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Abstract
Objective  To review data on the role of ethanol-induced alteration of Zn homeostasis in mediation of adverse effects of 
alcohol abuse.
Methods  The scholarly published articles on the association between Zn metabolism and alcohol-associated disorders (liver, 
brain, lung, gut dysfunction, and fetal alcohol syndrome) have been reviewed.
Results  It is demonstrated that alcohol-induced modulation of zinc transporters results in decreased Zn levels in lungs, liver, 
gut, and brain. Zn deficiency in the gut results in increased gut permeability, ultimately leading to endotoxemia and systemic 
inflammation. Similarly, Zn deficiency in lung epithelia and alveolar macrophages decreases lung barrier function result-
ing in respiratory distress syndrome. In turn, increased endotoxemia significantly contributes to proinflammatory state in 
alcoholic liver disease. Finally, impaired gut and liver functions may play a significant role in alcoholic brain damage, being 
associated with both increased proinflammatory signaling and accumulation of neurotoxic metabolites. It is also hypothesized 
that ethanol-induced Zn deficiency may interfere with neurotransmission. Similar changes may take place in the fetus as a 
result of impaired placental zinc transfer, maternal zinc deficiency, or maternal Zn sequestration, resulting in fetal alcoholic 
syndrome. Therefore, alcoholic Zn deficiency not only mediates the adverse effects of ethanol exposure, but also provides 
an additional link between different alcohol-induced disorders.
Conclusions  Generally, current findings suggest that assessment of Zn status could be used as a diagnostic marker of 
metabolic disturbances in alcohol abuse, whereas modulation of Zn metabolism may be a potential tool in the treatment of 
alcohol-associated disorders.
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Introduction

Alcohol abuse or alcohol use disorders are among the 
most widespread psychiatric disorders worldwide [1]. The 
prevalence of heavy drinking in the USA, UK, Germany, 
and China is 16.9, 28, 12.5, and 7.6%, respectively. In 
Russia, alcohol consumption has dramatically increased 
since 1990–2010, reaching the prevalence of heavy drink-
ing of 19.1% of the total population above 15 years old [2]. 
The social and health impact of alcohol abuse is medi-
ated by a tight association between alcohol intake and 
various diseases. Alcohol abuse is causally related to 25 
chronic diseases [3], including cancer, cardiovascular dis-
eases (hypertension, hemorrhagic stroke and atrial fibril-
lation), liver diseases (alcoholic hepatitis, cirrhosis, and 
fatty liver), and pancreatitis [4]. Human brain is one of the 
main targets of ethanol toxicity [5]. In particular, the most 
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common symptoms of alcoholic brain damage include 
Wernicke encephalopathy and Korsakoff syndrome [6].

Although alcohol abuse is more characteristic for men, 
recent studies have demonstrated that male-to-female ratio 
of alcohol use disorders has significantly decreased from 
5:1 (1980s) to 3:1 (2000s) [7]. The social and medical 
importance of alcohol abuse in women is also complicated 
by the fetal hazards of maternal alcohol exposure (growth 
restriction, craniofacial abnormalities, intellectual dis-
abilities, etc.), being clustered into fetal alcohol spectrum 
disorder (FASD) [8]. High rate of fetal alcohol syndrome 
has been revealed in Croatia (43.01 per 1000), Italy (36.89 
per 1000), South Africa (28.29 per 1000) [8].

Due to a tight association with disability and chronic 
diseases, alcoholism causes significant economic loss. In 
particular, the costs of heavy drinking in USA (2006) was 
$223.5 billion, with 72.2% from lost productivity [9]. At 
the same time, the costs were characterized by a increase 
to 2010 accounting for $249.0 billion lost in 2010 [10].

The high variability of clinical signs of alcohol abuse 
is related to the variety of mechanisms of ethanol toxic-
ity [11, 12], including oxidative stress [13], inflammatory 
signaling [14], altered DNA methylation [15].

It has been demonstrated that ethanol toxicity is tightly 
associated with nutritional status [16]. In particular, trace 
element metabolism plays a significant role in alcohol tox-
icity [17]. Multiple observations have demonstrated that 
the most common alcohol-associated trace element disor-
der is zinc deficiency [18].

Zinc is an essential metal playing a significant role in 
functioning of the immune [19], endocrine [20], cardio-
vascular [21], and nervous system [22]. Biological effects 
of Zn are related to its cofactor, antioxidant, anti-inflam-
matory, and signaling function [23]. Severe Zn deficiency 
was first described by Prasad, being characterized by ane-
mia, hepatosplenomegaly, hypogonadism, dwarfism, and 
geophagia [24]. At the same time, altered Zn metabolism 
was also shown to be associated with numerous disorders 
including type 2 diabetes mellitus, hypertension, immune 
deficiency, etc. [25].

Zinc is tightly associated with alcohol metabolism due 
to its catalytic role in alcohol dehydrogenase [26]. ADH 
is characterized by broad substrate specificity and oxi-
dizes both endogenous and exogenous alcohols [12]. It 
has been demonstrated that maternal Zn supplementation 
potentiates the stimulatory effect of ethanol exposure on 
hepatic ADH and aldehyde dehydrogenase activity [27]. 
However, such a mechanistic approach cannot explain all 
effects of the interaction between zinc metabolism and 
alcohol toxicity.

Therefore, the objective of the present study was to 
review the mechanisms linking adverse health effects of 
alcohol toxicity and Zn metabolism.

Zn status in alcoholic patients

Current estimates propose that 30–50% of alcoholics are 
zinc deficient [28]. Multiple studies have demonstrated 
altered serum Zn status in various cohorts with alcohol 
abuse [29, 30]. Similar findings were made in alcoholic 
liver disease patients. In particular, patients with alcoholic 
liver disease were characterized by significantly lower 
hepatic Zn levels in comparison to the respective values 
in non-alcoholic liver disease [31]. The form of ALD 
also significantly affected Zn levels. Particularly, hepatic 
Zn levels were significantly decreased in patients with 
ALD, with the most prominent decrease in alcoholic fatty 
liver cases (− 57%), followed by mild alcoholic hepatitis 
(− 51%) and alcoholic cirrhosis (− 46%) [32]. An earlier 
study demonstrated that serum Zn levels were elevated in 
alcoholics with normal or fatty liver, whereas alcoholic 
hepatitis and cirrhosis were associated with low serum 
Zn levels. Moreover, serum Zn concentration significantly 
correlated with P450 content in hepatic tissue [33].

It has been demonstrated that hepatic Zn levels were 
significantly decreased in cirrhotic alcoholics, whereas no 
significant difference between non-cirrhotics and controls 
was detected. In turn, serum Zn was significantly lower in 
both cirrhotics and non-cirrhotics as compared to the con-
trol values. Correspondingly, urinary Zn losses in patients 
with alcoholic cirrhosis were more than twofold higher 
than those in both non-cirrhotic alcoholics and healthy 
examinees [34]. Plasma zinc levels in patients with alco-
holic liver disease were significantly lower than those in 
the controls, with the lowest values observed in cirrhotic 
patients. Lower levels of plasma zinc were also associ-
ated with increased urinary Zn losses and decreased intake 
[35]. A recent study in Poland (Lublin) demonstrated that 
patients with alcoholic cirrhosis were characterized by 
a 30% decrease in serum Zn levels as compared to the 
control values. However, no significant group differences 
between different cirrhosis stages were observed [36]. It is 
interesting that Zn supplementation in alcoholics signifi-
cantly increased serum metal levels, whereas hepatic Zn 
content remained unchanged in some patients, especially 
in those with cirrhosis [37], being indicative of profound 
alterations in hepatic Zn metabolism in ALD.

Furthermore, a significant decrease in serum zinc in 
parallel with nearly-significantly elevated copper levels 
was also detected in alcoholics [38]. It is proposed that the 
depression of Zn status in parallel with increased levels 
of redox-active Cu and Fe may result in oxidative stress, 
being the one of the mechanisms linking alcoholism and 
its effects and Zn deficiency [39].

Human observations are generally in agreement with 
experimental data. In particular, it has been demonstrated 
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that ethanol feeding resulted in a significant decrease of 
Zn levels in testes (after 1 week), liver, hair, spleen, and 
kidneys (after 2 weeks), and all other tissues except bones 
(after 3–4 weeks of exposure) [40].

In parallel with decreased Zn status, alcohol exposure 
also results in altered Zn distribution. In particular, it has 
been demonstrated that drinking 20% ethanol results in 
a rapid decline in hepatic Zn stores, being the most sig-
nificant in liver mitochondria (− 35% as compared to the 
control values) [41].

The observed changes in Zn status may be related to 
decreased intake or increased excretion of Zn. In particu-
lar, data on decreased Zn body burden are in agreement 
with the observation of increased urinary Zn levels in alco-
holic patients without cirrhosis [42, 43]. Decreased Zn 
intake (lower than dietary reference values for the UK) 
was observed in 67% of alcoholics [44]. At the same time, 
a recent analysis of adults from USA (1999–2006) demon-
strated that Zn intake is associated neither with drinking 
status (never, former, current), nor with the number of 
drinks per day [45]. Previous studies also demonstrate that 
17% lower serum Zn levels in alcoholics is associated with 
decreased Zn-65 absorption as compared to the control 
group (37 vs 56%, respectively) [46, 47].

At the same time, certain studies did not confirm the 
presence of Zn deficiency in alcoholics. In particular, it 
has been demonstrated that intestinal absorption, elimina-
tion, and whole-body Zn content were significantly ele-
vated in alcoholic cirrhosis patients in comparison to the 
control values, whereas hepatic Zn levels were decreased 
and significantly correlated with alcohol dehydrogenase 
activity [43]. In our recent studies we have also observed 
the absence of significant changes in hair [48] and serum 
of pregnant women with alcohol abuse and their off-
spring [49]. No significant changes in serum Zn levels 
were observed in an Italian population of male and female 
alcoholics [50].

Moreover, González-Reimers et  al. [51] have dem-
onstrated that chronic alcoholics are characterized by 
significantly higher hair Zn levels in comparison to the 
healthy examinees (305.89 ± 81.68 vs 219.0 ± 85.84 mg/
kg, p < 0.05). A significant difference between distilled 
beverage and nondistilled beverage consumers was also 
noted (385.77 ± 98.65 vs 282.72 ± 62.54 mg/kg, p < 0.001) 
[51].

Generally, the existing studies demonstrate profound 
alterations of Zn handling in patients with alcohol abuse. 
The observed perturbations may at least partially mediate 
the toxic effects of ethanol in various tissues and organs, 
especially lungs, gut, liver, brain, as well as during the 
development of fetal alcohol syndrome. Moreover, various 
Zn-dependent pathways may also provide an additional link 
between multiorgan failure in alcoholism.

Lungs

Current estimates demonstrate that alcohol abuse signifi-
cantly increases the risk of acute respiratory distress syn-
drome by a factor of 3–4, having a significant impact on 
alveolar epithelial cells and macrophages [52]. In turn, zinc 
was shown to play a significant role in the airways including 
regulation of ADAM33 metalloproteinase activity, NF-kB 
and inflammatory pathways, as well as redox environment 
[53], whereas modulation of Zn metabolism was suggested 
as a target for the treatment of respiratory diseases [54]. 
Certain studies have demonstrated the role of Zn deficiency 
in alcohol-induced impairment of lung functions [55]. In 
particular, it has been demonstrated that ethanol exposure 
significantly reduces intracellular zinc levels through the 
modulation of Zn-transporters in intestine (Zip1, Znt4, Zip4) 
and lung epithelial cells (Zip1). In addition, alcohol expo-
sure was shown to be associated with a substantial decrease 
in Zip4, Znt1 and MT1 expression in alveolar macrophages, 
being associated with a significant depression of Krüppel-
like factor 4 (KLF4) expression. The authors propose that 
the observed decrease in KLF4 and subsequent Zip4 expres-
sion may be associated with alcohol-induced alteration of 
GM-CSF and TGFβ1 signaling [56]. In turn, Zn supple-
mentation significantly increased intracellular Zn levels, 
improved epithelial barrier function and increased GM-CSF 
and phagocytic activity of alveolar macrophages [57, 58].

It has been detected that alcohol exposure may cause a 
significant decrease in alveolar macrophage Zn deficiency 
without systemic Zn disorders as assessed by serum Zn lev-
els. These changes are also associated with impaired bacte-
rial phagocytosis and GM-SCF expression, that have been 
significantly reversed by treatment of alveolar macrophages 
with Zn [59, 60]. These findings are generally in agreement 
with the earlier observation of the tight interaction between 
Zn metabolism and GM-CSF [61], and TGFβ1 signaling 
[62]. Modulation of oxidative stress may also mediate the 
role of Zn in the development of alcoholic lung dysfunction 
[63], corresponding to the antioxidant effects of Zn [64].

Gut

Alcohol abuse may result in significant alterations of intes-
tinal functions, being associated with increased gut perme-
ability, impaired intestinal absorption of nutrients, altered 
gut microbiota [65]. It has been demonstrated that alcohol-
induced liver damage may be mediated by gut dysfunction 
[66] and zinc may play a significant role in this association 
[67]. In turn, it is proposed that endotoxemia is the key factor 
contributing to hypozincemia in alcoholic liver disease [68].
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In 2003, Lambert and colleagues demonstrated that 
Zn administration significantly reduces ethanol-induced 
increase in gut permeability followed by endotoxemia, ele-
vated TNFα levels and degenerative and necrotic changes 
in liver [69]. The observation of Zn-induced improvement 
in gut permeability, endotoxemia, inflammation, and liver 
structure in MT-KO mice allowed to propose the presence of 
alternative (MT-independent) pathways of beneficial effects 
of Zn in alcoholic liver disease [70].

Further studies of the authors have demonstrated that 
ethanol exposure in mice resulted in a significant increase 
in ileal permeability (but not duodenal and jejunal), being 
associated with a significant reduction of tight junction pro-
teins and zinc content. Moreover, zinc deprivation poten-
tiated toxic effect of ethanol on intestinal barrier function 
[71]. HNF-4a also inversely correlated with alcohol-induced 
alteration of tight-junction proteins [72]. The protective 
effects of Zn supplementation against ethanol-associated 
gut leakiness were also investigated. In particular, alcohol 
exposure significantly reduced intestinal claudin-1, occludin, 
and zona occludens-1 (ZO-1) expression, whereas Zn sup-
plementation in ethanol-exposed rats resulted in a significant 
activation of claudin-1 and ZO-1 expression in comparison 
to the control animals. These changes were also associated 
with the prevention of endotoxemia, hepatic macrophage 
activation and proinflammatory cytokine production [73].

Therefore, Zn deficiency may mediate increased gut per-
meability in alcoholics, thus contributing to endotoxemia 
and systemic inflammation.

Alcoholic liver disease

Zinc deficiency is believed to play a significant role in alco-
holic liver disease [74]. Zn associated symptoms in ALD 
include skin lesions, immune dysfunction, hypogonadism, 
impaired wound healing, visual and mental dysfunctions 
[75]. It has been proposed that maintaining normal Zn intake 
is the one of essential components of the diet for normaliza-
tion of nitrogen balance in patients with ALD [76].

Experimental studies demonstrated that alcohol consump-
tion significantly decreases hepatic liver levels through oxi-
dative stress-mediated alteration of hepatic zinc transporters, 
Zip5 and Zip 14 (down-regulation), and Zip 7 and Znt7 (up-
regulation) [77]. Later study by the authors demonstrated a 
significant decrease in endoplasmic reticulum and mitochon-
drial Zn levels in association with elevated hepatic Zip13, 
Zip8, and Znt4 levels in ethanol-fed rats. These changes 
were associated with mitochondrial cytochrome c release, 
Bax and caspase-3 activation and apoptosis. Further in vitro 
studies demonstrated that ethanol-induced apoptosis, as well 
as ER and mitochondrial dysfunction were successfully 
reversed by Zn treatment [78]. At the same time, another 

study demonstrated that ethanol significantly increased MT 
and zinc transporters, SLC39A8 (Zip8) and SLC30A10 
(Znt10), expression [79]. Therefore, the observed hepatic 
Zn deficiency in ALD is mediated through alteration of zinc 
transporters expression.

In vivo and in vitro experimental studies have demon-
strated the mechanisms of the association between ethanol-
induced Zn deficiency and liver damage. In particular, it has 
been also proposed that ethanol-induced Zn deficiency may 
significantly affect hepatic mitochondrial biogenesis and 
alter mitochondrial respiratory complexes I, III, and IV func-
tioning, thus resulting in ROS overproduction and altered 
membrane potential [80]. Correspondingly, Zn deficiency 
was associated with altered HepG2 cell proliferation and 
regeneration, being associated with decreased production 
of hepatocyte growth factor (HGF), HNF-4α, insulin-like 
growth factor I (IGF-I), insulin-like growth factor binding 
protein 1 (IGFBP1), metallothionein (MT), and cyclin D1, 
whereas Zn supplementation improved liver regeneration, 
being indicative of the beneficial effect of Zn supplementa-
tion in alcoholic liver disease [81].

It has been demonstrated that alcohol consumption sig-
nificantly reduced hepatic Zn levels in both Zn adequate 
and Zn deficient mice, being associated with more profound 
changes in liver. Moreover, Zn deficiency potentiated etha-
nol-induced inflammatory response and lipid accumulation 
through oxidative stress and expression of proinflammatory 
cytokines (IL-1β, TNFα, MCP-1, etc.) [82].

It has been noted that Zn deficiency increases IL-8 pro-
duction in alcoholic liver disease through the inhibition of 
histone deacetylase and subsequent NF-kB activation [83]. It 
is also hypothesized that alcohol-induced Zn deficiency may 
mediate alterations in gene expression via histone modifica-
tions in ALD [84]. At the same time, it was noted that Zn 
and ethanol have a synergistic positive effect on autophagy 
in human hepatoma cells [79].

Correspondingly, certain studies have demonstrated a 
protective effect of Zn supplementation against ethanol-
induced liver damage [85]. In particular, it has been dem-
onstrated that Zn supplementation significantly prevented 
alcohol-induced decrease in hepatocyte proliferating cell 
nuclear antigen and hepatocyte nuclear factor 4alpha expres-
sion, being associated with decreased oxidative stress [86]. It 
has been demonstrated that Zn supplementation significantly 
reduced ethanol-induced activation of hepatic stellate cells, 
that are known to play a substantial role in liver fibrosis, 
through inhibition of MAPK, TGF-β and NF-kB signaling 
and antioxidant function [87].

Zn supplementation significantly reversed hepatic 
lipid accumulation through up-regulation of fatty acid 
ββ-oxidation (Acadl) and VLDL secretion genes (Mttp and 
Apob), being associated with the normalization of hepato-
cyte nuclear factor-4α and peroxisome proliferator activated 
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receptor-α (PPAR-α) levels [88]. Zn was also capable of 
reduction of ethanol-induced expression of proapoptotic 
proteins like tumor necrosis factor (TNF)-α, TNF-R1, FasL, 
Fas, Fas-associated factor-1, and caspase-3 in murine liver 
[89]. It has been demonstrated that zinc supplementation sig-
nificantly reduced ethanol-induced oxidative stress in both 
MT-KO and wild-type mice, being indicative of the MT-
independent effects of Zn in alcoholic liver disease [90, 91].

The results of a clinical trial also demonstrated the benefi-
cial effect of ZnSO4 supplementation on Zn status, endotox-
emia, proinflammatory and fibrotic markers in alcoholic cir-
rhosis patients [92]. An earlier clinical study demonstrated a 
significant improvement in metabolic parameters including 
elevation of plasma prothrombin and alkaline phosphatase 
levels and depression of serum bilirubin concentrations in 
Zn-supplemented patients with alcoholic cirrhosis [93].

Finally, it is hypothesized that progressive alcoholic liver 
damage results in impaired removal of neurotoxic agents 
in parallel with Zn deficiency, ultimately leading to altered 
neuronal functions, thus providing a link between alcoholic 
liver disease and brain atrophy [94].

Brain

It has been noted that patients with alcohol brain atrophy 
were characterized by nearly twofold lower values of serum 
Zn as compared to the patients without cerebellar atrophy 
(971 vs 1817 μg/l) [95]. Moreover, it has been proposed 
that the dysbalance between zinc and selenium (both being 
antioxidant trace elements) and redox-active iron may also 
contribute to the development of brain atrophy in alcoholics 
[96]. These findings correspond to our earlier data indicating 
that chronic alcohol feeding for 8 months in rats results in a 
significant more than twofold decrease in brain Zn content 
(19.75 vs 8.62 mg/kg) [97].

Experimental studies demonstrated that Zn status may 
significantly affect the impact of ethanol consumption on 
neurotransmission. In particular, it has been demonstrated 
that Zn deficiency prevents ethanol-induced elevation of 
dopamine in nucleus accumbens. Moreover, prolonged Zn 
deficiency and alcohol consumption significantly affect the 
responsiveness of GABAA receptors [98]. At the same time, 
it has been demonstrated that zinc potentiates the stimula-
tory effect of ethanol on α1 glycine receptor [99]. Moreo-
ver, experimental data based on observations on mice with 
mutations in zinc-binding residue in the glycine receptor 
α1 indicate that Zn is essential mediator of the impact of 
ethanol on GlyR [100].

Our earlier data demonstrate that Zn supplementation 
may significantly affect alcoholic motivation, decreasing 
ethanol consumption by a factor of more than 2 (49.0 ± 4.6 
vs 21.8 ± 5.5 ml/kg) [101]. Moreover, the protective effect of 

Zn supplementation against alcohol-induced changes in cor-
tical, hippocampal, and cerebellar levels of trace elements 
was demonstrated [102, 103]. Zn supplementation also 
reversed ethanol-induced increase in NOS activity [104].

Taking into account the role of Zn in synaptic function 
and neurotransmitter metabolism [105], one can suppose 
that ethanol-induced perturbations in brain Zn handling may 
interfere with these processes. However, direct indications 
are still insufficient and further studies are required.

Correspondingly, a recent clinical trial demonstrated that 
Zn supplementation is effective in the treatment of hepatic 
encephalopathy, being significantly associated with improve-
ment of physical component scale, but not mental compo-
nent scale [106].

Fetal alcohol syndrome

Zinc is known to play a significant role in the regulation 
of reproduction and development, and disturbances in Zn 
homeostasis result in altered ontogenesis [107]. Multiple 
studies have proposed the role of altered Zn status in women 
with alcohol abuse in adverse pregnancy outcome [108]. 
Moreover, zinc deficiency was proposed to be a co-teratogen 
with alcohol abuse (IOM 1990). Correspondingly, maternal 
Zn supplementation in mice significantly reduced the inci-
dence of fetal abnormalities associated with prenatal ethanol 
exposure [109, 110].

In particular, pregnant alcoholic women were character-
ized by significantly lower plasma Zn levels as compared to 
the control values (50.7 vs 72.2 μg/dl). In turn, cord plasma 
Zn in their offspring was also lower than that in children 
born from non-alcoholic women (65.5 vs 81.3 μg/dl) [111]. 
Moreover, we have detected a decrease in plasma Zn levels 
in Russian and Ukrainian pregnant women exposed to alco-
hol when compared to the healthy ones [18].

Experimental studies have demonstrated the effect of 
ethanol on zinc homeostasis in fetus. In particular, mater-
nal short and long-term ethanol administration significantly 
decreased placental and fetal zinc uptake by 40 and 30%, 
respectively [112]. Moreover, Zn supplementation (10 and 
40 mg/l) in ethanol-fed pregnant dams did not result in 
increased placental Zn transport [113]. Our previous studies 
also demonstrate that alcohol abuse results in Zn deficiency 
in both maternal and fetal organisms [114]. Perinatal ethanol 
exposure also resulted in the alteration of Zn distribution in 
offspring [115]. We have also demonstrated that not only 
maternal but also paternal ethanol exposure may affect Zn 
status in offspring. In particular, paternal or maternal alcohol 
feeding resulted in a significant 28% decrease in RBC Zn 
content, whereas combined paternal and maternal alcohol 
consumption caused a nearly twofold decrease in erythrocyte 
zinc levels as compared to the control animals [116].
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It has been demonstrated that the alcohol-induced altera-
tion of placental Zn transport is MT dependent [117]. Fur-
ther studies indicate that alcohol exposure may induce MT 
synthesis in maternal liver, resulting in Zn sequestration and 
limited metal bioavailability for the fetus [118].

However, certain studies have demonstrated the absence 
of a significant protective effect of Zn supplementation 
against ethanol-induced reduction in brain weight [119]. 
Moreover, it has been demonstrated that alcohol exposure 
during the third trimester does not result in Zn deficiency 
in the fetal brain, and Zn supplementation did not prevent 
alcohol-induced Purkinje cell loss [120].

Earlier we have proposed that the potential mechanisms 
linking Zn deficiency and FAS may include antioxidant 
effect of Zn, as well as altered sonic hedgehog signaling, 
insulin growth factor signaling, and apoptotic stimulation 
[18].

Other tissues

As stated earlier, alcohol intoxication affects multiple organs 
and systems. There is growing evidence on the role of Zn 
imbalance in these processes. In particular, it has been pro-
posed that Zn may have a protective effect in alcohol-induced 

Fig. 1   Involvement of Zn 
metabolism in pathways of 
ethanol toxicity in gut, lungs, 
liver, brain and development of 
fetal alcoholic syndrome
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bone pathology [121]. The earlier studies have demonstrated 
that ethanol exposure significantly reduced trabecular bone 
volume, whereas Zn supplementation increased osteoid area 
and serum vitamin D levels [95].

Zn possessed protective effects against alcoholic gastric 
lesions, preventing the increase in TBARS formation and 
ethanol-induced depression in antioxidant enzymes (super-
oxide dismutase and catalase) [122].

It is also proposed that Zn deficiency in alcoholics may 
significantly contribute to cardiac fibrosis in alcoholic car-
diomyopathy [123]. Similarly to certain indications of MT-
independent protective effects of Zn in alcoholic liver dis-
ease [90], it has been demonstrated that Zn supplementation 
prevents the formation of cardiac fibrosis but not myocardial 
hypertrophy in ethanol-exposed MT-KO mice [124].

It has been demonstrated that ethanol feeding results in 
a significant increase in thyroid-stimulating hormone levels 
in parallel with reduced T3 and T4 concentrations, whereas 
Zn supplementation reversed these changes. Moreover, Zn 
supplementation also prevented ethanol-induced decrease in 
serum Ca and elevation of Na levels [125].

However, no beneficial effect of Zn supplementation was 
observed in alcoholic myopathy model associated with IIa 
and IIb fiber atrophy, oxidative stress, and decreased IGF-1 
levels [126]. Correspondingly, Zn supplementation did not 
improve the symptoms of alcoholic myopathy [127].

Although data on the impact of ethanol-induced Zn defi-
ciency in damage of other tissues and organs in alcoholics 
are insufficient, it is expected that further studies will high-
light additional mechanisms.

Conclusion

The existing data demonstrate a significant role of zinc defi-
ciency in alcohol related organ injury. It is demonstrated 
that alcohol-induced modulation of zinc transporters results 
in decreased Zn levels in lungs, liver, gut, placenta, and 
brain. Zn deficiency in the gut results in increased gut per-
meability, ultimately leading to endotoxemia and systemic 
inflammation. Similarly, Zn deficiency in lung epithelia 
and alveolar macrophages decreases lung barrier function 
resulting in respiratory distress syndrome. In turn, increased 
endotoxemia significantly contributes to proinflammatory 
state in alcoholic liver disease. Finally, impaired gut and 
liver functions may play a significant role in alcoholic brain 
damage, being associated with both increased proinflamma-
tory signaling and accumulation of neurotoxic metabolites. 
Moreover, ethanol-induced Zn deficiency may interfere with 
neurotransmission. Similar changes may take place in the 
fetus as a result of impaired placental zinc transfer, result-
ing in fetal alcoholic syndrome. Therefore, alcoholic Zn 
deficiency not only mediates the adverse effects of ethanol 

exposure, but also provides an additional link between dif-
ferent alcohol-induced disorders (Fig. 1).

Generally, current findings suggest that assessment of Zn 
status could be used as a diagnostic marker of metabolic 
disturbances in alcohol abuse, whereas modulation of Zn 
metabolism may be a potential tool in treatment of alcohol-
associated disorders. However, potential limitations of vari-
ous Zn status biomarkers should be taken into account.
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