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ABSTRACT 

The role of increased lipid peroxidation (LP) as the operative 

mechanism in the early and later stages in the development of 

alcoholic liver injuries and cancer were investigated. Adult male 

rats were fed liquid diets containing 36% as ethanol derived calories, 

with cod liver oil substituting for corn oil, olive oil and cotton 

seed oil (n-6 fatty acid) for 28 days or 18 months. Control rats 

received similar diets supplemented with vitamin E. Indices of 

increased LP including elevated hepatic conjugated dienes, lipid 

fluorescence, malondialdehyde and ethane exhalation were observed in 

rats fed ethanol and cod liver oil. These changes were significantly 

reduced by supplemental vitamin E. Similarly, changes in major 

components of the membrane lipids, peroxidation of hepatic PUFA and 

depleted levels of hepatic vitamin A and E were partially reversed in 

the vitamin E supplemented animals. Thus, increased LP, attenuated by 

dietary vitamin E, is an attendant mechanism in alcoholic liver 

injury. In other experiments, female C57BL/6 mice were treated with 

or without ethanol, cocaine, LP-BM5 murine leukemia retrovirus, low 

protein diets, methylbenzylnitrosamine and supplemental vitamin E. 

Ethanol suppressed the numbers of T-cell, macrophages and increased 

the accumulation of indices of increased LP. Significant increases in 

T-subsets, B-cells and macrophages were observed in the retrovirus 

infected animals. These changes were further exacerbated in the virus 

infected animals exposed to ethanol. Similarly, exposure to ethanol 

in cocaine treated animals synergistically increased cocaine-induced 



lipid peroxidation. Furthermore, increased products of LP and severe 

liver pathologic damages were seen in immunocompromised animals fed 

low levels of dietary protein treated with cocaine. Additionally, 

exposure to ethanol promoted the size and frequency of 

chemically-induced esophageal preneoplastic tumor via an attendant 

increased LP. Supplemental dietary vitamin E reduced the indices of 

LP and the size and frequency of the preneoplastic tumors. 

Thus, increased LP, attenuated by dietary vitamin E, is an 

attendant mechanism in the complex process of carcinogenesis induced 

by a chemical carcinogen, and promoted by ethanol, protein 

malnutrition and retrovirus infection. 
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CHAPTER 1 

LIPID PEROXIDATION: ALCOHOL LIVER INJURY AND CANCER 

INTRODUCTION 

A role for free radicals in the development of alcoholic liver 

damage and cancer has been suspected since DiLuzio (1,2) reported that 

antioxidants protected rats from fatty liver induced by an acute dose 

of ethanol. This result has since been confirmed by subsequent 

investigators that showed that ethanol administration leads to the 

formation of lipid peroxides in the liver and liver homogenates 

(3,4,5). Free radicals initiate lipid peroxidation. Lipid 

peroxidation can arise as a consequence of tissue injury in many 

disease states and may sometimes contribute significantly to worsening 

the tissue injury. Since cellular antioxidants such as catalase, 

peroxidases, ascorbic acid, vitamin E, glutathione, uric acid and 

meta110thioneins (for a review, see ref. 6) terminate free radical 

generation or propagation of the chain reaction, the ~ole and 

mechanism(s) of these antioxidants in inhibiting lipid peroxidation 

(thus, preventing the pathologies associated with free radical 

reactions) and their relevance to biology and medicine is extensively 

explored (7-13). 

Although extensive information is available on the role of 

vitamin E as an efficient antioxidant in the protection of alcoholic 

induced liver disease and cancer, the mechanism of its protective 

effects is still controversial. In this chapter, the nature and 

origin of free radical reaction, role of free radical, alcohol and 
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cancer, and the metabolic role of vitamin E and cancer will be briefly 

discussed. 

LIPID PEROXIDATION: A FREE RADICAL CHAIN REACTION 

Lipoid peroxidation is a free radical mediated process that 

results 'in the oxidative degradation of the polyunsaturated fatty 

components of the cell membranes. In a completely peroxide-free lipid 

system, first-chain initiation of a peroxidation sequence occurs with 

the abstraction of a hydrogen atom from a methylene (-CH2-) group by 

a hydroxyl radical. 

-CH - + OHo 
2 

Since a hydrogen atom has only one electron, abstraction of H from a 

-CH - group leaves behind an unpaired electron on the carbon (_CH_).o 
2 

The presence of a double bond in the fatty acid weakens the C-H bonds 

on the carbon atom adjacent to the double bond and so makes hydrogen 

removal easier. The carbon radical tends to be stabilized by a 

molecular rearrangement to form a conjugated diene. These can undergo 

various reactions, for example if two of them come in contact within a 

membrane, they could cross-link the fatty acid molecules. 

R-CH-CH-R 

Conjugated dienes may also combine with oxygen to form a peroxy radical 

The peroxy radicals are capable of abstracting hydrogen from another 
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adjacent fatty-acid side chain. This is the propagation stage of 

lipid peroxidation. The carbon radical formed can react with oxygen 

to form peroxy radical and so the chain reaction of lipid peroxidation 

can continue. The peroxy radical combines with the hydrogen atom that 

it abstracts to give a lipid hydroperoxide or lipid peroxide. The 

propagation cycle is broken by termination reactions which result in 

the destruction of free radicals. The length of a lipid radical chain 

reaction, and propagative lipid radical chain reaction is increased by 

the degree of lipid unsaturation and limited by the availability of 

these lipids or the availability of cellular antioxidants which may 

terminate this reaction prematurely. The consequences of this 

oxidation process in the etiology of disease process is recently 

reviewed (14,15). 

METABOLISM OF ALCOHOL 

Biochemical Pathways of Alcohol Metabolism 

The major pathway for the disposition of ethanol is its oxidation 

in the liver to two products, hydrogen and acetaldehyde, to which many 

of the toxic effects of ethanol can be attributed. Three principal 

enzymes, cytosolic alcohol dehydrogenase, the microsomal 

ethanol-oxidizing system (MEOS) located in the endoplasmic reticulum, 

and catalase located in peroxisomes are known for the oxidation of 

ethanol. 

Acetaldehyde is further oxidized to acetate, which is then 

converted to carbon dioxide via the citric acid cycle. However, the 

citric acid cycle is inhibited by alcohol because of a lack of 
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NAD+. Acetate may also undergo reactions to form fatty acids, 

ketone bodies, amino acids, and steroids via its activated form acetyl 

CoA. 

Microsomal Ethanol-Oxidizing System 

The MEOS accounts for the major non-ADH pathway of ethanol 

oxidation in the liver. The enzyme system is NADPH dependent and is 

linked to the cytochrome P450 oxygenases (16-18). The MEOS is 

distinct from ADH and catalase and dependent on the NADPH-linked 

cytochrome p450 system. This knowledge is based upon (a) isolation of 

a microsomal P450-containing fraction from liver devoid of any ADH or 

catalase activity but showing ethanol-oxidizing activity and (b) 

reconstitution of microsomal ethanol-oxidizing activity using 

NADPH-cytochrome p450 reductase, lecithin, and microsomal P450 

component from rat liver (19). Separation of an ethanol-inducible 

form of cytochrome p450 with high activity toward ethanol further 

supports the existence of an MEOS (20). 

Several lines of other evidence also support the role of the MEOS 

in vivo, such as the incomplete inhibition of ethanol metabolism using 

ADH inhibitors and the increased rate of ethanol metabolism at high 

ethanol concentrations. Moreover, the persistence of a significant 

rate of ethanol metabolism in genetically determined ADH-negative deer 

mice, in association with a high MEOS activity, further illustrate the 

in vivo role of MEOS in non-ADH-mediated ethanol metabolism (21). 

Chronic ethanol intake leads to an enhanced MEOS activity, which 

in turn may be responsible for the increased rate of alcohol 

metabolism commonly observed after prolonged ethanol administration 
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(22,23). This adaptive increase in ethanol oxidation results in 

enhanced production of acetaldehyde, which exerts a variety of toxic 

effects at the cellular and subcellular level. In addition, induction 

of MEOS may play an important role in the hepatotoxicity of a number 

of drugs, carcinogens, and xenobiotics by way of an increased 

metabolism of these compounds. Ethanol administration has also been 

found to increase the rate of metabolism of isoniazide, 

phenylbutazone, acetaminophen, meprobamate, pentobarbital, 

aminopyrine, tolbutamide, propanol, and rifamycin (24). 

Catalase 

Catalase may also be involved in the oxidation of a variety of 

alcohols to their corresponding aldehydes in a peroxidase type 

reaction. 

The main rate-limiting factor for catalase activity is the rate of 

hydrogen peroxide formation. Much of the catalase in the liver is 

localized in the peroxisomes, which also contain a number of other 

oxidases (glycollate oxidase, amino acid oxidase, urate oxidase, 

etc.). It is generally accepted that the contribution of catalase to 

ethanol oxidation is minimal (20). 

Alcohol Dehydrogenase (ADH) 

Human liver alcohol dehydrogenase (ADH: + alcohol:NAD 

oxidoreductase, EC 1.1.1.1) constitutes the major oxidative pathway 

for initial ethanol metabolism. Ethanol is oxidized to acetaldehyde 

via hydrogen transfer from the substrate to the cofactor nicotinamide 

+ adenine dinucleotide (NAD ), resulting in conversion to its reduced 



form, NADH. ADH is capable of oxidizing a variety of primary, 

secondary, and tertiary aliphatic alcohols and a limited number of 

cyclic alcohols to the corresponding aldehydes. 
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Alcohol dehydrogenase is universally distributed in living 

organisms. HUman ADH is a dimeric protein consisting of two subunits 

of molecular weight of 40,000 daltons each. The enzyme contains two 

zinc atoms and one active site per unit. It has been commonly assumed 

that ADH has zero-order kinetics and large amounts of ethanol do not 

increase the velocity of the reaction. Hormonal factors, body weight, 

and sex influence the rate of alcohol elimination. 

ALCOHOL AND CANCERS 

Carcinogenetic and Mutagenic Effects of Ethanol 

An association between excessive alcohol drinking and cancer has 

been observed for many years (25), the most common target organs being 

oropharynx, liver, and rectum. Animal studies have shown that ethanol 

per se is not a carcinogen. However, when administered with a 

chemical carcinogen, ethanol enhances carcinogenesis under certain 

circumstances (26). This cocarcinogenic activity of ethanol is 

capable of affecting carcinogenesis at different stages during 

initiation and promotion. 

The effect of ethanol on hepatic microsomal enzymes and on the 

liver DNA repair system may play an important role in the activation 

of procarcinogens and resulting hepatocarcinogenesis. The 

ethanol-activated procarcinogens bind with DNA, RNA, and proteins, 

leading to the carcinogenic process. Furthermore, less-specific 
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factors involved in carcinogenesis may be influenced by alcohol 

abuse. Malnutrition, deficiencies in vitamins and trace elements, 

hormonal disturbances, and immune system changes may all contribute to 

an a1coho1-med:f.ated cancerogenesis (6). 

Ethanol may increase the susceptibility of various tissues to 

chemicAl carcinogens by a variety of mechanisms such as activation of 

chemical carcinogens, altering the metabolism and/or distribution of 

carcinogens, interference with the repair of carcinogen-mediated DNA 

a1ky~ation and the immune response, and exacerbation of dietary 

deficiency. Mechanisms invoked to explain the effects of ethanol on 

carcinogenesis include the following: 

(a) Induction of the Microsomal Cytochrome p-450 

Biotransformation System 

The association of alcohol consumption with cancers at sites that 

do not come into contact with high ethanol concentration suggests that 

mechanisms other than, or in addition to, the direct cytotoxic effects 

of ethanol playa role in carcinogenesis. One possible explanation 

for ethanol's ability to act as a cocarcinogen at remote sites as well 

as at ethanol-contact sites resides in ethanol's capacity to act as an 

inducer of the microsomal cytochrome p-450 dependent biotransformation 

system. It is well known that this enzyme system is involved in the 

metabolic activation of many structurally diverse chemical carcinogens 

(27,28). Highly reactive e1ectrophi1ic intermediates are formed after 

metabolic activation, and these react with critical macromolecules 

such as DNA, RNA and proteins. 
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The first indication of an interaction of ethanol with the 

microsomal fraction of the hepatocyte was provided by the morphologic 

observation that in rats, ethanol feeding resulted in a proliferation 

of the smooth endoplasmic reticulum (SER) (29). Similar observations 

were made in man (30). This increase in SER resembled that seen after 

the administration of a wide variety of xenobiotic compounds. Most of 

the substances that induce a proliferation of the SER are metabolized, 

at least in part, in the microsomal fraction of the hepatocytes that 

comprises the SER. The MEOS system requires NADPH and O
2 

and is 

relatively insensitive to catalase inhibition. Reconstitution of MEOS 

with the three microsomal components (cytochrome P-450, 

NADPH-cytochrome C reductase and lecithin) has been demonstrated by 

Ohnishi and Lieber (17) and confirmed by Miwa et a1. (31) and Koop 

et a1. (32). The activity of the reconstituted MEOS has a dependency 

upon cytochrome P-450, the reductase and phospholipids (such as 

lecithin) for its maximal activity. 

Following chronic ethanol consumption, there is a significant 

increase in MEOS activity (33,19) which is associated with an increase 

in various constituents of the SER involved in drug metabolism, such 

as phospholipids, cytochrome p-450 reductase and cytochrome P-450 

(43,44). The increase of cytochrome p-450 is associated with the 

appearance of a distinct form of this protein, and the partially 

purified cytochrome p-450 from ethanol-fed rats was found to be more 

active for alcohol oxidation than was the control preparation (40). 

Similar observations have also been made with a purified form of 

cytochrome P-450 obtained from rabbits (42). 



In addition to MEOS, repeated ethanol administration results in 

increased activities of a variety of microsomal drug-detoxifying 

enzymes (34). This stimulates also applies to those enzymes that 

convert exogenous substrates to toxic compounds, including 

carcinogens. For instance, alcohol pretreatment dramatically 

stimulations the toxicity of CC14 (35) and may increase the risk of 

exposure to polycyclic aromatic hydrocarbons and nitrosamines. 
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In addition to polycyclic hydrocarbons, a number of nitrosamines 

have been detected in alcoholic beverages. It is generally agreed 

that the initial step in the bioactivation of DMN to a methylating 

agent is microsomal N-demethylation. This reaction is catalyzed by 

several different isoenzymes of DMN demethylase. Ethanol has a unique 

effect in this regard: it induces microsomal DMN N-demethy1ase 

activity which functions at low DMN concentrations (36). Some of 

these unique effects of ethanol may be due to the induction of a 

specific form of cytochrome P-450 by ethanol (19,32) which also 

differentially affects the activation of various carcinogens; indeed, 

a selective affinity for DMN has been demonstrated with the 

ethanol-induced form of cytochrome P-450 (37). Furthermore, using 

microsomes of ethanol-fed animals, enhanced mutagenicity was 

demonstrated at low DMN concentrations. 

The dose and route of DMN are also important in considering the 

inhibitory and inductive effects of ethanol on DMN metabolism. When 

DMN is administered orally, it passes through the liver via the portal 

circulation before entering the general circulation. The liver can 

exert a "first-pass clearance" up to a DMN dose of 30 ug per kg (38). 
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At higher doses, the hepatic enzymes are saturated, and methylation in 

the kidneys and other organs occur. Ethanol, when given to rats in 

low amounts equivalent to a man drinking 0.5 liter of beer, prevents 

this "first-pass clearance" by competing for hepatic microsomal 

enzymes. In ethanol-fed rats given DMN at 30 ug per kg, methylation 

of kidney DNA was 5 times more than in controls (38). 

Cytochrome P-450, NADPH-cytochrome P-450 reductase and 

mixed-function oxidase activities have been demonstrated also in the 

gastrointestinal tract of several species (39). Other studies also 

have shown that this system may mediate the intestinal metabolism of 

drugs and carcinogens, and can be induced by dietary constituents 

(41). Since ethanol is a common dietary constituent and produces 

ultrastructural changes in intestinal mucosa (e.g., proliferation of 

the endoplasmic reticulum and mitochondrial distortion) similar to 

those in the liver (43), it is reasonable to expect that the 

intestinal metabolism of xenobiotics may also be altered by ethanol 

consumption. Indeed, elevated cytochrome P-450 levels and microsomal 

enzyme activities have been reported in the esophagus (43) and in the 

upper small intestine after chronic ethanol ingestion in rats (44). 

It has been found that chronic ethanol consumption enhances the 

capacity for microsomal activation of a variety of procarcinogens in a 

number of different tissues such as liver, lung, esophagus and 

intestine. It still remains to be proved, however, whether this 

enzyme-inducing effect of ethanol is a contributory factor in 

alcohol-associated cancers. Although the microsomal cytochrome P-450 

biotransformation system clearly is essential for the activation of 
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most chemical procarcinogens, induction of this enzyme system does not 

necessarily entail an increased cancer risk (45). 

(b) Effects of Ethanol and Its Metabolites on DNA Metabolism 

There are two effects of ethanol on DNA metabolism that might be 

associated with cocarcinogenic activity, namely its effects on sister 

chromatid exchanges (SCEs) and DNA repair. In some way, ethanol may 

also affect DNA integration of genetic material from hepatitis B. 

Obe and Ristow (46) have reported that acetaldehyde, the first 

metabolite of ethanol, induces SCEs in cells grown in tissue culture. 

The potential significance of these observations with respect to tumor 

promotion is related to the hypothesis that compounds with SCEs 

activity may act as promoters (47). By increasing the frequency of 

SCEs, such compounds would theoretically enhance the possibility that 

recessive mutations could be converted from a heterozygous to a 

homozygous state and lead to tumor development. 

(c) Effects of Ethanol and Its Metabolites on DNA Repair 

A third mechanism by which alcohol abuse may increase the risk of 

developing cancer is by inhibiting the capacity of cells to repair 

carcinogen-induced DNA damage. Most chemical carcinogens are either 

directly DNA reactive or during the course of their metabolism are 

converted into DNA reactive molecules. By reacting with and damaging 

the purine and pyrimidine bases, chemical carcinogens can alter normal 

cellular growth patterns ultimately resulting in the uncontrolled 

growth characteristic of neoplasms. Cells possess a number of enzyme 

systems which function to repair different types of DNA damage and 

patients born with syndromes associated with DNA repair deficiencies 
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are in fact at increased risk of developing cancer (48). DNA repair 

systems include: enzymes capable of excising single-stranded sections 

of the DNA duplex where its conformation has been distorted by 

reaction with relatively bulky carcinogens such as polycyclic aromatic 

hydrocarbons; enzymes capable of excising single bases which have been 

altered by alkylating agents such as nitrosamines which add methyl or 

ethyl groups onto the bases; enzymes which remove only the methyl or 

6 ethyl group introduced at the 0 position of guanine by alkylating 

nitroso compounds and, finally, enzyme which repair breaks in the 

phosphodiester backbone of the DNA molecule. Mufti et al. (49) 

observed, in a series of experiments designed to examine the effects 

of chronic ethanol consumption on DMN-induced hepatic DNA alkylation, 

6 6 that 0 -methylguanine (0 -MeG) DNA adducts persisted for longer 

periods in ethanol-fed animals relative to controls. 

d) Ethanol and Immunosuppression 

In addition to the interaction between cirrhosis and hepatitis in 

the pathogenesis of hepatocellular carcinoma, other mechanisms, 

although less likely, may playa role. It has long been proposed that 

tumors are recognized and eliminated by the immune system, 

particularly by T-cell-mediated responses. Since studies in patients 

with alcoholic liver disease and in ethanol-fed animals have shown an 

association between alcohol consumption and decreased immune 

responsiveness (50,51), alcohol-associated immunosuppression has been 

considered a possible contributing factor for increased risk of cancer 

(52). For the most part, however, the studies which associated 

alcohol abuse with decreased immune responses were conducted with 
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patients who already had alcoholic liver disease, and therefore, it is 

unclear whether the decreased immune effects were due directly to 

ethanol or whether they reflected other aspects of the ongoing disease 

process. 

Vitamin E and Cancer Prevention 

Vitamin E may protect against cancer by functipning as an 

intracellular antioxidant and as a free radical scavenger (53,54). 

Experimental work on the protective effect of vitamin E in animals 

have yielded conflicting results (55,56). Also, the results of 

cross-sectional studies (57,58) and prospective epidemiological 

studies (56,60) on the association between blood vitamin E level and 

occurrence of cancer, as well as retrospective inquiries into the 

association between dietary intake of vitamin E and risk of cancer 

(61,62) are contradictory. The protective effects may vary by type of 

cancer, which may account for the apparent contradiction. However, 

animal experiments (63) designed to study the effect of vitamin E on 

the promotion and progression steps of carcinogenesis show that 

vitamin E could prevent the early events of carcinogenesis, the 

induction of phenotypically altered foci, but not the later stages of 

the evolution of foci into persistent nodules. Taking results of the 

available studies together, a common mechanism of vitamin E actions 

underlying its effect on various types of cancer, including whether 

the effects are attributable to decreased lipid peroxidation in the 

early and later stages of chemically induced carcinogenesis is 

required. 



CHAPTER 2 

VITAMIN E REDUCTION OF LIPID PEROXIDATION PRODUCTS 

IN RATS FED COD LIVER OIL AND ETHANOL 

ABSTRACT 
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The purpose of this study was to investigate the effects of 

vitamin E supplementation on ethanol and cod liver oil induced lipid 

peroxidation. Adult male rats received diets containing ethanol, cod 

liver oil and supplemented with vitamin E for 28 days. Following 

treatment, hepatic conjugated dienes, lipid fluorescence, and 

exhalation of ethane were measured as indices of lipid peroxidation. 

Ethane expiration over a 3 hour period was reduced by 96% in rats fed 

ethanol supplemented with vitamin E. Exhalation of ethane was 

increased by CLO feeding but was reduced 89% in the CLO fed rats 

supplemented with vitamin E. In addition, ethane production was 

elevated in rats fed ethanol plus CLO compared to rats fed diets 

containing CLO supplemented with vitamin E. Supplementation of the 

CLO diet with vitamin E also significantly decreased hepatic 

conjugated fatty acid dienes levels. Levels of hepatic conjugated 

fatty acid dienes from rats fed ethanol plus vitamin E were reduced 

91% compared to rats fed ethanol diets. Additionally, hepatic lipid 

fluorescence expressed on on per mg of hepatic phospholipid basis was 

also significantly increased in rat groups fed vitamin E, ethanol, and 

cod liver oil diets. Where vitamin E was added to these same diets a 

significant decrease of hepatic lipid peroxidation products occurred. 



The observed reduction in lipid peroxidation by vitamin E may be 

useful to retard lipid peroxides derived materials involved in the 

development of alcoholic liver diseases. 
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INTRODUCTION 

Lipid peroxidation has been identified as a basic deteriorative 

reaction involved in the aging processes (64,65), cancer initiation 

and promotion (66,67), lung injury (68), alcoholic liver diseases and 

heart injury (68,69), and several degenerative diseases (70). 

Increased lipid peroxidation is responsible for hepatic damage in 

alcohol fed rats (71) and atherosclorosis in humans (72). Acute 

ingestion of ethanol and hepatotoxic agents including CC14 and other 

xenobiotics lead to a rapid increase in hepatic lipid peroxide 

products (73-77). 
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Expired ethane, protein and lipid fluorescence, and conjugated 

dienes are indices of in vivo, free radical-mediated, lipid 

peroxidation of poly-unsaturated fatty acids. Ethane is a volatile 

hydrocarbon formed during the oxidation of omega 3 polyunsaturated 

fatty acids (PUFA), an essential tissue component (78). Ethane 

exhalation correlates highly with on-going lipid peroxidation 

(18,19,20,83). The levels of diene-conjugated bonds are primarily of 

linoleic acid ester isomer in phospholipid and indicate the effects of 

free radical activity on this fatty acids (84,85). The levels of 

conjugated dienes increase with time after chronic alcohol consumption 

and decrease with time following the cessation of alcohol consumption 

(86), indicating an in vivo removal of the delta 9,11 linoleic acid 

(87,88). 

Antioxidants such as vitamin E limit free-radical (FR) induced 

damage to cellular lipids (89-92). Free radical activity is measured 

primarily by the products (pentane, ethane, diene conjugates lipid 



fluorescence, ma10ndia1dehyde and long chain aldehydes) derived from 

FR attack on lipids. Individually, each of these analytes does not 

determine the total level of free radical activity in any biological 

system. For example, it is not well defined whether increases in 

dietary PUFA alter the levels of the products formed (as mentioned 

above)·from free radical attack on lipids. Therefore, it may follow 

that a constant level of free radical production result in greater 

levels of lipid peroxidation products if more PUFA were in tissues. 
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To study this phenomena, these experiments were designed in which 

conditions for free radical production was stimulated by feeding 

ethanol to rats or by inhibiting free radical reactions on lipids by 

feeding increased levels of vitamin E. In addition, increased dietary 

lipids (cod liver oil), rich in omega-3-PUFA were fed rats to 

determine if ethane excretion increases even though the metabolic 

processes for free radical production is not stimulated (by ethanol). 

Therefore, this study determined whether dietary increases of PUFA 

during ethanol consumption would potentially be more detrimental to 

biological systems due to increased levels of highly reactive 

(aldehydic) products of lipid peroxidation and their adducts with 

lipids, proteins and nucleic acids derived from free radical attack on 

the PUFA and if vitamin E would prevent or decrease the damaging 

effects of these reactive species in biological systems. 
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MATERIALS AND METHODS 

Animals: 

Forty male Sprague-Dawley rats (263-320g) from Harlan 

Laboratories, Indianapolis, Indiana were used for the study. Animals 

were cared for and maintained in accordance with the guidelines of the 

Committee on Care and the Use of Laboratory Animals by the Division of 

Animal Resources, University of Arizona. Following a week of 

isolation and adjustment, rats were randomly assigned to one of the 

following 8 dietary treatment groups: naive control, ethanol diet, 

cod liver oil (CLO), vitamin E, CLO plus ethanol, CLO plus vitamin E, 

ethanol plus vitamin E, or ethanol, CLO plus vitamin E. 

Experimental Diets and Administration: 

Dietary ingredients were purchased from ICN Biochemicals, 

Cleveland, OH. Vitamin E as d-a1pha-tocophero1 (97.5% purity) was 

generously provided by Dr. H. Bhagavan of Hoffman LaRoche Chemicals, 

Nutley, N.J. 

Rats were fed liquid diet with/without ethanol prepared in our 

laboratory according to the recommendations of Lieber and DeCarli 

(93,94) and supplemented with vitamins and minerals according to the 

American Institute of Nutrition requirements for rats (95). The 

ethano1ic liquid diet provided 1 Kca1/m1, with ethanol substituted 

isoca10rica11y for dextrin-maltose. Ethanol providing 36% of the 

total calories. Vitamin E supplemented diets contained 0.142 IU/g of 

alpha-tocopherol in addition to the 30 IU/kg of vitamin E in basal 

diet. CLO (containing 0.04% vitamin E) replaced the olive oil, corn 

oil, and cotton seed oil in CLO diets (39.6 g/kg). The rats were 
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pair-fed to rats fed diets containing only ethanol on an isoenergetic 

basis over a 28 day period. At the end of the 28 day period, the rats 

were put in chambers for a 3 hr ethane exhalation collection. The 

rats were then maintained on the different diets but were taken off 

the diet and provided with water 3 hours prior to sacrifice. 

Following termination, liver samples were collected and stored at 

o 
-70 C until analyses. We have reported that this method of handling 

tissues prevented artifactual lipid peroxidation (97). 

Ethane Collection: 

Ethane was collected using a non-invasive method (80). Each rat 

was placed in a metabolic chamber consisting of the bottom of a glass 

dessicator. The unidirectional flow of air exited th~ chamber via a 

teflon tubing and passed through a replaceable glass tube containing 

purified coconut charcoal. The traps were replaced at 30 min 

intervals. The used charcoal was poured into a glass test tube and 

tightly sealed with a screw cap containing a teflon lined septum. 

Ethane in the charcoal was des orbed by heat and a gas head space was 

analyzed by gas chromatographic methods. The ethane retention time 

and a standard curve was established by injecting known volumes of 

pure ethane into the column. 

Determination of Conjugated Dienes and Lipid Fluorescence: 

About 0.5 g of liver was homogenized in 10 ml of Folch solution 

(2:1 v/v chloroform: methanol). After a phase separation, a 1 ml 

o 
fraction was dried in a steady flow of nitrogen gas at 55 C. The 

residue was redissolved in methylene chloride and washed twice with 

water. To the methylene chloride solution was added 0.5 ml methanol to 
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clarify the emulsion. Conjugated diene fatty acids were determined by 

obtaining the absorbency of the solution at 237 nm in a Beckman DU-7 

recording spectrophotometer using an appropriate blank (98). Lipid 

fluorescence of the homogenate as prepared above was measured in a 

Hitachi F-2000 fluorescence spectrophotometer with a setting of 

fluorescence maximum at 470 nm and an activation wavelength of 395 nm. 

Details of the methods used have been previously described (86,99). 

Phospholipid Determination: 

Phospholipid contents of livers were determined by the method of 

Raheja et a1. (100). This method does not require the predigestion of 

the phospholipid. Dipa1mitoy1 phosphatidy1cho1ine was used as a 

standard. 

Data Analysis: 

Data were subjected to Duncan's multiple range test statistics to 

determine differences among the means of the treatment groups (101). 

Statistical differences were determined at p 0.05 levels. Data is 

reported as means and standard error of the mp-an. 
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RESULTS 

Ethane Exhalation: 

Vitamin E supplementation reduced ethane exhalation in CLO fed 

rats (Table 1). The total ethane expired over a 3 hour period from 

rats fed CLO was 125 times greater than the controls (p 0.05). 

Similar increases were also detected when the expired ethane was 

expressed on a unit body weight basis. Rats fed ethanol diets 

supplemented with vitamin E expired significantly reduced levels of 

ethane (p 0.05) compared to rats fed ethanol (Table 1). However, 

rats fed the vitamin E supplemented diet show increased ethane 

exhalation compared to the controls rats, CLO plus vitamin E fed rats, 

and the ethanol plus vitamin E dietary rat group. Ethane exhalation 

was significantly decreased in rats fed vitamin E in the ethanol plus 

CLO diet (Table 1). Expired ethane per gram body weight was similarly 

reduced (by 41%) by vitamin E supplementation. 

Figure 1 presents the 3 hr cumulative ~thane collection for all 

groups of rats. They all exhaled ethane in a linear fashion with 

correlation coefficients of 0.98 or higher except for the rat group 

fed the control liquid diet. However, rats fed the ethanol plus CLO 

diet, ethanol diet, and CLO diets exhaled ethane at a higher rate than 

rats fed the same diets supplemented with vitamin E (p 0.05). 

Comparison of the rates of ethane exhalation between rats fed the 

CLO diet, and rats fed the CLO plus ethanol diet show that these fed 

animals had a similar rate of ethane exhalation (Fig. 2). The slopes 

are statistically the same (Data not shown). However, the rate of 

ethane exhalation from rats fed the diet containing only ethanol is 
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significantly greater than that of rats fed the diets containing both 

ethanol plus CLO and rats fed the CLO-diet (p 0.05). The greater 

ethane exhalation from rats fed the ethanol plus CLO is probably 

caused by the increased tissue levels of omega-3-PUFA (in CLO) in the 

liver which are the major substrates of free radical attack to produce 

ethane. 

Conjugated Dienes and Lipid Fluorescence: 

Diene conjugates and lipid fluorescence levels in CLO fed rats 

indicate that vitamin E significantly reduced hepatic conjugated 

dienes and lipid fluorescence (p 0.05) (Table 2). Liver from control 

rats consuming the basal diet has approximately 50% less fatty acid 

conjugated dienes than rats fed ethanol and CLO. However, there is a 

significant reduction of hepatic diene conjugates in rats fed same 

diets supplemented with vitamin E. Surprisingly, hepatic dienes and 

lipid fluorescence levels were elevated in rats fed the basal-liquid 

diet supplemented with vitamin E than in the control group. Rats fed 

diets supplemented with vitamin E and ethanol contains significantly 

reduced hepatic lipid fluorescence and diene conjugates compared to 

the same parameters in the livers of control rats. 
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DISCUSSION 

In-vivo lipid peroxidation is a free radical mediated chain 

reaction which results in oxidative deterioration of polyunsaturated 

fatty acid residues in membrane lipids (68), resulting in an increase 

fluidity and viscosity of the lipid membrane bilayer structure (102). 

Formation of conjugated dienes, lipid hydroperoxides, protein and 

lipid fluorescence, malondialdehyde, nonals, nonenals, and short chain 

hydrocarbon such as ethane and pentane indicate lipid peroxidation and 

probable damage to cell components. Consumption of alcohol and 

polyunsaturated fats over an extended period results in the 

initiation, propagation and accumulation of the products of lipid 

peroxidation (82). Our results showed that in vivo lipid peroxidation 

products reflected by both short lived lipid peroxidation products 

(ethane) and long lived products (lipid fluorescence and conjugated 

dienes) was enhanced by alcohol and/or CLO consumption. However, 

these increases were inhibited with high dietary Vitamin E intake. 

Ethanol is oxidized primarily by alcohol dehydrogenase and also by 

the free radical producing microsomal ethanol oxidizing system to 

acetaldehyde. Further metabolism of acetaldehyde by aldehyde oxidases 

and xanthine oxidase also generate superoxide which promote lipid 

peroxidation (82,103,104). Much of the damaging effects of free 

radicals on cells is inhibited by alpha-tocopherol through its 

reactions with the free radicals thus terminating the autocatalysis 

and the branching chain reactions involved in lipid peroxidation 

(99,105). 
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eLO feeding provided an increase in peroxidizable substrates in 

the form of omega-3-polyunsaturated fatty acids for ethane production 

and other PUFA which can be attacked by free radicals resulting in an 

increase in other products or lipid peroxidation. Increases in ethane 

exhalation are indicative of the high rate of ongoing free radical 

formation during ethanol metabolism. Since vitamin E supplementation 

to alcohol-diets decreased ethane exhalation, it probably interrupts 

the free radical attack on PUFA and therefore would help maintain the 

integrity of the PUFA in cellular membranes. 

The increased ethane exhalation when both eLO and ethanol are in 

the diet indicates a method for increasing the sensitivity for 

measuring free radical activity when using ethane as the measured 

parameter (81). The decreased lipid peroxidation observed in rats fed 

eLO plus ethanol compared to rats fed ethanol diets may be attributed 

to the presence of small amounts of vitamin E in eLO which should slow 

the depletion of hepatic alpha-tocopherol in rats fed ethanol diets 

(106,107). 

An unexpected finding was the rats fed diets supplemented with 

high levels of vitamin E showed a greater lipid peroxidation as 

indicated by inceased exhalation of ethane, increased levels of diene 

conjugates and lipid fluorescence (Table 2, Figure 1). The reasons 

for these observations are unknown. However, our recent observation 

shows that rats fed ethanol and increased dietary vitamin E showed 

increases levels of hepatic vitamin A (108), a highly polyunsaturated 

lipid. Rats given large amounts of vitamin A are known to exhale 

increased amounts of ethane when free radical production is increased 
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with carbon tetrachloride (109). Further support for possible liver 

damage due to high doses of vitamin E is the increased transaminase 

levels observed in plasma of rats given large amounts of vitamin E 

(110-111). The increase of transaminase in rats receiving high doses 

of tocopherol might support a concept that increased free radical 

activity or/and an alteration in structural lipids in a way that the 

PUFA in the membranes are more exposed to the released free radicals. 

Support for such a concept are studies by Gruger et a1. (112). They 

calculated that vitamin E stabilizes membranes at a ratio of about 

2100 molecules of polyunsaturated fatty acid per molecule of 

d-alpha-tocophero1. The increased products of lipid peroxidation FR 

attack on hepatic lipids from rats fed large amounts of vitamin E may 

thus be explained by an altered cellular membrane structure caused by 

the intercalation of vitamin E within the phospholipid acyl groups of 

the membrane thus increasing their exposure to FR. 

Overall, these results indicate that vitamin E supplemented diets 

reduced products of lipid peroxidation following both· ethanol and CLO 

consumption. This study suggests that increased intake of PUFA, 

designed to prevent cardiovascular disease, without a concomitant 

increase of antioxidants, may be biologically detrimental to living 

systems. 



TABLE 1. Effect of Vitamin E Supplementation on Ethane Exhalation in 
Cod Liver Oil and Ethanol Fed Rats. 

Group 
Dietary Composition 

Control 

Vitamin E 

Ethanol 

Ethanol + Vitamin E 

Cod Liver Oil 

Cod Liver Oil + Vitamin E 

Ethanol + Cod Liver Oil 

Ethanol + Cod Liver Oil 
+ Vitamin E 

Total Ethane 
Exhaled 
(nanomo1es) 

0.08 + 0.04 

3.28 + 0.43a ,c 

16.40 + 1.60a , b 

0.69 + O.21a 

10.17 + 2.34a ,b 

2.84 + 0.35a 

10.15 + 1.16a , b 

4.60 + 0.98a 

Ethane Exha1ed/ 
gm Body Wt 
(picomo1es) 

0.41 + 0.19 

17.54 + 2.71a 

93.68 + 8.32a ,b 

3.16 + 2.68a 

52.11 + 11.16a ,b 

14.87 + 1.60a 

60.09 + 6.62a ,b 

24.79 + 5.31a 

Adult male Sprague-Dawley rats were with 5/group fed the respective 
diets for 28 days. Ethane exhaled was collected for 3 hrs as 
described in text. 

Values are reported as Mean ± Standard Error 

aSignificant1y higher (p 0.05) from Control group 

bSignificant1y higher (p 0.05) than same diet without vitamin E 
supplementation. 

45 



46 

TABLE 2. Effects of Vitamin E Supplementation on Hepatic Conjugated 
Dienes 

and Lipid Fluorescence in Cod Liver Oil and Ethanol fed rats. 

Dietary Composition 

Control 

Vitamin E 

Ethanol 

Ethanol + Vitamin E 

Cod Liver Oil 

Cod Liver Oil + Vitamin E 

Ethanol + Cod Liver Oil 

Ethanol + Cod Liver Oil 
+ Vitamin E 

Conjugated Dienes 
(Absorbency unit 
mgt PL) 

0.53 + 0.04 

0.80 + 0.05a 

1.30 + 0.25a , b 

0.11 + 0.05a 

1.19 + 0.07a ,b 

0.90 + 0.06a 

1.29 + 0.08a 

1.35 + O.lla 

Lipid Fluorescence 
(Fluorescence unit/mg 
PL) x 10-2 

2.00 + 0.20 

2.81 + 0.22a 

3.24 + 0.44a ,b 

2.42 + 0.39 

3.73 + 0.31a 

3.09 + 0.19a 

3.05 + 0.24a ,b 

2.59 + 0.28 

Adult male Sprague-Dawley rats were fed the respective diets for 28 
days. Conjugated dienes and lipid fluorescence were determined as 
described in text. 

Values are Mean + Standard Error; and expressed per mg of phospholipid. 

asignificant1y different (p 0.05) from the Control group. 

bs ignificant1y different (p 0.05) from animals fed same diets without 
vitamin E supplementation. 
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CHAPTER 3 

EFFECT OF ETHANOL CONSUMPTION AND VITAMIN E SUPPLEMENTATION 

ON IN VIVO LIPID PEROXIDATION IN RATS 

ABSTRACT 
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This study investigated the effects of short and long term vitamin 

E supplementation on ethanol-induced lipid peroxidation in rats. 

Groups of rats were fed liquid diets in which ethanol provided 36% of 

the total calories (v/v) for 28 days or 18 months. The 28-day fed 

rats received supplemental 142 IU alpha tocopherol/kg of diet while 

those fed ethanol for 18 months were injected i.p. with 528 IU alpha 

tocopherol/kg body weight/day for 2 days prior to termination. At the 

end of the feeding period, ethane exhalation, conjugated dienes and 

lipid fluorescence were estimated as indices of free radical mediated 

products. Rats fed the ethanol diets for 28 days and 18 months 

exhaled more ethane than pair-fed controls. Increases in conjugated 

dienes and lipid fluorescence were observed in both the 28 day and 18 

month groups of alcohol fed rats (p 0.05). Supplementation of the 

ethanolic diet with alpha tocopherol in the 28 day fed rats reduced 

conjugated dienes and lipid fluorescence (p 0.05) to values similar 

to controls; and also reduced ethane exhalation to near control levels 

(p 0.05). Rats fed ethanol for 18 months and given i.p. vitamin E 

injections showed reduced ethane exhalation but no reduction in the 

accumulative indices (lipid fluorescence) of lipid peroxidation. 

Thus, vitamin E act by reducing on-going in vivo lipid peroxidation 
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thus preventing the accumulation of lipid peroxide products. In the 

present study, vitamin E probably acted as a free radical scavenger in 

retarding alcoholic liver damage. 
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INTRODUCTION 

Alcohol abuse is a cancer risk in humans. Epidemiological studies 

and clinical trials suggest a strong association between the amount 

and duration of alcohol ingestion and development of certain cancers 

(113,114). Animal studies show that ethanol per se is not 

carcinogenic (115,116), but plays important roles in increasing cancer 

risk (117) by activation of chemical pro-carcinogens (118), altering 

metabolism and/or distribution of chemical carcinogens (119), or by 

the persistence of carcinogen induced DNA adducts and interfering with 

repair of such adducts (9,49,120). These chemical carcinogens and 

alcohol, once inside the body undergo metabolic changes through a 

number of metabolic reactions. The early phases of these reactions 

are p-450 dependent and produce reactive e1ectrophi1es capable of 

interacting with cellular macromolecules such as RNA, DNA and 

proteins. These e1ectrophi1es could lead to the formation of adducts 

which are mutagenic and could act as carcinogenic initiators. The 

role of these reactive e1ectrophi1es or free radicals in the etiology 

of cancer (121) and alcoholic liver disease (122) have been recently 

reviewed. Increased free radical activity has been reported after 

acute and chronic ethanol administration (123,124). 

Recent reports indicating that vitamin E terminates lipid 

peroxidation by donating a hydrogen atom to the reactive e1ectrophi1es 

of superoxide, hydroxy and singlet oxygen radicals (15,125,126), and 

that prolong ethanol ingestion reduces hepatic levels of the vitamin 

(108) has increased interest in clinical use of vitamin E 



supplementation for prevention of certain diseases associated with 

alcohol abuse. 

The purpose of this study was to determine whether increased 

levels of dietary vitamin E over a short period or a short term 

treatment with prolonged ethanol intake decreases or prevents hepatic 

free radical activity in rats fed ethanolic diets, thereby reducing 

the risk of alcoholic liver disease. 
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MATERIALS AND METHODS 

Animal: 

Twenty-eight male Sprague-Dawley rats, weighing 163-180 g, from 

Harlan Laboratories, Indianapolis, IN, were used for the study. 

Animals were cared for and maintained in accordance with the 

guidelines of the Committee on Care and the Use of Laboratory Animals 

by the Division of Animal Resources, University of Arizona. Following 

a week of isolation and adjustment to the basal liquid diet that 

contained no ethanol, rats were randomly assigned to one of the three 

liquid diet treatments: alcohol, alcohol plus vitamin E treatment, or 

control and treatment was continued for 28 days or 18 months. 

Experimental Diets and Animal Manipulation: 

Dietary ingredients were purchased from ICN Biochemicals, 

Cleveland, OH. Vitamin E as d-a1pha-tocopherol obtained from Henkel 

Corporation (Kankakee, IL) was generously supplied by Dr. H. Bhagavan 

of Hoffman LaRoche Chemicals, Nutley, NJ. 

Rats were fed an ethanol liquid diet prepared according to 

recommendations of Lieber and DeCarli (127). This liquid diet has 

been reported to meet nutritional requirements for rats (128). The 

ethano1ic liquid diet provided 1 kca1/ml, with ethanol substituted 

isoca10rica1ly for dextrin-maltose, ethanol providing 36% of the total 

calories in the diet. The vitamin E diet fed to rats for the 28 day 

experiment was supplemented with 142 IU of alpha-tocopherol per kg of 

diet in addition to the 30 IU/kg of vitamin E in the basal diet. 

o Diets were prepared thrice weekly and stored at 40 C to prevent 

oxidation of the vitamin. The 18 month group of alcohol-fed rats were 
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administered, intraperitoneally, 528 IU dL alpha tocopherol/kg/day or 

an equal amount of saline for 2 days prior to their termination. 

These doses was administered to rapidly increase hepatic levels of the 

vitamin. The control groups of rats were pair-fed to the ethanol 

group on an isoenergetic basis over the experimental period. At the 

end of-the 28 day or 18 month period, rats were removed from the 

experimental diets, provided with water for 2 hrs and were then put in 

chambers for a 3 hr exhaled ethane collection. Following ethane 

collection, animals were sacrificed, and liver samples collected and 

stored at -700 C until biochemical analyses. 

Ethane Collection: 

Exhaled ethane was collected using a non-invasive method (129). 

Briefly, each rat was placed in a metabolic chamber consisting of the 

bottom of a glass dessicator and covered with a silicon sealed glass 

plate with a hole in the center. To decrease ethane contamination, 

the inspirate air entered the chamber via a rubber tube. Before 

entering the chamber, the air passed through a large volume of freshly 

prepared activated charcoal (vacuum heated at 2300 C for 1 hr). The 

unidirectional flow of gas exited the chamber via a teflon tube and 

then through a replaceable glass tube containing purified coconut 

charcoal. The charcoal containing tube was surrounded by dry ice and 

o maintained at dry ice temperatures (-65 C) to ensure retention of 

the exhaled ethane in the charcoal. The coconut-charcoal tubes were 

replaced at 30 min intervals. The used charcoal was poured into a 

13.2 m1 glass test tube and tightly sealed with a screw cap containing 

a teflon lined septum. The charcoal was then heated on a heating 



block maintained at 2400 C to desorb the ethane. Two m1 of the gas 

head space was removed from the test tube using an airtight syringe. 

The gas sample was analyzed by gas chromatographic methods using a 
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6 ft. long column packed with carbosphere (Supe1co, Bellefonte, PA). 

The oven temperature was maintained at 1900 C and the injection port 

at 240QC. The ethane retention time and a standard curve was 

established by injecting known volumes of pure ethane into the column. 

Determination of Conjugated Dienes and Lipid Fluorescence: 

Approximately 0.5 g of liver was homogenized in 10 m1 of Folch 

solution (2:1 v/v chloroform:methanol). After a phase separation, a 

0.1 m1 fraction was dried in a steady flow of nitrogen gas at 550 C 

and used for conjugated dienes and lipid fluorescence determination as 

previously described (130). The residue was redissolved in methylene 

chloride and washed twice with water. To the methylene chloride 

solution was added 0.5 m1 methanol to clarify the emulsion. 

Conjugated diene fatty acids were determined by obtaining the 

absorbency of the solution at 237 nm in a Beckman DU-7 recording 

spectrophotometer using an appropriate blank. Lipid fluorescence of 

the homogenate was measured in a Hitachi F-2000 fluorescence 

spectrophotometer with a setting of fluorescence maximum at 470 nm and 

an activation wavelength of 395 nm. Details of the methods used have 

been previously described (131). 

Phospholipid Determination: 

Phospholipid contents of livers were determined by the method of 

Raheja et a1. (132). This method does not require the predigestion of 



the phospholipid. Dipalmitoyl phosphatidylcholine was used as a 

standard. 

Data Analysis: 
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Data was analyzed by ANOVA and where differences were observed, 

the Duncan's Multiple Range Analysis was performed. Significance was 

considered at p 0.05. Data are expressed as the mean plus or minus 

the standard deviation of the mean of 5 animals per group or otherwise 

indicated. 
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RESULTS 

In the absence of dietary vitamin E supplementation, rats fed 

ethanol for 28 days gained weight more slowly than pair-fed controls 

(p 0.05) (Table 3). The liver weights did not differ from controls 

in these groups of animals (Table 3). However, when expressed as 

percentages of body weights, livers from the ethanol plus vitamin E 

rats weighed less than those from ethanol-fed rats. The final body 

weight of ethano1ic diet and ethanol plus vitamin E injected rat 

groups in the 18 month study were significantly lower (p 0.05) than 

in the controls (p 0.05). This represents about 60% of the weight 

gain in the alcohol fed group compared to the control group of 

animals. Similarly, the liver weights and the index of liver to body 

weights were significantly reduced (p 0.05), and were not affected by 

vitamin E treatment. 

Dietary ethanol significantly increased ethane exhalation 

(Fig. 3). When expressed on a per 100g body weight basis, rats fed 

ethanolic diets for 28 days showed a 235-fold increase in cumulative 

ethane exhalation compared to controls (936.84 ± 83.21 pmoles to 

4.10 ±1.92 pmo1es, respectively) (p 0.05). However, with dietary 

supplemental vitamin E in the ethanol diet, cumulative ethane 

exhalation was significantly reduced (p 0.05) to 31.65 + 26.84 pmoles. 

Similarly, cumulative ethane exhalation from rats fed ethanol for 

18 months was about 6-fo1d higher than in the control group 

(1625 ± 105 pmoles to 256 ± 41, respectively) (Fig. 4). However, a 2 

day vitamin E intraperitoneal treatment of the rats with 528 IU alpha 

tocopherol/kg body weight/day significantly reduced ethane exhalation 



to 1073 ± 201 pmo1es (p 0.05). This represents a 33% reduction in 

ethane exhalation. In addition, rats fed ethanol for 18 months with 

or without vitamin E treatment exhaled more ethane than rats fed 

alcohol diets containing increased amounts of vitamin E for 28 days. 

Beside increased ethane exhalation, increases in hepatic lipid 

fluorescence and diene-conjugates provide additional evidence for 

increased free radical attack of hepatic lipids in alcohol consuming 

rats (Table 4). Dietary ethanol potentiated increases in hepatic 

lipid fluorescence and conjugated-dienes (p 0.05) (Table 4). 

Interestingly, dietary vitamin E supplements significantly reduced 

(p 0.05) both indices of lipid peroxidation to control levels in 

rats fed the ethano1ic diets for 28 days but no changes were seen in 

rats fed alcohol containing diets for 18 months and injected with 

vitamin E 2 days prior to termination. 
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Fig. 3. Cumulative ethane exhalation from rats fed ethanol containing 
diets for 28 days with or without vitamin E supplementation. Data 
represent mean + S.D. of 5 rats. Significantly different from ethanol 
only rats (p 0:05). 
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Fig. 4. Cumulative ethane exhalation from rats fed ethanol for 18 
months with or without 2 days of intraperitoneal vitamin E 
administration. Data represent means + S.D. of 3 or 5 rats per 
group. *p 0.05 compared to alcohol n~n vitamin E treated group at 
the indicated time. + p 0.05 compared to alcohol with/without 
vitamin E treatment at indicated times. 
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TABLE 4 
Effect of Ethanol and Supplemental Vitamin E on Hepatic Diene 

Conjugates and Lipid Fluorescence of Rats 

DIENE CONJUGATES 
(Absorbancy units/mg of 

Phospholipid) 

LIPID FLUORESCENCE 
(units F1uorescence/mg 

of Phospholipid) 

Dietary Group 28 day 18 months 28 day 18 months 
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Control 0.68+0.19 (5) 1.27+0.45 (5) 261+35.90 (5) 216~4 (5) 

Ethanol diet 1.31+0.23*(5) 2.07+0.27* (3) 316+44.02*(5) 497+61* (3) 

Ethanol diet 
+ vitamin E 
treatment 0.41+0.15**(5) 2.07+0.35* (5) 242+37.18**(5) 495+110* (5) 

Rats are treated as explained under Materials and Methods. 
Values represent mean + SD of number of animals in parenthesis. 

*Significant1y different from control (p 0.05). 
**Significant1y different from ethanol non vitamin E supplemental group 

(p 0.05). 
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DISCUSSION 

Weight changes in rats fed alcohol for a prolonged period, as in 

our 18 month study has not been reported. This observation may be 

important in future designs of prolonged ethanol studies. This slow 

weight gain may be attributed to the use of rapidly growing animals or 

nutrients inadequacies during ethanol consumption. Although this 

ethanolic diet is reported to be nutritionally adequate (128), rats 

fed this diet exhibited, initially, strong aversion to alcohol, 

decreased utilization of the calories in alcohol, malnutrition and 

reduced growth rate (133,134). 

This study measured the susceptibility of rats fed alcohol to 

in vivo lipid peroxidation and the antioxidant efficacy of vitamin E 

to reduce on-going and long term indices and products of lipid 

peroxidation. Expired ethane, hepatic lipid fluorescence and 

conjugated dienes were assessed as specific and sensitive indices of 

in vivo free radical-mediated lipid peroxidation (135,136). Ethane is 

a volatile hydrocarbon formed during the oxidation of W-3 containing 

polyunsaturated fatty acids (PUFA) (137). Ethane exhalation 

correlates highly with on-going in vivo and in vitro lipid 

peroxidation (84,135-139). Similarly, lipid fluorescence (140) and 

diene-conjugated bonds (85,141-142) in the linoleic acid ester isomer 

in phospholipid is an indication of the effect of the free radical 

activity on PUFA. Fluorescence materials develop when malondialdehyde 

and other aldehydes reacts with an amino group of phospholipid, 

proteins and nucleic acids to yield conjugated bases (143). 
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The increased levels of lipid fluorescence and conjugated dienes 

in livers of ethanol-fed rats compared to pair-fed controls observed 

in our study are consistent with previous reports (89,144-145) that 

suggest enhanced susceptibility of PUFA to lipid peroxidation in liver 

of alcoholics. Although both methods of vitamin E treatment (i.e. 

long term dietary supplementation and i.p. treatment before 

termination) were beneficial, supplementation with 142 IU alpha 

tocopherol/kg diet was clearly more beneficial since it reduced all 

indices of peroxidation in alcohol fed rats. Leibovitz et ale (146) 

showed an inverse relationship between the extent of in vitro 

peroxidation of tissue homogenates and dietary vitamin E levels of 

rats. Similarly, Hu et al. (142), using thiobarbituric acid-reactive 

substances as indices of peroxidation, demonstrated an inverse 

correlation in menhaden oil lipid peroxidation products with increased 

levels of dietary vitamin E. However, in the 18 month alcohol-fed 

rats, the fact that treatment with vitamin E prior to termination 

reduced ethane exhalation but not conjugated dienes and lipid 

fluorescence suggests that the nutrient acts by retarding on-going 

oxidative reactions. The present study confirms and extends data 

showing protective effects of supplemental vitamin E using more 

specific indices of lipid peroxidation induced by ethanol 

administration. 

In conclusion, supplementation with vitamins E which acts by 

reducing on-going lipid peroxidation leads to decreased susceptibility 

to in vivo lipid peroxidation as well as hepatic lipid damage in rats 

chronically fed alcohol. This is achieved by reducing on-going lipid 
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peroxidation. Furthermore, these data also showed that the short term 

use of vitamin E following prolonged alcohol intake has no effect on 

accumulated products of lipid peroxidation. Although the mechanism of 

actions of vitamin E is not fully understood, other reports indicate 

that vitamin E acts as a free radical scavenger by terminating the 

chain-propagation reactions of lipid peroxidation (140). The use of 

vitamin E may, therefore, playa significant role in retarding or 

reducing lipid peroxidation which probably contributes to the 

development of hepatic diseases associated with alcohol abuse. 

However, since no single index or a combination of lipid peroxidation 

indices are completely satisfactory in describing total in vivo 

peroxidation (39,139,146), the use of more than one measurement of 

lipid peroxidation as done in this study is important. 



CHAPTER 4 

THE EFFECTS OF CHRONIC ETHANOL AND COD LIVER OIL 

CONSUMPTION ON RAT LIVER LIPID COMPOSITION: 

MODULATORY ROLE OF VITAMIN E 

ABSTRACT 
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We investigated the effects of dietary vitamin E supplementation 

on h~patic fatty acid composition of rats fed alcohol and cod liver 

oil diets. The diets provided 35% and 47% of total calories as CLO 

and ethanol, respectively for 28 days. In these diets, CLO replaced 

the cotton, corn and olive oils, which are low in omega-3-unsaturated 

fatty acids. Some similar diets were supplemented with vitamin E. 

Hepatic cholesterol, phospholipids and triglyceride levels were 

30-100% greater in rats fed alcohol with or without the vitamin E 

supplement. Addition of CLO to the diet reduced liver cholesterol and 

the cho1estero1:phospholipid ratio but increased triglyceride levels. 

Supplemental vitamin E in the CLO fed rats elevated the levels of 

hepatic phospholipid, triglyceride, and cholesterol. The vitamin 

E-re1ated alterations in hepatic lipids were also reflected by changes 

in the fatty acid profile in rats fed ethanol and CLO. These 

alterations indicated that ethanol consumption increased hepatic 

content of myristic, oleic, and palmitoleic acids. These changes were 

partially reversed in the vitamin E supplemented alcohol diets fed to 

rats. Our results suggest that vitamin E has an inhibitory effect on 

peroxidation of polyunsaturated fatty acids and with membrane 



phospholipid, thus alpha- tocopherol play an important role in 

retarding or preventing alcohol and CLO-induced fatty liver by this 

mechanism. 
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INTRODUCTION 

Mechanisms leading to alcoholic liver disease (ALD) and the 

increased incidence of other various alcohol-related diseases are only 

partially defined. Recent studies suggest lipid peroxidation plays 

important roles in ethanol-induced liver damage, including cancer and 

fatty liver (122,148-149). Also implicated in the development of ALD 

is the type and amount of dietary fats (150-152). For example, high 

polyunsaturated fatty acid (PUFA) diets promote the development of 

certain kinds of cancers (153) by increased lipid peroxidation 

(154,155). Increased lipid peroxidation is characterized by losses of 

PUFA and the degradation of phospholipids (156,157) and by the 

accumulation of products of free radical activity as lipid 

fluorescence, 1ipoperoxides, ma10ndia1dehyde and conjugated dienes 

(88,148). 

The mechanisms through which chronic alcohol consumption 

potentiates liver injury is complex but is related to the depletion of 

vitamin E in the subcellular fractions (158-159). Recent studies have 

shown that vitamin E effectively reduces in vivo and in vitro indices 

of lipid peroxidation (160-161). However, the effects of vitamin E 

supplementation on the hepatic fatty acid changes that accompany lipid 

peroxidation have not been determined. Therefore, this study 

investigated the effects of ethanol and CLO (an omega-3-unsaturated 

fatty acid) on liver lipids. Also it determined whether vitamin E 

would play a modulatory role on hepatic lipids of rats fed alcohol and 

CLO containing diets. 
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MATERIALS AND METHODS 

Animal Treatment 

Forty male Sprague-Dawley rats (263-320 g), obtained from Harlan 

Lab (Indianapolis, IN) were adjusted to our animal facilities and to a 

total liquid diet for one week. Following adjustment, the rats were 

randomly divided into 8 dietary groups: control; ethanol; cod liver 

oil; vitamin E; cod liver oil plus ethanol, cod liver oil plus 

vitamin E; ethanol plus vitamin E; or ethanol and cod liver oil plus 

vitamin E. The liquid diets prepared as described previously (162), 

with or without ethanol provided 1 kcal/ml, with the ethanol 

substituting isocalorically for dextrin-maltose. Vitamin E 

supplemented diets received an additional 142 IU alpha tocopherol/kg 

of diet. In the cod liver oil (CLO) diet, CLO replaced corn oil, 

olive oil and cottonseed oil. The cod liver oil contained 807 IU/g 

and 0.54 IU/g of vitamins A and E, respectively. Animals were 

pair-fed on an isoenergetic basis over a 28-day period. At the end of 

the experimental feeding period, the animals were sacrificed, their 

livers removed, blotted on filter paper, weighed, placed in sealed 

o vials, and maintained at -70 C until analyzed. 

Lipid Extraction from Liver 

Hepatic lipids were extracted as described (181). Five ml of 

Folch reagent (chloroform-methanol 2:1, v/v) was added to about 0.5 g 

of liver. The tissues were homogenized for 30 sec using a polytron 

homogenizer. The homogenizer was then rinsed by running the probe in 

5 ml of Folch reagent for 10-20 sec. The rinse-solution was then 



added to the original homogenate and following a thorough mixing, was 

allowed to stand 18-20 hrs. at 4oC. 

Lipid Ana1yte Determinations 
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The triglyceride in the extract was determined by the colorimetric 

method as previously described, the total cholesterol was estimated by 

the method outlined (164) and phospholipid content of the extract was 

estimated by the method of Raheja et a1. (165). 

Fatty Acid Profile Analysis 

The fatty acid profile in the liver extracts were determined by a 

modification of a previous published method (166). Briefly, 1 m1 of 

extract was placed in a 15 m1 screw-cap conical centrifuge tube with 

200 ug of diheptadecanoy1 lecithin added as an internal standard. The 

solution was evaporated to dryness at 550 C under a steady stream of 

N2 gas. The residue was then dissolved in 0.2 m1 of chloroform and 

2 m1 of 12% (w/v) boron trifluoride-methanol solution was added to the 

dry residue and the solution was mixed thoroughly. The reaction tubes 

o were sealed with teflon lined screw-caps and incubated at 80 C for 

45 min. Following cooling, the methyl esters of the fatty acid was 

washed and extracted twice with 1 m1 of water and 1 ml of hexane. The 

hexane extract was placed using a 15 m1 glass stoppered centrifuge 

tube and taken to dryness in a water bath at 55°C using a stream of 

N2• The dry residue was redissolved by adding 0.3 m1 of chloroform 

and 2 u1 were used for conventional gas-liquid chromatograph analysis 

using a Hewlett Packard Gas Chromatograph (Model 5890 II) fitted with 

a 10% EGSS-X on gas chrome P (Applied Science, State College, PA). 

The column was maintained at 2500 C. The helium carrier gas was 
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maintained at 50 ml/min. with hydrogen and airflow to the detector 

maintained at 25 ul/min. Individual fatty acid peak was identified by 

comparison with those of the standards of methyl-esters of the various 

fatty acids of a standard heptadecandic acid and adjusted with an area 

response correction factor obtained with the internal standard. 

Statistical Analysis 

The fatty acid profile data are expressed as the percentage mean 

plus or minus the standard deviation (SD) of the mean cholesterol, 

phospholipids and triglycerides are expressed as mglg of wet liver 

tissue. Data was analyzed using the Duncan's multiple range test (21) 

and p 0.05 was considered as statistically significantly different. 

The Duncan's analysis is an ANOVA type statistic and was used to 

compare all means in the groups. This analysis was done using a 

computer programmed for Duncan's analysis. 

Tables 8, 9 and 10 were developed to more clearly interpret the 

data in Tables 5 and 6. The reason for this is that there are 8 

differing dietary fed groups of rats and 12 differing parameters for 

each group. Thus, 96 individual datum points must be correlated 

between the various dietary groups of rats. To simplify this 

comparison, 3 tables were devised of the ratio between the control and 

experimental parameters of the variously fed rat groups. The 

advantage of this type of presentation is that a ratio-number greater 

than 1 implies that rats fed this diet regimen is causing an increase 

in this parameter above the control value, while a number less than 1 

implies that rats fed the dietary regimen is decreasing this parameter 

compared to control rats. By adding a "+" as an indicator of 



significance (p 0.05) between the ratio of the 2 groups, one may 

readily visualize and interpret the data in Tables 5 and 6. A 

difficulty of this procedure is that a ratio is developed from some 

data by dividing a zero parameter (nondetectable level) into some 

positive parameter resulting in an infinitely large number. This 

ratio is indicated by "a" for an infinity sign. 
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RESULTS 

Liver Lipid Contents 

The hepatic lipid levels of rats fed various diets is shown in 

Table 1. The hepatic phospholipid contents of rats fed the various 

alcohol diets are higher than naive, vitamin E and CLO controls. 

Dietary ethanol and eLO increased hepatic triacylglycerols levels 

about 2-fold (p 0.05). Vitamin E supplementation of the diets did 

not affect the triacylglycerols level. Rat diets containing eLO plus 

ethanol showed increased hepatic triacylglycerol levels. However, 

this increase was significantly reduced with vitamin E supplementation 

(p 0.05). 

Animals fed diets containing ethanol showed a 30% increase in 

hepatic cholesterol (p 0.05) above control levels. Rats fed the 

omega-3-fatty acid rich eLO showed reduced hepatic cholesterol level. 

This increase was reversed with vitamin E supplementation (p 0.05). 

Rats fed the CLO plus ethanol diets showed cholesterol values similar 

to the controls and showed no apparent change in this major component 

of liver lipids with vitamin E supplementation. 

Ethanol consumption significantly increased hepatic phospholipid 

(p 0.05), and supplementation with vitamin E resulted in a further 

increase in liver phospholipid (p 0.05). While eLO fed rats did not 

show any change in hepatic phospholipids, those fed the ethanol plus 

eLO containing diet showed a significantly higher phospholipid level 

(p 0.05). However, vitamin E supplementation had an altering effect 

on the hepatic cholesterol/phospholipid ratio in this group of rats. 

Compared to the controls, eLO containing diet significantly lowered 



the cholesterol/phospholipid ratio through its lowering effects on 

hepatic cholesterol. In rats fed the ethanol plus CLO containing 

diet, supplementation with vitamin E did not alter this ratio. 

Fatty Acid Profile 
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To examine in more detail the effects of vitamin E supplementation 

on hepatic lipid changes following ingestion of CLO and chronic 

ethanol hepatic fatty acid fractions was determined. The effects of 

vitamin E supplementation on liver lipid fractions in rats fed various 

diets is shown in Table 2. The fatty acid composition of total 

hepatic lipids was altered following ingestion of alcohol and/or CLO. 

In rats fed alcohol, the relative levels of 14:0 (myristic), 16:1 

(pa1mito1eic), and 18:1 (oleic), fatty acids were higher and 18:2 

(linoleic) lower than controls (p 0.05). The relative amounts of 

the 18:2 to 20:4 (arachidonic acid) ratio was significantly decreased 

(p 0.05) in the livers of alcohol-fed rats (Table 3). The ratio of 

18:2/20:4 in the ethanol fed rats was altered with vitamin E 

supplementation. Furthermore, vitamin E supplementation in the 

ethanol-fed rats increased 20:4 fatty acids and restored the ratio of 

unsaturated/saturated fatty acids (p 0.05). Ethanol consumption 

significantly reduced the 18:0 to 18:1 ratio but this was increased by 

about 50% (p 0.05) with vitamin E supplementation. 

The fatty acids patterns in hepatic lipids of CLO-fed rats showed 

a fatty acid distribution different from the control group (Table 6). 

In this lipid fraction, the relative levels of 16:1 were higher and 

18:2, 20:4, ratios of 18:0/18:1 and 18:2/20:4 were significantly lower 

to the control gr ? Rats fed the CLO together with supplemented 



vitamin E exhibited increases in 14:0, and 18:1 fatty acids 

(p 0.05). In addition, the ratios of 16:0/16:1 and 18:1/16:0 were 

also increased (p 0.05), while the ratios of 18:0/18:1 and 

unsaturated/saturated fatty acids were decreased. 

74 

Animals fed eLO and ethanol showed increased levels of 14:0, 16:0, 

16:1, 18:0, 18:1, and 18:0/18:1; and decreased levels of 18:2, 20:4, 

16:0/16:1, and 18:1/16:0 fatty acid ratios. The ratios of 

unsaturated/saturated fatty acid in the eLO and ethanol-treated rats 

were also altered. In animals fed similar diets containing ethanol 

and eLO but supplemented with vitamin E, the fatty acid ratios 

16:0/16:1, 18:0/18:1, unsaturated/saturated fatty acids were higher 

(p 0.05) than in 18:0, 18:1 in the unsupp1emented vitamin E group. 
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DISCUSSION 

While many investigators have been concerned with ethanol-induced 

changes in hepatocyte membranes as a model to understanding the 

development of liver injuries associated with alcohol intake, only 

recently have studies concentrated on the effects of ethanol on liver 

membrane structure and composition (168,169). Although the effects of 

alcohol on liver lipid membranes are not fully understood, studies 

using dietary supplements of pyruvate, dihydroxyacetone and riboflavin 

(170), adenosine (171), arachidonic acid (172), and beef fat (173) are 

reported to prevent fatty livers in ethanol-fed animals. In this 

study, rats fed alcohol and/or CLO showed increased hepatic 

peroxidation measured by decreases in PUFA changes in the tissue. 

Although some of these changes have been reported by other 

investigators (148), as shown in this study, other contributory 

mechanisms to hepatic damage may be due to the increased lipid 

peroxidative changes in the fatty acid constituents of the hepatic 

membranes. 

Of significant interest of the effects of ethanol in modifying 

hepatic cholesterol is that cholesterol is an important determinant of 

membrane physical structure. Since cholesterol has an ordering effect 

on the mammalian cell membrane, increased membrane content of 

cholesterol may explain the changed physical state of the liver, thus, 

the diffusion of lipid soluble substances into cells and the 

development of a fatty liver. The reported increase in the saturation 

of membrane fatty acids in ethanol-treated rats may also contribute to 

cell-fat accumulation. 
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It is known that tissue phospholipids and cholesterol are 

primarily confined to cellular membranous structures in the organ. 

Therefore, the determination of cholesterol: phospholipid ratio in 

part indicates the fluidity of cellular membranes. A high ratio 

indicates a less fluid membrane while a low cholesterol: phospholipid 

ratio is indicative of a more fluid membrane. Membrane fluidity is 

also a function of the number of PUFA as well as the molecular size of 

the fatty acid. 

Our data showing that changes in hepatic lipids following CLO and 

chronic alcohol ingestion were attenuated by supplementing the diet 

with vitamin E, suggest that vitamin E may interact with both the cell 

membrane and the microsomal enzymes to elicit these changes. Indeed, 

it has been demonstrated that chronic ethanol consumption results in 

increased activity of the hepatic microsomal enzymes, including 

microsomal ethanol oxidizing system (174-175) and fatty acid 

elongation and desaturation enzymes (176,177). The relative decreases 

in 20:4 fatty acids in the liver following ethanol ingestion and the 

subsequent increase following vitamin E supplementation deserves 

attention. It is likely that this change in the ethanol treated rats 

is due to increased peroxidation, and the increased level of this 

fatty acid following vitamin E supplementation of the diet may be due 

to increased synthesis of higher chain fatty acids, reduced 

peroxidation of lipids, and/or decreased metabolism of the fatty 

acid. Since 18:2 is a precursor of 20:4, the substantial decrease of 

18:2 suggest its increased utilization for the synthesis of 20:4 or 

reduced synthesis from its precursor. Furthermore, the dramatic 
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change in 18:2 fatty acid content following vitamin E supplementation 

may reflect an alteration in the reacylation activity in the 

mitochondria of the liver cells. The 18:2 fatty acid is synthesized 

in the inner-membrane of the mitochondrion via the reaction between 

phosphatiglycerol and diacylglycerol. Interestingly, rat liver 

mitochondrial membrane contains low levels of these precursors (178). 

Also, there are no acyl groups specificity expressed by the 

phospholipid synthetase for the diacylglycerol (179). Our 

observations, therefore, suggest that vitamin E may have a substantial 

role in the reacy1ation of 20:4 once it is formed, or that this role 

may be in the reacy1ation of the precursors before the condensation 

reaction of phosphotig1ycero1 and diacylglycerol. 

The low value of 18:2/20:4 observed in the ethanol-fed rats and 

increased with vitamin E supplementation, suggests a role of vitamin E 

in the elongation or desaturation steps often associated with the n-6 

fatty acids family. Clarifying the role of vitamin E in this 

elongation or desaturation step is our observation that vitamin E 

increased the ratio of 18:1/16:1 in the livers of vitamin E and 

CLO-fed rats. A consequence of the metabolic oxidation of alcohol is 

the resultant shift in the cytoplasmic NADPH/NADH ratio yielding 

increased NADPH. This ethanol induced shift in hepatic oxidation 

state reduces the demand for de-novo fatty acid synthesis pathway and 

therefore less demand for the increased NADPH (162). It is, 

therefore, apparent that the increase in the 18:1/16:1 ratio in the 

ethanol-fed rats is due to ethanol-related stimulation of the 

elongation step. The lowering effect of vitamin E in the CLO plus 



ethanol-fed rat is probably due to the increased use of the NADPH 

arising from increased de-novo fatty acid synthesis. 
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Some of our results of the effects of dietary eLO is at variance 

with that of a previous report (180) that found no modulatory effect 

of eLO on hepatic lipid fatty acid composition. In their experiment, 

they fed the methyl esters of polysaturated fatty acids and eLO in a 

choline deficient diet. Our observations, therefore, better represent 

the in vivo response to dietary polysaturated fatty acids. However, 

it remains to be seen whether vitamin E affect blood and hepatic 

lipids in similar ways. We suspect that vitamin E may attenuate blood 

lipids in patterns similar to those of the hepatic tissue. 

In summary, the present study provide evidence that increased 

levels of dietary vitamin E inhibit ethanol and eLO induced lipid 

peroxidation and stabilizes the PUFA damages of lipid peroxidation. 

Also, vitamin E composition plays an important role in preventing 

alcohol and eLO-induced changes in membrane lipid and in alterations 

in the physical properties of the hepatic membranes involved in the 

development of alcoholic fatty liver. However, further studies, 

particularly where hepatic microsomal enzymes and the higher 

polyunsaturated fatty acids are measured with vitamin E 

supplementation are much needed. 
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Table 5. The Effects of Vitamin E Supplementation on Cholesterols, 
Triglycerides and Phospholipids in Rat Fed Cod Liver Oil and 
Ethanol. 

Group: 
Dietary 
Treatment 

Control 

EtoH 

CLO 

VE 

EtoH + VE 

CLO + VE 

Cholesterol 
(mg!g wet 
tissue) 

4.37+0.37 

5.68+O.32a 

4.03+0.l4b 

5.27+O.60a 

5.4l+O.52a 

6.21+0.48a 

Phospholipids 
(mg!g wet 
tissue) 

26.69+3.16 

31. 54+1. 65a 

28.42+1. 79b 

26.35+1.08 

34.l4+1.54a ,b 

32.61+1. n a 

Tri,lycerides 
(mg g wet 
tissue) 

13.97+0.82 

26.57+1.30a 

24.29+2.l8a 

l6.46+0.92a ,b 

32.64+2.79a ,b 

24.56+3.25a 

Cholesterol/ 
Phospholipid 
Ratio 

0.17+0.01 

0.18+0.02a 

0.14+0.01a,b 

0.20+0.02a 

0.16+0.01a 

0.17+O.01b 

EtoH + CLO 4.88+0.25 38.l7+2.78a ,b 29.3l+2.72a ,b 0.13+0.0la 

EtoH + CLO 
+ VE 4.94+0.25a 33.65+0.90a 25.46+1.02a 

EtoH = ethanol; CLO = cod liver oil; VE = vitamin E; 
Values represent mean ± SD/g wet weight; n = 5/group 

asignificantly different from controls (p 0.05) 

bsignificantly different from rats fed same diets without 
vitamin E supplementation (p 0.05) 

0.14+0.01a 
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Table 8. Changes in Ratios of Hepatic Fatty Acid Profiles From Rats 
Fed Controls Liquid Diets 

Fatty Acid Animal Cod Liver Vitamin E 
and Control Oil Control Control 

Fatty Acid Ratio Diet Diet Diet 

C14 a+ 1.00 1.00 

C16 0.916 1.35+ 1.07 

C16:1 1.32+ 2.36+ 0.57+ 

C18 0.986 1.06 1.03 

C18:1 1.38+ 1.07 1.04 

C18:2 0.71+ 0.72+ 0.87 

C20:4 0.91 0.70+ 0.98 

16/16:1 0.90 0.72+ 2.41+ 

18/18:1 0.73+ 1.00 1.00 

18:1/16:1 1.36 0.56+ 2.24+ 

18:2/20:4 0.81+ 1.04 0.83 

Saturated FA 
Unsaturated 0.90 1.26 1.03 

+Significant1y different from rats fed the control liquid diet p 0.05 

See Table 2 for original data. 

The ratio values are calculated from the % mean of fatty acids of the 
dietary groups containing ethanol. 
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Table 9. Changes in Ratios of Hepatic Fatty Acid Profiles from 
Ethanol, Cod Liver Oil and Vitamin E Fed Rats 

Fatty Acid 
and CV/C AC ACV/C 

Fatty Acid Ratio 

C14 a a a 

C16 0.81 0.98 0.92 

C16:l 0.47+ 1.40 1.05 

C18:0 0.98 1.30+ 1.31+ 

C18:l 1.47+ 1.04 0.77 

C18:2 0.89 0.61 0.76 

C20:4 0.74 0.98 1.06 

16:0/16:1 2.57+ 0.74 0.99 

18:0/18:1 0.69+ 1.28 1.83+ 

18:1/16:1 4.16+ 0.85 0.81 

18:2/20:4 0.98 0.69 0.68 

Saturated FA! 
Unsaturated FA 0.88 1.41+ 2.14+ 

+Significant1y different from the cod liver oil fed group (p 0.05). 

See Table 2 for original data. 

The ratio values are calculated from the % mean of the fatty acids of 
the 
different dietary groups shown. 

ACV = Ethanol + CLO + vitamin E fed group 
C = Cod liver oil fed group 
CV Cod liver oil + vitamin E fed group 
AC = Ethanol and CLO fed group 



Table 10. Changes in Ratios of Hepatic Fatty Acid Profiles from 
Ethanol, Cod Liver Oil and Vitamin E Fed Rats 

Fatty Acid 
and 

Fatty Acids Ratio AE/AA AC/AA ACV/AA 

C14 0.091+ 1.38 1.31 

C16 1.35 1.45+ 1.40+ 

C16:1 0.34+ 2.51+ 2.17+ 

C18 1.13 1.41+ 1.42+ 

C18:1 0.62+ 0.81 0.60+ 

C18:2 1.13 0.62+ 0.76 

C20:4 1.20+ 0.76+ 0.82 

16:0/16:1 3.18+ 0.61+ 0.80 

18/18:1 1.86+ 1.77+ 2.53+ 

18:1/16:1 1.04 0.35+ 0.32+ 

18:2/20:4 1.03 0.88 0.87 

Saturated FA/ 
Unsaturated FA 1.05 1.22 3.00+ 

+Significant1y different from alcohol fed rat group (p 0.05) 

See Table 2 for original data. 
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The ratio values are calculated from the % mean of fatty acids of the 
dietary 
groups containing ethanol. 

AA = Alcohol fed group 
AE = Ethanol and vitamin E supplemental fed group 
AC = Ethanol + CLO fed group 
ACV = Ethanol + CLO + vitamin E fed group 



CHAPTER 5 

THE EFFECT OF VITAMIN E (ALPHA-TOCOPHEROL) SUPPLEMENTATION 

ON HEPATIC LEVELS OF VITAMIN A AND E IN ETHANOL 

AND COD LIVER OIL FED RATS 

ABSTRACT 
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Eight groups of 5 rats were fed 8 differing liquid dies with and 

without ethanol, CLO and/or increased levels of vitamin E. Hepatic 

1eve~s of vitamins A and E were determined following the 28-day 

feeding time. Ethanol consumption decreased the levels of hepatic 

vitamin E (p 0.05), vitamin A (p 0.001) and the ratio of vitamin A/E 

(p 0.05). Hepatic levels of vitamins A and E were unaffected in rats 

fed CLO. Supplementation of the normal dietary level of 30 IU of 

vitamin E per kg diet, with an additional 142 IU alpha tocopherol/kg 

diet, restored hepatic concentrations of vitamin E to normal levels in 

alcohol-fed rats. The hepatiC levels of vitamin A in rats fed ethanol 

diets supplemented with Vitamin E were less than that of control rats 

but were 4.3 times greater than that of rats on ethanol diets 

unsupp1emented with vitamin E. However, the vitamin A and E ratio was 

equal to normal in this group of rats. The vitamin A/E ratio was 

reduced in livers of rats fed non-alcoholic diets supplemented with 

vitamin E due to increased levels of hepatic vitamin E. Additionally, 

rats fed CLO diets containing ethanol also indicated decreased hepatic 

vitamin A and E levels. However, these levels were greater than that 

of rats fed only alcoholic diets suggesting that these vitamins are 

replaced by the vitamin A and E content in the CLO. Thus, in 



conclusion, vitamin E is not only absorbed and transported to the 

liver of rats abusing ethanol, but it also has a significant sparring 

effect on hepatic vitamin A and E content in the eLO. Thus, in 

conclusion, vitamin E is not only absorbed and transported to the 

liver of rats abusing ethanol, but it also has a significant sparring 

effect'on hepatic vitamin A stores in rats fed alcoholic diets and in 

rats fed control diets. 
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INTRODUCTION 

Chronic ingestion of ethanol results in liver damage as seen by 

altered structure, decreased function and adaptive hypertrophy of the 

smooth endothelial reticulum (205,206). The resultant ethanol-induced 

hepatotoxicity is partly due to the direct and indirect activity of 

free radicals (FR) (184,185). Increased FR activity assessed by the 

production of lipid peroxide products, ma10ndia1dehyde and exhaled 

pentane and ethane have been reported after acute and chronic ethanol 

feeding in rats (187,206). A possible mechanism of FR induced 

hepatotoxicity may involve diminishing cellular antioxidants, such as 

vitamin E, thus causing a longer time continuum of the 

1ipoperoxidative cascade (184). Indeed, chronic ethanol consumption 

is reported to cause significant depletion of hepatic vitamin A 

(27,188,208) and vitamin E (190) in rodents. 

The mechanisms for alcoholic liver disease development (ALD) is 

complicated involving mUltiple factors such as immunomodu1ation, 

malnutrition (195), alteration of enzyme activities and damage to 

hepatic cell membranes (185,198,199). For example, a high intake of 

tallow (containing mostly saturated fatty acids) is relatively 

protective against ALD (203), While a high intake of polyunsaturated 

fatty acids (PUFA) promotes the development of ALD (202). The 

discrepancy between the two dietary fats in promoting ALD is 

attributed to the unsaturated bonds in various PUFA which makes these 

oils more susceptible to attack by FR (203). The increase FR 

reactions during ethanol metabolism are further expected to utilize 

vitamin E as an antioxidant, thus further depleting body stores of 



vitamin E (188). An increase in hepatic vitamin E levels should 

inhibit the formation of these toxins during ethanol metabolism. 

This study investigated the relationship of supplemental dietary 

vitamin E on hepatic levels of vitamin A and E in rats metabolizing 

ethanol and the PUFA in CLO. Since alcohol metabolism promotes 

increased FR production, the ingestion of both CLO and ethanol may 

lead to the more rapid and sustained depletion of liver levels of 

vitamins A and E, despite the vitamin A and E content in CLO. We 

tested the hypothesis that enhanced lipid peroxidation during alcohol 

metabolism may cause liver damage by decreasing hepatic vitamin E 

levels, thus shifting the antioxidant balance to favor peroxidative 

damage. Our specific objectives were to: 1) assess the effects of 

CLO and/or ethanol on hepatic content of vitamins A and E, and 2) to 

investigate whether increased dietary supplements of vitamin E could 

restore any changes induced by ethanol and CLO feeding. 
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MATERIALS AND METHODS 

Dietary Treatment. Forty male Sprague-Dawley rats, weighing 

263-320 g (Harlan Lab, Indianapolis, IN), were fed a basal purified 

liquid diet designed by Lieber et al. (200) as shown in Table 1. The 

animals were house-paired in a cage in a temperature controlled room 

maintained at 22-240 C with a l2-hour diurnal light cycle. Diet was 

provided ad libitum. After the animals had acclimated for 1 week to 

the basal liquid diet, they were randomly assigned to one of eight 

dietary groups, with or without alcohol, cod liver oil and vitamin E. 

The diets were: a control diet, an ethanol diet, a CLO diet, a 

vitamin E supplemented diet, a CLO plus vitamin E diet, a cod liver 

oil plus ethanol diet, an ethanol plus vitamin E diet and an ethanol, 

cod liver oil plus vitamin E diet. The vitamin E supplemented diets 
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received an additional 142 IU of d-alpha-tocopherol/Kg diet (total 172 

IU Vitamin E/Kg diet). Fresh diets were prepared every two days, as 

described (200), stored at 40 C and fed twice daily to minimize 

dietary lipid auto-oxidation and to maintain blood alcohol levels. 

The composition of the diet is shown in Table 1. The cod liver oil 

contained 807 IU/g and 0.544 IU/g of vitamin A and E, respectively. 

Control rats were pair-fed to the ethanol-fed rats. At 28 days from 

the initiation of feeding the experimental diets, the animals were 

sacrificed, their livers removed, blotted on filter papers, weighed, 

o placed in sealed vials and maintained at -70 C until analyzed. 

Determination of Liver Vitamin A and Alpha-Tocopherol. Liver 

homogenization, extraction and determination of alpha-tocopherol was 

performed by a liquid chromatographic method using n-hexane 



diisopropy1 ether as the mobile phase and a fluorescence spectrometer 

to detect the tocopherols (205). Hepatic vitamin A was determined 

spectrophotometrica11y by the method described (183). The recovery 

for vitamin A and E in these analyses were 95-99% using standard 

curves with correlation coefficient values no lower than 0.97. 

Statistical Analysis. Data are expressed as the mean plus or 

minus the standard deviation of the mean. Duncan's Multiple Range 

analysis (186) was used to evaluate the data with a 95% or better 

confidence interval level. The Duncan's analysis is an ANOVA type 

statistic and was used to compare the means of the groups. This 

analysis was done using a computer programmed for Duncan's analysis. 

90 
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Table 11: Composition of Basal Liquid Dietl 

1 

2 

3 

4 

5 

Dietary Constituent 

Casein (vitamin free) 
L-Cystine 
DL-Methionine 
Corn Oi12 
Olive Oi12 
Safflower Oi12 
Dextrin-maltose3 
Choline bitartrate 
Fiber 
Xanthan gum 
Vitamin mix4 
Salt mix5 

g/liter (1000 calories) 

41.4 
0.5 
0.3 
8.5 

28.4 
2.7 

115.2 
0.53 

10.0 
3.0 

All dietary constituents except corn oil, olive oil and safflower 
oil were purchased from ICN Nutritional Biochemicals, Cleveland, 
Ohio. 
In the cod liver oil diet, the regular oil content of the diets 
was replaced by an equal amount of cod liver oil. 
Fatty acid composition of cod liver oil. 
Fatty Acid: 14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:1 22:6 

% 5.9 10.8 8.5 4.4 38.0 9.4 3.2 3.1 16.6 
In the ethanol diets, the diets were made isocaloric by replacing 
94.75 g of dextrin-maltose with 67.29 ml of ethanol. 
Vitamins/1000 calories; thiamine HC1, 1.5 mg; riboflaVin, 1.5 mg; 
pyridoxine HC, 1.75 mg; nicotinic acid, 7.5 mg; calcium 
pantothenate, 4.0 mg; folic acid, 0.5 mg; biotin, 0.05 mg; vitamin 
B12' 25 ug; vitamin A, 6000 IU; vitamin D, 400 IU; vitamin E, 30 
IU; menadione, 125 ug; p-aminobenzoic acid, 12.5 mg; and inositol, 
25 mg. 
Elements (mg/1000 calories); calcium, 1300; phosphorous, 1000; 
sodium, 255; potassium, 900; magnesium, 125; iron, 8.8; copper, 
1.5; zinc, 7.5; iodine, 0.05; selenium, 0.025; chromium, 0.5; 
chloride, 390; sulfate, 250; and fluoride, 0.25. 



RESULTS 

Data from the present study show that ethanol diets fed to rats 

lowers their hepatic concentrations of vitamins A and E (Table 12). 

The concentrations of vitamins A and E were reduced by approximately 

81% and 38% respectively in ethanol-fed rats as compared to controls 

(p 0.05). Ethanol intake also depressed hepatic vitamin A/vitamin E 

ratio (p 0.05). However, with supplemental vitamin E in the 

ethano1ic diet, hepatic vitamin A and E and the vitamin A/vitamin E 

ratio were returned to near control values. Also, hepatic levels of 

vitamin A and E are significantly increased (p 0.001) in the vitamin 

E supplemental rat group compared to controls. 

Compared to controls, dietary CLO did not significantly alter 

hepatic concentrations of vitamin A, but an increasing trend in 

vitamin A levels was observed. When animals were fed the CLO diet 

supplemented with vitamin E, then increased hepatic vitamin E levels 

occurred (p 0.05), but reduced liver-levels of vitamin A and vitamin 

A/vitamin E ratio resulted (p 0.01). Also, there were significant 

decreases in hepatic vitamin A and E levels of animals fed ethanol 

plus CLO which resulted in lowered hepatic vitamin A/vitamin E ratio 

(p 0.05). However, upon vitamin E supplementation to rats fed the 

ethano1-CLO-diet, only hepatic vitamin A levels were significantly 

increased (p 0.05) above that of rats fed the same diet 

unsupplemented with vitamin E. 
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Table 12: Alpha-Tocopherol and Vitamin A Levels of Livers From Rats 
Fed Ethanol and Cod Liver Oil Containing Diets and 
Supplemented with Vitamin E 

Alpha-
Tocopherol Vitamin A 

Dietary (nmo1e/g (nmo1e/g 
Group Treatment wet liver) wet liver) 

1 Control 143.74+19.85 697.21+58.43 
2 Ethanol 89.66+14.32a ,b 129.79+16.07a ,b 
3 Cod Liver Oil 151.11+23.47 728.63+62.55b 
4 Vitamin E 297.56+28.24a 894.26+75.81a 
5 Ethanol + Vitamin E 118.62+27.93 559.80+40.93a 
6 Cod Liver Oil + 

Vitamin E 203.45+21.19a 402.89+37.26a 
7 Ethanol + Cod 

Liver Oil 110.78+19.26a 342.39+26.29a ,b 
8 Ethanol + Cod Liver 

Oil + Vitamin E 147.53+21.42 447.51+32.03a ,c 

Data are given as mean + S.D.; n - 5 rats per group. 
aSignificant1y different-from pair-fed controls (p 0.05). 
bSignificant1y different from corresponding ethanol fed but 

non-vitamin E treated group (p 0.05) 

Vitamin A/ 
Alpha-
Tocopherol 
Ratio 

4.62+ .46 
1.52+0.27a 
4.53+o.67b 
3.06+0.17a 
4.68+0. nb 

1.98+0.24a 

3.19+0.31a 

3.02+0.38a 

CSignificant1y different from the corresponding cod liver oil + 
ethanol-fed rat group. 
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DISCUSSION 

Chronic ethanol consumption by rats fed a nutritionally adequate 

diet (200) resulted in lower hepatic concentrations of vitamins A and 

E than the pair-fed control group of rats receiving the same amount of 

vitamin E in the diet. Mechanisms leading to reduced circulating and 

hepatic levels of vitamin E in alcoholics include malabsorption 

arising from B-lipoprotein deficiency (182) and increased degradation 

of the vitamin (191). Our findings confirm these previous reports 

(190,208) and also extend them to show that supplemental vitamin E has 

a sparring effect on hepatic vitamin A concentration during ethanol 

administration. The increase in hepatic vitamin A and E 

concentrations in rats fed the vitamin E control diet suggests a 

metabolic association between vitamins A and E. Alpha-tocopherol, as 

a membrane-associated antioxidant, is biologically the most active 

form of vitamin E. The FR scavenging actions in cell membranes by 

vitamin E may help protect the liver from irreversible alcohol induced 

necrosis. Furthermore, the non-significant increases in hepatic 

vitamin A and E concentration and in vitamin AlE ratio in the CLO 

control fed rats suggest a depressant effect of this omega-3-rich 

PUFAs, shown to increase lipid peroxidation (204), thus the depletion 

of hepatic levels of vitamins A and E. The increased lipid 

per oxidation activity following increased PUFA consumption increases 

the requirements for vitamin E (201). Taken together, this study, 

with our other observations (187, unpublished report), demonstrate 

that vitamin E retards the effects of lipid peroxidation, particularly 

in cell membranes. 
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In animals chronically fed alcoholic diets supplemented with 

Vitamin A, signs of toxicity such as necrosis and fibrosis developed 

(195). Also, in humans, a supplementation of 900 IU vitamin E/day for 

12 wks did not result in changes in the levels of liver vitamin E 

(193). A possible explanation, as demonstrated in our study, is that 

a vitamin A and E relationship exists and that vitamin E dietari1y 

supplied to the rats helps maintain hepatic vitamin A stores. 

In summary, our data support the hypothesis that FR damage during 

ethanol oxidation is mediated in part by the gradual depletion of 

tissue content of both Vitamin A and E. Also, hepatic concentrations 

of vitamin A and E increase as dietary levels of vitamin E increases 

even when rats are fed alcohol containing diets. It is suggested that 

increased hepatic vitamin E levels are protective of hepatic vitamin A 

stores by inhibiting FR attack on this highly polyunsaturated vitamin. 



CHAPTER 6 

EFFECTS OF PROLONGED ETHANOL CONSUMPTION ON HEPATIC 

LIPIDS AND HEPATOTOXICITY IN C57BL/6 FEMALE MICE 

ABSTRACT 
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Miee consume high levels of alcohol for a short period of time 

resulting in increased toxicity and lethality. Effects of lower doses 

that could be consumed without death for prolonged periods were 

studied. Effects of moderate doses of ethanol on indices of lipid 

peroxidation (LP), liver lipid accumulation and hepatotoxicity were 

studied in C57BL/6 mice. Three groups of mice were fed diets in which 

ethanol provided 0, 25 or 30% of total calories as ethanol for 3, 7, 

10 and 13 weeks. Increased hepatic cholesterol, phospholipid and 

trig1ycerides, indicative of changes in liver lipid metabolism; and 

increased levels of hepatic ma10ndia1dehyde, conjugated dienes, lipid 

fluorescence, serum alanine aminotransferase and minimal changes in 

liver architecture indicative of LP and liver damages were observed in 

mice fed the alcoholic diets. Such increases were time and dose 

dependent. These results suggest that continuous ingestion of lower 

levels of dietary ethanol in mice produces biochemical and hepatotoxic 

responses which are indicative of health risk often associated with 

high alcohol intake. 
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INTRODUCTION 

Considerable information is available on the physiological, 

biochemical and immunological changes promoted by chronic and acute 

alcohol intake [reviews (209-211)]. These findings generally result 

from experimental models in which ethanol provides a high proportion 

of energy, 36% of the caloric intake, as part of an adequate nutrient 

intake. Diverse alterations such as fatty liver (212-214), lipemia 

(215), degeneration of liver mitochondria (216), and increased lipid 

peroxidation (LP) (217,218) observed in human alcohol abusers with 

high and or persistent intakes have been partly reproduced in animal 

models. 

While more than half of the adult American population consumes 

alcohol frequently, only about 15% or less are heavy drinkers 

(219,220). Therefore, it is remarkable that biochemical responses to 

moderate ethanol ingestion in non-heavy have not been systematically 

studied (221). Results of the effects of moderate ethanol consumption 

on health obtained from epidemiological studies have not been 

consistent. While some studies reported protective effects of 

moderate alcohol consumption on the development of coronary heart 

disease and morbidity (Reviews: 222), others reported increased 

diseases and morbidity associated with moderate alcohol consumption 

(224). To our knowledge, the biochemical response to submaxima1 

chronic ethanol ingestion has not yet been systematically determined. 

Therefore, this study deals with experiments that examine the 

influence of chronic, long term ethanol consumption on hepatic damage 

in an alcohol tolerant strain of mice which consume high 
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concentrations of dietary ethanol resulting in increased toxicity and 

deaths. 

We used chronic intakes of about 30% or less of the daily caloric 

intake as ethanol as have other investigators in animal models 

(225-227). Rodent models fed this level of ethanol in a nutritionally 

adequate diet showed calorlc intake and weight gains similar to the 

controls, and exhibited no hepatocellular or pancreatic damages 

(225-227). In this work, we examined the effects of long term ethanol 

consumption in a mouse model on hepatic lipid accumulation and indices 

of hepatotoxicity arising from increased LP. We used multiple lines 

of assessment of biological parameters such as employed for diagnosis 

of alcohol abuse (228), by measuring hepatic cholesterol, 

phospholipid, triglyceride, conjugated dienes, lipid fluorescence and 

conjugated dienes. 



MATERIALS AND METHODS 

Mice and Diets 

Female C57BL/6 mice (16-18 g) at 3-4 weeks old obtained from 

Charles River Labs., Inc. (Boston, MA) were maintained on a regular 

mice chow (Teklad Premier Diet, Madison, WI) for a week. The mice 

99 

were housed five animals per cage in transparent plastic box with chip 

bedding with a stainless steel wire lid. The room temperature was 

o kept at 20-22 C with a constant humidity and a 12:12 hour light-dark 

cycle. Following this adjustment period, mice were divided into 3 

groups and maintained on a modified Lieber-DeCarli (229) alcohol and 

control diet (Dyets Inc., Bethlehem, PA). Ethanol was gradually 

introduced into the diet and reached 25% or 30% of total calories by 

day 5. Mice were then maintained on the different diets for the 

duration of the experiment. The different diets were made isocaloric 

by altering the quantities of dextrin-maltose and ethanol, and all 

groups had free access to food during the experimental period. After 

3, 7, 10 or 13 weeks of exposure, ten mice in each of the three 

treatment groups were sacrificed. Body weights of mice were 

determined weekly and at the end of each experiment, and alcohol 

intake was calculated on a body weight basis. Following termination 

of the animals, livers were rapidly excised, rinsed in saline 

solution, and portions used for biochemical analysis and histological 

evaluations. Blood was taken at the time of termination for 

estimation of serum ALT. 



Liver Lipids Analysis 

Approximately 0.5 g of liver was homogenized in 10 ml of a 2:1 

chloroform:methanol (v/v) solution (Folch reagent containing 0.05% 

butylated hydroxy toluene as an antioxidant to prevent in vitro 

peroxidation of lipids) and the homogenates were allowed to stay in 

sealed·vials for 16-18 hrs at 40 C. 

100 

Phospholipid content of homogenate was determined as described 

(230). This method of analysis does not require predigestion of the 

phos~holipid and is based on using dipalmitoyl phosphatidylcholine as 

a standard. Total cholesterol was estimated by the method described 

(231), and the triglyceride was determined colorimetrically (232). 

Determination of Hepatic Lipid Fluorescence and Conjugated-Dienes 

The clear Folch homogenate was used to determine hepatic 

fluorescence as described previously (233). Fluorescence of the 

solution was taken at an activation wavelength of 395 nm and emission 

wavelength of 435 nm (Hitachi F2000 Fluorescence Spectrophotometer). 

Hepatic diene conjugated fatty acids were determined as described 

(234). 

Measurement of Alanine Aminotransferase Activity 

Hepatotoxic responses to alcohol ingestion were measured by 

changes in serum alanine aminotransferase (ALT, also called SGPT) 

activity (235,236) using a commercial kit (ALT No. 59-UV, Sigma Chem. 

Co., St. Louis, MO). 

Blood Sampling and Alcohol Determination 

Blood was collected from the orbit of the eye according to the 

method of Riley (237) and blood alcohol concentrations were determined 
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periodically throughout the experiment at approximately 2 hrs into the 

light cycle using a gas chromatographic method (238). 

Hepatic Ma1ondia1dehyde Determination 

Peroxidative damage to the liver was measured by the formation of 

ma1ondia1dehyde (MDA) using the thiobarbituric acid method described 

previously (57), with MDA-bis-dimethy1 acetal (Aldrich Chem., 

Milwaukee, WI) as a standard. In brief, 0.2m! of 7% sodium 

decocy1-su1phate (SDS), 0.2m! of O.ln HCL, 0.2m1 of 10% 

phosphoturgastic acid and 1m1 of 0.67% TBA aqueous solution were added 

to the liver homogenate. The samples were immediately heated at 

950 C for 60 min. After cooling, the chromogen was extracted with 

5m! of n-butyl alcohol by shaking vigorously. The organic phase was 

separated by centrifugation at 3000rpm for 10 min. Fluorescent in the 

n-butyl (butanol) alcohol phase was measured at 5l5nm excitation and 

553nm emission (Hitachi F2000 fluorescence Spectrophotometer). 

Hepatic Protein Determination 

Hepatic soluble protein was determined using a modified Lowry 

method (239). 

Data Analysis 

Two way analysis of variance, Duncan's multiple range test, and 

linear regression analysis for correlation coefficient were used in 

statistical calculations where appropriate. The results are presented 

as the mean + standard deviation. A p value 

significant. 

0.05 was considered 
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RESULTS 

The final body weights and liver weights in mice fed the diets 

containing 25 and 30% of calories as ethanol were similar (Table 13). 

However, there tended to be an increase in liver weights of mice fed 

the diet containing 30% of calories as ethanol for 13 weeks. Although 

the thtee groups of mice studied consumed equal amounts of the liquid 

diets, the blood alcohol was consistently higher (p 0.05) in mice fed 

the 30% alcohol caloric diet than those fed 25% alcohol or control 

diets (Table 13). 

The effects of prolonged consumption of ethanol on hepatic 

cholesterol, phospholipid, and trig1ycerides are shown in Table 14. 

Consumption of ethanol significantly increased (p 0.05) hepatic 

cholesterol in a time and dose dependent manner. A similar 

relationship is also detected in the hepatic phospholipid level 

(p 0.05). The relative proportions of trig1ycerides are also 

different in the groups of mice studied. Moderate ethanol ingestion 

increased the cholesterol phospholipid ratio (p 0.05) during the 

initial period but this ratio is restored with prolonged intake. 

Similar time and dose increases (p 0.05) in hepatic conjugated 

dienes, ma10ndia1dehyde and hepatic lipid fluorescence were observed 

in the alcohol treated mice (Table 15). 

Figure 1 illustrates the increased (p 0.05) alanine 

aminotransferase detected in serum of ethanol treated mice during the 

study period, except at the initial stages of alcohol consumption. 

These increases were 3 to 8 times greater than control levels at the 



13th week of the experiment, thus indicating that hepatic damage is 

related to both the amount and duration of ethanol consumption. 

103 

After 3 and 5 weeks of ethanol treatment, the livers of the 

alcohol exposed animals were macroscopically normal and could not be 

differentiated from the controls (data not shown). However, with 

prolonged ethanol consumption after 13 weeks, minimal architectural 

disturbance as assessed by various indices of liver damage were 

observed (Table 16 and Figure 2). These histopathological changes 

were similar in groups of mice fed diets in which ethanol provided 25% 

or 30% of total caloric intake. 
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DISCUSSION 

We have previously shown that the administration of ethanol to 

rats at high doses known to result in physical dependence resulted in 

marked increase of hepatic lipids and LP (214,218,221). However, the 

relationship of prolonged daily ethanol consumption on some 

biochemical indices used to diagnose alcohol abuse and hepatotoxicity 

has yet to be fully elucidated. 

The effects of ethanol consumption observed in this study with 

mice are in consonance with other studies which did not produce levels 

of ethanol in blood that saturated the ethanol oxidizing systems of 

the liver or produced histological alterations (241,242). 

Furthermore, this study clearly shows that prolonged use of dietary 

caloric ethanol at 25% and 30% of calories induced changes of hepatic 

lipid metabolism, causes peroxidative damages to hepatic lipids, and 

also result in hepatotoxicity in an alcohol tolerant strain of mice 

(243). 

Increases in hepatic cholesterol, triglyceride, phospholipid and 

cholesterol/phospholipid ratio represent alterations in the physical 

properties of hepatic membranes structure, a factor linked to the 

development of hepatic fatty infiltration and etiology of alcohol 

liver disease (212,213,244). Since these mice indicate increased 

hepatotoxicity with prolonged exposure to ethanol, we suggest a 

cumulative damaging effect of ethanol on the liver in a pattern 

similar to that observed following prolonged alcoholism in baboons and 

humans (212,245). Although the changes observed in the several 

biochemical parameters constitute deleterious effects, they may 
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correspond to reversible metabolic adaptations or they may be some of 

the premature indicators of biochemical and pathological injuries due 

to the overload of ingested ethanol. 

Another finding of this study is the lack of correlation in 

increase between the three parameters used to measure hepatic lipid 

peroxidative damage. This may be due to differences in the rates of 

production and degradation or conversion of the different indices of 

measurement to other secondary products. MDA formed from the 

non-volatile precursor of this barbituric-reactive material is an 

endoperoxide formed during the autoxidation of linolenate and other 

fatty acids containing more than two double bonds (246). MDA reacts 

in vivo with proteins, nucleic acids, and phospholipids (247) or is 

actively metabolized with other aldehydes (248), a factor which may 

influence the net estimation of thiobarbituric acid as an index of 

LP. Diene conjugates provide information about the chemical state of 

lipids. It is transitory in nature. It is clear from a previous 

report that diene conjugation increases in chronic alcoholism, but 

absent 2-3 days following cessation of drinking (240). Sulfhydryl 

enzymes of membrane lipids react with peroxidized lipids with the loss 

of ribonuclease activity and the appearance of fluorescence in the 

mixture (233). Although none of these parameters seem sufficient to 

measure the extent of LP, all of them are necessary criteria for the 

identification and quantification of LP. Results from this study, 

therefore, re-emphasize the notion that parallel and sequential 

determination of several products of LP should be carried out by a 



variety of methods and at a more frequent time period to explicitly 

assess the extent of free radical damage on membrane lipids. 
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The amount of ethanol consumed in the present study by the 

ethanol-fed mice as expressed per kilogram unit of body weight was 

substantially higher than that administered in previous animal 

studies. Recent reports (249-251) showing that 36% of total caloric 

intake as alcohol in adult rats which amount to 8.4 to 14.2 g/kg/day 

of ethanol produced higher blood alcohol levels, physical dependence 

and deleterious hepatotoxic effects in this species. Rao et al. 

(252-254) using diets with 26% of total caloric intake as ethanol fed 

to rats, reported increased consumption of the alcoholic diets 

enhanced growth but did not report any deleterious effects of such low 

levels of ethanol. Also, the consumption of 1 to 4 g/kg/day in humans 

has been shown to result in behavioral changes that suggest a 

pharmacologic effect in persons drinking to excess (255-256). The 

higher the metabolic rate is in a given specie, the higher is its 

capacity to oxidize ethanol (257). The rate of metabolism of alcohol 

per unit weight is about 5 times in mice than in humans and the total 

oxidative metabolism per unit weight differs by a factor of about 15 

(258). Thus the ingestion of a given quantity of alcohol per unit 

body weight does not have the same metabolic significance in mice and 

humans. While it could be argued that mice metabolize ethanol more 

rapidly and therefore require larger amounts of ethanol than rats and 

humans to achieve similar blood concentration to elicit damages 

related to the consumption of alcohol (259), the duration of ethanol 

exposure in the present study represents a significantly longer 
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exposure period than that employed in the majority of other studies of 

rodents to date. Therefore, the variability in the duration of 

exposure and the higher metabolic rate of mice compared to rats and 

humans may be an important factor in our observations. 

Continuous access of mice to ethanol as in this study may not 

represent the essential features of human alcoholism, i.e., binge type 

drinking behavior and compulsive drinking (258,259). However, in 

binge drinking, higher peak levels of ethanol and acetaldehyde may be 

attained during continuous ethanol exposure. This habit may actually 

lead to greater hepatic damage. Nonetheless, the use of this model 

and the hepatic changes observed are a useful basis to further 

evaluate the effect of moderate chronic ethanol consumption on other 

biochemical parameters in the absence of dietary effects and weight 

loss. These results might be of some medical and sociological value 

to better evaluate in the large population of moderate drinkers 

(particularly in the female drinking population, which are known to 

develop alcoholic liver disease following a smaller daily intake 

(260,261), the eventual risk of persons who consume moderate levels of 

alcohol. The results advance our understanding of the actions of 

moderate chronic ethanol intake, an area in which more research is 

required. 
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Fig. 5. Effects of Moderate Ethanol Ingestion on Serum Transaminase 
Activity in C57BL/6 Mice. Values represent mean + S.D. of 10 
animals. -

*Significantly different from control mice group (p 0.05). 
**Significantly different from controls and 25% dietary 

alcohol caloric mice groups (p 0.05). 
Correlation coeffieient (r) of time and dose dependent 
changes is 0.95 and 0.99 for mice fed 25% and 30% dietary 
caloric alcoholic diets. 



109 

Fig. 5. Liver histopathologic changes following control diet (A) (0%) 
or dietary ethanol (B) (30% of total calorie intake). 
Representative section of livers taken from the control and 
ethanol-treated groups after 13 weeks of treatment were fixed 
in 10% neutral buffered formalin, dehydrated in graded 
alcohols, embedded in epoxy resin, sectioned at 4 um and 
stained with hematoxylin and eosin. Note the slight liver 
injuries in the ethanol-fed animal. (H & E X 25.) 
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TABLE 13. Food consumption, body and liver weights, and blood alcohol 
levels of experimental animals. 

Dietary Mean 
Ethanol Alcohol Body Weight Final Liver Mean Blood 

Duration (% Intake Change Weight Alcohol Level 
(Weeks) Calorie) (Kg/Kg/day) (g/mouse/week) (g) (mg/dL) 

3 0 0.48 + 0.06 1.16 + 0.17 
25 17.1+1.6 0.47 "+ 0.04 1.12 "+ 0.36 35.4 + 6.8 
30 16.8 '+ 2.1 0.51 '+ 0.10 1.06 '+ 0.19 42.4 '+ 4.6 

7 0 0.41 "+ 0.12 1.45 "+ 0.22 
25 16.4 + 2.4 0.41 '+ 0.09 1.51 '+ 0.17 32.9 + 6.2 
30 17.6 '+ 3.2 0.49 "+ 0.13 1.48 "+ 0.28 38.3 "+ 7.5 

10 0 0.46 '+ 0.11 1.69 '+ 0.22 
25 16.1 + 2.9 0.44 '+ 0.08 1.56 '+ 0.18 38.6 + 5.9 
30 15.4 "+ 2.4 0.48 "+ 0.10 2.07 "+ 0.31 45.4 "+ 4.8 

13 0 0.37 "+ 0.12 1.87 "+ 0.36 
25 18.7 + 3.1 0.31 '+ 0.15 1.89 '+ 0.31 32.6 + 7.9 
30 16.4 "+ 2.6 0.51 "+ 0.12 2.02 "+ 0.33 53.2 "+ 9.3 

Values shown are mean + S.D. of 10 animals. 
aSignificant1y different from controls (0% ethanol). 
bSignificant1y different from mice fed 25% alcohol caloric diets. 
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TABLE 14. Effects of moderate prolonged ethanol intake on hepatic 
cholesterol, phospholipid, and triglyceride in C57BL/6 mice. 

Dietary Total Cholesterol 
Ethanol Cholesterol Phospholipid Phospholipid Trig1ycerides 

Duration (% (mg/g (mg/g wet Ratios <mg/g (mg/g wet 
(Weeks) Calorie) wet tissue) tissue) wet tissue) tissue) 

3 0 3.88+0.13 20.76+3.58 0.18+0.02 33.99+1.80 
25 4.15+O.11a 24.2i+2.98 0.17+0.03 35.34+1.93 
30 4.27+O.15a 25.62+2.73a 0.17+0.03 36. 99+1.21a 

7 0 3.72+0.14 21.42+3.15 0.17+0.01 33.52+1.84 
25 4.58+O.19a 23.42+2.10 0.19+0.01 34.70+1.53 
30 4.98+0 .21a , b 27.14+3.56a ,b 0.18+0 .03 36.94+O.75a ,b 

10 0 3.71+0.15 22.26+3.56 0.18+0.03 34.66+2.59 
25 5.12+O.20a 24.27+3.59 0.21+0.02 34.63+1.03 
30 5.57+o.16a ,b 26.54+3.21a 0.16+O.02a 36.39+O.82a 

13 0 3.81+0.18 22.53+2.99 0.16+0.02 34.17+1.64 
25 5.20+O.20a 26.17+2.25a 0.19+0.02 36.48+1.47a 
30 6.09+0.20a ,b 30.86+3.01a ,b 0.20+0.02a 37.69+1.85a 

Values shown are mean + S.D. of 10 animals. 
aSignificant1y different from controls (0% ethanol). 
bSignificant1y different from mice fed 25% alcohol caloric diets. 

Correlation coefficient (r) of time and dose dependent changes in 
hepatic cholesterol for 25% and 30% dietary ethanol = 0.96 and 0.99; 
for phospholipid = 0.61 and 0.87; for triglyceride = 0.85 and 0.39. 
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TABLE 15. Effect of prolonged moderate ethanol consumption on indices of 
lipid peroxidation in C57BL/6 mice 

Hepatic Lipid 
Dietary Fluorescence 
Ethanol Conjugated Dienes (Absorbancy 

Duration (% (Fluorescence Unit/g wet tissue) 
(Weeks) Calorie) Unit/g wet tissue) x 103 

3 0 102.79+ 8.47 38.13+0.25 
25 101.20+12.32 42.56+0.56a 
30 141.52+11. n a , b 49.22+0.97a ,b 

7 0 106.04+11.39 37.28+0.54 
25 111.70+17.42 45.37+0.48a 
30 l56.6i+12.3la ,b 52.ll+0.40a ,b 

10 0 105.98+ 9.44 39.52+0 .89 
25 116.54+13.63 47.30+0.56a 
30 l78.49+l4.33a ,b 57.oi:j:0.98a ,b 

13 0 110.58+14.96 38.47+0.74 
25 115.oi+12.48 48.78+0.62a 
30 l82.37+11.93a ,b 58.67+o.82a ,b 

Values shown are mean + S.D. of 10 animals. 
aSignificantly different from controls (0% ethanol). 
bSignificantly different from mice fed 25% alcohol. 

Hepatic 
MDA (pmol/mg 
Protein) 

42.8+ 9.3 
47.0+11.1 

l20.6+30.5a ,b 
53.fi=13.6 
94.3+l8.9a 

190.6+42.5a ,b 
48.6+19.7 

l42.4+48.6a 
230.6+33.la ,b 
47.5+10.4 

193.7+37.8a 
241. 9+29.3a , b 

Correlation coefficient (r) of time and dose dependent changes in 
hepatic conjugated dienes for 25% and 30% dietary alcohol = 0.77 and 
0.99; for lipid fluorescence = 0.97 and 0.98; and for malondialdehyde = 
0.99 and 0.93. 
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TABLE 16. Effect of prolonged consumption of moderate levels of 
dietary 

ethanol on hepatic damage 

Dietary 
Treatment GrouE 

0% 25% 30% 
Liver Injury Control Caloric Ethanol Caloric Ethanol 

Vacuolization 0 + + 

Pyknotic nuclei 0 + + 

Periportal necrosis 0 + + 

Balooning degeneration 0 + + 

Hepatocellular necrosis 0 + + 

Centrilobular cells 
sparring 0 + + 

Lymphocytic infilteration 
in cells 0 0 + 

Mice were treated as indicated under Materials and Methods. Liver 
samples from mice fed 0, 25, and 30% caloric dietary ethanol diet for 
13 weeks were randomly selected, coded, embedded and processed for 
histopathologic examination. The grading system used is as follows: 
(0) no change; (+) minimal change; (++) moderate change; (+++) severe 
change. 
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CHAPTER 7 

MODIFICATION OF LYMPHOID SUBSETS BY CHRONIC ETHANOL CONSUMPTION 

IN CS7BL/6 MICE INFECTED WITH LP-BMS MURINE LEUKEMIA VIRUS* 

ABSTRACT 

The relatively high incidence of infectious disease in alcoholics 

is attributed to its immunosuppressive effects. The potential role of 

alcohol as cofactor in HIV infection and in the development and 

expr~ssion of AIDS is suggested but unknown. In order to better 

understand the contribution of alcohol to immune dysfunction following 

HIV infection, we assessed the presence of specific markers on thymus 

and spleen cells in CS7Bl/6 mice infected with LP-BMS murine leukemia 

virus and fed ethanol containing diets. In the first experiments, 

mice groups were fed diets containing Ot 4 1/2, S 1/2" and 6% (v/v) 

ethanol for 14 weeks. High ethanol exposure (6%) resulted in severe 

dehydration and death after 7 weeks. Although moderately low intakes 

of ethanol did not significantly modify percentages of T and B cells, 

+ it increased the absolute number of mature T, B, and CD4 cells and 

+ decreased percentages of Thy 1.2 cells. In the second experiment, 

mice groups were infected with LP-BMS murine leukemia retrovirus and 

fed diets containing S% ethanol in a regimen of S days of ethanol diet 

and 2 days of diet without alcohol for 12 weeks. Ethanol exposure in 

+ the retrovirally infected mice showed a noted de~rease in Thy 1.2 

(p O.OS). Moderate non-significant decreases in percentages of 

CD4+, CDS+, CDS+ cells and increase in Ia+ cells were also 

observed in the retroviral infected ethanol treated mice. Moderate 
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ethanol consumption during retroviral infection induced mild/moderate 

changes on lymphoid cells surface markers. Ethanol consumption may 

accelerate the progression of murine AIDS through such changes in the 

lymphoid cells of the spleen. 



INTRODUCTION 

Acquired immunodeficiency disease (AIDS) is the end stage of a 

severe immunosuppressive disease caused by the HIV-l (Human 

Immunodeficiency Virus) and related virus in humans (265) and by 

LP-BM5 murine leukemia retrovirus (LP-BM5 MuLV) in mice (266-268). 
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In·humans, there is a variable incubation or latent period between 

HIV- infection and expression of clinical AIDS (269). This 

differential latent period make it important to identify the cofactors 

which influence the progression of the disease and their mechanism of 

action. The potential role of substance abuse, especially alcohol, as 

a cofactor in HIV infection and in the development and expression of 

AIDS has been suggested (266,268), but the possible role of alcohol in 

the progression of immunodeficiency in AIDS is not known. 

Experimental evidence show that acute and chronic ingestion of alcohol 

either alone or during severe physiological or nutritional stress 

affect the immune system. Earlier studies from this laboratory 

demonstrated changes in lymphoid subsets in spleen of mice fed high 

levels of ethanol for a short period (266,270). Such changes become 

aggravated when alcohol is abused following organ damage or in mild or 

severe protein undernutrition and stress (270-274). However, these 

effects of alcohol abuse on lymphocyte subsets may be a redistribution 

of cells between the spleen and the tissues or changes in lymphocyte 

differentiation markers due to direct effects of ethanol on primary 

lymphoid organs. These observed changes in lymphoid subsets following 

exposure to ethanol may be different from those resulting from ethanol 

exposure during HIV infection. To investigate the simultaneous 
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effects of ethanol and retroviral infection on the numerical and 

functional component of the immune system we analyzed the presence of 

specific markers on spleen and thymus cells in a mouse-LP-BM5 MuLV 

model. 
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MATERIALS AND METHODS 

Mice and Diets. Female C57B1/6 mice (Charles River Labs., Boston, 

MA) 3-4 weeks of age and weighing about 15 g were randomly assigned to 

different groups. Five mice per cage were housed in transparent 

plastic cages with a stainless steel wire lid in a room at 20-220C 

with constant humidity and a 12:12 hour light-dark cycle. 

Mice were fed ethanol-containing diet formulations (Dyets #71026, 

Lieber/DeCarli formula, Dyets, Inc., Bethlehem, PA) prepared according 

to instructions from the manufacturer. In the first experiment, mice 

were fed diets containing 0, 4.5, 5.5 or 6% (v/v) ethanol made 

isoca10ric by addition of dextrin-maltose. This diet is reported to 

be nutritionally adequate for alcohol consuming animals (275,276). 

Mice fed the 6% ethanol diet showed severe dehydration and weight 

losses and died by 7 weeks. 

In the second experiments, mice were fed the Lieber-DeCarli diet 

supplemented with dextrin maltose or 5% (v/v) ethanol for 5 days per 

week and fed Purina Rat Chow and water provided ad lib for 2 days per 

week. The feeding routine, designed to eliminate the severe 

physiological stresses associated with prolonged continuous ethanol 

ingestion, was repeated for 12 weeks (the duration of the 

experiment). One-half of the mice in each group were infected with 

LP-BM5 MulV on the day of initiation of dietary ethanol 

supplementation. 

Determination of Blood Ethanol Concentration. Blood alcohol 

levels were determined at termination of mice by a gas chromatographic 

method. Serum alcohol levels were obtained by injecting 0.5 u1 of 
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serum into a glass plug on top of a Porpack Q Column (A1ltech Assoc., 

Deerfield, IL) maintained at l800C. Peaks were compared to those 

developed by injecting known amounts of ethanol into the column. 

LP-BM5 Murine Leukemia Virus Infection. The mice assigned to the 

virus infected groups were injected intraperitoneally with 0.1 ml of a 

LP-BM5-MuLV inoculum which had an ecotropic titer (xc) of 4.5 10glO 

PFU/ml which induced the disease with a time course comparable to that 

previously described (277-279). (LP-BM5 MuLV inoculum was a generous 

gift ,from Dr. R.A. Yetter, Veterans Administration Hospital, 

Baltimore, MD). Lymphoproliferation and other immunological damages 

induced by this virus have been described previously (278-283). 

Infection of adult C57 BL/6 mice with LP-BM5 MuLV leads to the rapid 

induction of clinical symptomatology with virtually no latent phase 

and increased mortality after 16 weeks (278,281,282,284). 

Lymphocyte Subpopulations Measurement. Mice spleens were 

individually collected in complete RPMI-1640 medium (RPM! 1640 with 

10% L-glutamine 200mM, 10,000 u/ml penicillin, and 100 u/ml 

streptomycin, GIBCO) and mononuclear cells were obtained by gently 

teasing with tweezers. Cell suspensions were washed with RPM!, and 

red blood cells were lysed by ammonium chloride solution (Sigma 

Chemical Co.). The remaining cell suspensions were washed once with 

cold RPMI and counted with eosin Y to prepare desired viable cell 

concentrations (1-2xl06/0.l ml/tube) for lymphocyte surface marker 

determinations. Then, T-cell subpopulations were quantified by 

indirect immunofluorescence staining using monoclonal antibodies 

(Becton Dickinson Company) specific for total T cells (rat IgG2b 
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antimouse Thyl.2 antigen), T helper cells (L3T4; rat IgG2b antimouse 

CD4 antigen, GKl.S clone) or T suppressor/cytotoxic cells (Lyt-2; rat 

IgG2a antimouse CD8 antigen). The numbers of cells expressing 

interleukin 2 receptors (IL 2R) were determined by using rat IgG2a 

monoclonal antibody (clone AMT-13) obtained from Boehringer. Mature T 

cells that expressed CDS antigen were determined by indirect 

immunofluorescence using a rat antimouse monoclonal antibody (Lyt 1, 

Sera Lab). Ia expressing cells were characterized by using an IgG2a 

rat monoclonal antibody, antimouse H-A I-A subregion (clone YE 2/36 

HLK) from Sera Lab. The fluorescein isothiocyanate labeled goat 

anti rat immunoglobulin (heavy and light chain specific) (Southern 

Biotech. Associates), was used as second antibody. B cells that 

express surface IgG or IgM were recognized by an indirect assay using 

affinity purified rabbit antimouse IgG + IgM (H&L) and a fluorescein 

conjugated affinity purified goat antirabbit IgG, Fc fragment specific 

(Accurate Chemical). The procedures have been described elsewhere 

(270). 6 Briefly, 1 x 10 spleen cells were incubated in the presence 

of the primary monoclonal antibodies for 30 minutes at 40 C in an ice 

bath. Each tube was washed with 1.5 ml cold PBS, centrifuged at 

900 x g for 10 min. Supernatants were carefully discarded, and then 

the secondary antibodies, were added to each sample. Samples were 

incubated for 30 min at 4oC. After the incubation period, samples 

were spun down, fixed with 1.0 ml of 2% paraformaldehyde (pH 7.4). 

o 
Although usually analyzed in 1-2 days, they could be stored at 4-8 C 

for two-three weeks before analyzing by an EPICS C flow cytometer. 

The percentage of positive cells was obtained after counting ten 



thousand cells in the flow cytometer. Data were analyzed using the 

Immunofluorescent Analysis Program included in the Easy 2 software 

version 1.3 provided by Epics Division of Coulter. The absolute 

number of cells labeled by the specific antibodies was calculated by 

multiplying the total number of cells isolated from the spleen or 

thymus'of each mouse by the percentage of positive cells for each 

surface marker. 
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Statistical Analysis. Statistical analysis was performed by using 

the one way ANOVA. Data reported represent mean + SD of number of 

animals indicated in tables. 
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RESULTS 

Diet Consumption, Weight Changes, and Blood Alcohol 

Concentrations. In the first study, the average daily intake of mice 

fed the 5 1/2 and 6% ethanol diets was 18% and 26% less than controls 

or mice fed 4 1/2% ethanol diets (8.2 + 1.7, 8.4 ± 1.2 ml/day vs 

12.00 ± 1.2 ml/day respectively; p 0.05). Weight gain in mice fed 

the 0, 4 1/2 and 5 1/2% ethanol diets over the l4-week period averaged 

14.4 ± 5.1%, 16.5 ± 4.92 and 15.8 ± 5.6% of the initial body weight. 

Those mice fed the 6% ethanol diet lost weight and died after 7 

weeks. Blood alcohol levels of rats fed the 5 1/2 and 6% ethanol 

diets was 31.8 ± 11.2 and 38.5 ± 9.2 mg/dl vs. 19.6 ± 8.4 mg/dl for 

mice fed the 4 1/2% ethanol containing diets. Blood samples were 

collected during the time the mice were exposed to light 6-10 hours 

after they completed feeding. 

In the second experiment in which ethanol treated groups of mice 

were fed 5% ethanol containing diets, the ethanol fed mice and the 

controls consumed 10.0 ± 2.6 ml/day. Weight gains were similar in 

controls and ethanol fed mice (5.4 ± 1.4 g). However, the body weight 

gain in the retrovirus infected with/without ethanol exposure was 

significantly higher than the ethanol or control treated mice 

(10.6 ± 2.2 g; p 0.05). Blood alcohol levels were significantly 

higher in the ethanol treated mice groups compared to controls (0, 

35.7 ± 8.9 mg/dl respectively; p 0.05). 

Chronic Ethanol and Lymphoid Cells in Spleen. Our first study was 

designed to evaluate the effect on the immune system of chronic 

ethanol administration for 14 weeks. As shown in Table 17, chronic 
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exposure to moderate levels of ethanol did not significantly change 

the percentage of T cells or B cells. Similar results were obtained 

after 7 and 11 weeks of exposure (data not shown). 

When the absolute number of cells bearing the specific markers 

were studied we observed a significant increase in the numbers of 

+ + Thy 1.2 cells, and cD4 cells after ethanol supplementation 

(Table 18). The absolute number of B cells per spleen was also 

elevated in the alcohol-treated groups this was also observed after 

shorter periods of ethanol exposure (data not shown). 

When dietary ethanol was provided in repeated cycles of 5 day 

periods followed by 2 days of withdrawal for 12 weeks, there was no 

significant changes in the percentage of spleen cells, except for 

reduced total T cells (Table 20). In the thymus of the same animals 

+ + there was a tendency towards lower percentages of CD4 and CD8 

cells although this decrease was not statistically significant 

(Table 21). 

Combined Effects of Ethanol and Retroviral Infection on Lymphoid 

Cells. In our second investigation we studied the role of ethanol as 

a possible cofactor potentiating the immunosuppression caused by 

infection with the retrovirus LP-BM5. Data in Table 19 show spleen 

and thymus weight, and cell number of treated mice groups. We 

observed significant increases in spleen and thymus weight and spleen 

cell number in the virus infected animals. The effect was more 

remarkable on spleen weight and interestingly ethanol administration 

slightly diminished this effect. Mice infection with LP-BM5 MuLV 

significantly reduced total T cells (p 0.01) while increasing the 
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+ + + 
percentage of IL 2R ,CD4 and CDS cells in the spleen 

(Table 20). We think that the decrease in the percentage of Thy 

1.2+ cells associated with an increase in the percentage of CD4+ 

cells could be due to a failure in the detection of Thy 1.2+ cells 

because of a blockade in the receptor or to the presence of a 

- + population that would be Thy 1.2 CD4. We speculate on a 

possible blockade of the Thy 1.2 antigen by autoantibodies based on 

the presence of serum autoantibodies against T-cells in LP-BM5 MuLV in 

infected mice after 12 weeks of infection (285). Nevertheless, we 

favor the latter assumption based on the recent findings obtained in 

H.C. Morse's lab. They demonstrated the expansion of a Thy 1.2-

+ + CD4 subset in virus infected mice after specific sorting of CD4 

cells. They found that this subset is present in normal mice where it 

comprises only 1-2% of the cells while in virus infected mice 

represents 30-50% of CD4+ cells (286). The function of Thy 1 

antigen on T-cells is yet to be fully elucidated. It may be involved 

in cell-cell recognition (287), and in T-cell proliferation (288). A 

recent report showed that Thy 1 expression on transformed NIH 3T3 

fibroblasts was inversely proportioned to the expression of 

ras-oncogene (289). Hence a decrease in Thy 1 expression could be 

associated with the malignant transformation of normal fibroblasts. 

- + Therefore, the appearance of a Thy 1.2 CD4 population in these 

mice may be a direct consequence of LP-BM5 MuLV infection. 

However, dietary ethanol in the infected mice prevented the 

+ + virus-induced increases in the percentages of cD4 and CD8 spleen 

cells compared to infected mice fed the control diet (Table 20). 
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T cell precursor populations in the thymus were also altered by LP-BM5 

virus infection as shown in Table 5. We observed a significant 

+ + + decrease in the percentage of Thy 1.2 , CD4 , and CDS cells. 

Alcohol-exposed, retrovira11y infected mice showed a tendency towards 

lower percentages of cells bearing T-cell differentiation markers 

compared to vira11y infected animals. Also, a decrease in the 

percentage of CD5+ T cells (more mature T cells) was observed in the 

retrovira1 infected mice (Table 21). The significant increases 

(p + 0.05) in IL2R lymphocytes due to infection was largely 

+ prevented by dietary ethanol, and the increase in Ia cells was 

lessened (Table 21). 
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DISCUSSION 

Chronic exposure to low and moderate levels of dietary ethanol in 

this long-term study caused non-significant changes in the percentage 

of various lymphocyte subsets. Nevertheless, there were increases in 

the absolute number of cells in several T-cell subsets evaluated in 

the spleen of alcohol treated mice. These findings show that ethanol 

levels sustainable over months without causing death, did not 

significantly modify the surface phenotypes of most splenic 

lymphocytes in C57BL/6 mice. This suggests that perhaps the lymphoid 

cells adapted to the effects of chronic exposure. Alternatively, the 

level of ethanol and its metabolites was not sufficient to cause 

differential, long-term changes in the expression of surface 

phenotypes in the different cell subsets evaluated. These results 

contrast with changes in the relative ratio of T-subsets in the spleen 

observed when higher levels of ethanol (7%) were fed to mice 

(266,270,290) and to rats (291). However, such high intake levels 

have been studied only after very brief exposures of 7 days. The 

effects of long-term ethanol use on immune cell changes has not been 

fully defined. Our observations of limited changes in the relative 

numbers of various lymphocyte subsets due to chronic ethanol use 

correlates with those from a human study which showed similar changes 

(271). 

Retrovira1 infection significantly changed splenic lymphocyte 

subsets, as documented previously (278-282). Retrovira1 infection 

reduces IL 2 production and alters lymphocyte proliferation by 

increasing a non-B, non-T cell population and diminishing the 
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percentage of mature T cells (268,292). We observed a decrease in the 

percentage of Thy 1.2+ cells and increases in the percentage of 

CD4+ and CDS+ cells in the spleen after 12 weeks of LP-BM5 MuLV 

infection. Also, we observed decreases in the percentage of Thy 

+ + + + 1.2 , CD5 ,CD4 and CDS cells in the thymus. The 

association of retroviral infection and moderate, chronic ethanol 

exposure altered even more the percentages of cells in the different T 

cell subsets in the thymus. On the other hand, chronic ethanol 

exposure regimens with regular withdrawal episodes as used here, only 

modified the percentage of Thy 1.2+ splenic lymphocytes 

significantly. Thus, ethanol use during retroviral infection 

potentiates the alterations on the thymus cell surface phenotypes 

evaluated. 

It has been postulated that immunosuppression induced by drugs of 

abuse could accelerate progression from HIV infection to AIDS (293). 

Bagasra and coworkers (294) using in vitro techniques have shown 

evidence of increased rate of retroviral infection and HIV antigen 

production by lymphocytes obtained from HIV infected humans after 

ethanol consumption. While a recent epidemiological study in humans 

did not find these changes (295) it lacked evaluation of a variety of 

key issues in assessing the contribution of the use of psychoactive 

drugs during the progression of AIDS (295). Here we show that 

ethanol, a known immunosuppressive drug (279) consumed in quantities 

that did not significantly change the surface phenotype of most cell 

subsets in uninfected mice, could potentiate the changes induced by 

retroviral infection. Thus, we conclude that moderate amounts of 
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ethanol have the potential to accelerate the progression of retroviral 

infection which leads to clinical manifestations of AIDS. This 

evidence is substantiated by the accelerated death rate in LP-BM5 

retrovirus infected mice and modulation of the percentage of 

lymphocyte cell subsets. These functional changes without changes of 

reduced lymphoid cell number and functions, as assessed in this study, 

could significantly affect the progression rate of HIV-infection to 

clinical AIDS (293). 



Table 17: Percentage of Lymphocytes in the Spleens of Mice 
Chronically Exposed to Dietary Ethanol for 14 Weeks 

Dietary B-cell 
Ethanol (sIgG+ 

(%) n Thy1.2+ CD4+ CD8+ IL-2R+ sIgW") 

0 5 38.3+8.8 19.0+1.9 12.4+3.0 0.36+0.2 19.7+3.5 

4 1/2 5 37.7+4.6 19.7+2.7 8.3+2.8 0.23+0.3 20.5+2.6 

5 1/2 4 43.4+3.3 22.8+1.4 11.0+3.5 0.7+0.7 22.3+1.3 

Mice" fed a 6% ethanol containing diet were severely dehydrated 
by 7 weeks. 

Values given represent mean ± standard deviation. 
n = number of mice per group 
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Spleen 
Weight 
(mg) 

67.4+10.9 

63.3+10.6 

66.6+2.9 

and died 



Table 18: Number of Lymphocytes in the Spleens of Mice Chronically 
Exposed to Dietary Ethanol for 14 Weeks 

B-cell 
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Dietary Spleen 
Ethanol cell IL-2R+ (sIgG+ 

Thy!. 2+ CD4+ CD8+ +sIgW) (%) Number 

0 88+20 26.8+ 9.2 13.1+3.4 8.6+2.9 0.3+0.2 13.4+3.5 

4 1/2 102+24 39.0+12.8 20.3+6.4* 8.5+3.7 0.2+0.3 21.0+5.8* 

5 1/2 108+22 47.0+11.6* 24.8+6.3* 12.4+6.1 0.8+0.9 24.3+6.2* 

*Significantly different from ethanol untreated group (p 0.05). 
Mice fed a 6% ethanol containing diet were severely dehydrated and 

died by 7 weeks. 
Values shown represent mean ethanol ± standard deviation (x 106). 
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Table 19: Spleen and Thymus Weight and Cell Number of Mice Fed a 5% 
Ethanol Diet and Infected With a Murine Retrovirus 

Treatment Spleen Spleen Cell Thymus Thymus Cell 
Group Weight Number Weight Number 

(mg) (x107) (mg) (x107) 

None 95.0+ 14.0 9.0+3.3 46.0+ 5.0 10.0+1.3 

Ethanol 92.0+ 13.0 8.8+2.9 46.0+14.0 10.3+3.4 

Retro-
Virus 940.0+240.0* 17.1+9.1* 160.0+73.0* 3.8+2.8* 

Retrovirus 
with 
Ethanol 640.0+160.0* 11.5+7.4* 110.0+55.0* 2.5+1.5* 

Values shown as mean + standard deviation of n = 6. 
*Significant1y different from untreated, uninfected mice (p 0.05) 



Table 20: Percentage of Lymphocytes in the Spleen of Mice Fed a 5% 
Ethanol Diet and Infected With a Murine Retrovirus 

Treatment 
Group 

None 

Ethanol 

Retro
Virus 

Retrovirus 
with 

Thy1.2 CD4+ CDS+ IL 2R+ CD5+ 

42.2+4.3 21.5+3.4 16.2+1. 7 0.9+1.7 26.3+5.8 

32.8+8.4* 21.8+2.9 15.5+1.2 2.3+2.5 24.9+6.7 

25.5+5.0* 30.5+2.5* 31.5+6.5* 12.0+1.6* 30.5+6.6 
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Ethanol 29.5+5.0* 21.5+2.2+ 20.6+3.2+ 9.8+2.1* 21.6+3.4+ 

*Significant1y different from untreated group (p 0.05). 
+Significant1y different from retrovirus infected group fed control 
diet 

(p 0.05). 
Values shown represent mean ± standard deviation of n 6 



Table 21: Percentage of Lymphocytes Subsets in the Thymus of Mice Fed a 
5: Ethanol Diet and Infected With a Murine Retrovirus 

Treatment 
Group Thy1.2 CD4+ CD8+ 1L 2R+ CD5+ 1a+ 

None 92.1+ 2.7 87.8+ 3.6 85.2+ 3.8 2.2 +0.4 70.8+6.9 1.3:t 0.51 

Alcohol 90.0+ 5.2 79.3+ 9.4 78.2+ 6.2 1.3 +0.5 68.1+5.8 1.3+ 0.51 

Retrovirus 64.1+16.0* 57.8:t12.7* 45.9:t22.1* 14.5 :t2.9* 57.2+8.9* 38.9+10.8* 

Retrovirus 
with 
Ethanol 51.3+12.8* 53.8+14.1* 40.1+ 9.9* 3.1 +3.2+ 49.1+11.9* 21.8+14.0+* 

*Significantly different from control group (p 0.05). 
+Signiflcant1y different from retrovirus infected group fed control diet 

(p 0.05). 
Values shown represent means + standard deviation of n K 6 

w 
w 



CHAPTER. 8 

VITAMIN E INHIBITION OF CHEMICALLY INDUCED AND 

ALCOHOL-PROMOTED ESOPHAGEAL CANCER 

ABSTRACT 
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Mechanisms by which ethanol promote chemically-induced esophageal 

cancer may include the generation of highly reactive free radicals and 

may ~hus be preventable by the antioxidant vitamin E. We studied 

on-going in vivo and accumulated indices of lipid peroxidation 

following methylbenzylnitrosamine (MBN)-induced esophageal cancer 

promoted by ethanol consumption. Female C57BL/6 mice received 0.2 mg 

of MBN/Kg three times a week for 3 weeks following which some mice 

were fed a nutritionally adequate liquid diet with 30% of calories 

supplied as ethanol or isocaloric carbohydrate with/without 0.142 iu 

of -tocophenol/g of diet. Exhaled ethane was collected 24 hours 

prior to termination at 20 weeks. Hepatic malondlaldehyde, lipid 

fluorescence and conjugated dienes as indices of lipid peroxidation, 

serum transaminases as indices of liver toxicity, liver concentration 

of vitamins A and E; and the size and frequency of esophageal tumors 

were assessed. Ethanol consumption following MBN administration 

significantly increased (p 0.05) the mean size and frequency of 

esophageal tumor. This ethanol promoted increases were accompanied by 

increases in indices of lipid peroxidation. Similarly treated animals 

that received supplemental dietary vitamin E showed significantly 

reduced (p 0.05) means size and frequency of tumors, and indices of 
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hepatic lipid peroxidation. The results indicate that ethanol promote 

MBN-induced esophageal tumors via increased lipid peroxidation and 

that vitamin E reduces carcinogenicity of MBN or ethanol promoter 

effects by inhibiting lipid peroxidation. 
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INTRODUCTION 

Experimental and epidemiologic studies have produced strong 

evidence for the role of alcohol consumption in the etiology of 

cancers of the upper aerodigestive tract (297-299). A recent study 

estimated that 75% of the esophageal cancers in the United States is 

attribdtable to alcohol abuse (300). Although alcohol per se is not 

carcinogenic, its promotional effects is suggested, in part, due to 

its role in the activation of carcinogens from the procarcinogen form 

to the carcinogenic form (301), and by the generation of free radicals 

which may accelerate DNA damage in the promotional phase of the 

development of cancer (302,303). 

In the last few years, there has been a growing interest in the 

role of vitamin E as an intracellular antoxidant and its free radical 

scavenging activities. Although a preponderance of epidemiological 

studies (for example, see review 304-306) suggest that vitamin E has 

anticancer effects, experimental work on animals has yielded 

conflicting results (307-309). Vitamin E has a strong ability to trap 

free radical in lipid membranes (310) and has been shown to exert a 

protective effect against oxidation-related diseases (311) and 

nitrosamine-induced liver damage (312). Inhibitory effects of dietary 

vitamin E on mouse colon (309) and hamster buccal pouch tumorigenesis 

(313) have been reported. Although cellular ant oxidant defence system 

can change during carcinogenesis (314) as well as differ between 

normal and tumor tissues (315), it is still unclear whether this 

change favor the formation of more free radicals. 
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This study was designed to determine whether the mechanism whereby 

ethanol promote cancer is, at least in part, mediated by oxidative 

stress. Hypothetically, administration of -tocopheno1 with ethanol 

during the promotional phase should diminish in vitro and in vivo face 

radical activity. Therefore promotion of esophageal carcinogenesis as 

measured by neoplastic lesions will be decreased. Hepatic rather than 

esophageal lipid peroxidation were studied because MBN is metabolized 

in the liver (316) and recent studies have shown that tumor cell 

membranes have lost the capacity to undergo lipid peroxidation (319). 
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MATERIALS AND METHODS 

Animals 

Female C57BL/6 mice, 4-6 weeks old, weighing 14-16 g (Charles 

River Labs, Inc., Boston, MA) were housed 4 mice/cage in a 

polypropylene cage for an initial acclimitization period of at least 7 

days before treatment. The animals were kept in an environmentally 

controlled facility maintained at 230 C and humidity 30-40%, with a 

l2-hour light/dark cycle. Water and standard rodent chow (Taklad 

Mills, Madison, WI) were provided ad lib. Following the resting 

period, animals were divided into 8 treatment groups; naive control, 

ethanol, vitamin E, and carcinogen (methylbenzylnitrosamine) controls, 

ethanol plus carcinogen, carcinogen plus vitamin E, ethanol plus 

vitamin E, ethanol plus carcinogen plus vitamin E. All groups were 

fed a liquid control diet during the period of carcinogen 

administration. 

Treatment of Animals and Diets 

Mice were treated by gavage (feeding needle PS 20; Poppers and 

Sons, Inc., New Hyde Park, NY) with corn oil alone or with MBN in a 

corn oil vehicle prepared to provide 0.2 mg/kg body weight (100 ul 

volume) and administered three times a week for 3 weeks (total 

1.2 mg/kg body weight) (318). Following this period of esophageal 

tumor initiation, alcohol fed mice received a formulation of the 

Lieber and DeCarli diet (94) in which ethanol isocalorically 

substituted maltose dextrin and provided 30% (5 1/2 v/v) of the total 

dietary calorie. Ethanol was introduced gradually into the diet to 

avoid any lethality associated with ethanol. The vitamin E 



supplemented diet contained 1.42 mg -tocophenol/kg of diet. Mice 

were weighed weekly. Food intake was measured for 1 week/5 weeks 

during when the drinking bottles were filled to 50 ml mark. The 

volume lost due to leakage and evaporation was deducted from the 

control bottles. Blood ethanol was collected monthly following 

bleedi~g of the retro-orbits and determined as described below. 

Values obtained are within the final values reported. The animals 

were terminated at 20 weeks after the end of the MBN treatment. 

Ethane Collection 

Exhaled ethane was collected using a non-invasive method (80). 
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Briefly, each rat was placed in a metabolic chamber consisting of the 

bottom of a glass dessicator and covered with a solicon sealed glass 

plate with a hole in the center. To decrease ethane contamination 

from the air, the inspirate air passed through a large volume of 

o freshly prepared activated charcoal (vacuum heated at 230 C for 1 

hr). The unidirectional flow of gas exited the chamber via a teflon 

tube and then through a replaceable glass tube containing purified 

coconut charcoal. The charcoal containing tube was surrounded by dry 

ice and maintained at dry ice temperatures (-650 C) to ensure 

retention of the exhaled ethane in the charcoal. The coconut-charcoal 

tubes were replaced at 30 min intervals. The used charcoal was poured 

into a 13.2 ml glass test tube and tightly sealed with a screw cap 

containing a teflon lined septum. The charcoal was then heated on a 

heating block maintained at 2400 C to desorb the ethane. Two ml of 

the gas head space was removed from the test tube using an airtight 

syringe. The gas sample was analyzed by gas chromatographic methods 



using a 6 ft. long column packed with carbosphere (Supelco, 

Bellefonte, PA). The oven temperature was maintained at 1900 C and 

the injection port at 240oC. The ethane retention time and a 

standard curve was established by injecting known volumes of pure 

ethane into the column. 

Determination of Conjugated Dienes and Lipid Fluorescence 

Approximately 0.5 g of liver was homogenized in 10 ml of Folch 

solution (2:1 v/v chloroform:methanol). After a phase separation, a 

0.1 ml fraction was dried in a steady flow of nitrogen gas at SSoC 
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and used for conjugated dienes and lipid fluorescence determination as 

previously described (98). The residue was redissolved in methylene 

chloride and washed twice with water. To the methylene chloride 

solution was added 0.5 ml methanol to clarify the emulsion. 

Conjugated diene fatty acids were determined by obtaining the 

absorbency of the solution at 237 nm in a Beckman DU-7 recording 

spectrophotometer using an appropriate blank. Lipid fluorescence of 

the homogenate was measured in a Hitachi F-2000 fluorescence 

spectrophotometer with a setting of fluorescence maximum at 470 nm and 

an activation wavelength of 395 nm. Details of the methods used have 

been previously described (86). 

Hepatic Malondialdehyde Determination 

An index of lipid peroxidation was monitored by measuring the 

thiobarbituric acid (TBA) reactive products and it was expressed in 

malondialdehyde (MDA) equivalent. This method was used because it has 

been demonstrated by others that more than 80% of TBA reactive 

products are MDA, and secondly, MDA production (TBA-reactive products) 
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correlates very well with other markers of lipid peroxidation (ethane 

production, chemiluminescence and fluorescent products). MDA 

determination was performed according to Masugi et ale (356) with 

modification as described by Suematsu et al. (57). In brief, 0.2 m1 

of 7% sodium dodecyl-sulphate (SDS), 0.2 ml of O.lN HCL, 0.3 ml of 10% 

phosphotungstic acid and 1 m1 of 0.67% TBA aqueous solution were added 

to the liver homogenate. The samples were immediately heated at 

950 C for 60 min. After cooling, the chromogen was extracted with 

5 ml of n-butyl alcohol by shaking vigorously. Separation of the 

organic phase was obtained by centrifugation at 3000 rpm for 10 min. 

Fluorescence of the n-butyl alcohol layer was measured at 515 nm 

excitation and 553 nm emission (Hitachi F2000 Fluorescence 

Spectrophotometer). A calibration curve, obtained using 

MDA-bis-dimethyl acetal (Aldrich Chem., Milwaukee, WI) as reference, 

was linear up to 2 nmol. The liver TBA-reactive substances were 

expressed as pmol of MDA/mg protein. 

Determination of Hepatic Protein Concentration 

Following homogenization of a fraction of the liver in phosphate 

buffered solution, the liver protein concentration was determined by 

the Lowry method (364) with a microprotein determination procedure kit 

(Sigma Diagnostic, St. Louis, MO) using bovine serum albumin as 

standard. 

Determination of Serum Transaminases Activities 

Whole blood samples obtained prior to termination of animals were 

allowed to clot and then centrifuged. Serum was removed and analyzed 
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for ALT and AST activity using diagnostic test kits (ALT No. 59-UV and 

AST 10, Sigma Chem. Co., Lt. Louis, MO). 

Blood Sampling and Alcohol Determination 

Blood was collected from the orbit of the eye according to the 

method of Riley (237) and blood alcohol concentrations were determined 

periodically throughout the experiment at approximately 2 hrs into the 

light cycle using a gas chromatographic method (238). 

Determination of Hepatic Concentrations of Vitamins E and A 

Hepatic concentrations of total tocopherol were determined by the 

fluorometric method described (306). Briefly, about 0.1 g of liver 

was homogenized in 1 ml water and 1 ml ethanol, and then added with 

5.0 ml n-hexane. After shaking for 1 min. and centrifugation, the 

n-hexane layer was separated to measure fluorescence intensity at 

295 nm of excitation and at 320 nm of emission (Hitachi F-2000 

Fluorescence) using - -tocophenol as a standard. Heptic vitamin A 

level in the lipid extract was determined as described (331). 

Esophageal Tissue Preparation and Assessment 

Esophageal tissues were prepared as described (321). Briefly, 

animals were killed by cervical dislocation, bodies were opened from 

the circothyroid cartilage in the neck to the abdomen. Whole length 

of the esophagus was separated, cut open and spreaded on a flat 

cardboard paper. The excised tissue was allowed to dry on the 

cardboard paper and then immersed in a 10% buffered formalin solution 

for later analysis. Specimen were microscopically examined and the 

number and sizes of esophageal tumors assessed as described by 

van Rensburg et ale (322,323). 
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Statistical Analysis 

Two-way analysis of variance were performed on all data to compare 

effects of alcohol and/or carcinogen treatments with -tocopherol 

treatment, Duncan's mUltiple range tests were performed to determine 

least significant differences between treatment, p 0.05. 
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RESULTS 

Effects of Treatment on Body and Liver Weights and Systemic Parameters 

The effects of treatments on the mean body and liver weights of 

animals is shown in Table 22. Ethanol intake was well tolerated by 

the animals. However MBN treatment resulted in dramatic decreases in 

weight " immediately after its administration but the mice soon 

recovered and gained weights similar to naive control animals. 

Treatment of mice with MBN with exposure to ethanol resulted in a 

sign~ficantly lower liver weight gain (p 0.05). Thus ethanol 

exposure retarded body weight gain in MBN treated animals. 

Supplementation of the diets with vitamin E resulted in a 

non-significant weight gain. While the naive control, ethanol and 

vitamin E only fed mice weighed more than the MBN treated mice with or 

without ethanol and vitamin E, there were no significant changes in 

liver or relative liver to body weight associated with MBN treatment 

or ethanol exposure over the observation period. 

Ethanol administration did not lead to a change in liquid diet 

consumption in the experimental animals. Mean diet consumption values 

were 2l0±2l ml/kg body weight/day resulting in 8.3 mg/kg/day ethanol 

during the 20 weeks of ethanol diet administration. Blood ethanol was 

consistent throughout this period and was 88.7~1 mg/dl and 

43.3±9.2 mg/dl in MBN plus ethanol with/without vitamin E and ethanol 

and/or vitamin E fed mice (p 0.05). 

Ethane Exhalation Following MBN, Ethanol and Vitamin E Treatment 

The cumulative production of ethane by mice after treatment with 

MBN, ethanol, vitamin E and saline is shown in Table 23. Control, MBN 
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and vitamin E treated animals produced small amounts of ethane, while 

those treated with ethanol, ethanol plus MBN had significantly 

increased ethane exhalation (p 0.05). Ethanol, when given alone 

increased 3 hr cumulative ethane exhalation 7-fold. Ethanol exposure 

following MBN treatment showed similar increases. Thus MBN treatment 

did not additively increase the index of in vivo lipid peroxidation. 

Effect of Treatments on Indices of Lipid Peroxidation 

To further study the possible mechanism of the abrogation of 

esophageal cancer by reduced lipid peroxidation by dietary supplied 

vitamin E, the effects of treatments on long term indices of lipid 

peroxidative damage were assessed. The effects of these treatments 

and vitamin E supplementation are shown in Table 23. Treatment of 

mice with ethanol or MBN resulted in significant increases (p 0.05) 

in lipid fluorescence, conjugated dienes and malondialydehyde. 

Vitamin E treatment in control animals significantly reduced (p 0.05) 

lipid fluorescence and diene conjugation but did not influence the 

thiobarbituric acid reactive substances (MDA). Supplementation of the 

ethanol containing diet with vitamin E resulted in significant 

decreases (p 0.05) of all measured indices of lipid peroxidation. 

Similarly, vitamin E treatments resulted in significantly reduced 

(p 0.05) indices of peroxidation in MBN or ethanol treated mice. 

Ethanol exposure in MBN pretreated animals resulted in elevated 

increases (P 0.05) in measured indices of lipid peroxidation over the 

ethanol or MBN treated animals. This increase represents an additive 

effect of ethanol on MBN pre-treated animals. However, dietary vitamin 

E supplementation in mice exposed to ethanol with MBN pretreatment, 
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exhibited significantly lower (p 0.05) measures of cumulative effects 

of free radical activity compared to unsupp1emented animals. 

Effects of Treatment on Incidence of Esophageal Tumors 

The effects of treatments on the frequency and mean size of tumors 

in mice is shown in Table 25. Although a tumor which assumed to be 

spontaaeous was observed in the esophagus of a mice exposed to 

ethanol, as ethanol per se is not carcinogenic. However, when given 

following MBN treatment, ethanol Significantly increased (p 0.05) the 

percentage of mice with tumor as well as the frequency and mean size 

of the tumors. Dietary supplementation of vitamin E to the MBN 

treated and ethanol exposed mice significantly decreased (p 0.05) the 

percentage of mice with tumors, the mean and total number as well as 

the size of tumors compared to unsupp1emented mice. Thus, vitamin E 

did not only reduce the size and the mean number of mice with tumors, 

but it also reduced the size and the mean number of tumors in mice 

that developed tumors. Furthermore, vitamin E supplementation of MBN 

treated mice significantly reduced (p 0.05) the number of animals 

that developed tumors and the mean number of tumors in mice that 

developed tumors but had no inhibitory effect on the mean size of the 

initiated tumors. 
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DISCUSSION 

The role of free radical activity in the promotion of chemically 

indiced cancer has been suggested (321,326,328) but is experimentally 

undefined. In this studies, we used a potent carcinogen, 

methylbenzylnitrosamine, which is specific in initiating esophageal 

tumors; and measured indices of lipid peroxidation. Also, we studied 

whether dietary vitamin E supplementation reduced or prevented 

carcinogenesis through a retardation of lipid peroxidation. Results 

obtained show that exposure to ethanol in MBN pretreated animals 

resulted in significant increased size and frequency of esophageal 

tumors and this change was accompanied by increased lipid 

peroxidation. Also, our results show that supplemental vitamin E mice 

retarded lipid peroxidation as well as the frequency and size of 

chemically induced tumors. 

There are a number of potential mechanisms by which vitamin E may 

prevent esophageal cancers initiated by a site specific carcinogen and 

promoted by exposure to alcohol. Vitamin E acts as a· biological 

antioxidant and may thus protect cell membranes and nucleic acids 

against oxidative damage (310). The anticarcinogenic properties of 

vitamin E may also be due to its cellular role as a nitrite scavenger 

and nitrosamine inhibitor (324) or its potentiation of the immune 

system (325). We show that dietary -tocophenol prevented the 

development of MBN-induced carcinogenesis promoted by ethanol by 

reduction of free radical reactions. 

Ethanol acts as a cocarcinogen by inducing the microsomal enzymes 

involved in the metabolism of carcinogens. The nitosamines are 
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converted into carcinogenic electrophiles during the course of their 

degradation by the microsomal cytochrome P-450 biotransformation 

system (329). Similarly, ethanol is metabolized via cytochrome P-450 

dependent microsomal enzymes (122), with increases in reactive free 

radical species and accumulation of lipid peroxidative products 

(310)." It is not surprising, therefore, that ethanol playa 

promotional role in carcinogenesis via increased lipid peroxidation. 

Results from our laboratory (321) as well as from other groups 

(327-328), have suggested a role for free radicals in cancer 

promotion. These results are confirmed and extended by our previous 

results showing that dietary supplmentation of 0.14 IU -tocophenol/g 

of diet containing 36% calories reduced ethane expiration by 96% and 

hepatic conjugated dienes by 91% and that this reduction may be 

responsible for the reduction in the incidence of esophageal cancers 

in vitamin E treated rats (14). The non-significant increases in 

ethane exhalation observed in this study is in consonance with a 

previous study (332) which showed depressed ethane exhalation in rats 

treated with a carcinogen twelve months earlier. Ethane is a volatile 

hydrocarbon formed during the oxidation of the polyunsaturated n-3 

fatty acid content of the tissue and its exhalation correlates highly 

with on-going lipid peroxidation (333). However, high doses of a 

colon carcinogen increased ethane exhalation which persisted for 5-6 

hours and tapered off thereafter (326). 

In conclusion, taking all the present results together, the 

mechanism of ethanol promotion of MBN-induced esophageal cancer may 

involve multiple factors. The data presented here suggest that its 
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promotional effects may be due to the generation of free radical and 

lipid peroxidation, and the depletion of cellular concentrations of 

vitamin A and E. Dietary supplementation of vitamin E significantly 

reduced MBN-induced esophageal carcinogenesis. Additionally, vitamin 

E inhibited lipid peroxidation induced by ethanol and MBN, and 

increased hepatic concentrations of vitamin A and E. Our current 

findings focus attention on the need to elucidate the modulating 

influence of vitamin E at cellular level, particularly its role in the 

early stages of DNA damage and repair, and its influence on the 

interaction between ethanol and carcinogen and the endoplasmic 

reticulum. 
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Table 22. Effect of Ethanol Methylbenzylnitrosamine and Vitamin E 
Supplementation on Systemic Parameters in Mice 

Body Weights (g) Relative 
Liver Liver 

Treatment Treatment n Initial Final Weights Weight 
Group (g) (g/lOO g 

body 
weight) 

1 Control 10 18.2+1.4 27.7+3.1 1.2+0.2 4.4+0.3 

2 Ethanol 12 18.5+1.1 26.4+2.6 1.1+0.3 4.2+0.4 

3 MBN 15 17.4+1.4 22.4+3.4 0.9+0.3 3.8+0.3a 

4 Vitamin E 10 18.3+0.8 25.5+2.3 0.9+0.2a 3.6+0.4a 

Ethanol + 
5 Vitamin E 12 17.7+1.3 21.8+1.4 1.0+0.1 4.5+0.3 

6 MBN+ 
Vitamin E 12 17.6+1.4 l8.0+2.2a 0.9+0.2a 4.1+0.4 

7 Ethanol + 
MBN 15 17.8+1.2 20.3+2.5a 0.7+0.2a ,b 3.9+0.4 

Ethanol + 
8 MBN+ 

Vitamin E 15 17.9+1.4 19.6+2.9a 1.1+0.2 4.7+0.5 

aSignificantly different from control (p 0.05) 
bSignificantly different from animals similarly treated without 
supplemented vitamin K (p 0.05) 
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Table 24. Serum Transaminases and Hepatic Concentrations of 
-Tocopherol and Vitamin A 

Group Treatment Serum ALT Serum AST Hepatic Hepatic 
(u/l) (u/l) -Tocopherol Vitamin A 

(ug/g) (ug/g) 

1 -Control 64+17 23+5 37.5+4.5 25.4+3.6 

2 Ethanol 296+38a 157+21a ,b 30.6+3.2a ,b 19.6+2.3a ,b 

3 MBN 183+28a 181+26a 20.3+3.7a 18.5+3.3a 

4 Vitamin E 75+26 26+5 156+21 38.8+2.9a 

Ethanol + 
5 Vitamin E 273+47a 162+29a 59.8+2.3a 24.6+3.7 

MBN + 
6 Vitamin E 194+44a 176+18a 113+18a 29.3+4.4 

Ethanol 
7 + MBN 240+39a 169+30a 12.4+2.6a ,b 12.l+2.0a 

MBN + Ethanol 
8 + Vitamin E 258+53a 147+25a 89+8.4a 22.1+3.2 

n = 10 per group 
aSignificant1y different from controls (p 0.05) 
bSignificant1y different from similarly treated animals without 
vitamin E 

supplementation (p 0.05) 
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Table 25. Effect of Treatment on Indices of Lipid Peroxidation in 
C57BL/6 Mice 

Group Treatment 

1 . Control 

2 Ethanol 

3 MBN 

4 Vitamin E 

Ethanol + 
5 Vitamin E 

MBN + 
6 Vitamin E 

Ethanol 
7 + MBN 

Ethanol + MBN 
8 + Vitamin E 

Lipid Fluorescence 
(Absorbancy unit/g 
wet tissue x 103) 

44.3+1.6 

66.8+2.3 

59.6+3.5 

39.2+2.0 

46.6+2.7 

42.1+3.4 

123.7+4.2 

79+3.6 

aSignificant1y different from controls (p 

Diene Conjugates 
(Fluorescence 
unit/g wet tissue) 

123+19 

237+16 

212+21 

89+17 

146+25 

156+28 

337+32 

268+29 

0.05) 

Ma10ndia1-
dehyde 
(pmo1/mg 
protein) 

38.8+6 

290+35 

337+43 

43+8 

138+24 

227+31 

516+49 

315+27 

bSignificant1y different from animals similarly treated without 
vitamin E 

supplementation (p 0.05) 



Table 26. Effect of Vitamin E Supplementation on :1!:~' Initiated and 
Ethanol Promotional Effects on Esophageal Tumors in Mice 

Group Treatment No. of Mice 
With Tumor 

(%) 

1 Control 1/12 (S.3) 

2 Ethanol 1/13 (7.7) 

3 HBN 6/15 (40)a,b 

4 Vitamin E OlIO (0) 

Ethanol + 
5 Vitamin E 0/15 (0) 

MBN + 
6 Vitamin E 3/15 (20)a 

Ethanol 
7 + HBN 10/17 (5S.S)a,b 

Ethanol + 
HBN + 

8 Vitamin E 6/16 (37.5) 

Mean + SO of 
Tumor7Mouse 
With Tumor 

1 

1 

S.2+2.2a ,b 

0 

0 

5.S+0.5Sa 

14.3+2.Sa ,b 

7 .S+1. 7 

aSignificantly different from controls (p 0.05) 

Total Tumors '+ S.D. Mean 
in Mice With Size/Tumor 

Tumors (men) 

1 0.07 

1 O.OS 

49a ,b 0.24+O.06a ,b 

0 0 

0 0 

16a 0.23+0.05a 

143a ,b 0.39+O.06a ,b 

47 0.lS~.03 

bSignificantly different from animals similarly treated without vitamin E 
supplementation (p 0.05) 

U1 

""" 
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CHAPTER 9 

ENHANCEMENT OF COCAINE-INDUCED HEPATOTOXICITY BY ETHANOL 

ABSTRACT 

These studies evaluated the contribution that moderate ethanol 

consumption has on cocaine induced hepatotoxicity and the role lipid 

peroxidation plays as a possible mechanism of such increased 

hepatotoxicity. Male C57BL/6 mice were injected interperitonea11y 

(i.p.) with increasing doses of cocaine, from 10 to 50 mg/Kg body wt 

daily, and simultaneously fed a liquid diet containing 28% of calories 

as ethanol for 5 or 9 weeks. Control mice received saline (i.p.) and 

an isocaloric carbohydrate diet. Indices of lipid peroxidation as 

hepatic lipid fluorescence and conjugated dienes of extracted lipids 

and amounts of malondia1dehyde (MDA) were evaluated. In addition, 

serum alanine aminotransferase and aspartate transaminase were 

measured as indicators of liver injury. Ethanol consumption during 

cocaine treatment increased hepatic lipid fluorescence, conjugated 

dienes and MDA about 2-fold after 9 weeks of treatment. Similarly, 

serum transaminases were 2.8 to 6-fo1d greater in mice consuming 

alcohol and treated with cocaine than in mice treated with cocaine 

only. Histological examination of livers from mice fed ethanol during 

treatment with cocaine exhibited increased hepatic injuries and 

necrosis. These data suggest that the mechanism by which ethanol 

enhances cocaine-induced liver toxicity is accompanied by significant 

increases in free radical activity and hepatic lipid peroxidation. 
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INTRODUCTION 

A recent national survey estimated that about 12 million Americans 

are concurrently abusing alcohol in combination with cocaine (334). 

Simultaneous cocaine and alcohol abuse is reported to be the second 

most prominent dual drug combination reported for substance abuse 

death (334). The National Institute of Drug Abuse identified alcohol 

in combination with cocaine use as the most common substance use 

pattern found among individuals presented to emergency rooms with 

substance abuse roblems in 24 metropolitan areas (335). The 

concurrent use of these substances exacerbates morbidity and mortality 

in such individuals (336). Use of alcohol and cocaine may increase 

the severity of liver damage associated with alcohol or cocaine use. 

While extensive studies have been conducted to estimate liver 

damages associated with the abuse of these drugs (337-339), these 

studies typically consider only the effects of each individual 

compound. It is well documented, however, that exposure to moderate 

doses of ethanol markedly enhances cocaine hepatotoxicity in mice 

(340,341). A pathophysiologic mechanism(s) of ethanol enhancement of 

cocaine-induced hepatotoxicity has not yet been fully defined but may 

be associated with or result from increased oxidative stress due to 

products arising from free radical activity resulting in the 

accumulation of toxic materials formed during cocaine and alcohol 

metabolism which bind with cellular macromolecules. 

It is widely accepted that lipid peroxidation is an operative 

mechanism in alcoholic hepatotoxicity (342,343). Ethanol provokes the 

formation of free radical species (measured by MDA, lipid 
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fluorescence, ethane exhalation) which can start lipid peroxidation 

(344,345), and/or by exhausting anti-oxidant substances in the cell so 

as to change the balance in favor of increased peroxidation 

(346,347). Similarly, the mechanism by which cocaine causes liver 

cell injury is related either to the production of highly reactive 

metaboiites, lipid peroxidation through free-radical formation 

(348-350) or by alteration of cellular glutathione metabolism (351). 

These resultant changes, which promote oxidative stress within the 

hepatocyte are thought to be a contributing factor in cocaine-induced 

hepatotoxicity (352). The similarity in the involvement of lipid 

peroxidation in the toxicities of both alcohol and cocaine metabolism 

suggest a possible increase liver damage with the concomittant use of 

both drugs. The purpose of this study, therefore, is to determine the 

effect of moderate chronic ethanol consumption on cocaine-induced 

hepatotoxicity and to evaluate for evidence of excessive lipid 

peroxidation, a possible mechanism for hepatotoxicity arising from the 

concomitant use of alcohol and cocaine. 
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MATERIALS AND METHODS 

Mice and Treatment: Male C57BL/6 mice, 3-5 weeks old (19-22g) 

obtained from Charles River Labs (Wilington, MA) were randomly housed 

five animals per cage in an approved animal care facility (Department 

of Animal Resources, University of Arizona). Mice were maintained 

ad-lib-on mouse chow (Teklad Premier Diet, Madison, WI) and water for 

a week. Animals were then assigned to one of four treatment groups: 

controls fed a liquid diet containing dextrin-maltose isocalorically 

subs~ituting for ethanol (saline injected); dietary ethanol group 

(saline injected); dietary ethanol (cocaine injected); and liquid diet 

control (cocaine injected) group. Ethanol treated groups received a 

total liquid diet in which the ethanol concentration was 5 1/2% (v/v) 

and represented 28% of the total caloric intake. Ethanol was 

gradually introduced into the diet to avoid any lethality associated 

with ethanol, mice received 1% of the ethanol on day 1 progressing to 

5 1/2% by day 5. The diet was obtained and prepared according to 

instructions from the manufacturers (Dyets #170163; Lieber/DeCarli 

formula; Dyets, Inc., Bethlehem, PA). This diet is reported to meet 

the nutritional requirements of alcohol consuming animals (353). 

Cocaine administration was by daily intraperitoneal (i.p.) 

injection of cocaine-hydrochloride (National Institute of Drug Abuse, 

Rockville, MD) in phosphate-buffered saline, pH 7.4. Controls mice 

were injected with equal amounts of buffered saline. To condition 

mice to cocaine, animals were exposed to increasing doses of the 

drug. Dosage of cocaine was 10 mg/kg body weight/day for the first 

week of administration and was gradually increased to 50 mg/kg body 
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weight at the fifth week (an increment of 10 mg/kg body wt per week) 

and then maintained at this level until termination. Cocaine was 

administered daily between 8:00 and 10:00 a.m. No drug-related deaths 

were noted at any of the doses administered. Cocaine treatment was 

discontinued 24 hours prior to termination, however mice were allowed 

to consume the ethanol-containing diet for the 24 hours prior to 

sacrifice in order to minimize mortality from the combination of 

ethanol and cocaine withdrawal at the fifth and ninth week of 

administration. Livers and blood samples were taken for serum and 

then used in biochemical and/or histological analysis. 

Hepatic Ma1ondia1dehyde Determination: An index of lipid 

peroxidation was monitored by measuring the thiobarbituric acid (TBA) 

reactive products and it was expressed in ma1ondia1dehyde (MDA) 

equivalent. This method was used because it has been demonstrated by 

others that more than 80% of TBA reactive products are MDA, and 

secondly, MDA production (TBA-reactive products) correlates very well 

with other markers of lipid peroxidation (ethane production, 

chemiluminescence and fluorescent products) (354-355). MDA 

determination was performed according to Masugi et a1. (356) with 

modification as described by Suematsu et a1. (357). In brief, 0.2 m1 

of 7% sodium dodecy1-su1phate (SDS), 0.2 m1 of O.lN HCL, 0.3 m1 of 10% 

phosphotungstic acid and 1 m1 of 0.67% TBA aqueous solution were added 

to the liver homogenate. The samples were immediately heated at 

9SoC for 60 min. After cooling, the chromogen was extracted with 

S m1 of n-buty1 alcohol by shaking vigorously. Separation of the 

organic phase was obtained by centrifugation at 3000 rpm for 10 min. 



Fluorescence of the n-butyl alcohol layer was measured at 515 nm 

excitation and 553 nm emission (Hitachi F2000 Fluorescence 

Spectrophotometer). A calibration curve, obtained using 

MDA-bis-dimethyl acetal (Aldrich Chem., Milwaukee, WI) as reference, 

was linear up to 2 nmol. The liver TBA-reactive substances were 

expressed as pmol of MDA/mg protein. 
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Determination of Conjugated Dienes and Lipid Fluorescence: About 

0.5 g of liver was homogenized in 10 m1 of Folch reagent (2:1 v/v 

chloroform; methanol) containing 0.5% butylated hydroxy toluene. 

Homogenates were allowed to stand for 24 hours at 4oC. After a 

phase separation, 1 ml of the clear fraction was dried in a steady 

flow of nitrogen gas at 550 C. The lipid residue was redissolved in 

methylene chloride, washed twice with water, and the emulsion formed 

clarified by adding 0.5 ml of methanol. Conjugated diene fatty acids 

were determined by measuring the absorbency of the solution at 237 nm 

(Beckman Spectrophotometer) using methanol as a blank (358). Lipid 

fluorescence in the homogenate was measured in a Hitachi F-2000 

fluorescence spectrophotometer with a setting at 470 nm max and 

activation wavelength of 395 nm (359). Since cellular toxicity in 

response to chemicals and other xenobiotic results in peroxidative 

decomposition of membrane phospholipids (360,361), results of these 

indices of lipid damage were expressed as absorbancy or fluorescence 

units/mg phospholipid. 

Determination of Hepatic Phospholipid Level: Total phospholipids 

were determined on a dried 0.3 ml aliquot of the tissue Folch 
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extracts. The method used, (362) does not require a prior digestion 

of phospholipids. 

Blood Ethanol Concentration: Blood ethanol levels were determined 

by a gas chromatographic method (363). Serum alcohol levels were 

obtained by injecting 0.5 ul of serum into a glass wool plug on top of 

a Porpack Q column (Alltech Assoc., Deerfield, IL) maintained at 

o 180 C and comparing individual peak area to those developed by 

injecting various amounts of a standard solution containing known 

amounts of ethanol into the column (correlation coefficient of 

standard curve = 0.97). 

Determination of Hepatic Protein Concentration: Following 

homogenization of a fraction of the liver in phosphate buffered 

solution, the liver protein concentration was determined by the LO'iry 

method (364) with a microprotein determination procedure kit (Sigma 

Diagnostic, St. Louis, MO) using bovine serum albumin as standard. 

Serum Cocaine Concentrations: Serum cocaine concentrations were 

determined using a diagnostic kit for radio immune assay cocaine 

determination (Diagnostic Products Corp., Los Angeles, CA). 

Determination of Serum Alanine Amino Transaminase (ALT) and Serum 

Aspartate Aminotransferase (AST): Whole blood samples obtained prior 

to termination of animals were allowed to clot and then centrifuged. 

Serum was removed and analyzed for ALT and AST activity using 

diagnostic test kits (ALT No. 59-UV and AST 10, Sigma Chem. Co., 

St. Louis, MO). 

Liver Histopathology: Part of the liver from the left lobe taken 

at termination were fixed in 10% buffered formalin, embedded in 



paraffin, sectioned, and stained with hematoxylin and eosin. All 

examinations were performed by an individual who had no knowledge of 

the treatments. 

Statistical Analysis: All data are reported as the mean ± S.D. 
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Values were analyzed by a two-way analysis of variance to determine 

whethet differences existed between the different treatments (control, 

ethanol, cocaine, ethanol plus cocaine) and any effects from duration 

of treatment. A p value of 0.05 was considered significant. 

Correlation between indices of free radical attack and liver damage 

were evaluated by regression analysis. All correlation values were 

below p 0.01 level. 
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RESULTS 

Body Weights, Blood Alcohol and Cocaine Concentrations: Weight 

gain was similar in all the treatment groups over the 5 or 9 week 

course of ethanol feeding and cocaine treatment, averaging 16.4 + 7.4% 

of the initial body weight (ca 23.6 ± 2.5g). Similarly, the liver 

weight·as a percentage of body weight was unchanged by the various 

treatments (data not shown). The effect of the various treatments on 

blood alcohol levels is shown in Figure 10. The mean blood alcohol 

leve~s of mice injected with cocaine during ethanol consumption was 

2.24 times higher than those fed only ethanol (56.4 ± 11.7 and 

25.1 ± 8.4 mg/dl respectively; p 0.05). By contrast, as also shown 

in Figure 10, the serum cocaine levels were higher in the cocaine 

injected groups of mice than in mice fed ethanol and injected with 

cocaine (89.8 ± 7.1 and 42.2 ± 2.4 ng/ml respectively; p 0.05). 

Lipid Peroxidation: Table 30 shows the effect of various diets and 

treatments on the indices of hepatic lipid peroxidation. Compared to 

the groups of mice that received only cocaine, or ethanol, or the 

naive controls, the chronic administration of ethanol during cocaine 

treatment increased hepatic lipid fluorescence 2 to 8-fold (p 0.05). 

The largest increases came after 9 weeks of treatment. Similarly, 

mice treated with ethanol during cocaine injection showed 

significantly elevated levels of hepatic conjugated dienes (p 0.05). 

The levels of conjugated dienes were further increased with a 10ngeL 

exposure to the combined ethanol and cocaine treatment. 

Additional evidence of hepatotoxicity from free radical activity 

is demonstrated in the groups of mice given chronic ethanol, cocaine, 
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and ethanol plus cocaine treatment which resulted in marked increases 

(p 0.05) in hepatic malondialdehyde (MDA). Chronic ethanol 

consumption increased hepatic MDA 3.7 to 6.9 fold and cocaine 

treatment resulted in 4.6 to 8.5 fold. Ethanol consumption during 

cocaine treatment increased hepatic MDA 11 to 20 fold over saline 

treatm~nt mice fed the control diet (p 0.05). 

As shown in Table 31, there were significant increases (p 0.05) 

in serum transaminases (ALT and AST) due to ethanol, cocaine, and 

ethanol plus cocaine exposure. These increases were greatest in mice 

fed ethanol during cocaine treatment (p 0.05), and increased with 

lengthening of the time of toxin exposure. 

To further elucidate the involvement of free radical damage in the 

ethanol and cocaine treated animals, markers of free radical damage 

(conjugated dienes, MDA and lipid fluorescence) were correlated with 

serum ALT, as shown in Figures 11-13. There was good correlation 

between the markers of free radical damage and liver ALT (p 0.05). 

In addition, the regression coefficients were generally lower in the 

cocaine and ethanol treated groups than in the control, ethanol or 

cocaine treated mice (p 0.05). 

Liver Morphology: Histological evaluation of mouse livers showed 

that the ethanol plus cocaine treated mice had centrilobular necrosis 

and extensive injuries when compared to mice treated only with ethanol 

or cocaine (Table 32). The severity of the hepatocellular, periportal 

necrosis and lobular disorganization was dependent upon the duration 

of cocaine administration. These histopathologic changes were more 

pronounced after the ninth week of cocaine plus ethanol treatment 
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(Fig. l4D). Such severe histopathologic changes were not observed in 

the livers of control mice or of mice treated with ethanol or cocaine 

only. 
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DISCUSSION 

This study shows that the consumption of ethanol during cocaine 

use synergistically enhances cocaine hepatotoxicity. While previous 

studies (340,341) reported increased cocaine-induced hepatotoxicity in 

mice pre-treated with ethanol, our data confirm and extend these 

studies by demonstrating enhanced hepatic lipid per oxidation arising 

from increased free radical activities and hepatic necrosis by 

simultaneous exposure to both ethanol and cocaine. Our data show 

reduced ethanol clearance as measured by increased blood levels 

alcohol in the ethanol plus cocaine treated mice suggest that cocaine 

either reduces hepatic metabolism of ethanol or increases its 

absorption from the gastrointestinal tract (377), and may thus promote 

liver damage via increased retention of ingested ethanol in the 

circulatory system (378). Also, reduced levels of cocaine in the 

serum of mice fed ethanol during cocaine treatment suggest enhanced 

hepatic metabolism of the administered cocaine, a feature which may 

also promote hepatotoxicity. 

Cocaine is hepatotoxic only when it is metabolized, with liver 

damage resulting from its metabolites. The oxidative and hydrolytic 

pathways of cocaine degradation require, in part, the participation of 

FAD-containing mono-oxygenase and the cytochrome P-450 systems of the 

liver (366). These pathways lead to the formation of 

N-hydroxynorcocaine and norcocaine nitroxide which are the hepatotoxic 

metabolites of cocaine (367,368). These products too (like 

acetaldehyde) bind to macromolecules of hepatic cells, which alter 

their structure and function (348). 
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Alcohol, in part, is also metabolized by a cytochrome P-450 system 

(mainly P-450IIEI) and its toxicity arises from the increased 

formation of hydroxy (369) and other radicals (370) which lead to the 

initiation and propagation of lipid peroxidation in hepatic 

microsomes. Acetaldehyde is formed during alcohol metabolism and its 

ability to form adducts with proteins, nucleic acids and lipids also 

result in toxicity. Ethanol enhancement of cocaine-induced 

hepatotoxicity thus may also be related to the increased oxidative 

stress placed on hepatocytes by metabolism of these two agents (365) 

and the increased formation of reactive e1ectrophi1es arising from the 

sites of microsomal metabolism of ethanol and/or cocaine. Although 

the enhancing toxic effects of alcohol on cocaine-induced toxicity 

suggest the involvement of a different microsomal cytochrome P-450 

pathway for both alcohol and cocaine metabolism and detoxification, a 

recent study (371) showed that ethanol-inducible p-450IIEI form 

represents a minor pathway in the degradation of cocaine. Thus the 

apparent synergic hepatotoxicity in mice abusing cocaine and ethanol 

may be due to increased free radical production arising from the 

activities of both ethanol and non-ethanol inducible cytochrome P-450 

enzyme systems. The formation of both acetaldehyde and nitroso 

compounds (toxic metabolites from ethanol oxidation and cocaine 

detoxification) also contributes to biological reactive proteins, thus 

altering their structures and functions (352,372). Additionally, the 

proliferative effect of ethanol to induce more smooth endoplasmic 

reticulum (373,374) probably enhances the cytochrome P-450 that 



biotransform cocaine as well as the cytochrome p-450IIEI that 

metabolizes alcohol and other xenobiotics (375,376). 
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In conclusion, ethanol consumption enhances cocaine 

hepatotoxicity, and promotes hepatic accumulation of oxidized lipid 

products. Mice show patterns of increased severity of cocaine-induced 

hepatotoxicity with prolongation of exposure which suggest that free 

radicals and lipid peroxidation products may be participants in liver 

damage during ethanol and cocaine metabolism. In an attempt to 

esta~lish whether lipid peroxidation is a cause or consequence of 

liver damage of alcohol and cocaine abuse, a correlation of free 

radicals as indicated by lipid transaminase level strongly indicate 

that free radicals are a major cause of hepatotoxicity in mice abusing 

cocaine and ethanol. 

These findings may have significant implications for human health 

because of the increase in use of alcohol and cocaine. If our results 

obtained in mice can be extrapolated to human, it is conceivable that 

therapeutic agents proven to inhibit or retard lipid peroxidation may 

prove clinically effective in preventing alcohol and cocaine induced 

liver cell injury. 



Table 27. Products of hep.ltlc lipid peroxldallon after treatment of mice for 5 and 9 weeks with cocaine and ethanol. 

Treatment 
Group 

Lipid FlllureBcence 
(F IllorescentlmTi7mgPhuspho II pi <llx 10-3 

5 weeks 9 weeks 

----------
Injection Diet 

Saline Control 
0.53+0.07 0.59+0.16 

Saline Ethanol 
U.fl2HI.IIF' 1.IOtO.12"'oI 

Cocaine Control 
1.2~+0. JOa,b 2.52HJ.22 a ,b,r1 

CocaIne Ethanol 

Dlene Conjugates 
(Absorbency unIt! 

mg phosplulllpl<I)xI0- 2 

5 weeks 9 weeks 

1.6}+0.15 1.70+0.16 

2.48+0.29a 3.23+0.12'1 

4.97+1.16",b 7.I)tl.04",I>,d 

Malondlaldehyde 
(pmol/mg pmtel ns) 

5 weeks 9 weeks 

104.2+ 23.8 99.2+ 23.2 

)')4.5+ 40.)a 676.'H 'J5.S",d 
-

48).'H 59.7",b 8)2.4+157.0a ,b,d 

2.83iO.24 a ,b,c 4.28+0.21 a ,b,c,d 9.92+1.6y",b,c 13.2811.30",b,c,d 1233.6+189.8",b,c 189.2+3U7.9a ,b,c,d 

ReBlllts shown are mPiln + S.D. for lU animals in each grollp. 
"SignIficantly different from saline (control) treated group (p 
bSlgnlflcantly different from saline plus alcohol treated group 
CSlgnlflcantly different from saline pillS cocaine treatment (p 
dSlgnlflcant within trpalment time difference (p 0.05). 

0.05). 
(p 0.05). 
0.U5) 

---_._---------

Q) 
lO 



Table 28. Assessment of liver damage hy serum alanine aminotransferase and serum (AJ.T anr! AST measurements) 

,If 1 pr chronic ethanol anel cocaine treatment of male mice. 

Serum Alanine Spruill Aspartate 

Aminotransferase (011.) Aminotransferase (U/L) ----------------
Tr~atment 5 wepks 9 week::; ') weeks 9 weeks 

lnlect_!..':fl. IlI"t 

Saline Control 7I + II 76 + 16 III + 4 19 + 6 

Saline Etl"~nol 190 + 18
a 487 + 2)a,<I 56 + 12

a 152 + 43a ,d 

Cocaine Contrul 1644 + 228a ,b 2361 + 290a, b,d 3040 + 450a ,b 6420 + 591 a ,b,d 

Cocaine Ethanol 8829 + 8n a , b, c 13480 + 1134a ,b,c,d 12853 + 4987a ,b,c 18429 + 6221a ,b,c,r! 

Results shown are mean + S.Il. for 10 animals in each group. 

'ISlgnlflcant Iy dlffprl'nt f rum sa 1 IIH~ (roil t ru 1 ) treated group (p 0.05l. 

bS Igni f !cant I y .11 f ferent from saline plus ethanol r reater! group (p 0.05) • 

CSlgnlflcantly different from saline pluEl cocaIne treatment (p 0.05) 

dSlgnlflcant within tre.~tment tim .. dlffere'H'p (p 0.05). 

....... 
o 



Table 29. Alcohol-induced histopathologic changes following chronic 
cocaine treatment.* 

Treatment GrouE 
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Liver Injury Control Ethanol Cocaine Cocaine + Ethanol 

Hepatocellular necrosis 0 0 +H- ++H-

Periportal necrosis 0 + ++ ++H-

Pyknotic nuclei 0 0 + ++H-

Balooning degeneration 0 + ++ ++H-

Lymphocytic infilteration 
in periportal region 0 0 + ++ 

Centrilobular sparring 
of cells 0 0 ++ + 

Vacuolisation 0 0 + +++ 

Lobular (trabecular) 
disorganization 0 0 + +H-

% necrosis 0 0 40 90 

*Male mice were treated as indicated under Materials and Methods. 
Animals were sacrificed 24 hr after the last dose of cocaine. Liver 
samples were randomly selected, coded and embedded and processed for 
histopathologic examination. The grading system used was as follows: 
(0) no change; (+) minimal change; (++) moderate change; (+++) severe 
change; (++H-) extensive change. Percent necrosis refers to the 
incidence of necrosis among the test animals examined. Livers from 
five animals were examined. 
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Figure 6. Blood levels of cocaine and alcohol in mice after 9 weeks 
of treatment. Ethanol or cocaine untreated values which were 0 were 
omitted. Values shown represent mean + S.D. of 10 animals. EtoH = 
ethanol. *p 0.05 with respect to treated controls. 
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Figure 7. Linear regression (method of least squares) between serum 
ALT and MDA in mice livers after control ( : Y = 0.4X + 68.43; r = 
0.23) ethanol (0: Y = 0.97X + 21.02; r = 0.89; p 0.001), cocaine 
(0; y = 0.3lX + 39.60; r = 0.65; p 0.01), ethanol and cocaine ( 
y = 0.113X + 297.71; r = 0.70; p 0.05) treatments. For clarity, 
individual data points are not shown. Points shown are mean + S.D. 
values at 5 and 9 weeks. p 0.05 slopes compared to contro17 
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Figure 8. Linear regression (method of least squares) between serum 
ALT and Lipid Fluorescence in mice livers after control ( : y = 
0.003X + 0.76; r = 0.29), ethanol (0: y = 0.0008X + 0.67; r = 0.74; 
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p 0.05), cocaine (0: y = O.OOlX - 0.518; r = 79; p 0.001), ethanol 
and cocaine ( : y = 0.113X + 297.71; r = 0.70; p 0.01) 
treatments. For clarity, individual data points are not shown. 
Values shown are mean + S.D. values at 5 and 9 weeks. p 0.05 slopes 
compared to control. -
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Figure 9. Linear regression (method of lease squares) between serum 
ALT and conjugated dienes in mice livers after control ( : y = 
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O.OOlX + 1.55; r = 0.12), ethanol (. y = 0.003X + 1.97; r = 0.81; 
p .001), cocaine ( y = 0.002X + 1.94; r = 0.60; p 0.01), 
cocaine and ethanol ( :y = 0.00005X + 5.70; r = 0.59; p 0.01) 
treatments. For clarity, individual data points are not shown. 
Values shown are mean + S.D. values at 5 and 9 weeks. p 0.05 slopes 
compared to control. 
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Figure lO(A), (B), (C) and (D). H & E stained section of 
representative samples from control (A), ethanol (B), cocaine (C), and 
ethanol plus cocaine treated mice (D). Note the centrilobular 
necrosis and severe injuries in the ethanol plus cocaine treated liver 
(D). (146). 



CHAPTER 10 

COCAINE HEPATOTOXICITY DURING PROTEIN UNDERNUTRITION 

OF RETROVIRALLY INFECTED MICE 

ABSTRACT 

177 

Indices of lipid peroxidation and serum transaminases are evidence 

of free radical attack and liver damage. They were compared in mice 

fed a low protein (4%) or regular protein diet (20% protein) for 3 

weeks and then infected with murine leukemia virus and given daily 

intraperitoneal injections of increasing progressive dose of 5 to 

45 mg/kg/day of cocaine for 11 weeks. Cocaine administration 

increased hepatic triglycerides, serum transamines, conjugated dienes, 

lipid fluorescence and malondialdehyde levels. These changes were 

exacerbated by retroviral infection and also by protein 

undernutrition. Retroviral infection additively increased indices of 

cocaine-induced lipid peroxidation and hepatic damage. Significantly 

increased liver injury and lipid peroxidation were also detected in 

similarly treated mice that received the low protein diet compared to 

well nourished mice. Our data showing increased products of lipid 

peroxidation and liver damage in immunocompromised mice fed low level 

of dietary protein suggest that immunocompromised host abusing cocaine 

during mild protein undernutrition produce more immunogenic lipid 

peroxidation adducts and may have a shorter latent incubation period 

than protein adequate host during murine AIDS. 
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INTRODUCTION 

Nutritional and psychobiological stresses are capable of inducing 

and exacerbating certain disorders including decreased resistance to 

infection and increased hepatic damage resulting from toxic chemicals 

(379). The emergence of cocaine abuse as an epidemic during the past 

decade'is a national health concern. Intravenous use of cocaine is 

not only hepatotoxic (330) but may aggravate several chronic 

infectious and diseases including acquired immune deficiency syndrome 

(AIDS) (380,381). The high incidence of AIDS in intravenous cocaine 

users is usually explained on the basis of exposure is human 

immunodeficiency virus (HIV) caused by the sharing of HIV-contaminated 

needles with poor nutrition inducing cellular immune dysfunction as 

contributing factor (382-384). While HIV infection is the principal 

causative agent, accelerated progression of AIDS may be due, in part, 

to alteration of the metabolism of hepatic lipids by cocaine and viral 

infection (385-387). Altered lipid metabolism is also found in both 

AIDS patients and children with severe protein deficiencies who suffer 

from similar opportunistic infections of viral, bacterial and 

parasitic origin, severe weight loss and immune dysfunctions (388,389). 

The pathophysiology of cocaine-induced damage to liver has been 

investigated extensively (352). It has several associated factors 

involved including increased oxidative stress or free radical mediated 

injury resulting in decreased cellular glutathione, serum 

transaminases and increased malondialdehyde (330,390,391). However, 

retroviral infection alone is not sufficient to produce the liver 

damage consistently observed in AIDS patients (385,392). Thus, 



cofactors such as hepatotoxic drugs increase free radicals with high 

reactivity for hepatic lipids, nucleic acids and protein may be 

involved in the liver damage observed in AIDS patients (394,395). 

179 

As the relationship of protein undernutrition and cocaine use 

during HIV infection on hepatotoxicity has not been addressed 

experi~enta11y, it was investigated in a murine retrovirus model of 

AIDS. This study was undertaken to determine whether administration 

of cocaine to retrovira11y infected mice during protein undernutrition 

could. lead to hepatic steatosis. Also, we investigated the role of 

lipid peroxidation as a mechanism for increased cocaine toxicity 

during protein undernutrition and retrovira1 infection. 
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MATERIALS AND METHODS 

Mice and Diet 

Female C57BL/6 mice, 4 weeks old (14-16 g) (Charles River Lab., 

Wilmington, MA) were housed 5 animals to a cage in an approved animal 

care facility with a constant temperature (24oC) and l2-hr 

light/dark cycle. Animals were cared for according to approved format 

from the Animal Care Committee at the College of Medicine, University 

of Arizona. Animals were adapted to the facility for 1 week, during 

which a stock laboratory diet (Teklad Premier Diet, Madison, WI) and 

water were available ad libitum. Following adaptation, mice were 

randomly assigned to 1 of 5 groups. Each group was further divided 

into 2 subgroups and fed American Institute of Nutrition (AIN) 

semipurified mouse diets (Dyet, Inc., Bethlehem, PA) containing either 

20% (control) or 4% protein for 3 weeks. The caloric balance in the 

diets were maintained by the addition of starch to the low protein 

diet. Some mice assigned to the control and low protein dietary 

groups were infected with LP-BM5 murine leukemia retrovirus, and then 

some in each group received daily intraperitoneal1y (i.p.) injection 

of cocaine and were ad libitum fed their diets for 11 weeks. 

Cocaine Treatment 

Cocaine treated mice received daily i.p. injection of cocaine 

hydrochloride in 0.9% saline solution prepared immediately before 

use. Cocaine was administered between 07:00 - 09:00 a.m. The daily 

dosages and period of administration is shown in Table 1. To prevent 

cocaine tolerance in mice, the amount of cocaine was gradually 

increased but was decreased after the sixth week when treated mice 



showed physical signs of cocaine intolerance. Cocaine treatment was 

discontinued 24 hours prior to termination. 

LP-BM5 Murine Leukemia Infection 

The LP-BMS infected mice received an i.p. treatment of 0.1 ml 

inoculum containing the virus as described previously (395). 
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Infection of C57BL/6 mice with this virus led to a rapid induction of 

immunological disorders with many similarities to humans AIDS (395). 

Increased death occurred in infected mice after 16 weeks. A complete 

description of the virus and its effects on immune cells and functions 

are described in an earlier communication (395). 

Liver Lipid Assays 

Liver lipids were extracted following homogenization with Folch's 

reagent (2:1 chloroform:methanol). Phospholipid levels were 

determined by the method of Raheja et ale (165) using dipalmitoyl 

phosphatiodylcholine as a standard. Cholesterol was estimated as 

outlined (164), and triglyceride was estimated by glycerol release and 

oxidation to formaldehyde (163). 

Indices of free radical attack on lipid were measured. Lipid 

fluorescence was assessed according to the method of Tappel (396), 

conjugated dienes were measured as previously described (397), and 

malondialdehyde was quantitated by the thiobarbituric acid reaction 

(398). Serum alanine aminotransferase transaminase (ALT) and 

aspartate aminotransferase (AST) were assayed using a diagnostic kit 

(Sigma Chemical Co., Procedure No. 505). Protein estimations were 

performed by the Lowry method (399) using bovine serum albumin as a 

standard. 
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Statistical Analysis 

The data presented are expressed as mean ± SD of 10 animals. 

Comparisons were made using the Duncan Multiple Range test and 

analysis of variance. Results were considered significant at p 0.05. 
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RESULTS 

Cocaine administration induced hyperactivity in all animals 

immediately after dosing with ataxia being noted within the first 

hour. Initial body weights of the mice were equal. Body weights of 

the mice fed the control (20%) or low protein diet (4%) did not differ 

after the initial 3 weeks of dietary adjustment to the experimental 

diets. Mice fed the 20% or 4% dietary protein diet gained 

2.8 ± 0.42 g/mouse/3 weeks or 0.95 ± 0.14 g/mouse/week during the 3 

week period. Following cocaine daily injection and retrovirus 

infection for 11 weeks, mice fed the low protein diet had a lower 

final body weight than those fed the adequate protein diet (19.3 ± 1.7 

and 22.8 ± 1.7 g, respectively, p 0.05). Additionally, mice 

injected with cocaine with and without murine retrovirus infection 

exhibited significantly lower body weights (18.1 ± 1.2 and 

24.1 ± 1.5 g, respectively; p 0.05). In addition, to the weight loss 

in these groups of animals, at postmortem they also displayed 

significantly lower liver weights than the adequate protein fed mice 

(1.63 ± 0.24 vs. 1.28 ± 0.19 g; p 0.05), and their livers were pale 

and speckled. The retroviral infected mice groups fed the normal 

protein diet exhibited significantly higher liver weights than all 

groups of mice (1.97 ~ 0.29 and 1.24 ± 0.22 g, respectively; p 0.05). 

Both cocaine injection and infection with murine retrovirus 

infection alone and together significantly increased (p 0.05) hepatic 

triglyceride levels compared to saline injected controls (Table 34). 

These increases tended to be greater in the group of mice which were 

both cocaine treated and retrovirally infected. Administration of 



cocaine during retrovirus infection additively elevated hepatic 

triglyceride levels over those induced by retrovirus infection alone 

(Table 34). 

The effects of cocaine treatment and retroviral infection on 

indices of lipid peroxidation and hepatotoxicity is shown in 
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Table 35. Compared to saline injected or naive control mice, 

retrovirus infected animals did not show increased hepatic conjugated 

dienes. However, infected mice had significantly increased levels of 

hepatic lipid fluorescence and malondialdehyde. Administration of 

cocaine with the different levels of dietary protein significantly 

elevated free radical activities on hepatic lipids as evidenced by 

increased conjugated dienes, lipid fluorecence and malondialdehyde 

(p 0.05). Retroviral infection further enhanced the effects of 

cocaine injection (Table 35). Cocaine administration increased 

hepatic conjugated dienes and lipid fluorescence about 3 fold and 

malondialdehyde 31 fold over that of the saline injected and naive 

untreated controls. 

Mice injected with cocaine and fed a low level of dietary protein 

showed significantly increased (p 0.05) levels of hepatic 

malondialdehyde compared to animals that received adequate levels of 

dietary protein. Retrovirus infection in cocaine and saline injected 

mice further increased the levels of malondialdehyde. Thus, cocaine 

administration to protein undernourished animals markedly increased 

the formation of thiobarbituric acid reactive substances. 

The effects of dietary protein levels and retroviral infection on 

cocaine-induced hepatotoxicity using plasma alanine aminotransferase 
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(ALT) and aspartate aminotransferase (AST) as indices of liver damage 

is shown in Table 35. In mice infected with the murine retrovirus, 

plasma ALT and AST activities were significantly higher than in the 

saline or naive control groups of mice (p 0.05). The administration 

of cocaine significantly elevated plasma ALT activity 36 fold in mice 

fed a normal protein diet and 48 fold in mice fed the low protein diet 

(p 0.05). Furthermore, these indices of liver damage was 68% greater 

(p 0.05) in mice injected with cocaine and fed the low dietary 

protein (p 0.05). Serum ALT activity were significantly elevated 

further when cocaine was administered following retroviral infection 

(p 0.05). A similar but more dramatic increases in plasma AST 

activity was observed in mice treated with cocaine or cocaine 

following retroviral infection (Table 35). From the data obtained, 

indices of hepatic injury following cocaine treatment in retroviral 

infected mice are significantly different from the values for cocaine 

alone. This effect may not be indicative of potentiation by 

retroviral infection, rather, it represents an additive effect. 
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DISCUSSION 

It is increasingly important to understand cofactors that could 

increase or decrease the latent period between retroviral infection 

and onset of severe immune dysfunctions with clinical AIDS. Studies 

from our laboratory (400,401) and from other groups (402,403) have 

shown that 11 weeks of LP-BM5 retrovirus infection in mice lead to 

AIDS with significant immunosuppression. The contribution of cocaine 

toxicity to increased hepatic lipid peroxidation, particularly when 

combined with retroviral infection, and protein undernutrition is 

unreported. Thus it was evaluated in a murine model of retroviral 

infection. 

Retroviral infection increased hepatic triglyceride showing that 

LP-BM5 infection elicited a disturbance in lipid metabolism, thus 

suggesting some type of toxicity. Similar increases in serum 

triglycerides has been observed in HIV infection (387), thus 

confirming the AIDS murine model. Administration of cocaine during 

retroviral infection even when combined with mild protein 

undernutrition did not alter the membrane components of hepatocytes 

cholesterol, and phospholipid and their relative ratios. Other viral 

infections show hypertriglyceridemia characterized by increases in 

very low density lipoprotein (VLDL) (404,405). Bacterial and viral 

infections of the liver lead to increases in de novo hepatic 

lipogenesis (406) which result in increased production of VLDL and 

increased turnover of cellular membranes. Also, decreases in 

lipoprotein lipase activity, which deacylates triglyceride rich 

lipoproteins may occur during infection (405). These metabolic 



187 

effects of infections cause a decrease clearance of VLDL, and possibly 

allowing for accumulation of hepatic and serum triglycerides (407). 

These data suggest that viral infections increase accumulation of 

hepatic triglyceride via increased synthesis or depressed hepatic 

clearance during the infection. 

The present study confirms and extends previous reports 

(391,350,351) that increased lipid peroxidation is a contributing 

mechanism involved in cocaine-induced hepatotoxicity. Cocaine 

injections during adequate protein intake result in lower hepatic 

damage and lipid peroxidation. However, retroviral infection and 

protein undernutrition each increased the severity of cocaine induced 

lipid peroxidation. Aside from the confirmation of elevated serum 

transaminase activity, it is apparent that elevation of hepatic 

triglyceride, another indicator of hepatic damage, occurs following 

cocaine treatment alone and during retroviral infection. These data 

agree well with our previous reports which showed that prolonged 

cocaine abuse may be hepatotoxic via increased lipid peroxidation in 

mice fed a nutritionally adequate liquid diet (391). 

Although the functional implications of liver damage accompanied 

by increased lipid peroxidation were aggravated by low dietary protein 

during cocaine use and retroviral infection in the progression of AIDS 

is yet to be elucidated, it can be speculated that increased 

production of immunogenic adducts from lipid peroxidation may increase 

cellular immune dysfunction thus decreasing the latent period of 

development of clinical AIDS in immunocompromised host. 
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MDA formation with its immunogenic malondialdehyde-protein adducts 

could be particularly undesirable in immunocompromised hosts. MDA is 

a natural compound formed by the peroxidative decomposition of 

unsaturated lipids (409). MDA can combine with serum and hepatic 

proteins, producing structural and functional changes in them, and 

conferring antigenic properties on MDA-conjugated protein analogs 

(410). Under normal condition MDA is rapidly oxidized to malonic acid 

carbon dioxide (411). However, when MDA accumulates due to tissue 

injury and continued lipid peroxidation it may combine with free amino 

groups of serum and hepatic proteins, nucleic acid and lipids in cell 

membranes resulting in the in vivo production of new antigenic 

products. These neoantigens could serve as immunogens and lead to the 

generation of antibodies and/or sensitized cells resulting in 

immunologically-mediated tissue and organ damage. As the combination 

of cocaine, protein undernutrition and retroviral infection caused the 

largest amounts of MDA, there is a potential for MDA to react with 

proteins and produce antigens to stimulate retrovirally damaged immune 

systems. Such lipid peroxidation could thus be a cofactor in 

cocaine-retroviral immune dysfunctions. However, it should be noted 

that while protein undernutrition and retroviral infection exa~rbate 

cocaine lipid peroxidation effects, they caused only very minimal 

changes without cocaine. Other aldehydic compounds, such as hexanal 

4-hydroxynonenal and 4-hydroxyoctenal arising from increased lipid 

peroxidation have also been reported to increase DNA fragmentation 

(412). 
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In summary, this study provides evidence of possible enhanced 

formation of immunogenic adducts and liver injury in immunocompromised 

mice metabolizing cocaine and fed low levels of dietary protein 

compared to similarly treated mice fed an adequate protein diet. 

Also, data presented here indicate that cocaine-induced liver injury 

is facilitated by low dietary protein. Although there is much 

information emphasizing the importance of nutrition in guarding 

against disease and in facilitating a rapid recovery from infectious 

diseapes, a great deal of experimental information, particularly 

relating to synthesis of albumins, protein transporting lipids and the 

consequences of immunogenic adducts in immunocompromised hosts and 

substance users remain to be elucidated. Such information may be 

useful in the clinical and nutritional management of immunocompromised 

patients with liver damages. 



TABLE 30. Dose and Duration of Cocaine Administration to Mice. 

Week 

1 

2 

3 

4 

5 

6 

7-11 

Dose 

(mg/kg/day) 

5 

20 

35 

40 

40 

45 

40 

Dosages of cocaine expressed as the hydrochloride salt. 
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TABLE 31. Effects of Cocaine Administration and Retroviral Infection on 
Liver Lipids in Mice Fed 4% or Normal (20%) Dietary Protein 
for 11 Weeks. 

Intra- Dietary Cholesterol/ 
peritoneal Protein Triglyceride Cholesterol Phospholipid Phospholipid 
Injection (%) (mg/g liver) (mg/g liver) (mg/g/liver) Ratio 

Control 20 24.4 + 4.3 5.4 + 1.5 21.5 + 2.3 0.25 + 0.07 
(None) 4 23.9 "+ 3.6 5.2 "+ 1.9 24.6"+ 2.5 0.24 "+ 0.06 

Sa lin .. 20 25.7 + 5.0 6.1 + 2.2 22.9 + 4.2 0.27 + 0.09 
4 24.6"+ 3.7 5.8 + 1.3 18.4 "+ 3.2 0.31 "+ 0.08 

Retrovirus 20 26.7 + 4.8 5.0 + 1.5 22.5 + 2.6 0.28 + 0.08 
and Saline 4 24.6 "+ 4.4 5.1 "+ 1.8 20.6 "+ 3.3 0.24 "+ 0.05 

Cocaine 20 32.8 + 4.7rl 5.9 + 1.5 21.0 + 1.6 0.20 + 0.05 
4 33.9 "+ 3.2rl 5.4 "+ 1.3 22.6 "+ 2.1 0.22 "+ 0.06 

Cocaine and 20 36.0 + 5.5*,+ 4.8 + 0.8 21.7 + 1.6 0.24 + 0.06 
Retrovirus 4 32.7"+ 6.8*,+ 5.3 "+ 1.2 23.7"+ 2.4 0.24 "+ 0.09 

Values represent mean + S.D. of 10 animals. 
*Significantly different from untreated controls (p 0.05). 
+Significantly different from saline treated (p 0.05). 

-' 
I.D 



TARLE 32. Effect of Coc-alne Inj .. etlon and Retrovlral Infection on 1.lv<'r I.Ipl<1 l'l'ro"ldatlon and lIepatoto"lclty In Mice 
red 4% or 20% Dietary Protein for 11 Weeks. 

Lipid Fluorescenre 
I nt ra- IIlet"ry IIlene Conjugates (Fluorescence Serum Alanine Serum Aspartate 
peritoneal Protein (Absorbancy unltlmg unlt/mg Halond la Idehy,ie Am I not ra ns f erase Aminotransferase 
Injection (%) phospholipId) phospholipid) 10-2 (pmol/mg proteIn) (ul 1) (u/I) 

------------ ------------------------------

Control 20 0.42 + 0.0) 1.21 + 0.19 42 + 12 27 + 6 21 + 5 
(None) 4 0.3'} .;: 0.05 1.32 +" 0.17 °18 +" 16 33 .;: 7 16 +" 7 

Saline 20 0.41 + 0.04 1.19 + 0.24 67 + 37 46 + 12 17 + 8 
4 0.45 .;: 0.07 1.48 .;: 0.28 89 +" 26* 39 +" 9 20 .;: 6 

Retrovl rus 20 0.42 + 0.01l 2.43 + 0.36*,+,11 210+ 47* ,+ 132+ 36*.+,11 53 + 12*.+. ,II 
4 0.57 +" 0.10 3.59 +" 0.44*,+ 180 +" 3'J*.+ 210 .;: 42*.+ 92 +" 16*.t. 

Coralne 20 1.53 + O.J)*.+ 3.89 + 0.])*.+.11 8'18 + 15/*,t'/l 987 + 237* ,+,1 I 5396 + 680*,t. 
4 1.1.0';: 0.18*.+ 3.15 .;: 0.45*,+ 1350';: 231*,+ 1452 .;: 298*,+ 7432 +" 559*,+ 

CocaIne 20 1.'}4 t 0.17*' 4.65 + 0.40*,+, ,II 1256 + 251*,t, ,II 1720 t 1.28*,t, ,II 6355 + 7'l8*,t, ,II 
and 4 2.12 t 0.21*' 5.48 +" 0.]7* ,+, 1774 + 197* ,f, 2'J36 .;: 754* ,+, 8892 +" 675*'+' 
Retrovlrlill 

------------------------- ---------- ---- -- ----

* Va luell reprellent m<'an ~ SO of to mire. 
SIgnIfIcantly dIfferent from untreated controls (p 0.(5). 

fSlgnlflcantly dlffprent from saline treated animals (p 0.(5). 
Significantly different from cocaine non-retrovirus treated animals (p 0.05). 
Significantly dIfferent from retrovlrull Infected non-cocaine treated animal (p 0.05). 

I/ SI r,lIlflcantly dlff<'rent from mice wIth :.;Imllar treatment but r<'" .. lve,1 low prot"ln ,llpt (p 0.(5). 
I.D 
N 
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OVERALL CONCLUSION 

The role of alcohol in the development of alcoholic liver disease 

and in the promotion of esophageal cancer is a complex one. As shown 

in the various experiments, it involves mUltiple factors including the 

dose and duration of alcohol intake, the unsaturated fatty acid 

content of the alcoholic diet, protein undernutrition, infections -

including viral infection and its subsequent immunomodulation, and the 

concurrent abuse of other hepatotoxic drugs such as cocaine. These 

factors are interrelated in the pathogenesis of disease condition 

which lead to morbidity and mortality associated with abuse of 

hepatotoxic agents. However, results from this research showing that 

lipid peroxidation is a common contributory mechanism involved in the 

development of hepatotoxin-induced disease and that nutritional 

support with vitamin E (a free radical scavenger) inhibit oxidative 

stress from lipid peroxidation suggest an important role of the 

vitamin in the etiology, pathogenesis and prevention of alcoholic 

liver disease and cancer. The use of this nutrient through the 

inhibition of lipid peroxidation improve the biologic responses of the 

host to toxic injuries and decrease morbidity and mortality associated 

with cancer and/or secondary infections. Nutritional support 

including elevated levels of vitamin E can thus be a significant 

component in the implementation of effective anti-tumor therapies. 
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FUTURE PROJECTS 

Current findings shown in this research clearly show the need to 

focus attention on the need to elucidate the modulating influence of 

vitamin E at cellular levels. This include the effects of this 

vitamin on (a) the thymus-derived (T) lymphocyte mediated reactors; 

(b) the bursal equivalent, immunoglobulin-synthesizing (B) lymphocyte; 

and (c) the heterogenous population of accessory cells, including 

macrophages, monocytes, Kupffer cells, and a variety of other mobile 

and fixed-tissue phagocytes which participate in the induction of the 
~ 

immune response. This is particularly so with the central role of 

immunomodulation in disease conditions. 

Also, since vitamin E plays a significant role in inhibiting the 

multistep genetic changes required for the development of alcoholic 

liver disease and the transformation of a normal cell into a 

neoplastic cell, its role in preventing lipid peroxidation and DNA 

damage and repair network need to be studied. 
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