Exploring Alcohol’s
Effects on Liver Function
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A large proportion of heavy drinkers develop serious alcoholic liver disease.
Susceptibility to alcoholic hepatitis and cirrhosis appears to be influenced by
heredity, gender, diet, and co-occurring liver illness. Most alcoholic liver damage is
attributed to alcohol metabolism. Liver injury may be caused by direct toxicity of
metabolic by-products of alcohol as well as by inflammation induced by these by-
products. Exposure of liver cells to bacterial toxins may contribute to liver disease.
Escalating liver injury can lead to fibrosis and, ultimately, to cirrhosis. Increased
understanding of the mechanisms of liver injury has led to innovative treatments for
alcoholic liver disease, including the use of corticosteroids, antioxidants, antibiotics,
and certain polyunsaturated fats. Key worbs: heavy AOD use; alcoholic liver cirrhosis;
alcoholic hepatitis; ethanol metabolism; biochemical mechanism; toxic drug effect;
inflammation; drug therapy; hereditary factors; gender differences; diet; risk factors;
endotoxin; fibrosis; free radicals; etiology; literature review

n association between liver
disease and heavy alcohol

As alcohol is broken down in the intake that can be achieved by con-
liver, a number of potentially danger- suming approximately 72 ounces (0z)

consumption was recognized ous by-products are generated, such &$ beer, 1 liter of wine, or 8 oz dis-

more than 200 years ago (Smart and acetaldehyde and highly reactive
Mann 1992). Long-term heavy alco-

tilled spirits (i.e., 56 standard

molecules called free radicals. Per-  drinks') daily for 20 years. For wom-

hol use is the most prevalent single Naps more so than alcohol itself, thesen, the threshold dose is one-fourth to
cause of illness and death from liver Products contribute to alcohol-inducechne-half that amount. In this article,

disease in the United States (Nationa

Center for Health Statistics 1994).

The liver is particularly susceptible to
alcohol-related injury because it is the

primary site of alcohol metabolism.
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liver damage. the phraséheavy drinking refers to

The liver is one of the largest or-  thjs daily intake.

gans in the body; it has not only con-  Heavy long-term alcohol consump-
siderable reserves but also the ability tjon clearly plays a major role in the

to regenerate itself. Consequently,  geyelopment of alcohol-related liver
symptoms of liver damage may not - gamage. Yet, no more than one-half of
appear until damage to t.h? orgalln 'S" heavy drinkers develop alcoholic hep-
quite extensive. Epidemiologica atitis or cirrhosis (French et al. 1993).
studies suggest that a threshold dose This finding suggests that other fac-

of alcohol must be consumed for tors—heredity, environment, or both

Zﬁ;'?&zggeg{" 2‘; r;g-é%g)e Cgé??nzap?rr]}sinteract to influence the course of liver
y : : ! disease. This article examines some

dose amounts to 600 kilograms (kg) types of liver injury and their potential

taken chronically over many years, an . .
y vy mechanisms, discusses factors that may

10ne standard drink is defined as 12 fluid F"f"‘ce people at_increase_d risk for SEJCh
ounces (0z) of beer, 5 fluid oz of wine, or 1.5 |njur_y, and prowdes a brief descnp'uon
fluid oz of distilled spirits. of different treatment approaches.
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TYPES OF ALCOHOL -INDUCED related, progressing from fatty liver to pp. 93-96), detoxify harmful sub-
LivER DAMAGE alcoholic hepatitis to cirrhosis. How- stances that enter the body. The

- ever, heavy drinkers may develop MEOS oxidizes alcohol to acetalde-
Alcohol-related liver damage can be  ajlcoholic cirrhosis without first devel- hyde by means of a cytochrome called
divided into three categories (French oping hepatitis. Moreover, alcoholic  P450 2E1, or CYP2EL, which is found

etal. 1993): hepatitis may have a sudden onset anih the endoplasmic reticulum of liver
. a rapid course, causing death before cells. Normally functioning at a low

« Fatty liver. Some degree of fat depo-cjrrhosis can develop. level, CYP2EL1 is stimulated (i.e.,
sition in the liver occurs in almost all induced) to a higher level by the pres-
heavy drinkers. It also may occur ence of alcohol. Thus, the MEOS
tranS|ent|y in nonalcoholics aftera METABOLISM OF ALCOHOL becomes increasing|y important as
single drinking session. Fatty liver is : alcohol consumption becomes heavier
reversible and is not believed to leadN understanding of alcohol metab- _ -/ 0 chron[i)é

standing alcohol-induced liver

« Alcoholic hepatitis. This disorder is damage. Most of the alcohol that  pygggLE M ECHANISMS
characterized by widespread in- ~ Ppeople drink is metabolized in the | g yencING ALCOHOL -INDUCED
flammation and destruction (i.e., liver. The major pathway for alcohol | \ver DamMAGE

necrosis) of liver tissue. Scar tissugMetabolism involves the enzyme
may begin to replace healthy liver alcohol dehydrogenase (ADH). This  The mechanisms that influence liver

tissue, a process called fibrosis.  €nzyme converts alcohol to acetalde- injury are both poorly understood and
Symptoms of alcoholic hepatitis ~hyde through a chemical process  controversial. Moreover, they interact in
may include fever, jaundic¢eand called oxidation. (For more informa-  complex ways. The following sections
abdominal pain. The condition can tion on the metabolism of alcohol, seebriefly discuss aspects of these mecha-
be fatal but may be reversible with the article by Bode, pp. #83.) nisms and their interactions.

abstinence. Alcoholic hepatitis .
occurs in up to 50 percent of heavy As alcohol is broken Role of Oxygen

g\rl::nokﬁ (;IS A(\It\)lsggr:;ldlrztétsrt&g:n down intheliver, a Oxygen-related factors that influence
[NIAAA] 1993) ) alcohol-induced liver damage include
' number of potentl al |y the effects of free radicals, antioxi-

dants, and hypoxia.

* Alcohalic cirrhosis. This most ad- dangerous by_products

vanced form of liver disease is diag-

nosed in 15 to 30 percent of heavy are gener ated.
drinkers. Between 40 and 90 percent

Free Radicals. Much of the direct cell
damage that occurs during alcoholic
of the 26,000 annual deaths from liver disease is believed to be caused

cirrhosis are alcohol related (Dufour by free radlgals. Free radicals are
etal. 1993). A cirrhotic liver is char-  Acetaldehyde is highly toxic to the ~Nighly reactive molecular fragments
acterized by extensive fibrosis that body, even in low concentrations. Nor- that frequently contain oxygen. Small
stiffens blood vessels and distorts thenally, however, the enzyme aldehyde quantities of free radicals are pro-
internal structure of the liver. This  dehydrogenase (ALDH) rapidly oxi- ~ duced as normal by-products of vari-
structural damage results in severe dizes acetaldehyde to acetate. Most of 0US metabolic processes. These
functional impairment, which may the acetate travels through the blood- fragments are _qUICkly Scaver!ged by
lead secondarily to malfunction of ~ Stream to other parts of the body, wherdatural protective molecules in the
other organs, such as the brain and it can enter other metabolic cycles cell, called antioxidants (e.g., glu-
kidneys. Although alcoholic cirrhosis (Lieber 1994) that produce energy or tathione and vitamins A and E). How-
is usually fatal because of complica- useful molecules. The usual biological €ver, when free radicals are produced
tions (e.g., kidney failure and hyper- role of both ADH and ALDH is to metab- in excess or Wr;]enfantloxplanlt defenses
tension in the vein carrying blood to Olize vitamin A (i.e., retinol). ~~ are impaired, the free radicals may
the IiVer [i.e., the pOl‘ta| Vein]), |t can The m|crosoma| enzyme 0X|d|z|ng |ntera—Ct destl’uctlvely W|th V|ta-.| Ce”
stabilize with abstinence. system (MEOS) is an alternate path- constituents, potentially causing death
way for alcohol metabolism in the ~ Of the cell.

Traditionally, these three conditionsliver. Microsomal enzymes belong to -
have been considered sequentially a famlly of proteins called cytochromes. 'An enzyme called catalase also can convert

. _alcohol to acetaldehyde. However, this enzyme
Some cytochromes, located in a cellu rarely plays an important role in humans and

2For definitions of this and other technical |a'_’ SUb_StrUCture Ca"_ed the_ endoplas- il not be discussed further in this article
terms, see glossary, pp.-9%. mic reticulum (see figure in glossary, (Lieber 1994).
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Alcohol's Effects on Liver Function

THE LIVER—STRUCTURE AND FUNCTION

The liver is the largest organ of the tine to help digest fats and render blood-clotting mechanisms. The
body, weighing 3.3 pounds. It occu-them soluble for absorption. Nutrients liver can mobilize a chemical and
pies the upper rightand part of are carried from the small intestine  cellular arsenal for self-protec-
the left—section of the abdomen. through the portal vein directly to the tion. Fortunately, the livés abili-
Delicate fibrous tissue divides the liver, which then synthesizes choles- ty to regenerate helps this
liver into functional units called terol, metabolizes or stores sugars, important organ survive the wear
lobules, cylindrical structures sev- processes fats, stores vitamins, and and tear of a lifetime.
eral millimeters (mm) in length and assembles proteins for use within the
0.8 to 2 mm in diameter. The hu- liver or elsewhere. The liver also Reference
man liver contains 50,000 to Convertsf the. pI‘OdUCtS of pmtei’? DieHL, A.M. Effects of alcohol on liver
100,000 lobules. metabolism into urea for excretion by regenerationAlcohol Health & Research
At a microscopic level, each the kidneys. In addition, it requlates  World 17(4):279-283, 1993.
lobule is nourished by blood that
enters from the blood vessels at the
periphery (see figure). These ves-
sels include small branches of the
hepatic artery as well as branches
of the portal vein, which brings
nutrients and other dissolved sub-
stances from the intestine. Blood
from these peripheral vessels enter
channels called sinusoids, where it
bathes all the cells in the lobule
before exiting through a vein locat-
ed in the center of the lobule. The
sinusoids are lined in part by
Kupffer cells, immune-system cells
that attack and engulf bacteria and
foreign matter in the blood (see
Diehl 1993 for more information).
The unidirectional transport of
blood within lobules from the
peripheral vessels to the central
vein significantly affects liver

Liver lobule

Hepatic venule

function and disease. The region ﬁ;ar;;t of
adjacent to the peripheral vessels i artzry
referred to as zone 1, and the cells Hepatocytes

surrounding the central vein make

up zone 3. Between these zones Sinusoids
lies zone 2. Blood flowing through

the sinusoids releases dissolved

substances, including oxygen,

mostly to zone 1 and in the least

amount to zone 3. In cirrhotic Bile duct

livers, the relative lack of oxygen ﬁéi';f.t of
(i.e., hypoxia) in zone 3 appears to portal vein

encourage fibrosis in that zone.

The functions of the liver are
essential to life. As the metabolic
crossroads of the body, the liver Schematic drawing of liver structure. The liver is divided into functional units called
filters circulating blood, removing lobules, each organized around a central vein (i.e., the hepatic venule) that returns
and destroying toxic substances. It cleansed blood from the liver to the body.
secretes bile into the small intes-
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One common result of free radical peroxidation. Similarly, alcohol has such as heavy alcohol consumption,
attack is the sequential degradation ofbeen found to decrease concentratiorthe inflammatory process can threaten
cell membranes by a process known asf vitamins A and E in rat livers, re- the bodys own tissues. For example,
lipid peroxidation. This process may sulting in increased lipid peroxidation chronic heavy alcohol consumption

destroy the integrity of the membranesand liver injury. can cause an imbalance of certain
both within and surrounding the cell, biological molecules and set in motion
seriously compromising cell function Hypoxia (Low Oxygen Concentration).  other mechanisms leading to tissue
(Rubin 1993). Researchers have Alcohol metabolism appears to in-  damage. Three classes of molecules
demonstrated that chronic alcohol ~ crease oxygen utilization by liver (i.e., eicosanoids, cytokines, and endo-

consumption induces lipid peroxida- ~ cells, thereby reducing the availability toxins) and two processes (i.e., adduct
tion in rats and that the degree of lipid of oxygen for other important cellular formation and fibrosis) are the sub-
peroxidation is related to the extent of functions (see sidebar). This pheno- jects of the following sections.
liver injury (Naniji et al. 1994). menon is most important in zone 3 of

When alcohol is metabolized in  the liver lobules, which normally is  Ejcosanoids. Eicosanoids are a family
liver cells by CYP2E1, free radicals €Xposed to lower concentrations of  of biological molecules with a wide
are produced. In rats, which are some0Xygen than zone 1 or zone 2 (see  range of functions. Different
what resistant to alcoholic liver injury, sidebar). The tendency of hypoxia to ejcosanoids affect the liver in different
disease can be induced when alcohol i€ccur in zone 3, together with the fact\yays: Prostaglandins and prostacy-
administered together with a high-fat  that free radicals are more likely to be cjins can protect liver cells from cer-
diet (Tsukamoto et al. 1990). The fat formed in this region, may account forgin kinds of damage; conversely,
increases CYP2EL1 activity and simultathe observation that alcoholic liver  thromboxanes cause blood vessels to
neously alters membrane composition, d@mage tends to concentrate in zone dqrow, which can promote hypoxia or
making the membrane more susceptible Cells lining the liver sinusoids also gjrectly cause inflammation or necro-
to peroxidation (Nanji et al. 1994). may contribute to hypoxia by secret- jg (Nanji et al. 1993). Another type of

ing endothelin, a potent agentthat  gjcosanoid, the leukotrienes (e.g.,

Antioxidants. As mentioned previ-  induces narrowing of blood vessels. g kotriene B), may cause liver injury
ously, antioxidants are the celide- 1€ resulting narrowing of the sinus- py attracting and activating
fense against free radicals. Chronic 0ids may decrease the delivery of o trgphils, special white blood cells
alcohol consumption diminishes the ©Xygen-containing blood to zone 3. ity phagocytic properties. Long-term
levels of these antioxidants and ren- | C&lcohol consumption alters the balance
ders liver cells more susceptible to  Increased levels of plasma endotheliny gicsanoids in the liver by decreas-
free radical-induced injury. One im- compared with healthy subjects. ing the production of cell-protective

portant antioxidant that is affected by prostaglandins and prostacyclins and

alcohol is glutathione. Inflammatory Agents by increasing the synthesis of the
Liver cells contain an abundance |nflammation is a localized defensive harmful eicosanoid thromboxane B

of glutathione, especially within response to tissue injury. Liver inflam-@nd, possibly, leukotriene;gNaniji et

structures called mitochondria, wheremation is the hallmark of alcoholic &l 1993).

most of each cél energy is generat- hepatitis. The inflammatory process _ _ _

ed. The key enzymes in mitochondriapegins when liver cells release chemi-Cytokines. Cytokines are a family of
are certain cytochromes that are inte-cajs that attract specialized white chemicals produced by various im-
gral components of the inner mito-  plood cells, or phagocytes, to the mune system cells, including the
chondrial membrane. Like CYP2EL, damaged tissue. Phagocytes engulf Kupffer cells of the liver. As with
these cytochromes can produce free and destroy foreign substances, detoxeicosanoids, the cytokines have many
radicals—hence the need for antioxi- ify bacterial poisons, produce antibod-overlapping biological functions, and
dant protection. Glutathione is not  jes, and release chemical messengerghey can be harmful in the context of
synthesized in mitochondria; adequateéhat attract more phagocytes to the long-term heavy alcohol consumption
concentrations of glutathione are area. Phagocytes arriving from the  (McClain et al. 1993).

maintained there by active transport bloodstream are assisted by a popula- Patients with alcoholic hepatitis
from the cytoplasm through the mito- tion of phagocytes that remain perma-frequently have high levels of cyto-
chondrial membrane. Alcohol inter-  nently in the liver, known as Kupffer kines in their bloodstream, including
feres with the transport of glutathione cells (see figure). tumor necrosis factor alpha (TNB-
through membranes, leading to its These activities form a highly com- (McClain et al. 1993). TNFe, pro-
depletion from mitochondria. The plex, interrelated, exquisitely regulat- duced primarily by Kupffer cells, may
resulting glutathione deficiency may ed network for protection against cause liver injury directly or indirectly.
permit mitochondrial damage and celldisease-causing microorganisms and First, evidence suggests that TNF-
death by means of unimpeded lipid cancer. Under certain circumstances, might be directly toxic to liver cells.
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Alcohol's Effects on Liver Function

Second, TNFa stimulates the liver to
produce other cytokines, which attract
white blood cells to the liver and stim- Liver cell
ulate them to release free radicals and (i.e., hepatocyte)
toxic enzymes. In experimental ani- '
mals, TNFe increases in the liver after
1 month of alcohol administration,
timing that coincides with the onset of
liver cell necrosis and inflammation.

The mechanisms of increased cy-
tokine production in alcoholic liver
disease are not well understood.
Chronic exposure to bacterial toxins
in the alcoholic may stimulate inflam-
matory cytokine production (see be-
low) (McClain et al. 1993).

Endotoxins. Endotoxins are major
molecular constituents of the outer
membrane of certain bacteria. Chem-
ically, endotoxins are complex
molecules called lipopolysaccharides
(LPS's). These chemicals cause many Ingested
of the toxic effects of bacterial infec- foreign matter
tion on most organ systems. Endo-

toxins are presgnt in _the mtesyne llustration of Kupffer cells, which line the channels in the liver (i.e., the sinusoids)
because bacteria typically reside ther¢  that contain circulating blood. Kupffer cells filter the blood by ingesting and
under normal circumstances, minute digesting foreign matter and organisms (i.e., the process of phagocytosis). Dark
amounts of endotoxin may pass red areas inside the cells represent ingested foreign particles.
through the intestinal lining into the
bloodstream. However, alcohol inges-
tion is believed to increase intestinal
permeability to endotoxins, permitting
their access to the circulation and cells, and antibodies (Israel et al. adducts can increase collagen synthe-
subsequently to the liver. Endotoxins 1988). Antibodies directed against  sis in vitro, as can the chemical prod-
are often detectable in the blood of protein adducts have been detected iructs of lipid peroxidation.
patients with liver disease. the blood of alcoholics. Adduct for- A third potential stimulus to alco-
Upon reaching the liver, endotox- mation may contribute to alcoholic  holic liver fibrosis is a cytokine called
ins are presumed to act on Kupffer liver injury, either by impairing the  transforming growth factor beta (TGF-
cells, stimulating them to release function of the affected protein or by ). In the presence of this cytokine,
chemicals that promote inflammation stimulating an immune mechanism  stellate cells grown in culture begin to
and hypoxia. The ongoing alcohol-  that in turn attacks healthy liver cells. synthesize collagen. In rats, chronic
induced LPS absorption may provide alcohol feeding induces TGEpro-
a continuing stimulus to Kupffer cells Fibrosis. Fibrosis is a major mecha- duction by Kupffer cells. TGIB-also
that perpetuates inflammation in alco-nism of liver disease because it can is produced by stellate cells them-
holic liver disease. lead to irreversible cirrhosis. Long-  selves; this production can occur in the
term alcohol consumption stimulates liver of alcoholics, creating a self-
Adduct Formation. Highly reactive the liver's fat-storing (i.e., stellate) perpetuating cycle of fibrosis.
compounds, such as acetaldehyde ancells to produce collagen, the protein  Kupffer cells may produce com-
some free radicals, can attach chemi-that forms scar tissue. The precise  pounds other than TGEthat influ-

Kupffer cells

SOURCE: Adapted from Guyton, A.C. Textbook of Medical Physiology. 4th ed. Philadelphia: W.B. Saunders
Co.,1971. p. 109.

cally to proteins in the blood and stimulus that initiates this process is ence the development of alcoholic
liver. The resulting hybrid molecules unknown. Research using liver cells liver fibrosis. For example, Matsuoka
are called adducts. The bodym- grown in culture indicates that com- and colleagues (1990) have shown

mune system may perceive these pounds associated with alcoholic liverthat Kupffer cells from alcohol-fed
protein adducts as foreign and attack injury may be involved. For example, rats secrete a growth factor for stellate
them with cellular toxins, white blood acetaldehyde and aldehyde-protein cells. By increasing the number of
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stellate cells, Kupffer cells can in- at lower doses than do patients with supports the role of fatty acid toxicity
crease fibrosis indirectly. paired ALDH2*1 alleles. in alcoholic liver damage in women.
Researchers also have detected a

polymorphism in CYP2E1. People  Diet and Nutrition
Risk FACTORS FOR L IVER DISEASE  with the rare c2 allele have higher

. : CYP2E1 activity at baseline (i.e., Dietary factors may facilitate liver
Not a” alcoholics develop serious efore induction) than do people With_injury alssociated. with a|(.;0ho| metab-
liver disease, regardless of the amounf . iric Jiiele. One study demon- olism, in part by influencing free

of alcohol consumed. Part of the rea- gy o0 that in patients with alcoholic radical activity. For example, deficien-
son for individual susceptibility may ;o1 gisease, the c2 allele was more Cies of glutathione or vitamins A or E
be genetic. Researchers are mvestlgalhan twice as common as in healthy Ccan decrease the liverprotection

ing whether variation in alcohol- control Subjects or patients with non- against free radicals. Nutritional fac-
metabolizing enzymes may play a roley congjic liver disease (Tsutsumi et altors can induce CYP2EZ; certain food
in differential susceptibility to alco- 1994). The c2 allele has not been components, such as polyunsaturated

holic liver damage. found in alcoholics without liver dis- ~ fats (found in fish, shellfish, and cer-
_ o ease, indicating the potential impor- tain vegetables), also can provide
Genetic Variationsin Enzymes tance of this allele as a risk factor.  excess lipids for peroxidation by free
That Metabolize Alcohol radicals produced by CYP2EL.
Gender Chronic alcohol consumption also

Genes direct the synthesis of all pro- promotes absorption of iron from food
teins in the body, including enzymes. - women develop cirrhosis at a much  in the intestine and facilitates storage
Genes come in pairs; each half of the |ower cumulative dose of alcohol thanof iron in the liver. Iron is an impor-
pair is called an allele. Gene pairs may 4o men (Mezey et al. 1988). More-  tant catalyst of free radical production.
grl'n;w?):j'rmlfm comprise identical a"e'E?S- over, women remain at increased risk

ight arrerences In a given gene (1.€., of disease progression even after ab- i iti i
polymorphism) among individuals or  stinence. Tevo %heories have been | nfection With Hepatitis C Virus
populations may cause minor variationsyroposed to explain gender-specific Most people with hepatitis C virus
in the corresponding protein but can  differences in the risk of alcoholic (HCV) have only mild symptoms, such
lead to drastic differences in enzyme |iver disease. The first theory involvesas fatigue; in some cases, however,
activities, a defective protein, or no gastric ADH. Although it is present at infection may lead to progressive liver
protein at all. Polymorphisms in ADH, high levels in the liver, ADH occurs in disease, cirrhosis, or liver cancer.
for example, are responsible for large the stomach and intestine as well. Although the transmission of HCV is
differences among people in the rates abastric ADH is of potential impor- not well understood, roughly one-half
alcohol metabolism. However, no sin- tance because metabolism of alcohol of infected patients have a history of
gle ADH polymorphism has been clear4n the stomach can limit the amount ofinjection drug use (i.e., sharing of dirty
ly associated with the development of ingested alcohol that reaches the liverneedles). Infection with HCV increases
alcoholic liver injury (Lieber 1994). Women have been reported to have the risk of liver injury in alcoholics.

ALDH variants, however, have beenower levels of gastric ADH activity ~ Long-term drinking may increase
implicated in alcoholic liver disease. than do men. In women, therefore, a HCV proliferation, which in turn may
Two types of alleles for ALDH exist:  higher percentage of ingested alcoholaccelerate HCV-induced damage.
ALDH2*1 and ALDH2*2. The allele  reaches the liver than it does in men, Although data on the rate of HCV in
ALDH2*2 is present in about 50 per-  possibly predisposing women to earli-the general population are unavailable
cent of persons of Chinese or Japanesr onset of alcoholic liver disease.  (about 4,500 cases were reported to the
descent. People whose gene for Differences in the metabolism of Centers for Disease Control and Pre-
ALDH consists of paired ALDH2*2  fatty acids also may contribute to vention [CDC] in 1995 [CDC 1995]),
alleles accumulate toxic quantities of accelerated alcoholic liver injury in  approximately 18 to 25 percent of
acetaldehyde after even moderate  women. Chronic alcohol consumption alcoholics exhibit signs of HCV infec-
drinking, resulting in facial flushing, inhibits the major pathway for fatty ~ tion. Among alcoholics with liver
high blood pressure, increased heart acid metabolism, which is located in damage, more than 40 percent may be
rate, headache, nausea, and vomitingmitochondria. Inhibition of this path- infected (Nalpas et al. 1991). Although
Consequently, these people generallyway in the liver can cause fatty acid not all studies have confirmed this
have an aversion to alcohol. People inaccumulation and consequent liver  high prevalence of HCV in alcoholics
whom the ALDH2*2 allele is paired injury. The activation of alternate with liver disease, most researchers
with the ALDH2*1 allele exhibit a pathways of fatty acid metabolism canagree that alcoholics infected with
less severe toxic response and may prevent this damage. In rats, howeverHCV develop liver injury at a younger
drink heavily. However, they develop such activation is less efficient in age and at a lower cumulative dose of
liver injury with greater frequency and females than in males, a finding that alcohol than do those without HCV.
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Alcohol's Effects on Liver Function

Tobacco and Coffee supplementation with antioxidants is asymptoms (e.g., bleeding in the esoph-

key nutritional goal. agus) and complications (e.g., portal
Glutathione depletion has been  vein hypertension).

prevented in alcohol-fed animals by

Alcoholics who smoke more than one
pack of cigarettes per day experience

three times the risk of cirrhosis of those g yministerings-adenosyk-methion-  Liver Transplantation. For patients

who do not smoke. Conversely, alco- jne (SAM), a precursor of glutathione. becoming terminally ill, liver trans-

holics who consume four or more Cups |pterestingly, SAMs positive effect  plantation is the only effective treat-

of coffee daily have a fivefold lower  seems unrelated to its potential pro- ment. In alcoholic cirrhotic patients,

incidence of cirrhosis than those who danotion of glutathione synthesis, but  liver transplantatiohhas demonstrated

not drink coffee. The reason for these  apparently derives from its ability to  both success and survival rates equal to

effects is unknown. Cofféegeffectis  modify the mitochondrial membrane, those for nonalcoholic subjects (Kumar

not related to caffeine, however, be-  thereby restoring normal transport of et al. 1990; Van Thiel et al. 1991).

cause tea does not have the same effej|utathione through that membrane.

(Klatsky and Armstrong 1992). This effect helps to maintain normal  Polyunsaturated Lecithin. Lieber and
levels of glutathione in the mitochon- colleagues (1994) demonstrated that a

drion, where it is needed to prevent i
TREATMENT OF L IVER DISEASE p mixture of fatty substances called

free radical damage. ~ polyunsaturated lecithin (PUL) dramat-
_ Researchers also are investigating ically reduced the incidence of cirrho-
vitamins A and E as therapeutic sis in baboons fed alcohol for several

Alcoholic Hepatltls agents for alcoholic liver disease. So years. In some cases, removal of PUL
Potential treatments for alcoholic ~ far, vitamin E supplements have not from the diet led to the development of
hepatitis are largely directed against significantly prevented or reversed  cirrhosis, perhaps in an accelerated
inflammation and free radical-inducedalcoholic liver injury in experiments  manner (Schenker and Halff 1993).
liver injury. with laboratory animals. Vitamin A pUL presumably exerts its beneficial
supplementation is not practical be-  effect by promoting the degradation of
Corticosteroids. Among other func-  cause the inherent toxicity of vitamin collagen, thereby inhibiting fibrosis.
tions, corticosteroids act to suppress A severely limits the dose that can be pyL also may help stabilize mem-
inflammation. Natural corticosteroids Safely administered (Lieber 1994).  pranes and encourage the synthesis of
are synthesized from cholesterol by o cell-protective prostaglandins.
the adrenal glands, which are located Antibiotics and Immune System
above the kidneys. Synthetic cortico- Inhibitors. The role of LPSs in alco-
steroids, such as prednisolone, are holic liver disease suggests that usingSUMMARY
- ’ e ’ antibiotics to eradicate LPS-containing
widely used medicinally to Suppress bacteria from the gut may be helpful. Heavy, long-term alcohol consump-
inflammation (McClain et al. 1993). g Yy prul. . g :
; icdor example, Adachi and colleagues tion can cause alcoholic liver disease
Some studies demonstrate that cortico- ' ; ) : .
: : =1 (1995) demonstrated in rats that in-  in susceptible people. However, the
steroid therapy may improve survival ; :
- - ; - testinal sterilization could prevent  fact that only a portior-albeit a rela-
in patients with severe alcoholic hep- P : -
ati'fi)s (NIAAA 1993). Other studies P” alcohol-induced liver injury. Along  tively large one—of heavy drinkers
S0 ; similar lines, researchers have sug- develop alcoholic hepatitis or cirrho-
have reported significantly improved > - is indi he i f heredi-
: - - - _gested using antibodies or other tar- SIS Indicates the importance of heredi
survival rates only in patients suffering : ;
- o eted agents to block the actions of ty, gender, diet, and other forms of
brain-related complications of alco- 9 9 ; ; ;
. ; . Kupffer cells or cvtokines. Antibodies liver disease as influences over the
holic liver disease, however, and not H( P! y ; i ;
tients with 'Id’ i I ial against LPS may be of some use risk for_alcohollc liver disease. Most
padlel\r;l SCWIII mlh fs;s;onesé ( r_nrf;enae (McClain et al. 1993). In addition, of the liver damage caused by alcohol
filcr)]n oncthL(ja g#gcts of a)llcc()hcc))z g‘nocrg;ﬁ_' thromboxane inhibitors have prevent- is attributed to alcohol metabolism
id svnthesis and rel ed necrosis and inflammation in alco- and the by-products of that metab-
costeroid synthesis and release, see the ' -~ o olism. Liver injury may be caused by

article by Emanuele and Emanuele, direct toxicity of alcohol by-products
pp. 5364.) and also by inflammation that is in-
Alcoholic Cirrhosis duced secondarily by these same

Nutrition/Antioxidants. AIt.hough' it compounds. Exposure of liver cells to
has not been shown to directly im- Up to a point, liver fibrosis may be pacterial toxins may be an important

prove patient survival, aggressive  reversible with abstinence. Eventually, contributor to alcoholic liver disease.
nutritional support is recommended however, the liver loses its ablllty to Progressive liver injur_y_whether
for all patients with alcoholic liver reabsorb scar tissue, and the disease
disease. Given the importance of free progresses to cirrhosis. Treatment for +only abstinent alcoholics are considered
radicals as a cause of liver injury, cirrhosis is directed largely against its candidates for liver transplantation.

VoL. 21, Nb. 1, 1997 11



toxic, inﬂammatory, or both-can Pathogenic and diagnostic implications. Correlation with plasma endotoxin, prosta-
lead to fibrosis and, ultimately, to Seminarsin Liver Disease 8(1):81-90, 1988. glandin B, leukotriene B, and thromboxane

cirrhosis. Increased understanding of Kiatsky, A.L., Axo ArRMsTRONG M.A. Alcohol, 5&'7‘_"3'8'73'%l‘ggguma' of Pathology 142(2):
the mechanisms of tissue injury has smoking, coffee, and cirrhosi&merican Journal ‘ '
led to innovative treatments for alco- Of Epidemiology 136:12481257, 1992. NANJI, A.A.; ZHAO, S.; HOSSEINSADRZADEH,
holic liver disease, including the Use Kuwar, S.: Sauser, R.E.; GWALER, J.S.: S:M.; DANNENBERG, A.J.; TAHAN, S.R.;AND
of corticosteroids, antioxidants, antibi-Basista, M.H.; Dinbzans, V.J.; SHang, R.R.;  WAxmaN, D.J. Markedly enhanced cytochrome
otics, and certain polyunsaturated fatsRABINoviTz, M.; TARTER, R.E.; GROON, R ; P4s50 .Z'fld'nq:‘hcuon andl."p'd. 'o.em).('d?t'ﬁn 0

: ; StArzL, T.E.;AND VAN THIEL, D.H. Orthotopic ~ @Ssociated with severe liver injury in Tish oll-
O(;:gtc_nng {eseaL(:th Sthot?]ld tp))_rcl)VId_e | liver transplantation for alcoholic liver disease. ethanol-fed ratsilcoholism: Clinical and
aadrtionalinsight Into the biological - enatglogy 11(2):159-164, 1990. Experimental Research 18(5):1280-1285, 1994.

mechanisms underlying liver damage ) National C or Health Statisii h
and new approaches to treating the LIEBER, C.S. Alcohol and the liver: 1994 update. National Center for Health Statisti¢sealth,

. . Gastroenterology 106(4):10851105, 1994. United Sates, 1993. DHHS Pub. No. (PHS)94-
problgm n _bOth alcoholic and nonal- ooy 1066 1232. Hyattsville, MD: the Center, 1(994. )
coholic patients. m LIEBER, C.S.; RBINS, S.J.; L, J.; DECARLI,

L.M.; MAK, K.M.; FasuLo, J.M.;AND LEO, National Institute on Alcohol Abuse and Alcohol-

M.A. Phosphatidylcholine protects against ism. Alcohol Alert No. 19: Alcohol and the Liver.

fibrosis and cirrhosis in the baboon. PH 329. Bethesda, MD: the Institute, 1993.
REFERENCES Gastroenterology 106(1):152-159, 1994.

. ) . RusiN, E. The chemical pathogenesis of
ApAcHI, U.; MoorE, L.E.; BRADFORD, B.U.; MATSUOKA, M.; ZHANG, M.Y.; AND TSUKA-

alcohol-induced tissue injunplcohol Health &

moTo, H. Sensitization of hepatic lipocytes by  Research World 17(3):272-278, 1993.
-lerm  high-fat diet to stimulatory effects of Kupffer

Gao, W.; AND THURMAN, R.G. Antibiotics to
prevent liver injury in rats following long

exposure to ethandBastroenterology 108: cell-derived factors: Implication in alcohol liver SCHENKER, S.,AND HALFF, G.A. Nutritional
218-224, 1995. fibrogenesisHepatology 11:173-182, 1990. therapy in alcoholic liver diseasgeminarsin
Centers for Disease Control and Prevention. Liver Disease 13(2):196-209, 1993.

McCLaN, C.; HLL, D.; SSHMIDT, J.;AND DIEHL,

' A.M. Cytokines and alcoholic liver disease. SMART, R.G.,AND MANN, R.E. Alcohol and the
Seminarsin Liver Disease 13(2):176-182, 1993.  epidemiology of liver cirrhosisAlcohol Health

DurFour, M.C.; SrinsoN, F.S.;aND CACES, M.F.

A . ST . MEezey, E.; Kiman, C.J.; DEHL, A.M.; &R chWorld 16(3):217-222, 1992.
Trends in cirrhosis morbidity and mortality.

] g ) MiTCHELL, M.C.; AND HERLONG, H.F. Alcohol TsUKAMOTO, H.: MATSUOKA, M. AND FRENCI
Seminarsin Liver Disease 13(2):109-125, 1993. B ) ; , H. , M.; H
@) and dietary intake in the development of chron-g . Experimental models of hepatic fibrosis: A

Summary of notifiable diseases, United States
1995.MMWR 44(53):74—-75, 1995.

FRENCH, S.W.; NasH, J.; SITABATA, P.; KacHI, ic pancreatitis and liver disease in alcoholism. aview.Saminarsin Liver Discase 10:56-65, 1990.
K.; HARA, C.: GHEDID, A.; AND MENDENHALL, American Journal of Clinical Nutrition
C.L. Pathology of alcoholic liver disease. VA  48:148-151, 1988. Tsutsumi, M.; TAkADA, A.; AND WANG, J.-S.

Genetic polymorphisms of cytochrome P4502E1
related to the development of alcoholic liver
diseaseGastroenterology 107:14361435, 1994.

Cooperative Study Groufeminarsin Liver

Disease 13:154—169, 1993. NALPAs, B.; Driss F.; PoL, S.; HAMELIN, C.;

Housset, C.; BRecHoT, C.;AND BERTHELOT, P.
IMPERIALE, T.F.,AND McCuLLouGH, A.J. Do corti-  Association between HCV and HBV infection
costeroids reduce mortality from alcoholic hepati-in hepatocellular carcinoma and alcoholic liver \an ThieL, D.H.: CARR, B.: WATSUKI, S.;
tis? A meta-analysis of the randomized trials. diseaseJournal of Hepatology 12:70-74, 1991.  T,aqs. A.: FuNe, J.J.AND STARZL, T.E. Liver
Annals of Internal Medicine 113(4):299:307, 1990.

NANJI, A.A.: KHETTRY, U.: SADRZADEH, transplantation for alcoholic liver disease, viral
ISRAEL, Y.; ORREGQ H.; AND NIEMELA, O. S.M.H.;AND YAMANAKA , T. Severity of liver hepatitig and hepatic neoplasifisansplantation
Immune responses to alcohol metabolites: injury in experimental alcoholic liver disease: Proceedings 23(3):191#1921, 1991.

12 ALcoHoL HEALTH & RESEARCH WORLD



