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A B S T R A C T

The liver is a strategic organ in the metabolism of macro and micronutrients; when its functioning is
compromised, it may cause some change in the nutritional status of vitamin A. The purpose of this article
is to review scientific evidence in literature on the liver metabolism of vitamin A, the role of ethanol and
retinol interactions on hepatic morphology, besides the alterations in the metabolism of this vitamin in
alcoholic liver disease. Data were collected from Medline database. The liver is the main organ responsible
for the storage, metabolism and distribution of vitamin A to peripheral tissues. This organ uses retinol
for its normal functioning such as cell proliferation and differentiation. This way, vitamin A deficiency
seems to alter liver morphology. Patients with alcoholic liver disease have been found to have low hepatic
levels of retinol in all stages of their disease. In alcoholic liver disease, vitamin A deficiency may result
from decreased ingestion or absorption, reduction in retinoic acid synthesis or increased degradation.
Long-term alcohol intake results in reduced levels of retinoic acid, which may promote the development
of liver tumor. So, in chronic alcoholic subjects, vitamin A status needs to be closely monitored to avoid
its deficiency and clinical effects, however its supplementation must be done with caution since the usual
dose may be toxic for those who consume ethanol.

Indexing terms: vitamin A deficiency; ethanol; liver; alcoholic liver disease; tretinoin; vitamin A.
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R E S U M O

O fígado é um órgão estratégico no metabolismo de macro e de micronutrientes e, portanto, é de esperar que
o comprometimento de sua função seja acompanhado de alterações no estado nutricional de vitamina A. O
objetivo deste artigo é revisar na literatura evidências científicas sobre o metabolismo hepático da vitamina A,
o efeito das interações entre a vitamina A e o etanol sobre a morfologia hepática, além das alterações do
metabolismo dessa vitamina na doença hepática alcoólica. Os dados foram selecionados na base de dados
Medline no período de 1979 a 2005. O fígado é o principal órgão responsável pelo armazenamento,
metabolismo e distribuição da vitamina A para os tecidos periféricos. Esse órgão utiliza retinol para seu
funcionamento normal como proliferação e diferenciação celular. Dessa forma, a deficiência dessa vitamina
parece alterar a morfologia hepática. Baixos níveis de retinol hepático têm sido encontrados em todos os
estágios da doença hepática alcoólica. A deficiência de vitamina A na doença hepática alcoólica pode resultar
da diminuição da sua ingestão ou absorção, na redução da síntese de ácido retinóico ou na diminuição da sua
degradação. A ingestão crônica de álcool resulta em níveis reduzidos de ácido retinóico, o que favorece a
formação de tumor hepático. Logo, em etilistas crônicos o estado nutricional de vitamina A deve ser monitorado,
para evitar sua deficiência e seus sintomas clínicos, embora a suplementação deva ser feita com cautela, pois
doses comumente usadas podem ser tóxicas para aqueles que consomem etanol.

Termos de indexação: deficiência de vitamina A; etanol; fígado; doença hepática alcoólica; tretinoína;
vitamina A.

I N T R O D U C T I O N

Alcoholic liver disease is one of the most
common causes of liver cirrhosis in Occident, and
it is among the ten most common causes of death
by liver disease in the world1. Alcoholic liver disease
has a wide clinical spectrum; it may progress to
cirrhosis and to end-stage liver disease2.

Vitamin A participates in several biological
mechanisms, as epithelial differentiation, gene
expression, reproduction, normal vision and
integrity of the immune system3. The liver plays a
central role in the uptake, storage and is also the
oxidation site of vitamin A catabolism and
responsible for the regulated release of this vitamin
to other tissues4.

By this way, direct effects of ethanol on
liver may interfere on vitamin A metabolism and
hepatic levels. Patients with alcoholic liver disease
have been found to have low hepatic levels of
retinol at all the stages of their disease5.
Furthermore, the interaction between vitamin A
and ethanol may result in structural hepatic
alterations.

The current work intents to gather
information about the liver metabolism of vitamin
A, the role of the interaction between retinol and
ethanol in the liver morphology, besides the

alteration of the metabolism of this vitamin in the
liver disease. This approach aims to increase
awareness of this nutritional condition in different
stages of the liver disease.

It’s a review work, based in the available
articles of periodicals enlisted by Medline. To make
the search of the bibliographic references, it was
considered the ones published within 1979 to 2005,
which contained the key-words: liver, vitamin A
metabolism, alcoholic liver disease, vitamin A
deficiency, retinoic acid and ethanol. Considering
the amount of scientific evidence available about
the proposed subject and aiming the better
application, the information obtained was
assembled, organized and critically evaluated. The
selection of the works was guided by experimental
studies and studies with human beings, and the
inconclusive studies were excluded of this review.

Vitamin A metabolism in the liver

The liver consists of several cell types, of
which two (hepatocytes or parenchymal cells and
stellate cells) are directly involved in the
metabolism of vitamin A6.

Around 50%-90% of retinol ingested is
absorbed via the lymphatics and carried by
chylomicrons and chylomicron remnants, as retinyl
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esters, to the liver and taken up by the
parenchymal cells7. In these cells, the retinyl esters
are hydrolyzed and the free retinol is bound to
cellular retinol binding protein I (CRPB1) and then
transferred to the stellate cells, also called
lipocytes, fat-storing cells or Ito cells8.

The stellate cells, which in normal
conditions contain about 90% of hepatic retinol,
are responsible for uptake, storage and release of
the retinol. In these cells, retinol bound to CRPB1
is esterified by the lecithin: retinol acyltransferase
and retinyl esters are stored in lipid droplets of
these  cells. When retinol is present at high levels
and the CRBP1 becomes saturated, acyl CoA:
retinol acyltransferase may esterify the excess6.
Thus, the hepatic retinol esterification depends on
the amount of retinol present and whether retinol
is bound to cellular retinol binding protein8,9.  About
98% percent of the stellate cell vitamin A is in
the form of retinyl esters6.  The mobilization of
retinol from stellate cells, occurs after the hydrolysis
of retinyl esters and retinol is bound to retinol
binding protein, and the holo-retinol binding
protein complex formed is released. However,
both parenchymal cells and stellate cells can
secrete this complex to the bloodstream, but the
release from stellate cells seems to be the
predominant pathway6,10. In the blood, the
holo-retinol binding protein complex is associated
with the transthyretin, a protein also synthesized
in the liver. Retinol then is removed from
bloodstream and used by the target cells through
specific receptors for active retinoids or its
metabolites, especially retinoic acid, existing in
the surface of the cells and nucleus11,12.

Retinol, the major circulating form of
vitamin A, is not biologically active and serves as
a metabolic precursor of active retinoids. These
are generated intracellularly by two oxidative
enzymatic reactions in which retinol is first converted
into retinaldehyde and then to retinoic acid8.

Vitamin A deficiency and liver disease

The decrease in serum levels of retinol is
frequently found in patients with liver cirrhosis and

it can be explained by the reduced hepatic vitamin
storage, synthesis and/or diminished release of
binding proteins by the liver13. Another factor could
be influenced by the deficient enzymatic
conversion of β-carotene into retinol, which also
occurs in liver14. Other factors such as chronic
inflammation and infection, which are part of
clinical manifestations of liver cirrhosis, are also
responsible for the reduction of the serum levels
of retinol. This can be attributed to the reduction
in the synthesis and release of retinol binding
protein, during acute phase response15,16. In this
case, decrease in serum levels can be transient
and not related to the lower hepatic vitamin A
storage16.

The decrease in serum levels of vitamin A
can be aggravated by the degree of liver disease.
Rocchi et al.17, in a study developed with cirrhotic
patients, found a narrow correlation between the
serum reduction of retinol and the severity of the
disease, according to the classification of Child &
Pugh18, that it is based on clinical and biochemical
data and may be considered as a survival predictor
for these patients.

The inadequate consumption of vitamin A
leads to the depletion of its organic reserves. In
patients with cirrhosis, the inadequate intake of
this vitamin, mainly the vitamin A from animal
sources, which is highly available, can exacerbate
an expected reduction in the serum levels of
vitamin A. In addition, the reduction in protein
ingestion, by unfounded patient’s belief or
inadequate recommendations in clinical practice,
as prophylaxis for the hepatic encephalopathy
contributes for the reduction of vitamin A from
animal sources daily ingestion and the decreasing
of bioconversion of provitamin A carotenoids. In
agreement, the administration of low protein
diets in rats showed to reduce the activity of
β-carotene 15-15’monooxygenase, besides limiting
the retinol binding protein synthesis19.

Moreover, the liver disease can course with
intestinal alterations20 that can compromise the
bioavailability and the bioconversion of carotenoids
in vitamin A.
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Ethanol and retinol interactions
associated with hepatic structural
alterations

It is suggested that the liver also works as
a vitamin A storage site and it can use retinol for
a normal functioning like cell proliferation and
differentiation21,22. This way, vitamin A deficiency
seems to alter the hepatic morphology and may
be associated with hepatic structural alterations .

Leo et al.23 evaluated the serum and
hepatic levels of vitamin A in 41 patients with
liver disease from several etiologies and compared
these results to some alterations in hepatic
morphology. These authors observed the
relationship between hepatic vitamin A deficiency
and the appearance of multivesicular lysosomes.
These organelles seem to be filled with numerous
particles like lipoprotein that suggest an
abnormality in lipoprotein secretion. Searching for
differentiating the ethanol toxic action from vitamin
A action in lesion etiology, these researchers
performed an experimental protocol in rats by
administrating vitamin A-replete or deplete diets,
with or without ethanol. As result, these authors
suggested that ethanol can potentiate the effect
of vitamin A deficiency, which was indicated by
high frequency of multivesicular lysosomes in
animals that received ethanol and deficient diet
in vitamin A. However, these lesions were
observed in animals fed with vitamin A deficient
diet without ethanol as well as in patients with
vitamin A deficiency and without alcoholic liver
disease, while normal vitamin A diet, with or
without ethanol, did not result in the appearance
of multivesicular lysosomes in rats. Thus,
multivesicular lysosomes appearance may be
associated with low hepatic vitamin A levels,
although this type of lesion is not considered a
histopathological sign of vitamin A deficiency.

In patients with alcoholic liver disease,
low levels of hepatic vitamin A has been
associated with the presence of Mallory bodies
which seems a pathological keratinization of the
hepatocytes24-26. However, Mallory bodies were
also observed in patients with alcoholic liver disease
and normal concentration of vitamin A while

patients with low vitamin A concentration and liver
disease induced by drugs did not have any Mallory
bodies27. Leo et al.5,23 did not verify relationship
between the decrease of hepatic vitamin A
concentration and the appearance of Mallory
bodies in livers biopsied from alcoholic subjects
and in rats fed with ethanol. Although this
relationship has not been observed, one cannot
exclude that vitamin A deficiency may potentiate
the role of ethanol in the appearance of Mallory
bodies27.

Ethanol can activate stellate cells by several
mechanisms, associated with ethanol metabolism,
including direct fibrogenic action of acethaldehyde
(a highly toxic metabolite), induction of oxidative
stress, and increased lactate28-32. Stellate cells
activation into myofibroblasts-like cells, responsible
for the synthesis of collagen, results in hepatic
fibrosis and is associated with a decrease in vitamin
A storage in these cells33. This reduction may have
a casual role in this cellular transformation, since
in a culture of stellate cells was demonstrated that
retinol and especially the retinoic acid reduced
the proliferation of these cells, the collagen
synthesis and the transformation into
myofibroblasts-like cells. Thus, vitamin A
deficiency may lead to hepatic fibrosis34. In vitro,
rats’ stellate cell transformation into fibroblasts was
inhibited by the cell exposition to retinol33.

Vitamin A and alcoholic liver disease

Alcoholic liver disease normally courses
with alteration in nutritional status of vitamin A35,36.

Reduced levels of retinol have been found in serum
of chronic alcoholic subjects, with or without
hepatic disease, and in liver biopsies from alcoholic
subjects5.

Calamita et al.37, in a study with patients
with alcoholic cirrhosis, observed  that all of them
presented decreased serum retinol concentrations.

Several factors may contribute for this
alteration, such as: decrease in micro and
macronutrient intake, decreased retinol absorption,
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enhanced degradation in the liver and an increased
mobilization of retinol from the liver to other
organs27,35. Moreover, oxidative stress, induced by
chronic ethanol ingestion, may increase demands
of several antioxidants including vitamin A38.

Like ethanol, retinol is an alcohol and, in
vitro, both can be converted to corresponding
aldehydes in reactions catalyzed by several
isoenzymes of cytosolic alcohol dehydrogenase.
It is expected that in vitro and, possibly, in vivo
these two alcohols may compete for the same or
similar enzymatic pathways. By this way, ethanol
consumption affects retinol metabolism and
function27.

Ethanol, both in acute and chronic intakes,
induces an important depletion in hepatic vitamin
A and alters the distribution of this vitamin to
others tissues23,39. This reduction may be caused
by decreased of hepatic uptake40 or by the
increased metabolism of this vitamin39. It has been
observed that alcoholic liver disease is associated
with the reduction of the concentration of vitamin
A in the liver, even when the hepatic injury is mild,
as in steatosis, and when serum concentration of

this vitamin, retinol binding protein and
transthyretin are normal27,28,36. This way, the serum

levels of vitamin A may not reflect the vitamin A
status in chronic alcoholic subjects with or without
hepatic disease14, as in healthy subjects, since

serum retinol level is kept constant until vitamin
A liver reserve is nearly exhausted.

Ukleja et al.41 in a prospective study with

liver transplantation candidates with several
etiologies, found that patients with alcohol-related
cirrhosis had the lowest median for total hepatic
vitamin A, as well as the lowest median for serum
retinol concentration, when compared to patients

with other etiologies.

Low levels of plasma vitamin A may even

be attributed to decreased synthesis of retinol
binding protein by the liver. Moreover, alcoholic
cirrhosis is normally associated with zinc
deficiency, which may contribute to the decrease
of retinol binding protein synthesis, and

consequently, impairs vitamin A mobilization27.
Protein-calorie malnutrition usually present in these
patients42, with prevalence between 34% to 87%,

reaching about 100% in hospitalized patients43,
also contributes to reduced transport of vitamin A

since one of the main causes is decreased dietary
intake of both micro and macronutrients, mainly
reduced protein intake, which also limits RBP

synthesis44.

Vitamin A status may be worse in late
stages of liver disease. Bell et al.45, found relation

between reduced levels of hepatic vitamin A and
decreased activity of prothrombin in patients with
alcoholic liver disease and suggested that the

hepatic vitamin A level is related to the decrease
of the hepatic function

Vitamin A deficiency may result in

hipogonadism as consequence of testicular
atrophy and decreased spermatogenesis, and night
blindness46 due to reduced rate of regeneration of

visual pigment rhodopsin (opsin conjugated to
retinal), compromising visual adaptation to dim

light11.

In a study using two animal models, Sato
& Lieber47 observed in baboons the decreasing in
vitamin A hepatic concentration equivalent to
59%, 67% and 95% after a mean of 4, 12 and
60 months of ethanol feeding, respectively. In the
first two groups was observed the appearance of
hepatic steatosis while the last one developed
fibrosis or cirrhosis. In rats, was demonstrated the
decrease of vitamin A hepatic concentration after
three weeks of ethanol administration with
progressive reduction during the nine weeks of
study. In relation to plasma retinol levels and retinol
binding protein, they were found significantly
increased in baboons with hepatic steatosis when
compared to the control group, but they did not
present any significant alteration in animals with
fibrosis and cirrhosis. In rats, plasma retinol levels
and RPB were significantly different between

ethanol fed rats and control group. In both
experiments the diets contained vitamin A as

retynil acetate in usual amounts (5600UI/day in
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baboons and 400UI/day in rats). Researchers
concluded that the vitamin A hepatic depletion
induced by ethanol intake occurs in initial stages

of liver disease. In baboons with hepatic steatosis,
increased vitamin A plasma levels and retinol

binding protein were not explained. The possible
reasons found by the authors to explain the vitamin

A hepatic depletion, in these two experimental
groups, were the increase of mobilization of
vitamin A evidenced by the increase of

concentration of vitamin A in the kidneys and the
testis, and the increase of catabolism of vitamin

A through the enzyme cytochrome P450 (CYP)
induced by ethanol consumption.

The main CYP induced by ethanol is
CYP2E1, which possesses a pronounced oxidative

activity in metabolism of several compounds,
resulting in increased production of acetaldehyde

and free radical release48. CYP2E1 also has a high
capacity to activate some commonly used drugs
to their toxic metabolites and to promote

carcinogenesis49. Liu et al.50 observed in vitro that
the incubation of retinoic acid with microsomal

fractions of hepatic tissue containing CYP2E1 from
rats exposed to ethanol resulted in decrease of

retinoic acid and the appearance of polar
metabolites, which can be toxic to cellular
membrane. Moreover, the treatment with
chlormethiazole, an inhibitor of cytochrome
system, in ethanol-fed rats restored the serum and
hepatic concentrations of retinoic acid to normal
levels. In another study, Liu et al.51, evaluating
the effect of two different doses of
chlormethiazole, in rats exposed or not to ethanol,
observed that this inhibitor can restore the
concentrations of retinol and hepatic retinyl esters
in ethanol-fed rats by inhibiting the degradation
of vitamin A and the mobilization of vitamin A
from the liver to the bloodstream.

In order to evaluate the influence of
ethanol on vitamin A supplementation and its

hepatic effects, Leo et al.52 observed in an
experimental study that in rats fed with a high

dose of vitamin A (29000UI/day for 8 weeks) there

was a significant increase of hepatic vitamin A
when compared to the group that received normal
vitamin A diet (5800UI/day for 8 weeks). A slighter

increase was observed in the group that received

the combination high vitamin A diet and ethanol

(36% of total colories) possibly because of an
increased vitamin A catabolism in the liver after

chronic ethanol consumption. These researchers

observed that even the group that received ethanol

and normal vitamin A diet presented mild

mitochondrial alterations and proliferation of the

smooth endoplasmic reticulum, just as the control
group that received only high vitamin A diet. By

contrast, the high vitamin A-ethanol group showed

much more striking lesions with enlarged

mitochondria, confirming the hepatotoxicity of this

vitamin and potentiation of its effect by ethanol.

In another analysis, Leo & Lieber53 observed

an increased number of Ito cells after the

administration of diet with high concentration of
vitamin A (29000UI/day for 2 or 9 months) in rats,

but in the groups that received diet containing

ethanol and high concentration of vitamin A was

observed a decrease in the number of these cells,

which matches with the decrease of hepatic

vitamin A storage and the appearance of

myofibroblasts and collagen fibers. This way,

retinoids may play a role in the development of

cirrhosis induced by ethanol.

These researchers also observed that

retinol is not directly responsible for these hepatic

alterations since after a chronic ethanol intake,

hepatic levels of vitamin A were smaller than

when compared to control group, yet signs of

toxicity were more prominent. It can be explained

by the induction of cytochrome P450 by ethanol,

which promotes the hydrolysis of retinoic acid,

a physiologically active derivate from retinol,

in polar metabolites, which might participate in

toxicity23,54-56. Thus, ethanol can potentiate the

toxicity of retinol.

Recently, Dan et al.57 showed that polar

retinol metabolites caused marked cytotoxicity in
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a concentration and time-dependent manner in
HepG2 cells (human hepatoma cell line) and
primary hepatocytes from rats fed with ethanol.
These authors demonstrated that this toxicity was
due to induction of apoptosis by polar retinol
metabolites. These findings explain the
mechanism by which ethanol potentiate vitamin
A hepatotoxicity.

The reduction of serum levels of retinoic
acid can, in part, be justified by the increase of its
degradation as consequence of chronic ethanol
consumption. The decrease of biosynthesis of
retinoic acid can also be involved, since ethanol
inhibits the oxidation of retinol by alcohol
dehydrogenase58. Wang et al.59 suggested that
decreased liver and plasma retinoic acid induced
by chronic alcohol feeding (36% of total calorie
intake for 1 month) in rats could be caused by
inhibition of retinol oxidation, increased catabolism
of retinoids via  ethanol-induced cytochrome P450
enzymes, lower amounts of retinol and retinyl
palmitate, precursors of retinoic acid, in liver of
ethanol-fed rats, which could result from reduced
intestinal absorption or hepatic uptake, and
increased mobilization of vitamin A from liver to
other organs.

Molotkov & Duester60 observed in retinoid-
treated (10mg/kg of retinoic acid) mice exposed
to acute ethanol intoxication (3,5g/kg) that the
reduced levels of serum retinoic acid are due
primarily to a decrease in retinoic acid synthesis,
and secondarily to an increase in retinoic acid
degradation, but both are significant.

Decreasing in hepatic retinoic acid may be
a mechanism by which alcohol causes
hepatocellular carcinoma, since retinoic acid is
necessary for the cellular proliferation and
differentiation60,61.

Only few studies have been carried out
investigating the mechanisms leading to low
circulating vitamin A levels in alcoholics or chronic
liver disease patients, since methodological and
ethical aspects limit studies in human beings.
Besides, the utilization of hepatic biopsies in order
to evaluate hepatic structural changes is limited

in liver disease patients by a hepatic function
impaired. In addition, animal models are useful in
exploring basic science questions related to
molecular biology, biochemical pathways and
genetics that cannot be explored in human beings.
Although these experimental studies have shown
an adverse interaction between ethanol and
retinol, they must be carefully interpreted.
However, according to its results, in vitamin A
deficiency the administration of pharmacological
supplements needs cautions in relation to dose
and adverse effects.

Based on these facts one should ask how
supplement patients with alcoholic liver disease,
mainly those who are still alcoholics, who
demonstrate clinical signs of vitamin A deficiency.
As previously shown, ethanol and vitamin A
interactions may result in hepatotoxicity.
Majumdar et al.46 supplemented 25 chronic
alcoholic patients with 2500UI/day of vitamin A
orally for 5 days. Three out of these patients were
found to be vitamin A deficient (low serum levels)
and after treatment was observed improvement
of the blood levels in all, except two elderly males.
However, these authors do not describe which type
of liver injury these patients presented, although
biochemical evidence of ethanol-induced liver
damage were found in many of the patients. By
this way, treated patients could be in different
stages of liver disease and consequently may
present different response to supplementation.

Since zinc is essential in vitamin A
metabolism, concomitant administration of zinc

and vitamin A supplementation must be
considered. Mobarhan et al.62, evaluated dark

adaptation, zinc and retinol levels in a study carried
out on 21 hospitalized male patients. Ten patients
were found vitamin A deficient and with abnormal

dark adaptation and two of these patients,
were also zinc deficient. Those patients were
treated with oral vitamin A supplementation
(30000UI/day for 4 weeks). Only three patients
experienced a rise in serum retinol levels,
suggesting that retinol levels may not be sensitive
to monitor changing in vitamin A status than dark
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adaptation. After this period the two zinc-deficient
patients remained with abnormal dark adaptation.
These two patients were then additionally treated
with 220mg of ZnSO4/day for 2 weeks, after which
their dark-adapted thresholds returned to normal.
By this way, vitamin A and zinc supplementation
together may be more efficient than vitamin A
alone.

This review shows that ethanol can either
potentiate vitamin A hepatotoxicity or its
deficiency. So, other studies are necessary to
investigate adequate dose and time of vitamin A
supplementation in chronic alcoholism with or
without liver disease, when and how to associate
it with zinc supplementation.

C O N C L U S I O N

Ethanol toxicity on liver is a function of
duration of alcoholism, amount of daily intake of
alcohol and patient’s nutrition. Long-term alcohol
intake results in reduced vitamin A ingestion and
absorption, enhanced degradation in the liver,
increased mobilization of retinol from the liver to
other organs and in oxidative stress, increasing
vitamin A demands. Moreover, chronic alcoholism
results in impaired nutritional status of retinoic acid,
the most active derivate of vitamin A, which may
promote an environment for tumor formation,
since retinoic acid is necessary for the cellular
proliferation and differentiation. Indeed, reduced
hepatic levels of vitamin A induced by ethanol
may also result in hepatic structural alterations.
So, in chronic alcoholic subjects, vitamin A serum
levels and hepatic reserve need to be closely
monitored to avoid deficiency and its adverse
effects, although it is important to emphasize that
vitamin A supplementation must be done carefully
in vitamin A deficient patients, because dose
commonly administrated in diseases of others
etiology may be toxic for chronic ethanol consumer.
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