Cerebrospinal fluid monocyte 
chemoattractant protein-1 in alcoholics: support for a neuroinflammatory 
model of chronic alcoholism. Alcohol Clin Exp Res 2014; 38:1301-6. 

70. Zhang G, Ghosh S. Toll-like receptor-mediated NF-kappaB activation: a 
phylogenetically conserved paradigm in innate immunity. J Clin Invest 
2001; 107:13-9.

71. Davis RL, Syapin PJ. Ethanol increases nuclear factor-kappa B activity in 
human astroglial cells. Neurosci Lett 2004; 371:128-32.

72. Crews CT, Nixon K. Mechansisms of neurodegeneration and regeneration 
in alcoholism. Alcohol Alcohol 2009; 44:115-27.

73. Bison S, Crews F. Alcohol withdrawal increases neuropeptide Y 
immunoreactivity in rat brain. Alcohol Clin Exp Res 2003; 27:1173-83.

74. Banks WA. Blood-brain barrier transport of cytokines: a mechanism for 
neuropathology. Curr Pharm Des 2005; 11:973-84.

75. Erickson MA, Dohi K, Banks WA. Neuroinflammation: a common 
pathway in CNS diseases as mediated at the blood-brain barrier. 
Neuroimmunomodulation 2012; 19:121-30. 

76. Ghoshal S, Witta J, Zhong J, de Villiers W, Eckhardt E. Chylomicrons 
promote intestinal absorption of lipopolysaccharides. J Lipid Res 2009; 
50:90-7.

77. Sandek A, Anker SD, von Haehling S. The gut and intestinal bacteria in 
chronic heart failure. Curr Drug Metab. 2009; 10:22-8.

78. Vaarala O. Leaking gut in type 1 diabetes. Curr Opin Gastroenterol 
2008; 24:701-6.

79. Caradonna L, Mastronardi ML, Magrone T, Cozzolongo R, Cuppone R, 
Manghisi OG, Caccavo D, Pellegrino NM, Amoroso A, Jirillo E, Amati 
L. Biological and clinical significance of endotoxemia in the course of 
hepatitis C virus infection. Curr Pharm Des 2002; 8:995-1005.

80. Bode C, Bode JC. Activation of the innate immune system and 
alcoholic liver disease: effects of ethanol per se or enhanced intestinal 
translocation of bacterial toxins induced by ethanol? Alcohol Clin Exp 
Res 2005; 29:166-71S.

81. Elamin E, Jonkers D, Juuti-Uusitalo K, van Ijzendoorn S, Troost F, 
Duimel H, Broers J, Verheyen F, Dekker J, Masclee A. Effects of ethanol 
and acetaldehyde on tight junction integrity: in vitro study in a three 
dimensional intestinal epithelial cell culture model. PLoS One 2012; 
7:e35008. 

82. Hietbrink F, Besselink MG, Renooij W, de Smet MB, Draisma A, van 
der Hoeven H, Pickkers P. Systemic inflammation increases intestinal 
permeability during experimental human endotoxemia. Shock 2009; 
32:374-8.

83. Rao R. Endotoxemia and gut barrier dysfunction in alcoholic liver disease. 
Hepatology 2009; 50:638-44.



Gonzalez-Reimers et al: Oxidative damage and brain atrophy

70  Oxid Antioxid Med Sci ● 2015 ● Volume 4 ● Issue 2

84. Lin RS, Lee FY, Lee SD, Tsai YT, Lin HC, Lu RH, Hsu WC, Huang CC, 
Wang SS, Lo KJ. Endotoxemia in patients with chronic liver diseases: 
relationship to severity of liver diseases, presence of esophageal 
varices, and hyperdynamic circulation. J Hepatol 1995; 22:165-72

85. Qin L, He J, Hanes RN, Pluzarev O, Hong JS, Crews FT. Increased 
systemic and brain cytokine production and neuroinflammation by 
endotoxin following ethanol treatment. J Neuroinflammation 2008; 
5:10.

86. Xu L, Yang Y, Gao L, Zhao J, Cai Y, Huang J, Jing S, Bao X, Wang Y, 
Gao J, Xu H, Fan X. Protective effects of resveratrol on the inhibition of 
hippocampal neurogenesis induced by ethanol during early postnatal 
life. Biochim Biophys Acta 2015;1852:1298-310. 

87. Qin L, Wu X, Block ML, Liu Y, Breese GR, Hong JS, Knapp DJ, Crews 
FT. Systemic LPS causes chronic neuroinflammation and progressive 
neurodegeneration. Glia 2007; 55:453-62.

88. Qin L, Crews FT. Chronic ethanol increases systemic TLR3 
agonist-induced neuroinflammation and neurodegeneration. J 
Neuroinflammation 2012; 9:130.

89. Lu Y, Cederbaum AI. CYP2E1 potentiation of LPS and TNFα-induced 
hepatotoxicity by mechanisms involving enhanced oxidative and 
nitrosative stress, activation of MAP kinases, and mitochondrial 
dysfunction. Genes Nutr 2010; 5:149-67.

90. Lu Y, Cederbaum AI. CYP2E1 and oxidative liver injury by alcohol. 
Free Radic Biol Med 2008; 44:723-38.

91. Comporti M, Signorini C, Leoncini S, Gardi C, Ciccoli L, Giardini 
A, Vecchio D, Arezzini B. Ethanol-induced oxidative stress: basic 
knowledge. Genes Nutr 2010; 5:101-9.

92. Ozel Turkcu U, Bilgihan A, Biberoglu G, Mertoglu Caglar O. Carnosine 
supplementation protects rat brain tissue against ethanol-induced 
oxidative stress. Mol Cell Biochem 2010; 339:55-61.

93. Cheng HS, Njock MS, Khyzha N, Dang LT, Fish JE. Noncoding RNAs 
regulate NF-κB signaling to modulate blood vessel inflammation. 
Front Genet 2014; 5:422. 

94. Kamphuis WW, Derada Troletti C, Reijerkerk A, Romero IA, de Vries 
HE. The blood-brain barrier in multiple sclerosis: microRNAs as key 
regulators. CNS Neurol Disord Drug Targets 2015; 14:157-67

95. Zhang Y, Wei G, Di Z, Zhao Q. miR-339-5p inhibits alcohol - induced 
brain inflammation through regulating NF-κB pathway. Biochem 
Biophys Res Commun 2014; 452:450-6. 

96. Lippai D, Bala S, Csak T, Kurt-Jones EA, Szabo G. Chronic alcohol-
induced microRNA-155 contributes to neuroinflammation in a TLR4-
dependent manner in mice. PLoS One 2013; 8:e70945. 

97. Powell DJ, Hajduch E, Kular G, Hundal HS. Ceramide disables 
3-phosphoinositide binding to the pleckstrin homology domain of 
protein kinase B (PKB)/Akt by a PKCzeta-dependent mechanism. Mol 
Cell Biol 2003; 23:7794-808.

98. Hamada Y, Nagasaki H, Fujiya A, Seino Y, Shang QL, Suzuki T, 
Hashimoto H, Oiso Y. Involvement of de novo ceramide synthesis 
in pro-inflammatory adipokine secretion and adipocyte-macrophage 
interaction. J Nutr Biochem 2014; 25:1309-16. 

99. de la Monte SM, Longato L, Tong M, DeNucci S, Wands JR. The 
liver-brain axis of alcohol-mediated neurodegeneration: role of toxic 
lipids. Int J Environ Res Public Health 2009; 6:2055-75. 

100. Cohen AC, Tong M, Wands JR, de la Monte SM. Insulin and 
insulin-like growth factor resistance with neurodegeneration in an 
adult chronic ethanol exposure model. Alcohol Clin Exp Res 2007; 
31:1558-73.

101. de la Monte SM, Tong M, Cohen AC, Sheedy D, Harper C, Wands 
JR. Insulin and insulin-like growth factor resistance in alcoholic 
neurodegeneration. Alcohol Clin Exp Res 2008; 32:1630-44. 

102. Mailloux RJ. Teaching the fundamentals of electron transfer 
reactions in mitochondria and the production and detection of reactive 
oxygen species. Redox Biol 2015; 4:381-398. 

103. Müllebner A, Moldzio R, Redl H, Kozlov AV, Duvigneau JC. Heme 
degradation by heme oxygenase protects mitochondria but induces 
ER stress via formed bilirubin. Biomolecules 2015; 5:679-701.

104. Finazzi D, Arosio P. Biology of ferritin in mammals: an update on 
iron storage, oxidative damage and neurodegeneration. Arch Toxicol 
2014; 88:1787-802. 

105. Samygina VR, Sokolov AV, Bourenkov G, Petoukhov MV, Pulina MO, 
Zakharova ET, Vasilyev VB, Bartunik H, Svergun DI. Ceruloplasmin: 
macromolecular assemblies with iron-containing acute phase 
proteins. PLoS One 2013; 8:e67145. 

106. Bagheri F, Goudarzi I, Lashkarbolouki T, Elahdadi Salmani M. 
Melatonin prevents oxidative damage induced by maternal ethanol 
administration and reduces homocysteine in the cerebellum of rat 
pups. Behav Brain Res 2015; 287:215-25.

107. Ramezani A, Goudarzi I, Lashkarboluki T, Ghorbanian MT, Abrari 
K, Elahdadi Salmani M. Role of oxidative stress in ethanol-induced 
neurotoxicity in the developing cerebellum. Iran J Basic Med Sci 
2012; 15:965-74.

108. Ibrahim M, Hassan W, Meinerz DF, Leite Gde O, Nogueira CW, 
Rocha JB. Ethanol-induced oxidative stress: the role of binaphthyl 
diselenide as a potent antioxidant. Biol Trace Elem Res 2012; 
147:309-14. 

109. Nordmann R, Ribière C, Rouach H. Ethanol-induced lipid 
peroxidation and oxidative stress in extrahepatic tissues. Alcohol 
Alcohol 1990; 25:231-7.

110. Schweizer U, Brauer AU, Kohrle J, Nitsch R, Savaskan NE. Selenium 
and brain function: a poorly recognized liaison. Brain Res Brain Res 
Rev 2004; 45:164-78.

111. Tanner AR, Bantock I, Hinks L, Lloyd B, Turner NR, Wright R. 
Depressed selenium and vitamin E levels in an alcoholic population. 
Possible relationship to hepatic injury through increased lipid 
peroxidation. Dig Dis Sci 1986; 31:1307-12.

112. Nordmann R. Alcohol and antioxidant systems. Alcohol Alcohol 
1994; 29:513-22.

113. Kawase T, Kato S, Lieber CS. Lipid peroxidation and antioxidant 
defense systems in rat liver after chronic ethanol feeding. Hepatology 
1989; 10:815-21.

114. Reisi P, Dashti GR, Shabrang M, Rashidi B. The effect of vitamin E 
on neuronal apoptosis in hippocampal dentate gyrus in rabbits fed 
with high-cholesterol diets. Adv Biomed Res 2014; 3:42.

115. Giraldo E, Lloret A, Fuchsberger T, Vina J. Aβ and tau toxicities in 
Alzheimer’s are linked via oxidative stress-induced p38 activation: 
protective role of vitamin E. Redox Biol 2014; 2:873-7. 

116. Alzoubi KH, Khabour OF, Salah HA, Hasan Z. Vitamin E prevents 
high-fat high-carbohydrates diet-induced memory impairment: the 
role of oxidative stress. Physiol Behav 2013; 119:72-8. 

117. Harkany T, Hortobágyi T, Sasvari M, Konya C, Penke B, Luiten PG, 
Nyakas C. Neuroprotective approaches in experimental models of 
beta-amyloid neurotoxicity: relevance to Alzheimer’s disease. Prog 
Neuropsychopharmacol Biol Psychiatry 1999; 23:963-1008.

118. Fukui K, Takatsu H, Shinkai T, Suzuki S, Abe K, Urano S. Appearance 
of amyloid beta-like substances and delayed-type apoptosis in rat 
hippocampus CA1 region through aging and oxidative stress. J 
Alzheimers Dis 2005; 8:299-309.

119. Fukui K, Kawakami H, Honjo T, Ogasawara R, Takatsu H, Shinkai T, 
Koike T, Urano S. Vitamin E deficiency induces axonal degeneration 
in mouse hippocampal neurons. J Nutr Sci Vitaminol (Tokyo) 2012; 
58:377-83.

120. Ulatowski L, Parker R, Warrier G, Sultana R, Butterfield DA, Manor 
D. Vitamin E is essential for Purkinje neuron integrity. Neuroscience 
2014; 260:120-9. 

121. Shirpoor A, Salami S, Khadem-Ansari MH, Minassian S, Yegiazarian 
M. Protective effect of vitamin E against ethanol-induced 
hyperhomocysteinemia, DNA damage, and atrophy in the developing 
male rat brain. Alcohol Clin Exp Res 2009; 33:1181-6. 

122. Marino MD, Aksenov MY, Kelly SJ. Vitamin E protects against 
alcohol-induced cell loss and oxidative stress in the neonatal rat 
hippocampus. Int J Dev Neurosci 2004; 22:363-77.

123. Behr GA, Schnorr CE, Simões-Pires A, da Motta LL, Frey BN, Moreira 
JC. Increased cerebral oxidative damage and decreased antioxidant 
defenses in ovariectomized and sham-operated rats supplemented 
with vitamin A. Cell Biol Toxicol 2012; 28:317-30. 

124. Burton GW..Antioxidant action of carotenoids. J Nutr 1989; 
119:109-11.

125. Cocco S, Diaz G, Stancampiano R, Diana A, Carta M, Curreli R, Sarais 
L, Fadda F. Vitamin A deficiency produces spatial learning and memory 
impairment in rats. Neuroscience. 2002; 115:475-82.

126. Etchamendy N, Enderlin V, Marighetto A, Pallet V, Higueret P, 
Jaffard R. Vitamin A deficiency and relational memory deficit in adult 
mice: relationships with changes in brain retinoid signalling. Behav 
Brain Res 2003; 145:37-49.

127. Ono K, Yamada M. Vitamin A and Alzheimer’s disease. Geriatr 
Gerontol Int 2012; 12:180-8. 



Gonzalez-Reimers et al: Oxidative damage and brain atrophy

Oxid Antioxid Med Sci ● 2015 ● Volume 4 ● Issue 2 71

128. Halsted CH Nutrition and alcoholic liver disease. Semin Liver Dis 
2004; 24:289-304.

129. Lieber CS.Biochemical factors in alcoholic liver disease. Semin 
Liver Dis 1993; 13:136-53.

130. Shahar S, Lee LK, Rajab N, Lim CL, Harun NA, Noh MF, Mian-Then S, 
Jamal R. Association between vitamin A, vitamin E and apolipoprotein 
E status with mild cognitive impairment among elderly people in low-
cost residential areas. Nutr Neurosci 2013; 16:6-12. 

131. Gonzalez-Reimers E, Fernandez-Rodríguez CM, Candelaria Martin-
Gonzalez M, Hernandez-Betancor I, Abreu-Gonzalez P, Jose de la Vega-
Prieto M, Elvira-Cabrera O, Santolaria-Fernandez F. Antioxidant vitamins 
and brain dysfunction in alcoholics. Alcohol Alcohol 2014; 49:45-50. 

132. Br iones TL,  Darwish H.  Decrease in  age- re lated tau 
hyperphosphorylation and cognitive improvement following vitamin 
D supplementation are associated with modulation of brain energy 
metabolism and redox state. Neuroscience 2014; 262:143-55. 

133. Harms LR, Burne TH, Eyles DW, McGrath JJ. Vitamin D and the brain. 
Best Pract Res Clin Endocrinol Metab 2011; 25:657-69. 

134. Shinpo K, Kikuchi S, Sasaki H, Moriwaka F, Tashiro K. Effect of 
1,25-dihydroxyvitamin D(3) on cultured mesencephalic dopaminergic 
neurons to the combined toxicity caused by L-buthionine sulfoximine 
and 1-methyl-4-phenylpyridine. J Neurosci Res 2000; 62:374-82.

135. Wrzosek M, Łukaszkiewicz J, Wrzosek M, Jakubczyk A, Matsumoto 
H, Piatkiewicz P, Radziwon-Zaleska M, Wojnar M, Nowicka G. Vitamin 
D and the central nervous system. Pharmacol Rep 2013; 65:271-8.

136. Chei CL, Raman P, Yin ZX, Shi XM, Zeng Y, Matchar DB. Vitamin 
D levels and cognition in elderly adults in China. J Am Geriatr Soc 
2014; 62:2125-9. 

137. Etgen T, Sander D, Bickel H, Sander K, Forstl H. Vitamin D 
deficiency, cognitive impairment and dementia: a systematic review 
and meta-analysis. Dement Geriatr Cogn Disord 2012; 33:297-305. 

138. Feron F, Burne TH, Brown J, Smith E, McGrath JJ, Mackay-Sim A, 
Eyles DW. Developmental Vitamin D3 deficiency alters the adult rat 
brain. Brain Res Bull 2005; 65:141-8.

139. Eyles DW, Smith S, Kinobe R, Hewison M, McGrath JJ. Distribution 
of the vitamin D receptor and 1 alpha-hydroxylase in human brain. J 
Chem Neuroanat 2005; 29:21-30.

140. Shankar K, Liu X, Singhal R, Chen JR, Nagarajan S, Badger TM, Ronis 
MJ. Chronic ethanol consumption leads to disruption of vitamin D3 
homeostasis associated with induction of renal 1,25 dihydroxyvitamin 
D3-24-hydroxylase (CYP24A1). Endocrinology 2008; 149:1748-56. 

141. Naude CE, Carey PD, Laubscher R, Fein G, Senekal M. Vitamin D 
and calcium status in South African adolescents with alcohol use 
disorders. Nutrients 2012; 4:1076-94.

142. Kamei M, Ito Y, Ando N, Awaya T, Yamada T, Nakagawa M, 
Yamaguchi A, Ohuchi M, Yazaki M, Togari H. Brain atrophy caused 
by vitamin B12-deficient anemia in an infant. J Pediatr Hematol Oncol 
2011; 33:556-8.

143. Smith AD, Refsum H. Vitamin B-12 and cognition in the elderly. Am 
J Clin Nutr 2009; 89:707-11S. 

144. Briani C, Dalla Torre C, Citton V, Manara R, Pompanin S, Binotto 
G, Adami F. Cobalamin deficiency: clinical picture and radiological 
findings. Nutrients 2013; 5:4521-39.

145. Castillo-Lancellotti C, Margozzini P, Valdivia G, Padilla O, Uauy 
R, Rozowski J, Tur JA. Serum folate, vitamin B12 and cognitive 
impairment in Chilean older adults. Public Health Nutr 2015; 20:1-9.

146. Scalabrino G, Buccellato FR, Veber D, Mutti E. New basis of the 
neurotrophic action of vitamin B12. Clin Chem Lab Med 2003; 
41:1435-7.

147. Heese P, Linnebank M, Semmler A, Muschler MA, Heberlein 
A, Frieling H, Stoffel-Wagner B, Kornhuber J, Banger M, Bleich S, 
Hillemacher T. Alterations of homocysteine serum levels during 
alcohol withdrawal are influenced by folate and riboflavin: results 
from the German Investigation on Neurobiology in Alcoholism (GINA). 
Alcohol Alcohol 2012; 47:497-500. 

148. Lambert D, Benhayoun S, Adjalla C, Gelot MM, Renkes P, Gerard 
P, Felden F, Belleville F, Gaucher P, Gueant JL, Nicolas JP. Alcoholic 
cirrhosis and cobalamin metabolism. Digestion 1997; 58:64-71.

149. Partearroyo T, Perez-Miguelsanz J, Ubeda N, Valencia-Benitez 
M, Alonso-Aperte E, Varela-Moreiras G. Dietary folic acid intake 
differentially affects methionine metabolism markers and 
hippocampus morphology in aged rats. Eur J Nutr 2013; 52:1157-67. 

150. Kurth C, Wegerer V, Reulbach U, Lewczuk P, Kornhuber J, Steinhoff 
BJ, Bleich S.Analysis of hippocampal atrophy in alcoholic patients by 
a Kohonen feature map. Neuroreport. 2004;15:367-71.

151. de Jager CA. Critical levels of brain atrophy associated with 
homocysteine and cognitive decline. Neurobiol Aging 2014; 35:S35-9. 

152. Handy DE, Zhang Y, Loscalzo J. Homocysteine down-regulates 
cellular glutathione peroxidase (GPx1) by decreasing translation. J 
Biol Chem 2005; 280:15518-25.

153. Kasahara E, Kashiba M, Jikumaru M, Kuratsune D, Orita K, Yamate 
Y, Hara K, Sekiyama A, Sato EF, Inoue M. Dynamic aspects of ascorbic 
acid metabolism in the circulation: analysis by ascorbate oxidase with 
a prolonged in vivo half-life. Biochem J 2009; 421:293-9. 

154. Gonzalez-Reimers E, Galindo-Martín L, Santolaria-Fernandez F, 
Sanchez-Perez MJ, Alvisa-Negrín J, Garcia-Valdecasas-Campelo E, 
Gonzalez-Perez JM, Martin-Gonzalez MC. Prognostic value of serum 
selenium levels in alcoholics. Biol Trace Elem Res 2008; 125:22-9. 

155. Charlton KE, Rabinowitz TL, Geffen LN, Dhansay MA. Lowered 
plasma vitamin C, but not vitamin E, concentrations in dementia 
patients. J Nutr Health Aging 2004; 8:99-107.

156. Naseer MI, Ullah N, Ullah I, Koh PO, Lee HY, Park MS, Kim MO. 
Vitamin C protects against ethanol and PTZ-induced apoptotic 
neurodegeneration in prenatal rat hippocampal neurons. Synapse 
2011; 65:562-71.

157. Ambadath V, Venu RG, Madambath I. Comparative study of the 
efficacy of ascorbic acid, quercetin, and thiamine for reversing 
ethanol-induced toxicity. J Med Food 2010; 13:1485-9. 

158. Lee ST, Jung YM, Na DL, Park SH, Kim M. Corpus callosum atrophy 
in Wernicke’s encephalopathy. J Neuroimaging 2005; 15:367-72.

159. Torvik A. Brain lesions in alcoholics: neuropathological observations. 
Acta Med Scand Suppl 1987; 717:47-54.

160. Camilo ME, Morgan MY, Sherlock S. Erythrocyte transketolase 
activity in alcoholic liver disease. Scand J Gastroenterol 1981; 
16:273-9.

161. Baines M. Detection and incidence of B and C vitamin deficiency in 
alcohol-related illness. Ann Clin Biochem 1978; 15:307-12.

162. Thomson AD, Jeyasingham MD, Pratt OE. Possible role of toxins in 
nutritional deficiency. Am J Clin Nutr 1987; 45:1351-60.

163. Bergui M, Bradac GB, Zhong JJ, Barbero PA, Durelli L. Diffusion-
weighted MR in reversible wernicke encephalopathy. Neuroradiology 
2001; 43:969-72.

164. Sechi G, Serra A. Wernicke’s encephalopathy: new clinical settings 
and recent advances in diagnosis and management. Lancet Neurol 
2007; 6:442-55.

165. Hazell AS, Wang C. Downregulation of complexin I and complexin II 
in the medial thalamus is blocked by N-acetylcysteine in experimental 
Wernicke’s encephalopathy. J Neurosci Res 2005;79:200-7.

166. Hazell AS, Butterworth RF. Update of cell damage mechanisms 
in thiamine deficiency: focus on oxidative stress, excitotoxicity and 
inflammation. Alcohol Alcohol 2009; 44:141-7. 

167. Smith KJ, Butler TR, Prendergast MA. Ethanol impairs microtubule 
formation via interactions at a microtubule associated protein-
sensitive site. Alcohol 2013; 47:539-43. 

168. Miller L, Shapiro AM, Cheng J, Wells PG. The free radical spin 
trapping agent phenylbutylnitrone reduces fetal brain DNA oxidation 
and postnatal cognitive deficits caused by in utero exposure to a non-
structurally teratogenic dose of ethanol: a role for oxidative stress. 
Free Radic Biol Med 2013; 60:223-32.

169. Zou JY, Crews FT. TNF alpha potentiates glutamate neurotoxicity 
by inhibiting glutamate uptake in organotypic brain slice cultures: 
neuroprotection by NF kappa B inhibition. Brain Res. 2005; 1034:11-
24.

170. Miguel-Hidalgo JJ.Brain structural and functional changes in 
adolescents with psychiatric disorders. Int J Adolesc Med Health 
2013; 25:245-56. 

171. Cardenas VA, Durazzo TC, Gazdzinski S, Mon A, Studholme C, 
Meyerhoff DJ. Brain morphology at entry into treatment for alcohol 
dependence is related to relapse propensity. Biol Psychiatry 2011; 
70:561-7.

172. Gilgun-Sherki Y, Rosenbaum Z, Melamed E, Offen D. Antioxidant 
therapy in acute central nervous system injury: current state. 
Pharmacol Rev 2002; 54:271-84. 

173. Tiwari V, Chopra K. Protective effect of curcumin against chronic 
alcohol-induced cognitive deficits and neuroinflammation in the adult 
rat brain. Neuroscience 2013; 244:147-58. 



Gonzalez-Reimers et al: Oxidative damage and brain atrophy

72  Oxid Antioxid Med Sci ● 2015 ● Volume 4 ● Issue 2

174. Tiwari V, Chopra K. Resveratrol abrogates alcohol-induced cognitive 
deficits by attenuating oxidative-nitrosative stress and inflammatory 
cascade in the adult rat brain. Neurochem Int 2013; 62:861-9. 

175. Skrzydlewska E, Ostrowska J, Stankiewicz A, Farbiszewski R. Green 
tea as a potent antioxidant in alcohol intoxication. Addict Biol 2002; 
7:307-14. 

176. Luczaj W, Skrzydlewska E. Antioxidant properties of black tea in 
alcohol intoxication. Food Chem Toxicol 2004; 42:2045-51. 

177. Xiao J, Lv Y, Lin B, Tipoe GL, Youdim MBH, Xing F, Liu Y. A novel 
antioxidant multitarget iron chelator M30 protects hepatocytes against 
ethanol-induced injury. Oxid Med Cell Longev 2015; 2015:607271.

178. Zhang XY, Cao JB, Zhang LM, Li YF,  Mi WD. Deferoxamine 
attenuates lipopolysaccharide-induced neuroinflammation and memory 
impairment in mice. J Neuroinflammation 2015; 12:20.

179. Tiwari V, Kuhad A, Chopra K. Suppression of neuro-inflammatory 
signaling cascade by tocotrienol can prevent chronic alcohol-induced 
cognitive dysfunction in rats. Behav Brain Res 2009; 203:296-303. 322

180. Campo GM, Squadrito F, Campo S, Altavilla D, Avenoso A, Ferlito 
M, Squadrito G, Caputi AP. Antioxidant activity of U-83836E, a second 
generation lazaroid, during myocardial ischemia/reperfusion injury. 
Free Radic Res 1997; 27:577-90. 

181. Huang H, Patel PB, Salahudeen AK. Lazaroid compounds prevent 
early but not late stages of oxidant-induced cell injury: potential 
explanation for the lack of efficacy of lazaroids in clinical trials. 
Pharmacol Res 2001; 43:55-61.

182. Grisel JJ, Chen WJ. Antioxidant pretreatment does not ameliorate 
alcohol-induced Purkinje cell loss in the developing rat cerebellum. 
Alcohol Clin Exp Res 2005; 29:1223-9. 

183. Menzano E, Carlen PL. Zinc deficiency and corticosteroids in the 
pathogenesis of alcoholic brain dysfunction--a review. Alcohol Clin 
Exp Res 1994; 18:895-901. 

184. Chen WJ, Berryhill EC, West JR. Zinc supplementation does not 
attenuate alcohol-induced cerebellar Purkinje cell loss during the brain 
growth spurt period. Alcohol Clin Exp Res 2001; 25:600-5.

© SAGEYA. This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted, noncommercial use, distribution and reproduction in any medium, provided that the work is properly cited.
Conflict of Interest: None declared


