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INTRODUCTION

Alcohol abuse is far reaching in its consequences. 
Bacon (15) estimates that 25000 individuals die annually 
from alcohol related automobile accidents. Furthermore, 
cirrhosis of the liver is now the seventh leading cause of 
death, ahead of arteriosclerosis, influenza and pneumonia.
A significant number of cirrhosis cases are directly 
attributable to alcoholic abuse.

Alcohol in man is known to affect the endocrine 
system, the circulatory system, the liver, the gall bladder, 
the pancreas and the digestive tract (15)«

Research (11) indicates that a change in liver 
metabolism during pregnancy allows an accelerated capacity 
to remove galactose from the liver.

It has also been shown that the effects of alcohol 
abuse are much more pronounced in females than in males (19) 
Differences in the levels of estrogen and progesterone 
during pregnancy may influence the action of ethanol upon 
the liver (30). These changes are of added interest due 
to the widespread use of oral contraceptives. The birth 
control pill acts to prevent ovulation by hormonally 
simulating pregnancy (6).

Fatty metamorphosis of the liver is the first 
readily observable change in the liver following acute 
ethanol consumption (4-, 13, 15, 22). There is no conclusive 
evidence that fatty liver leads to cirrhosis, but the
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sequential nature of fatty liver, necrosis, alcoholic 
hepatitis and cirrhosis suggests that they are related.

Because of all of the factors listed above I chose 
to center this study around fatty infiltration of the 
liver in neonatal rats whose mothers had been administered 
alcohol. My purposes were to determine whether or not 
administration of alcohol to mother rats causes fatty 
infiltration of the liver in the subsequently born pups. 
Lipid extractions were performed to quantify differences 
in lipid levels of control and experimental animals.
Also the birth weights of the animals were compared to 
determine whether alcohol can stunt general development.
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LITERATURE REVIEW

The Toxicity of Alcohol
Diseases of several tissues, especially the liver 

have been recognized, as being associated with excessive 
alcohol consumption since the 16th century (1^). The 
prevalent opinion has been, until recently, that these 
diseases were the result of malnutrition accompanying 
the heavy drinking (1^, 3, 23)- As recently as 19^9»
Best and his colleagues (1) suggested that alcohol 
merely supplied added claories and was therefore no more 
toxic to liver cells than sucrose.

There are a number of reasons for the prevalence 
of malnutrition among alcoholics. Alcohol has a high 
caloric value of 7.1 calories/g (15)• One pint of 86 
proof alcohol contains about one-half of the daily calorie 
requirement. These calories, however, have no nutritive 
value for they are essentially lacking in protein, vitamins 
and minerals. The diminished appetite which accompanies 
this large calorie intake accompanied with economic con
siderations and disinterest due to intoxication may 
interfere with the intake of food. In addition alcohol 
directly enhances malnutrition (1^, 15) by causing 
inflammation of the stomach, pancreas and intestines.
This inflammation reduces the efficiency of digestion and 
interferes with the absorption of nutrients into the 
blood. Furthermore, alcohol and its by-product acetaldehyde



are known to interfere with the activation of vitamins 
by liver cells (15)«

Lieber pointed out (15) that alcohol differs 
metabolically from the high energy compounds considered 
by Best in that carbohydrates and fats can be stored 
in tissues for later use, but alcohol cannot. Very little 
alcohol is eliminated through the lungs or kidneys requiring 
that alcohol be oxicized before elimination. Fats and 
most carbohydrates can be oxidized in all body tissues, 
but alcohol can be oxidized only in the liver.

The toxicity of alcohol despite adequate diet in 
both laboratory animal and humans has been established 
(^, 13, 22). In an experiment conducted by Lieber and 
De Carli (^), rats were used to study the effects of 
alcohol in conjunction with a nutritionally adequate 
diet. Because rats show a natural aversion to alcohol 
it was necessary to incorporate the alcohol into an 
entirely liquid diet. The diets consisted of casein, 
an amount of fat less than that found in the average 
American diet and carbohydrate in the form of dextrin- 
maltose. In the experimental groups alcohol was iso- 
calorically substituted for carbohydrate. Observation 
indicated which rat had the lowest spontaneous food 
intake. This rate limiting rat received the diet 
ad libitum and the other rat was fed iso-caloric amounts
of his respective diet (4).
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The animals were decapitated 24 days after the first 
dose of alcohol was administered. Samples of hepatic 
tissue were fixed for histological examination and 
hepatic lipids were quantified. There was a significant 
increase in hepatic lipids in the experimental group 
as compared with the control group. The average triglyceride 
increase was more than five-fold from 10.8 * 1.64 mg/g 
to 56.8 ± 4.6 mg/g (4).

Hepatic morphology in the controls was found to 
he normal whereas fat accumulation was evident in the 
animals given alcohol.

Further work by Rubin and Lieber (22) with humans 
extablished that hepatic changes also occur in humans 
administered alcohol in conjunction, with an adequate diet.
The study was aimed at distinguishing in man those hepatic 
ultrastructural changes directly attributable to alcohol 
from those following fat accumulation or inflammation.

Two individuals, one male 35 years old and one 
female 57 years old were studied by Rubin and Lieber (22).
Both subjects had a history of alcoholism but had
abstained from alcohol during the two to four month
period preceding the study. At the onset of the investigation
neither patient evidenced any liver disease and liver
function tests were normal. Both subjects received
adequate nutrients in excess of the daily recommended
doses. After a control period, alcohol was administered
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in gradually increasing amounts, iso-calorically
replacing carbohydrate in the diet given during the
control period. The amounts of alcohol administered
were sufficient to produce mild euphoria without gross
intoxication.

Liver biopsies were performed by Menghini needle 
after the control period and at intervals through out 
the experimental period. Biopsies were examined both by 
light microscopy and electron microscopy.

Ten to 12 days after the first large dose of alcohol, 
both subjects had conspicuous fatty metamorphosis of the 
liver with many cysts when examined by light microscopy.
No fibrosis, necrosis, inflammation nor acidophilic hyalin 
bodies were observed (22).

The mitochondria of the male patient were essentially 
normal, although distortion of the cristae in some mitochondria 
was observed when examined by electron microscopy at the 
end of the control period. There were irregularly
shaped mitochondria in the liver biopsies of the female 
patient following the control period.

One day following the first full dose of ethanol, 
the male’s liver biopsies showed many elongated and 
irregularly shaped mitochondria, some evidencing 
crystalline inclusions. In the female two to three days 
following the full dose, mitochondrial changes were much 
more pronounced with elongated mitochondria frequently 
draped about the surface of fat droplets.



7
Subsequent liver biopsies showed more exaggerated 

mitochondrial changes including giant mitochondria with 
crystalline inclusions at several loci.

The endoplasmic reticulum was not entirely normal 
in either control biopsy. Both patients showed decreased 
granular endoplasmic reticulum. In subsequent biopsies 
there was a progressive vesiculation of granular and 
smooth endoplasmic reticulum. A striking increase in the 
number of polyribosomes was observed (22).

In addition ultrastructural changes were also 
observed in lysosomes, microbodies, golgi complex and 
bile ductules. It becomes obvious that alcohol affects 
virtually the entire hepatic cell.
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Metabolism of Alcohol
The hulk of ethanol metabolism is attributed to 

alcohol dehydrogenase, an enzyme of the cytosol (2, 3> 7.
9, 15, 17, 26, 27). Oxidation of alcohol by alcohol 
dehydrogenase generates NADH in the cytoplasm. Since 
the redox state of the cytoplasm becomes more reduced 
after treatment of ethanol, the reoxidation of NADH may 
be the rate limiting step for the overall process of ethanol 
metabolism (9). The inability of cytoplasmic processes to 
re-oxidize NADH necessitates mitochondrial oxidation of 
the reducing equivalents of NADH. Due to the impermeability 
of the mitochondria to NADH, several substrate shuttles 
for the transport of reducing equivalents into the mitochondria 
have been proposed (3). This implies that the rate of 
ethanol metabolism may be dependent upon three factors:

1) the activity of the enzyme systems oxidizing 
ethanol to acetaldehyde

2) the activity of systems transporting reducing 
equivalents into the mitochondria

3) the ability of the mitochondria to oxidize 
these reducing equivalents



FIGURE 1 Pathways of ethanol oxidation

A. The alcohol dehydrogenase pathway of ethanol oxidations

+IW+ jxt-> CH3c.HQ -t-NKDW

B. The microsomal ethanol oxidizing systems (f'AEOs)

CttsCWOU + NADPH + H+ +C\

___ x CHxCWO + NftW+ + IHxO
Qv\eo5) '

C. NADFH oxidase in combination with catalases

r—NADPH - l-T MDP+ + HA} OYidkSC.
+
'—HA + 0HiCHl0H5s^r> 2. o + CHAO



FIGURE 2 Schematic representation of ethanol oxidation
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Mitochondria from ethanol-fed rats exhibit 
reductions in (3)s

1) the ability to oxidize various substrates,
2) energy production with NAD+ dependent substrates
3) energy utilization
/|) the activities of several enzymes including 

cytochrome oxidase and succinic dehydrogenase
5) decreased content of cytochromes.

Cederbaum and Rubin (3) attribute these alterations to 
a lowered redox state brought about by the oxidation of 
ethanol. These researchers have studied the role of the 
mitochondrion in the increased rate of ethanol metabolism 
in cases of chronic alcohol abuse. These studies (3) 
indicate that the accelerated ethanol oxidation is not 
attributable to any increase in mitochondrial activity, 
any capicity of shuttle systems to transport reducing 
equivalents into the mitochondria, or to increased alcohol 
dehydrogenase activity. Cederbaum and Rubin conclude 
that other factors including pathways unrelated to alcohol 
dehydrogenase may be involved (3).

Currently debate rages over the question of the 
existence of a pathway of ethanol oxidation unrelated to 
the alcohol dehydrogenase pathway (18, 27). Studies by 
Teshke et al. (26) have produced a description of an 
"Hepatic Microsomal Ethanol-Oxidizing System" (MEOS).
Such a system could explain the increased rate of ethanol 
metabolism in cases of chronic abuse of alcohol.
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The first indication of the interaction of ethanol 

with the microsomal fraction of the hepatocyte was the 
proliferation and vesiculation of smooth endoplasmic 
reticulum in alcohol fed rats and humans (13» 1^, 15. 18, 20, 
22, 26).

Teshke, Hasamura and Lieber (26) claim to have isolated 
a microsomal ethanol-oxidizing system (MEOS). This system 
is capable of significant oxidation of ethanol in vitro 
in the absence of alcohol dehydrogenase (18, 26). That 
the addition of alcohol dehydrogenase to the system after 
allowing MEOS to metabolize alcohol does not result in any 
added ethanol metabolism is proof of the efficiency of MEOS.

A separate group of researchers has contested the 
existence of MEOS (27). There is evidence that seems to 
refute these claims, but the controversy is still not 
completely resolved (3» 18, 26).

After reviewing 13 reports, Vitale et al. have 
concluded that the majority of researchers consider the 
rate of alcohol metabolism is practically independent of 
dosage (29, 2). If alcohol dehydrogenase is the primary 
means of alcohol oxidation, then the enzyme should become 
saturated at low dosages of alcohol (29). One would then 
expect a greater rate of ethanol metabolism at low dosages. 
Vitale et al. found the rate of alcohol oxidation to be
directly proportional to the amount administered up to a 
dose of 3.0 g/kg body weight (11).
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The Alcoholic Fatty Liver

In its milder form or in the early stages, alcoholic 
liver disease is characterized by the accumulation of fat 
deposits in the liver (2,3,7,8,11,13,1^>15>16,17,18,20,
22,23). This condition is generally benign and
appears to be fully reversible (1^). CelK death and
inflammation mark the onset of alcoholic hepatitis (18).
The mortality rate from alcoholic hepatitis is from 10 to 
30$ depending upon the severity of the condition. Eventual 
scarring by fibrous connective tissue occurs, and acts to 
distort the normal hepatic architecture. This is termed 
cirrhosis and is both severe in its consequences and 
irreversible (14, 18, 25). Cirrhosis is currently the 
seventh leading cause of death (15)-

Lipids that accumulate in the liver can originate 
from three main sources; dietary lipids, adipose lipids 
which are transported as free fatty acids, and lipids 
synthesized within the liver itself. Four major 
metabolic disturbances are credited with the development 
of the fatty liver (18);

1) increased peripheral fat mobilization
2) decreased hepatic lipoprotein release
3) decreased lipid oxidation in the liver 
^) enhanced lipogenesis.

All three sources of lipids and all four metabolic changes 
are usually involved in the development of the fatty liver (18)

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 59601
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Alcohol cannot be stored in tissues and must 

therefore be oxidized immediately (14). The initial 
oxidation of alcohol results in an increased production 
of NADH. The increased NADH/NAD ratio results in an increase 
in the concentration of -glycerophosphate which favors 
the accumulation of hepatic triglycerides by trapping fatty 
acids. °< -glycerophosphate + 3 acyl-CoA —> triglyceride + 
3C0A + phosphate. Furthermore excess NADH promotes fatty 
acid synthesis, perhaps by the transhydrogenation to 
nicotinamide adenine dinucleotide phosphate (NADP) (3). 
Increased lipogenesis has been proposed as a means of 
disposing of excess hydrogen (3, 15» 18). The decreased 
level of NAD will cause the citric acid cycle to be 
depressed. Consequently, the mitochondria will use hydrogen 
equivalents originating from ethanol, rather than from 
oxidation of two carbon fragments derived from fatty acids 
through the citric acid cycle (7). This supplanting of 
fatty acids by alcohol as the main source of energy promotes 
the accumulation of fatty acids.; Decreased oxidation of 
fatty acids in conjunction with enhanced lipogenesis 
contributes to the development of fatty liver (3, 4, 15, 18, 
25).

Work by Lieber, Spritz and De Carli (17) has dealt 
with the source of the accumulated hepatic triglycerides.
It was found that fatty acids which accumulate in the liver 
after one large dose of alcohol differ from those in the
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livers of animals exposed to prolonged alcohol intake.
This concurs with the findings of Horning et al. (8)
which state that the composition of fats in cases of chronic 
alcohol intake did not resemble depot fats as individuals 
developing fatty liver after a single large dose of 
ethanol. It is suggested that hepatic fatty acids could 
have originated from adipose tissue through a process of 
selective free fatty acid mobilization (8). Theoretically, 
a difference in the composition of liver and adipose lipids 
could be due to a difference in the rate of hepatic metabolism 
of the various fatty acids (8).

It has been determined that the amount of dietary 
fat has a significant effect upon the production of fatty 
liver associated with alcohol (17). It was shown that 
diets which were low in fat content produced less steatosis 
than diest with normal amounts of fat. In addition it has 
also been shown that the chain legth of the fatty acids 
is also of significance in the development of alcoholic 
fatty liver (17). Replacement of long chain fatty acids 
in diet triglycerides by medium chain fatty acids results 
in a lesser degree of steatosis, probably due to the 
propensity of medium chain fatty acids to oxidation rather 
than esterification (17)•

Some researchers have reported that choline is successful 
in reducing alcoholic fatty infiltration of the liver in 
rats (1^). Subsequent studies in humans failed to show
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similar results (14-, 15)- This is generally attributed to 
the fact that choline is a nutritional requirement for rats 
but not for humans. In the human there is negligible 
choline oxidase activity.

Protein deficiency has been shown to cause liver 
damage in primates (15)- Controlled diet studies have 
shown that alcohol will promote fatty infiltration of the 
liver even with adequate protein intake (3. 13> 15> 22).
It has also been shown that massive protein feeding does 
not prevent alcoholic fat accumulation in the human liver (15) 
If protein deficiency is compounded with alcohol abuse it 
may serve to potentiate the deleterious effects resulting 
in increased liver damage (15)•

To summarize, it appears that alcohol-associated fat 
accumulation in hepatic tissue is due to the immediate 
oxidation of alcohol replacing fatty acids as the normal 
fuel for the hepatic mitochondria. This results in the 
accumulation of fats, directly because of decreased fatty 
acid oxidation and indirectly because lipogenesis becomes a 
way to dispose of excess hydrogen (3, 1^, 18). Fatty acids 
from adipose tissue accumulate in the liver only after 
single large doses of alcohol are consumed (8).
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Influences of the Endocrine System

Much of the literature of alcohol associated fatty 
liver suggests that the endocrine system may play a 
significant role in the deposition of fat in the alcoholic 
liver (13, 19, U, 22).

In a study undertaken by Lieber, Spritz and De Carli, 
five female rats and seven male rats were given large 
doses of alcohol (7-5 g/kg body weight) via gastric tube. 
Sixteen hours later the animals were sacrificed and total 
hepatic lipid levels were determined. In the female group 
the reported value of lipids was 81.0 - 3.3mg/g compared to 
46.8 *1.4 in the littermates which served as controls. 
Corresponding values for the males were 55-3 -0.8 for the 
experimental group versus 45.0 *0.8 for the controls. It 
is obvious that the females were more prone to fat infiltration 
than their male counterparts.

A study on the effects of chronic alcohol consumption 
upon the brain and liver mitochondria showed that male rats 
suffered a 50% decrease in the ability to oxidize succinate 
while the females showed no difference as compared with 
controls (12).

Spurred by the suggestion that fatty liver was the 
result of hormonal changes induced by ethanol intoxication, 
Mallov and Bloch attempted to deduce the role of the 
hypophysis and adrenals in alcohol caused fatty infiltration 
of the liver (19). Their results suggest that an intact 
pituitary and an intact adrenal cortex are necessary for
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the accumulation of liver lipids in alcohol fed rats. 
Mallov and Bloch also suggest that the sex hormones may 
he responsible for one or more of the processes that 
determine the ultimate liver lipid concentration (19)-
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METHODS AND MATERIALS

Twelve 150-200 g female rats were bred with five 
210-250 g males to provide offspring for this study.
The animals were segregated into groups of two females
and one male.

Six of the female rats were administered alcohol 
daily, beginning one week following initial contact with 
the male. The dosage was 2.5 g/kg body weight. Alcohol 
was administered orally by emptying a syringe placed deep 
within the oral cavity.

During the experimental period, both experimental 
animals and controls were fed a diet of Purina Rat Chow
ad libitum.

The animals were observed frequently near the end 
of the gestation period in order to insure that the neo
natal rats could be removed as soon after birth as possible.

Once the mother rat had cleaned the remnants of the 
placenta from the offspring, the animals were removed and 
their birthweights were noted. The rats were then s 
sacrificed. Portions of hepatic tissue were than fixed 
for histological examination and portions of the liver were 
prepared for total lipid quantitation.

The procedure for histological preparation was as 
follows. The tissues were first fixed in an acetic acid 
formalin fixative consisting of 20 ml 37% formalin, 10 ml 
glacial acetic acid and 180 ml 80% ethanol, for six hours.
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The -tissues were then transfered at one hr. intervals
through the following series of alcohol solutions: 95%,

95%, 100%, 100%, 100%, and then placed in xylene for two
hr. Tissues were transferred from xylene to paraffin
and left overnight in an oven at 56° C. Tissues were

then embedded into molds and cut at six microns on a microtome
Sections were affixed to glass slides with egg albumin.
The sections were deparaffinized in two 5 min. xylene baths 
and then hydrated in a succession of alcohol solutions of 
decreasing concentrations followed by distilled water 
baths. The sections were stained with Harris hematoxylin 
for 5 min., rinsed under tap water and placed in eosin for 
2 min. Cover slips were then applied.

Lipids were quantified by the method of Folche 
et al. (6). This procedure involved homogenization of 
hepatic tissues in a 2/1 chloroform-methanol solution, 
filtering out insoluble material and several washings of 
the filtrate. Due to the small size of the young rats 
it was not feasible to assay the lipids per individual.
To overcome this obstacle I combined hepatic tissues from 
the individuals of a litter. The lipid levels reported, 
therefore, constitute an average hepatic lipid level for 
that group of litter-mates. The fetal environment of each 
of these litter-mates was essentially the same. Therefore 
there should be no inherent error in this method.
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RESULTS

Histological examination of the hepatic tissues by- 
light microscopy showed no extreme distortions of the 
normal hepatic architecture in most of the experimental 
animals. There was evidence of fine fatty vacuolization 
in virtually all of the epxerimental rats. Also evident 
were occasional cells which showed a greater affinity 
to eosin than the other hepatocytes. These cells were 
either dead or dying and constituted the precursors of 
alcoholic Mallory bodies. The control tissues did not 
show the fine vacuolization that was evident in the 
experimental tissues, nor were there any obvious eosin
ophilic cells.

Quantification of the hepatic lipid levels showed 
significant differences between control group lipid levels 
and experimental group lipid levels (Table 1).

A comparison of the weights of experimental animals 
with control animals showed that there is a significant 
difference (Table 2). The neo-natal rats of the control 
group were significantly larger than those of the experi
mental group.
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TABLE 1: Total hepatic lipid levels of control and 

experimental litters.

Control Group Experimental Group
mg lipid/g mg lipid/g
tissue weight tissue weight

21.0 37-2
22.0 35.1
19-7 45 • 1
24.6 32.7
17-3 29-9
15.9 33-3

Control group standard deviation 3.16
Experimental group standard deviation 5-10
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TABLE 2: Comparison and statistical analysis of the 

experimental and control animals.

Control Animals Experimental animals

mean weight 6.44 grams 5.43 grams
# of individuals 26 32
standard deviation 0.57 0.64
range $.16 to 7*68 4.69 to 6.87
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DISCUSSION

Mallov and Bloch have established the dependency 
of alcoholic fatty liver upon the functioning of the 
hypophysis and adrenals (19)- Besides having a role in 
the inhibition of ovulation and the maintenance of the 
endometrium, progesterone is known to have important 
corticoid activity (29). Progesterone has been shown to 
keep adrenalectomized animals in good condition (29).

In addition, there are studies which indicate 
that the liver plays an important role in regulating the 
levels of circulating progesterone by catabolic 
transformation and excretion of the metaboli products (29, 
30).

Umilical blood from fetal males and females is 
known to contain significant levels of progesterons (21).

The literature review has established that:
1) alcohol is toxic
2) the effects of alcohol are both specific as in hepatic 

damage, and general affecting most of the major organ 
systems,

3) the basis of hepatic damage is metabolic, i.e., the 
non-oxidation of hepatic fatty acids,

4) females show greater proclivity to fat accumulation in 
the liver.

5) the major hormone of pregnancy is known to have important 
corticoid activity and to be influenced by the liver,
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6) this hormone, progesterone, is present in the umbilical 

arteries of both male and female fetuses.
The above statements assert the toxicity of alcohol 

and acknowledge the association of the hormone progesterone 
with factors which influence the process of alcoholic 
fatty infiltration of the liver. This association seems 
to imply that the process of alcoholic fatty infiltration 
of the liver in animals not exposed to progesterone may be 
different than in animals exposed to progesterone.

The results obtained in this study suggest that 
alcohol consumption by the pregnant rat will result in 
fatty metamorphosis of the liver in her offspring.

It is not surprising that the histological examination 
did not reveal extreme hepatic fatty infiltration. Studies 
refered to in the literature, report extreme fat
infiltration, but these studies used levels of alcohol 
consumption which were two to three times higher than those 
used in this study. As no upper limit of tolerance was 
known, it was feared that extreme levels of alcohol
administration would cause the females to abort.

The lipid levels reported in this study indicate 
that there is a significant increase in hepatic lipid 
levels in neo-natal rats whose mothers had been fed alcohol.
This is consistent with the observation of fine fatty
infiltration of the liver.

The difference in birthweights of experimentals 
and controls is significant. Care was taken so as to
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insure that there was no extreme difference in size 
between experimental females and control females. On 
the whole, the control parents were smaller than the 
experimental parents.

Before concluding that genetic influences were not 
responsible for the difference in size between experimental 
animals and controls, another factor must be considered. 
While neither group had been used for breeding before this 
study, the experimental females differed in that they were 
older than the control females. As the control mothers 
are not yet at maximum size, genetic factors compounded 
with the vigor of youth may be responsible for this
difference in birthweights.
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CONCLUSIONS

Low level administration of alcohol to pregnant 
rats produces fine fatty infiltration of the liver in 
their offspring. Early fat formation of this type is 
considered reversible by some investigators (14). Fatty 
infiltration of the liver is initiated, however, and 
some cell death may result.

The short gestation period of the rat does not 
easily lend itself to analogy with the longer gestation 
period of the human.

The significant size differences noted in this study 
suggest that the administration of alcohol during 
pregnancy results in some inhibition of the growth of 
the fetus. The exact nature of this inhibition is not
discernable at this time.
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