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19.
SUMMARY
The original purpose of this study was to investigate
the clinical importance of nutritional deficiency and
genetic markers in the aetiology and morbidity of
alcoholic liver disease. Interest in this subject was
based on the observation that the onset and severity
of alcoholic liver disease was in part dependent on
factors other than the period and extent of alcohol
abuse. As the principal determinant factors, in
addition to alcochol, were considered to be genetic
or nutritional a survey of several of these factors
in alcoholics was carried out. The genetic factors
assessed were acetylator phenotype and alpha-l-anti-
trypsin phenotype. The nutritional factors assessed
were ascorbate, vitamin B12 and vitamin B6 status.
The early results of this study indicated that the
value of this approach was limited by the diversity
of disease states represented by the term alcocholic
liver disease and by the interdependence of the
various factors involved. Therefore, it was decided
to narrow down the field of research, to concentrate
on one area, directly related to the human situation
but more amenable to experimentation than the human
subject. With a suitable system it would be possible
to investigate the effect of specific perturbations

under controlled conditions.

The alternative approaches considered included
investigation of DNA synthesis in liver cell suspensions

of biopsy samples, characterisation of the effects of



vitamin B6 deficiency in rats fed a vitamin B6 deficient
diet and use of PHA stimulated lymphocytes. As the liver
cell suspension and vitamin B6 deficient rat studies
were unsuccessful it was decided to concentrate on

PHA stimulated lymphocyte studies. It was considered
that this was an appropriate model system for
investigation of cell growth in the alcohol diseased
liver, development of a functional assay for vitamin

B6 status and characterisation of the effects of

vitamin B6 deficiency on DNA synthesis and the effects
of vitamin B6 antagonists. Two major advantages of the
use of lymphocytes were that they represented a source
of cells which under certain conditions might
demonstrate the same biochemical abnormalities as

other cell types of the same individual and that

they would allow assessment of functional vitamin BB

status.

As vitamin B6 is the coenzyme of a large number of
enzymes in several areas of metabolism, the effect of

a vitamin B6 could be expressed in several ways.
However, because of the high DNA synthetic requirement
in PHA stimulated lymphocytes or in regenerating liver,
it was considered that one of the most susceptible
enzyme activities might be that of serine hydroxymethyl-
transferase, one of several enzymes involved in de novo

thymidylate synthesis.



Even if a vitamin B6 deficiency did not affect de novo
thymidylate synthesis directly, the effect of such a
deficiency would still be expressed as a reduction in
DNA synthesis. Therefore a principal parameter of
interest in this study was the rate of DNA synthesis
and the principal method of estimation was based

1251)—UdR.

on incorporation of the thymidine analogue (
To avoid the possible confounding effect of medium
pyridoxal on determination of vitamin B6 status,
pyridoxal deficient medium was used. Because of the
interest in this study on de novo thymidylate synthesis
the effects of different medium folate concentrations

on cellular adaptation to thymidine utilisation was
assessed. To determine whether or not a vitamin B6
deficiency results in a specific restriction of de novo
thymidylate synthesis, experiments using the de novo
thymidylate synthesis inhibitors MTX and 5-fu were
carried out. Several methods were used to determine
whether or not PHA stimulated lymphocytes of alcoholic
and control subjects differed with respect to functional
vitamin B6 status. These included determination of
sensitivity to culture in a pyridoxal deficient medium,
sensitivity to the effect of the vitamin B6 antagonist

4-dPN and the effect of addition of UdR on (12°

I)-UdR
incorporation. The initial results of these studies
indicated that the alcoholic and control groups were not

markedly different in vitamin B6 status. This was

despite the use of 4-dPN in an attempt to increase the
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sensitivity of the test system. However, the sample
size was small and it was not possible to exclude the
possibility that a significant difference did exist.

A survey of a much larger sample of the alcoholic
population would be necessary to assess this.

Because of the lack of availability of greater numbers
of subjects suitable for inclusion in the study,
further characterisation of the model and the effects

of vitamin B6 antagonists was undertaken.

The results of experiments in media of different

folate concentrations demonstrated that variation of
the medium folate concentration has a significant
influence on cellular adaptation to thymidine
utilisation but no such effect could be demonstrated
in the case of vitamin B6 deficiency induced by 4-dPN
or in stimulated lymphocytes of alcoholics. This
indicates that the primary lesion in 4~dPN induced
vitamin B6 deficiency is not at the level of de novo
thymidylate synthesis. Because the extent of UdR
suppression of thymidine incorporation had been shown
to differ in cells of different folate status and had
been described as a diagnostic aid in determination of
lesions of de novo thymidylate synthesis, its potential
use in assessment of vitamin B6 status was investigated
in this study. However, experiments directed at
characterisation of UdR suppression, using MTX and 5-fu
to produce a folate deficiency, indicated that the effect

of UdR on de novo thymidylate synthesis was incompletely



understood and could not be used as a valid indicator
of folate (or vitamin B6) status. The results of

1251)—UdR were

experiments carried out using (
substantiated by the reciprocal results of experiments
where incorporation of the de novo thymidylate precursors

14

3-(7 'C)-serine and (1MC)—formate was determined.

The clinical significance of this study was related

to the possibility that alcoholics or an alcoholic
subpopulation have a decreased DNA synthetic capacity
and an increased, hepatic, DNA synthetic requirement.

A vitamin B6 deficiency could reduce cell growth by
affecting DNA synthesis or other area of metabolism
and ethanol induced necrosis would increase the DNA
synthetic requirement. The results reported in this
study do not suggest that there is a general vitamin B6
dependent reduced cell growth capacity in the alcoholic

liver disease population.



CHAPTER 1

INTRODUCTION




Section 1.1

Alcoholic Liver Disease




1.1.1. A Perspective

The three recognised hepatic complications of heavy
alcohol consumption are alcoholic fatty liver,
alcoholic hepatitis and cirrhosis (Lieber, 1977).
Alcocholic fatty liver is an almost invariable finding
in the early stages of alcohol abuse. It is
manifested primarily by hepatomegaly, often in the
absence of clinical symptoms and is reversible with
abstinence. Alcoholic hepatitis is usually considered
to be a transitional lesion in development of cirrhosis.
It is probably reversible but with varying degrees of
residual fibrosis. The essential lesion is focal or
diffuse liver-cell necrosis with polymorphonuclear-
leucocyte infiltration. Depending on the extent of
necrosis it may cause acute liver failure with portal
hypertension. Repeated episodes of alcoholic hepatitis
develop into progressive micronodular cirrhosis which

is usually irreversible (Baptista et al 1981).

The pathogenesis of liver disease in alcoholic patients
is obscure. Many chronically alccholic people have
normal liver morphology and normal liver function
(Klatskin, 1961). Statistics indicate that the
prevalence of cirrhosis in patients with alcoholism

is proportional to alcohol consumption (Smith, 1981).
Accordingly, in a man of average size who drinks 170 g
of ethanol per day for 25 years, there is 50 per cent

chance that cirrhosis will develop (Lieber, 1978).



Other estimates of the incidence of cirrhosis in
chronic alcoholics vary from 25 to 57 per cent
(Lelbach, 1975; Brunt et al, 1974) but all agree
that a substantial proportion of alcoholics do not
develop cirrhosis. For example, Lelbach (1975) has
calculated that in a total of over 5000 alcoholics
analysed in 23 liver biopsy series, one-quarter had
normal livers, one-third had uncomplicated fatty
liver, one-fifth had alcoholic hepatitis without
cirrhosis and one-quarter had cirrhosis. From this,
it can be readily appreciated that the most important
factors determining the development of alcoholic
liver disease are the amount of alcohol, the pattern
of consumption whether daily or intermittent, etc.,
and the period of abuse. However, superimposed on
these primary factors are age, sex, weight,
nutritional and other environmental variables as
well as genetic and immunological determinants

(Brunt and Mowat, 1975).

In approaching an understanding of how ethanol causes
liver disease, it is perhaps most useful to concentrate
on how the effects of ethanol and ethanol metabolism
cause lesions at the cellular and intercellular levels,
and then to consider how such a process, occurring
repeatedly every day for a number of years, finally
compromises the function of the liver and sets in chain
the irreversible process leading to cirrhosis. A
general model such as this is useful because it breaks

the process up into a number of stages which can be



examined in turn to determine the role of various
effectors throughout the course of the disease

process. For example, the amount of ethanol would
determine the extent of the local lesions, the
periodicity would determine whether there was
intermediate recovery or promulgation of extant lesions,
and the cumulative effect of the localised lesions.
Analysis of such variables has confirmed that there is
no simple correlation between period and extent of
abuse and incidence of disease (Lelbach, 1975) and
therefore 1t may be reasoned that other parameters
operate to augment or reduce the necrotic process at
each stage in individual cases. It is the analysis

and description of such variables that this project

is concerned with and it is hoped that such an analysis
will lead to identification of those most at risk to
the medical consequences of heavy alcohol consumption
and to the formulation of a more rational approach to
therapy directed at reduction of morbidity in

alcoholic liver disease.

By analogy with other diseases where a uniform challenge
has invoked a disparate response, it is possible that
genetic differences might account for variation in
susceptibility to alcoholic liver disease. The common
association of alcoholism and a reduced food intake has
prompted many investigators to examine malnutrition as a
contributory factor in alcoholic liver disease (Patek,

1979; Lieber, 1978). A more specific consideration of



the various stages of the disease process has directed
attention on the role of collagen metabolism (Chen

and Leevy, 1975), immunological processes (Mihas, Bull
and Davidson, 1975) and specific nutritional deficiencies

(Lumeng and Li, 1974).

In order to appreciate certain aspects of the complex
interplay of factors in alcoholic liver disease, it

seems appropriate to consider the primary causative agent,
ethanol, its metabolism, the disease process, approaches
to the study of the disease and the approach adopted in
this project. Only the effects of ethanol on the liver
are considered, other tissues being discussed only in so

far as they affect the liver.

1.1.2. Ethanol

The ethanol molecule has weak properties of dissociation
and polarisation and is freely miscible in water and lipids.
One effect of this is that ethanol, in common with other
pharmacologically active substances such as ether and
chloroform, appears to have a fluidising effect on cell
membranes (Chin and Goldstein, 1977a). A practical result
of this is perhaps the disruption of neuronal membrane
function, but other, less dramatic effects on cell membrane
structure and function are probably at least as important
in determining the overall effect of chronic alcohol
consumption. This postulated mode of action of ethanol
also suggests a mechanism for the development of tolerance.
According to this mechanism, changes in membrane lipid

composition would occur in order to reduce this fluidising
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effect of ethénol and hence higher concentrations of
ethanol would be required in order to produce the same
disruption in physiological membrane function (Chin
and Goldstein, 1977b). Tolerance to ethanol would
also develop in other respects, for example, in

enzyme systems associated with its metabolism.

Development of tolerance to ethanol is a crucial aspect

of alcoholic liver disease. Lacking tolerance, the

human body would not be able to withstand, physiologically,
the onslaught of large guantities of alcohol, but

as tolerance to the consumption of otherwise immediately
toxic and incapacitating quantities of alcohol develops,
the repeated consumption of such amounts over a number

of years will result in severe functional disruption of

many body tissues and especially the liver.

1.1.3. Metabolism of Ethanol

Ethanol is rapidly absorbed through the mucosal membranes
of the gastro-intestinal tract. It is rapidly
distributed throughout the body, diffusing across
capillary membranes, tissue membranes and cell membranes.
It has a destabilising effect on membrane structure with
concomitant effects on the membrane's permeability and
transport functions. Due to the lack of any storage
mechanisms and the limited amount of pulmonary or renal
excretion, ethanol must be removed by oxidative

processes in the tissues (Brunt and Mowat, 1975).

Because of its mass, its portal blood supply and its



functional metabolic specialization, the liver is the
main tissue which metabolises ethanol, and which is

most deleteriously affected by alcohol metabolism.

The main oxidative process by which ethanol is
metabolised is via the cystolic enzyme, alcohol
dehydrogenase (Li, 1977). This reaction requires the
oxidised nicotinamide coenzyme NAD +, and it is the
supply of this coenzyme which is the main rate limiting
factor in ethanol metabolism. In addition, many of

the disruptive effects of ethancl metabolism in cellular
metabolism for example, accumulation of fat in the liver,
hyperlactacidaemia and hyperuricaemia, are believed to
be mediated through the cells' attempts to regenerate
this coenzyme (Lieber, 1967; Lieber, 1975). The
acetaldehyde produced is further oxidised to acetate

and these two reactions constitute, quantitatively,

the most important pathway for the removal of alcohol
(Lundquist, 1975). The combination of organ specificity,
the lack of a feedback mechanism to adjust the rate of
ethanol oxidation to the metabolic state of the liver
and the inability of ethanol to be stored or metabolised
to a marked degree in peripheral tissues is seen as the
main reason why ethanol metabolism, mediated through
mechanisms aimed to maintenance of redox homeostasis,

produces metabolic imbalances in the liver (Lieber, 1975).

It has been suggested that the increased serum lactic
acid levels resulting from ethanol metabolism may reduce
uric acid secretion and result in increased serum uric

acid and that this may precipitate attacks of gout



(Lieber 1962, 1967). Krebs (1968) suggests that

this is an interesting attempt to find a causal link
between alcohol and gout. Overall, Krebs (1968)
considers that the effect of alcohol on the regulation
of cytoplasmic and mitochondrial NAD/NADH2 ratios may
be a major primary factor in the pathogenesis of

alcoholic liver disease.

1.1.4%. Production of Alcoholic Fatty Liver

Fatty liver, the earliest manifestation of alccholic
liver disease is characterised by a variety of changes,
only one of which, the hepatic accumulation of lipids,
gives rise to its descriptive name. At the cellular
level, these include: accumulation of protein and
swelling and disorientation of mitochondria and
mitochondrial cristae (Baraona et al, 1975a; Baraona

et al, 1975b; Svoboda and Manning, 1964). The effects
of lipid and protein accumulation include retention of
water and swelling of the hepatocyte. The main
mechanisms whereby fatty acids of various sources can
accumulate in the liver are: increased peripheral fat
mobilisation; decreased hepatic lipoprotein release,
decreased lipid oxidation in the liver and enhanced
lipogenesis (Lieber 1975; Lieber, 1977). This disruption
of hepatic fat metabolism is, at least initially,
accompanied by hyperlipaemia (Lieber, 1967). A low fat
diet will reduce the extent of lipid accumulation but
where ethanol consumption is continued, the abnormality

will persist (Lieber dnd Spritz, 1966).



Fatty liver may also result from protein malnutrition,

the intestinal bypass operation for obesity, and, in rats,
feeding of a cholinedeficient diet. However, the
abnormality here is not accompanied by the ultrastructural
changes of mitochondria and rough endoplasmic reticulum
which occur in ethanol induced fatty liver, nor does this
lesion in these cases develop into hepatitis or cirrhosis

(Lieber, De Carli and Rubin, 1975).

1.1.5. Development of Alcoholic Hepatitis and Cirrhosis

Identification of the link between fatty liver and
alcoholic hepatitis and between these conditions and
cirrhosis is of considerable importance. Because
alcoholic fatty liver is a common accompaniment of
alcoholism and is usually fully reversible, it has been
considered benign. However, the fact that it reflects

a severe metabolic disturbance which is likely to result
in irreversible damage to the hepatocyte and reduce its
1ife span indicates that this lesion may represent a
necessary preconditibn for the development of alcoholic

hepatitis (Lieber, 1977).

Alcoholic hepatitis results when a number of liver cells
die and this necrosis causes inflammation (Lieber, 1978).
From the close similarity in the ultrastructural features
seen in the hepatocytes of fatty liver and alcoholic
hepatitis, it seems likely that the basic lesion
precipitating cell death is the same in each condition.
According to this hypothesis, because the rate of cell

death is considerably lower in the fatty liver condition
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and is likely to be within the hyperplastic response
capacity of the liver, the degree of necrosis would

be insufficient to cause an inflammatory response.

Up to the fatty liver stage of alcoholic liver disease,
the effect of alcohol has been well described.

After this stage, the process is more complex. In
humans, the occurrence of fatty liver is almost universal
but the subsequent onset and severity of alcocholic
hepatitis, if it occurs at all, is less certain.

The major factor is continuation of alcohol abuse but
this alone is insufficient explanation for the variation
in response to alcohol (Lelbach, 1975; Brunt and Mowat,
18975). As previously indicated, (section 1.1.1.) the
main host‘susceptibility factors are believed to be
genetic, nutritional, differences in immunological
reactivity or differences in connective tissue
metabolism. A major problem is the lack of a suitable
animal model; the full spectrum of alcoholic liver
disease cannot be reproduced in the rat and in what
appears to be the most suitable animal, the baboon, the
full development of alcoholic liver disease, as in humans,

requires a period of several years (Lieber, 1975).

It is likely that the long incubation period required for
the development of alcoholic liver disease reflects the
degree of toxicity of ethanol and partly explains the
difficulty in determining which factors potentiate or
reduce the alcoholic liver disease process. It is

feasible that initially, one of the determinants of the



disease process may be the balance between cell death
and cell renewal. A reasonable strategy in an attempt
to identify the critical determinants in such a multi-
variate disease is to focus attention on one particular
parameter and determine its relation to the problem as
a whole. However, after a certain stage, the process
is self-perpetuating; the secondary changes induced

by the disease process, in particular the excess of
fibrous scar tissue, distort the normal architecture

of the liver and inhibit blood flow and regeneration.

This latter stage is termed cirrhosis.



Section 1.2.

Approaches to Study of Alcoholic Liver Disease




1.2.1. Nutritional Factors

It is clear from the work of Lieber, De Carli and
Rubin (1975) that in an animal model of alcoholic
liver disease, feeding a nutritious diet will not
prevent development of alcoholic hepatitis and
cirrhosis when excessive alcohol is chronically
consumed. However, the relationship between
malnutrition and the tissue injury seen in chronic

alcoholics remains controversial. (Patek, 1879).

Evidence of malnutrition in chronic alcoholics is based
on observation of weight loss and reduced circulating
levels of vitamins including folic acid (Hines, 1969)
pyridoxine (Lumeng and Li, 1974) and leucocyte ascorbic
acid (Beattie and Sherlock, 1976). The causes of
malnutrition in the alcoholic include reduced dietary
intake, malabsorption, impaired nutrient metabolism,
decreased hepatic storage of nutrients and increased

nutrient requirements (Leevy, Zetterman and Smith, 1875).

However, the effects of reduced nutrient levels on the
pathogenesis of alcocholic liver disease are difficult to
establish. Some alcoholic liver disease subjects have
apparently normal vitamin levels while some alccholics
without liver disease have reduced vitamin levels
(Leevy, Zetterman and Smith, 1975; Lumeng and Li, 1974).
This illustrates the multifactorial nature of the
problem and the difficulty of separating the effects

of alcohol itself from the effects of malnutrition.

There are also the problems of relating nutritional



status at a particular time with tissue damage which
develops over a number of years and individual
susceptibility to tissue damage. Despite these
difficulties it is clear that nutritional status is

a major determinant of susceptibility to alcohclic
liver disease. Therefore, it was decided to determine
serum levels of several important nutrients in the
alcoholic study population. The possibility that
specific nutritional deficiencies enhance the
susceptibility of certain alcoholics to alcoholic
liver disease was also of particular interest. If this
hypothesis could be sustained it would be possible

to test whether specific nutritional supplements or

dietary manipulations would have a protective effect.

In order to further characterise the role of ascorbate
deficiency in alcoholic liver disease, it was also
intended to investigate the effect of ascorbate status
on drug metabolism and in particular metabolism of
antipyrine. Antipyrine is a drug which is metabolised
predominantly in the liver and whose metabolism and
therefore elimination from the body has been shown to
be delayed by liver disease (Branch, Herbert and Read,
1973). It has been reported (Beattie and Sherlock, 1976)
that reduced ascorbate levels are associated with
reduced antipyrine elimination and it was of interest
both to further investigate this relationship and the
effect of improved ascorbate status on antipyrine

elimination.



1.2.2. Genetic Markers

It is suspected that individual susceptibility to
many diseases including alcoholic liver disease is
partly genetically determined. Evidence for this is
based on observed association between certain
genetically determined traits such as hair and eye
colour, colour blindness, etc., and liver disease
(Reid, et al, 1968). Functional association between
genetic traits and liver disease has also been
related to genetic determinants of the immune system
(Bailey et al, 1976), drug metabolism (Rao et al, 1970)
and protease inhibitor phenotype (Berg and Eriksson,

1972).

Two ways in which immune associated genetic markers
could affect alcoholic liver disease are by a direct
effect on the immune response or by linkage with a
determinant of the immune response. The prevalence
of certain histocompatibility locus antigens (HLA)
in different groups of subjects suggests that these
genetic markers may be determinants or may be linked
to determinants of susceptibility to alcoholic liver

disease (Bailey et al, 1976).

Recognition of genetic variation in drug metabolism
e.g., of slow and fast acetylators (Rao et al, 1970)
and of possible clinical implications such as reduced
response to drug therapy and enhanced drug toxicity
suggests that such markers could also be related to

susceptibility to alcoholic liver disease.



Alpha-i-antitrypsin is a serum protein which comprises
the majority of the alpha-1 globulin fraction and is
the major protease inhibitor of human serum. Its
biosynthesis is controlled by two allelic genes and
homozygous deficiency has been associated with

severe pulmonary emphysema in adults (Eriksson, 1865,
Sharp, 1971) as well as liver disease in children
(Johnson and Alper, 1970) and adults (Berg and Eriksson,
1972). Partial heterozygous deficiency may be
associated with chronic lung disease (Kueppers, Fallat
and Larson, 1969). Alpha-1 antitrypsin is a member of
a group of proteins, acute phase reactants, which are
synthesised in the liver and which increase in
concentration in response to disease states involving

acute inflammation and, or tissue necrosis.

Although homozygous deficiency of alpha-1 antitrypsin,
with a United Kingdom frequency of about 1 in 4000
(Cook, 1975) is very rare and cannot be considered a
significant factor in the incidence of alcoholic liver
disease, it is possible that certain heterozygotes or
persons with reduced levels of alpha-1 antitrypsin could
have enhanced susceptibility to alcoholic liver disease.
For this reason it was decided to determine alpha-1-

antitrypsin levels in the study populaticn.

One of the difficulties of characterising the genetic
component of individual susceptibility to alcoholic
liver disease is the possibility that alcoholism itself

may have a genetic component and that this might confound



the analysis. However, because of the evidence of

an association between certain genetic markers and
alcoholic liver disease, it was decided to investigate
the relation of several of these, i.e., alpha-1-
antitrypsin and acetylator phenotype in the present
study. Originally, it was also intended to determine

HLA type but this was not possible.

1.2.3. Vitamin B6 Metabolism

Vitamin B6 is the generic name for a number of related
compounds which all have the basic pyridine ring
structure (fig. 1). Depending on which (-R) group is
substituted, pyridoxine, pyridoxal or pyridoxamine

is formed. The phosphate ester of pyridoxal,

pyridoxal phosphate, is the active coenzyme.

Pyridoxal phosphate is a coenzyme employed by many
enzymes in many areas of metabolism and especially
by those enzymes catalysing amino acid transformations.
Among the enzyme reactions catalysed by pyridoxal
phosphate are: transamination, decarboxylation,
phosphorylysis of glycogen, formation of delta-
aminolaevulinic acid and formation of 5, 10 methylene
tetrahydrofolate. Thus vitamin B6 is an essential
factor in such processes, as the maintenance of
nitrogen balance, porphyrin synthesis and de novo
thymidylate synthesis and it therefore plays an
integral role in protein, carbohydrate, lipid, purine,
pyrimidine and neurotransmitter metabolism. From this

it can be readily appreciated that a B6 deficiency
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would result in anaemia, growth retardation and

alteration in neuronal function.

As the Bg vitamins occur so widely in nature there

is unlikely to be a primary Bg deficiency in the
human. However, there are a number of conditions from
which a vitamin Bg deficiency could arise. In general,
malnutrition in chronic liver disease can result from:
inadequate diet, malabsorption, diminished hepatic
nutrient storage and disturbed nutrient metabolism.
Thus patients with liver disease may have adequate
total body levels of nutrient yet because of altered
transport mechanisms or because of a nutrient
metabolism block be unable to utilise the nutrient.

A vitamin Bg deficiency might also result from an
increased metabolic requirement or due to the
occurrence of a variant enzyme with an abnormally high

pyridoxal phosphate requirement.

The non specific nature of the effects of Bg deficiency
and their occurrence only in severe deficiency masks
marginal Bg deficiency. In infants, vitamin Bg deficiency
produces convulsions, in the adult the most specific
clinical manifestation is probably vitamin Bg responsive
sideroblastic anaemia (Hines and Cowan, 1970). Various
reports have indicated a significant incidence of this
abnormality in alcoholics (Hines and Cowan, 1970;
Pierce, McGuffin and Hillman, 1976). However, the
development of this abnormality is probably the end
result of multiple contributing factors and cannot be

considered a precise or sensitive index of vitamin By
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deficiency. For this reason, estimation of the
incidence of vitamin Bg deficiency in the alcoholic
has relied either on the determination of the
functional integrity of vitamin Bg dependent pathways
or the measurement of vitamin content of serum or

erythrocytes (Li, 1976).

No completely satisfactory functional assay has been
described and most recent studies have depended on
tyrosine apodecarboxylase determination of pyridoxal
phosphate (Chabner and Livingstone, 1970; Lumeng and

Li, 1974). The range of serum PLP values determined
using this method vary between 2.4 - 12.4 ng/ml, mean
7.1 ng/ml (Hamfelt, 1964); 5.0 - 26.3 ng/ml (Lumeng

and Li, 1974); 18.5 I 5.5 ng/ml (Chabner and Livingstone,
1970) and 11.3 - 1.0 ng/ml (Rossouw et al, 1977).

In hepatic failure significantly higher serum PLP values
are observed (Rossouw et al, 1977) which subsequently
decrease to subnormal levels. It appears that serum

PLP values are reduced in liver disease, including
alcoholic liver disease, and that the normal range 1is
different for each investigator. Furthermore, the
presence of hepatic damage could lead to the release of
PLP into serum and result in a false indication of

satisfactory vitamin Bg status.

Among the studies which have established that a high
percentage of chronic alcoholics, whether with or without

hepatic disease, have low serum pyridoxal phosphate



levels are those of Lumeng and Li (1974) and Pierce,
et al (1976). The cause of these low levels has
been related to diet but a more likely cause is
probably the effect of ethanol metabolism (Lumeng,
1978). The main mechanism advanced to account for
the disruption of vitamin By metabolism is that
acetaldehyde, the immediate product of ethanol
oxidation, displaces or facilitates the dissociation
of PLP from protein. This increases the availability
of PLP for hydrolysis by alkaline phosphatase and
this increased degradation of PLP results in low

serum levels of the vitamin.

The functional significance of these low levels is not
known. The possible effect on cell growth and pya
synthesis, suggested by Leevy (1966, 1975b) would, if
confirmed, represent an important consequence. If this
was further related to a limiting determinant in the
pathogenesis of alcoholic liver disease, then vitamin
By therapy would have a more rational basis and a
definite adjunctival role in the prevention and

management of alcoholic liver disease.

In this study it was decided to determine serum vitamin
Bg levels in groups of normal, alcohclic and alcoholic
liver disease subjects. This information would be used
to investigate the relationship between vitamin B6 levels

and alcoholic liver disease.



The possibility that vitamin By deficiency would result
in an increase in the amount of apo~ relative to holo-
serum transaminase levels in alcoholic liver disease
subjects was also investigated. Tt is possible that a
relative reduction in holo- enzyme level would result
in an underestimate of total serum transaminase levels
in By deficient subjects. It has also been suggested
that the stimulation in serum transaminase activity
after addition of PLP would provide an estimate of

vitamin By status (Sauberlich et al, 1972).

1.2.4. Vitamin Bq9 Metabolism

The liver is the principal storage site for vitamin

By, and assays of liver biopsy material for vitamin

B42 show a diminution in liver disease (Sherlock, 1963).
This is paralleled by an increase in serum B12 levels

in liver disease, including alcoholic liver disease
(Hines, 1969). 1In view of the assumption which is

often made that serum levels of vitamins reflect cellular
vitamin status, it is of particular interest that

elevated serum B levels should be associated with

12
reduced hepatic B12 levels.

Neither the cause of elevated serum B12 levels in alcoholic
liver disease nor the clinical significance of such

changes have been established. Possible mechanisms
include: increased absorption of vitamin B, s an increase
in serum vitamin B,, binding proteins and consequent
increase in the availability of binder sites, an increase

in saturation of the binder sites and abnormal release



of vitamin B12 from the liver., If elevated serum

vitamin B12 levels are associated with reduced cellular

levels of vitamin 512, and therefore vitamin 812
deficiency, it is possible that they contribute to the
neurological, haematopoietic and cell growth defects

associated with alcoholic liver disease

In this study it was decided to further characterise

certain aspects of vitamin B metabolism in alcoholic

12
liver disease by determination of vitamin B12 absorption,
serum vitamin B12 levels and levels of unsaturated

vitamin B12 binding capacity of serum vitamin B

12
transport proteins.

1.2.5. Immunological Aspects

A variety of altered immunoclogical parameters have been
observed in alcoholic liver disease and these have been
related to development and progression of the disease.

It has been found that serum immunoglobulins are

usually increased in patients with alcoholic liver
disease and that they include some autoantibodies
(Zimmerman and Levi, 1969). An altered cell mediated
immunity to liver antigens has been described in

patients with alcoholic hepatitis using either autologous
liver, normal human liver or alcoholic hyaline (Sorrel
and Leevy, 19723 Mihas, Bull and Davidson, 1975).

It has been shown that lymphocytes from baboons with
alcoholic hepatitis are cytotoxic against autologous
liver cells in tissue culture (Paronetto and Lieber, 1976)
and that a cell mediated autoimmune reaction may occur

in patients with alcohol induced liver damage (Cochrane



et al, 1977).

This evidence suggests that necrosis of liver cells is
accompanied by an inflammatory cell infiltrate which may
mediate an autoimmune process leading to further liver
cell damage. Further evidence suggestive of perpetuation
by abnormal immuncreactivity is the demonstration of
liver antigen induced migration inhibition in hepatitis
but not in steatosis or cirrhosis (Mihas et al, 1975) and
the increased levels of serum IgA in hepatitis and
cirrhosis but not steatosis (Steigmann et al, 1974).

It has also been suggested that immunologic reactivity

to collagen occurs in patients with alcocholic hepatitis
and that such activity may be important in conversion

of alcoholic hepatitis to cirrhosis (Zetterman,
Liusada-Opper and Leevy, 1976). On the basis of a
decreased lymphocyte response to phytohaemagglutinin
(Lundy et al, 1975) and a pronounced decrease in
peripheral blood lymphocytes in patients with alcoholic
hepatitis (Bernstein et al, 1874), it was suggested

that there is a basic impairment in cell-mediated

immunity in alcoholic liver disease (Leevy et al, 1975).

These observations suggest that immunoclogical mechanisms
may be involved in the perpetuation of hepatic damage

in alcoholic patients but they do not distinguish

between immunological factors causing cell death and
fibrosis and changes in immunological parameters resulting

from the disease process.



1.2.6, The Role of Collagen Metabolism

It has been suggested that ethanol can trigger the
development of cirrhosis not only through the scarring
that results from necrosis and inflammation but also
through a direct effect of ethanol on the metabolism of
collagen (Feinmman and Lieber, 1972). This possibility

is suggested by the observation that after alcohol
administration, in rats or baboons, an increase in liver
collagen can be detected chemically at the fatty liver
stage before necrosis, inflammation or fibrosis is
present. It is questionable, however, if this observation
can be extrapolated to man. Tor example, the relative
amount of collagen in the adult rat is one-third that of
man and in fully developed rat cirrhosis, hepatic collagen
is about equal to that of the normal human liver (Popper

and Piez, 1978).

Increases in hepatic collagen have been associated with
increases in peptidyl proline hydroxylase activity

(Chen and Leevy, 1975) and decreased degradation and
accumulation of variant forms of collagen (Hutterer,
Eisenstadt and Rubin, 1970). Hutterer et al (1970) have
also suggested a decreased rate of cocllagen catabolism
rather than increased rate of synthesis distinguishes

the irreversible phaseof fibrosis from the reversible
phase. An immunological mechanism has also been advanced

(Zetterman et al, 1976).

However, it is generally recognised that liver cell
necrosis is the most important stimulus for hepatic

fibrosis and that this stimulation is due to the release



of substances from the necrotic cell which stimulate

fibrosis (Popper and Piez, 13978).

1.2.7. Use of Animal Models

Human studies are limited by the genetic and environmental
heterogeneity of the human population and by ethical
considerations of human experimentation. However, the
advantages of animal studies such as uniform population,
standard conditions and wider range of permissible
experiments do not necessarily out-weigh the disadvantages
of human studies. This is of particular importance in
studies of alcoholic liver disease which has a long
development period, is accompanied by many biochemical
changes and is associated with numerous other variables.
In such cases, the usual limitations of animal studies

of human disease, e.g., the extent to which the human
disease can be reproduced in animals and the validity

of extrapolation from the animal to the human, assume

greater significance.

This point can be illustrated with reference to the rat.
In human alcoholic liver disease, an early manifestation
is the 'fatty liver', a term used to describe a variety

of biochemical abnormalities including altered fat
metabolism. These abnormalities are believed to be
progenitors of more serious lesions which would eventually
result in alcoholic hepatitis and altered fat metabolism
is central to these changes. However, under normal
conditions there is a wide difference in the dependence

of man and rat on fat in their diet and consequently in



their metabolic adaption to the metaboclism of this

substance (Stanko, Mendelow, Shinozuka & Adibi, 1978).

Other important considerations are differences in
collagen metabolism (1.2.6.) and period of development
of the disease. Human alcoholic liver disease takes

at least four years and usually much longer to develop
and this development period cannot be reproduced in

the rat. Therefore, in several crucial respects, there
is a wide species difference between man and rat which
means the rat cannot be considered an appropriate

animal model for study of alcoholic liver disease.

One animal which does appear to have some of the important
attributes required for an animal model of alcoholic
liver disease is the baboon. This species is longer
lived, phylogenetically closer to man than the rat and
on feeding with a nutritionally adequate diet containing
alcohol, the entire spectrum of alcoholic liver injury
is produced (Rubin and Lieber, 1974). However, the use
of this model in the present study is not feasible for

a variety of reasons, one of which is that a four year
period is required for development of the full spectrum
of disease. The lack of a suitable animal model of
alcoholic liver disease does not however preclude the
use of animals to study specific aspects of the disease

process.



Section 1.3.

An Alternative Approach
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1.3.1. The Need for an Alternative Approach

The original impetus for this project arose from the
observation that the onset and severity of alccholic
liver disease was in part dependent on factors other

than the period and extent of alcohol abuse. The prime
consideration then was to determine the relationship of
two major such factors: nutritional deficiency and
genetic predisposition, to the aetiology and morbidity

of the disease, Therefore, it was decided to investigate
the frequency of various genetic markers and certain
aspects of nutritional status in alcoholic liver disease
and alcoholic non-liver disease populations. The
rationale, methods and results of these studies are
described in sections 1.2., 2.2. and 3.1. However, from
an analysis of the preliminary results of this study and
from a greater appreciation of the practical difficulties
associated with such a study, it became apparent that a
comprehensive, single-centre and short-term study was
unlikely to produce significant results. Among the
difficulties associated with this study were the general
problems of research studies involving human subjects,
the diversity of the disease states represented by the
term alcoholic liver disease, the multiplicity and
interaction of incident factors, the heterogeneity of

the alcoholic liver disease population in respect of age,
sex, social class, living conditions, smoking, co-
operativeness, etc., and the more specific problems of
integrating such a complex study into a clinical environ-

ment.



Such considerations determined that it would be more
useful to narrow down the field of research to
concentrate on one area directly related to the human
situation but much more amenable to experimental
manipulation than the human subject. With a suitable
system it would be possible to investigate the effect
of specific perturbations under controlled conditions.
Such an approach would be concerned with elucidation
of critical determinants in the development and
progression of the disease rather than attempt to
resolve the precise significance of major effector

variables to the overall course of the disease.

Therefore, it was decided to choose one established
variable observed in the alcoholic population, e.g.,
vitamin BG status, and study this intensively in order
to determine cause and effect of variation in this
parameter on a potentially crucial determinant of
alcoholic liver disease. It was realised that the
adoption of this fresh approach would limit the scope
of the project but it was considered that this dis-
advantage would be outweighed by an increase in the

power of the results.,.

1.3.2, A Simple Model of Alcoholic Liver Disease

In order to facilitate appraisal of alcoholic liver disease
and determination of a suitable area for investigation,

a simple model of the disease process was constructed.

This is illustrated in fig. 2 and shows the progression
from a normal liver which, on exposure to alcohol,

develops into the fatty liver, a condition characterised



Fig. 2. A Simple Model of Alcoholic Liver Disease
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at the cellular level by deposition cof fat, retention

of protein, disruption of microtubules and disruption

of mitochondria.

The fatty liver thus represents a fairly serious state of
cellular abnormality but it is a reversible condition,

in contrast to the condition which develops on continued
exposure to alcohol; alcoholic hepatitis or cirrhosis,
which is irreversible. At some stage in the process,

the reversible phase progresses into the irreversible
phase and since this transition is crucial to the
development of the disease, further attention was

focused on the factors which might determine the
transition. If we expand the 'fatty liver!' stage of

the model, fig. 3, and consider the factors which might
govern, recovery, stability or progression of the disease
process, it is apparent that the cellular disturbances
present at this stage will result in increased cell
death. Subsequent recovery or progression will depend

on the response to thisy either a normal increase in cell
growth and regeneration, leading to recovery/stability,
or an inadequate response leading to further necrosis and
development of the disease process. Cell growth then,

and in turn DNA synthesis is likely to be a key determinant

in alcoholic liver disease.

1.3.3. DNA Synthesis in Alcocholic Liver Disease

Determination of DNA synthesis in alcoholic liver disease
has been investigated using liver biopsy samples (Leevy,
1963, 1966), but the methods used limit interpretation of

the results. With recent advances in techniques of primary



short term culture of hepatocytes (Demoise, Galambos

and Falek, 1971; Gebhardt, Belleman and Mecke, 1978) it
was hoped some of these limitations could be overcome.
Accordingly, exploratory experiments were carried out to
determine the feasibility of using such methods to
determine parameters of cell growth in liver biopsy
samples. The methods used in these experiments are
described in section 2.2.9. Essentially, a suspension of
isolated hepatic cells was prepared by disaggregation

of finely chopped liver tissue of freshly sacrificed rats
in medium containing collagenase and EDTA. Estimation
of parameters of DNA synthesis in these freshly isolated
cells was carried out by determination of acid-insoluble
incorporation of the DNA precursor (3H)-TdR using auto-
radiography of cytocentrifuge slide preparations.
However, it was not possible from these experiments to
determine appropriate conditions for obtaining or
maintaining an adequate viable cell suspension which
could be satisfactorily transferred to use of biopsy

material,

As it was not possible to satisfactorily study cell growth
and regeneration in the alcohol diseased liver directly,
an indirect method was sought. This method was suggested

by consideration of folate deficiency.

The main effect of folate deficiency is suppression of
DNA synthesis. In the adult, the tissue most seriously
affected is bone marrow and the most important clinical
lesion is megaloblastic anaemia (Blakley, 1969).

In folate deficient individuals the effects of deficiency



can be directly observed by examination of bone

marrow tissue. However, Das and Hoffbrand (1970)

have also demonstrated the effects of folate deficiency
using a more accessible tissue, peripheral blood
lymphocytes. The principle inherent in this
observation, of using one cell type to investigate the
effects of vitamin deficiency on DNA synthesis in
another cell type was adopted and extended in the
present study. This was to use peripheral blood
lymphocytes as an indirect means of studying the
effects of vitamin deficiency on cell growth and DNA

synthesis in the alcohol diseased liver.

1.3.4. The Effect of Vitamin Bg Deficiency on DNA
Synthesis

The ubiquity of vitamin Bg in cellular metabolism as
well as the numerous manifestations of a B6 deficiency
has been mentioned previously (1.2.3.). If the limiting
effect of a Bg deficiency depends to a large extent on
the Bg requirement of a particular enzyme system in a
specific tissue, then under different conditions the
primary effect of a Bg deficiency will be realised in
different ways, reflecting the tissue and enzyme system
most affected. Hence under different conditions the
limiting effect of a Bg deficiency might bej; reduced
activity of delta-aminolevulinic acid with reduced
formation of protoporphyrin and the occurrence of
sideroblastic anaemia or, reduced activity of serine
hydroxymethyltransferase and consequent disruption of

folate metabolism.
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Fig. 3 The Fatty Liver
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In the particular circumstances of alcoholic liver
disease it is possible that the principal effect of

a By deficiency would be to reduce serine hydroxymethyl-
transferase activity and consequently, DNA synthesis

and cell growth. Leevy (1966) has previously reported
that chronic alcoholics rendered folate or pyridoxine
deficient show defective incorporation of nucleic acid
precursors into RNA and significantly impaired DNA
synthesis and cell replication. This work utilized
liver biopsy samples which are subject to sampling error
and difficulties of obtaining even distribution of
oxygen. throughout the sampled tissue. In addition,

it is not usually possible to carry out repeated biopsy
sampling to assess progress of treatment. Therefore,
development of a method which utilized peripheral blood
tymphocytes to assess the effect of alcohol and vitamin
deficiency on cell growth and DNA synthesis in the

liver would offer significant advantages in investigation
of alcoholic liver disease. As well as investigation

of the role of reduced DNA synthesis in alcoholic

liver disease, such a method would permit a more precise
determination of the effect of Bg deficiency on

cellular metabolism.
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Section 1.4.

Studies Utilizing the Phytohaemagglutinin Stimulated

Lymphocyte




1.4.1. Perspective

In 1960 Nowell demonstrated that an aqueous extract of
the kidney bean, phytohemagglutinin (PHA) was able to
produce large, dividing blast 1like cells in cultures
of human peripheral blood. It was found that the
particular cells stimulated were the small lymphocytes
and that the morphological changes were preceded or
accompanied by the induction of DNA synthesis and
increased RNA and protein synthesis. Since then, a
great deal of research has centred on the early events
of lymphocyte activation with the aim of elucidating the
physiological and biochemical mechanisms whereby the
quiescent small lymphocyte is derepressed to become a
metabolically active, dividing cell. Several of these
early events are in fact not unique to lymphocytes but
are known to occur in other systems in which gene
derepression is taking place, e.g., regenerating liver

cells.

The proliferative response of small lymphocytes to mitogens,
such as PHA, or to foreign lymphocytes, as in the mixed
lymphocyte reaction (MLR) has also been used as an in vitro
model of the cell-mediated immune response (Bach, Segall
and Zier, 1973). A further use has been to investigate

the role of vitamin B4 and folate deficiency in the
development of pernicious anaemia and megaloblastic

anaemia (Das and Hoffbrand, 1970; Hooton and Hoffbrand,

1877) .



These and other properties combine to make this system
particularly attractive for studying certain aspects of
alcoholic liver disease. Previously, the main
application in this area has been to investigate immunol-
ogical factors, the main finding being the identification
of a depressed immunccapacity in alcoholic liver disease
(Lundy et al, 1975). This deficiency has been related

to the immunosuppressive effect of a Bg deficiency
(Robson and Schwarz, 1975; Axelrod, 1971). This work and
a novel approach to alcoholic liver disease utilising

the PHA stimulated lymphocyte are discussed in later
sections. Essentially the novel approach involves the
concept of a systemic, marginal, Bg deficiency resulting
in an acute or chronic B6 deficiency in a particularly
stressed organ. In this case, the lymphocyte subjected
to PHA is considered as a model for the liver subjected
to alcohel. The main distinction between this and
previous work is that here, the lymphocyte is employed

as an in vitro model of the dividing liver cell, rather

than of the immune response, and the effect of a Bg

deficiency is related to a specific cellular function,

DNA synthesis, rather than to overall blastogenesis.

1.4.2. Advantages and Disadvantages

As previously indicated, (section 1.3.3.), the main reason
for using the PHA stimulated lymphocyte to study the
relationship between vitamin B6 deficiency and DNA
synthesis in alcoholic liver disease is that the value of
this system has previously been demonstrated in studying
the relationship of folate and vitamin 812 deficiency to

haematosuppression. The principal objection to the use of



lymphocytes as a means of investigating the alcohol
diseased liver is the wide disparity in differentiation
and function of these tissues. Therefore, there is no
direct reason why changes in hepatic tissue should be
reflected in the small lymphocyte cell population.
However, the changes which accompany growth stimulation
in lymphocytes are similar to those which occur during

a switch to a more rapid rate of growth in other cell
types, e.g., in the remaining hepatocytes after partial
hepatectomy, in kidney cells after the removal of the
opposite kidney or in confluent fibroblasts after
subculture from a confluent monolayer (Ling and Kay, 1975).
This suggests that although there are significant
differences between hepatic tissue and lymphocytes, there
are sufficient common characteristics to support the use

of PHA stimulated lymphocytes as a valid model system.

Further advantages of this PHA stimulated lymphocyte cell
culture system include the facility to control the culture
medium concentration of serum and specific nutrients, etc.,
and therefore investigate the effect of specific perturba-
tions under controlled conditions, and, the possibility of
obtaining serial samples from an individual either to
monitor a course of treatment or to compare pre- and post-
treatment responses. These advantages, allied to the
reproducibility of PHA stimulation of lymphocytes and the
availability of autologous serum extends the range of
investigations that it is possible to carry out. In
particular, the use of autologous serum provides the

opportunity to investigate the effect of cytotoxic or



immunogenic factors in alcoholic liver disease

(Lieber, 1977).

One limitation of the PHA stimulated lymphocyte as a
model of alcohol diseased liver regenerative capacity
and DNA synthesis is that it excludes the effect of

the immediate cellular and intercellular environment

as it affects regeneration. For instance, it does not
preclude the possibility that a vitamin Beg deficiency
might arise and be expressed only in the liver due to
the local effect of a metabolite of ethanol such as
acetaldehyde. Experiments could be designed to determine
the effect of such a factor but control of other extra-
cellular factors is more intractable. In the presence
of active liver cell damage where the proliferative
response is impaired, instead of formation of new tissue
there is deposition of fibrous, collagen scar tissue
which disrupts the normal vascular architecture and
reduces hepatic blood flow (Lieber, 1877). Even if
alcohol assault ceases and nutritional deficiency
corrected, any subsequent regenerative response 1is
necessarily inhibited by the enveloping fibrous tissue
and reduced blood supply. The same limitation, however,
strengthens the model as it relates to a systemic
vitamin sufficiency being expressed as a local deficiency

in a stressed organ.

This study is primarily concerned with investigation of
the effect of vitamin Bg deficiency on DNA synthesis
and thus on hepatic regenerative capacity. However, the

association of vitamin Bg deficiency and impairment



of the immune response (Robson and Schwarz, 1975)

has also been linked to restriction of nucleic acid
synthesis (Axelrod, 1971). Thus use of the PHA
stimulated lymphocyte system in this study may be
considered a means of investigating both hepatic and
immune response aspects of alcoholic liver disease.
Overall, it is clear that with certain qualifications,
in particular an appreciation of the limitations, the
model system imposes on interpretation of results and
given that more direct methods such as use of biopsy
material are not available, the indirect approach adopted

in this study is Jjustifiable.

1.4.3. Use of Vitamin B_. Deficient Rats

As the reported vitamin By deficiency of alcoholics is
relative rather than absolute, as there are no clearly
defined symptoms which can be specifically attributed

to vitamin B6 deficiency and since the alcoholic
population is so heterogeneous with respect to period
and extent of alcohol abuse, diet and other effector
variables, a test system was sought where an unequivocal
vitamin Bg deficiency could be investigated. As a number
of reports suggested that such a deficiency state could
be produced in rats by feeding a diet deficient in
pyridoxine HCL (Reynolds, 1978; Sloger, Scholfield and
Reynolds, 1978; Lumeng, Ryan and Li, 1978) and since rat
lymphocytes are also responsive to PHA (Ling and Kay,
1975) it was decided to carry out parallel experiments

using vitamin Bg deficient rat lymphocytes.



It was hoped to use such experiments to test the
validity of certain aspects of the PHA stimulated
lymphocyte model. In the rat, the effect of B6
deficiency could be assessed in both lymphocytes

and liver, perhaps by use of a double-labelling
technique, and this information could be used to

assess the validity of the lymphocyte model in man.
Stressing the vitamin By deficient rat liver by

drug induced hepatic regeneration was also considered
as a closer approximation to the alcohol stressed

h